;e3eP| 6TPv r 31 DECEMBER 2002 DESCRI PTION  ANALOG ELECTRONI C TI MEPI ECE

TECHNI GAL FI ELD The present invention relates to an anal | i
ti rrepl ece for indicating the tine by hands, nore speci flfﬂpwggg 2002

t echnol ogy for reducing power consunption thereof . 10 BACKGROUNELFECHNOLOGY
A timepiece is not only for telling the correct tine, but also has as an
aspect of an accessory. In alnost all of Iti nepi eces, external vi stretl® desi gn
occupi es an inportant position. A nost all of the recent ti rre i eces

wri stwatches are 15 el ectronic tinmepieces using quartz oscill “m \M\B\“ @

are of a digital type of indicatin nunber s and

of indicating the tine by a dial %ESWt he anal og el ectronic

ti mepi ece, the following two functions are required to be sati sfy

same time. One of themis a function of rotating hands only fix m ﬂ%

a set 20 period of tine, ggg TRONf M]gpn}g)(p phol di ng

to prevent occurrence of a han enorrenon agal an external "GMFACt .
FIG 19 is an expanded vi ew show ng the structure of train wheels in a
driving part of a conventional anal og two-hand el ectronic tinepiece, and
al so shews TROEBVIC A, FIELpoaxi al gears expanded. 25 The rotation of a
rotor 1 a of a step notor is transmtted through a rotor pinion 2 to a

fifth wheel gear The presenbrinveftionficlateswieeah aalbgreléctronic timépieBEGBYBER
2002 2 rotating integrally with the fifth wheel gear 3 to a second wheel

gear 5. Fuindimeafinghther tinat by hands t imre espesificiibetogetechnolegy fanseduding

t hrough a second wheel pinion 6 to a third wheel gear 7 and transmtted

t hrough a mWQtGMrES@ImHnnmdmleofo a center wheel gear 9 to rotate a mnute
hand 15 which is nmounted on the center wheel gear 9 via a center wheel
shaft. Furthernore, the rotation of the center wheel gear 9 is transmtted
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step not or Qeﬁg{é%e%glﬂﬁﬁgn Sﬂi (ﬁnally The step rmt or, as is generally

known, can ro ang . Further, as having 15 hol di ng ener gy,
the step motor C@Ilnﬂ%tdallh%ﬁiiﬁésrééerﬁ“tﬁhe iecEQSbﬁéanﬁs agaidiffatéhes are

di sturbance energy to sonme extent which enerat ed by an external
15 electronic timepieces using quartz oscﬂlators, which are of a digital type of
indicating the time by numbers and an analog type of indicating the time by a
dial and hands. In the analog electronic timepiece, the following two
functions are required to be satisfied at the same time.
One of them is a function of rotating hands only fixed angles in a set
20 period of time, and the other is a function of holding the hands to prevent
occurrence of a hand-skip phenomenon against an external impact.
FIG. 19 is an expanded view showing the structure of train wheels in
a driving part of a conventional analog two-hand electronic timepiece, and
also shows concentric and coaxial gears expanded.

25 The rotation of a rotor la of a step motor is transmitted through a

rotor pinion 2 to a fifth wheel gear 3, and through a fifth wheel pinion 4



inpact. In designing the step notor, a required holding energy is set first
i n, accordance with hands to be used, and then driving copgditd

step 20 notor are set based on the holding energy. The p@ﬂ#@ﬂ%#pﬁa
when the step notor is rotated is al nost determ ned by the driving
conditions thus set. Accordingly, the driving conditions are not optim zed
only fromthe viewoint of driving, and thus if performance of hand notion

is all that is 25 required, there is a possibility that even snaller
driving energy causes step notion. However, the set value of the hol ding
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exceeds theppad} nﬂuee?(?{a%él‘r’]"@itfctlﬁehééc Ry R aﬁssﬁalﬂaﬂyﬁhﬂﬂ@d rﬂ?@ﬁ@]ge,

a hol ding energy’l arger t he "di st urbance energy which occurs a

hands due t i ithj | th
ands due &&Mgwkggggirﬁlfymfd alBirdavhtel géﬁr?ﬁndﬁfﬁiﬁﬂ%ﬂ t‘%ﬁgﬁﬁg‘& third

phenonmenon in anal og electronic tinepiece. gni t ude

of the di stwhRaNpmMIBAEE 9 o EbrteP Whek] id¥ar PR rbtide aCini@ Rdrdl 18 which is
consi deration of "inbal ance caused by degree of unbal anced nonent of the

hands. Gonceiouinbed Bante ceatdicwhédlegedraPeiva ceherhaheklishafiestricted, 10 the
di sturbance energy is greatly influenced by the magnitude of inertia. For

instance, if handsudhermerts ther getation of thercemter whslehgealrr® s vinansmitted d
be, giving priority to visual design, whereby the disturbance energy easily
exceeds t hethmough rgcenter gvhecbqriseerud Ot toya mirmue dvbedlpgaarelhd and dmansmiited
resulting in inpossibility of inmplenentation of the aforesaid two functions
of 15 the aifapughta meputecwheebpinipa bbbo anrkewowdeelildi mdieseby the yotasion

retesar T varlii e ol Culiiifod Bl o U
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anal og. e oot Pb weLHRt LB R s rbicIEh! st FIRLAT "t Pocly designed
hand to be used 3 ¢£aat|E3Rs05hd AForRERE (9 %uAEi nTRTERE affloeEmdREbAnd

to reduce power consunptron.
at the same time, a step motor has been used conventionally. The step
motor, as is generally known, can rotate by a fixed angle. Further, as having
15 holding energy, the step motor can hold the hands at original positions
against a disturbance energy to some extent which is generated by an external
impact.
In designing the step motor, a required holding energy is set first in
accordance with hands to be used, and then driving conditions of the step
20 motor are set based on the holding energy. The power consumption when
the step motor is rotated is almost determined by the driving conditions thus
set.
Accordingly, the driving conditions are not optimized only from the
viewpoint of driving, and thus if performance of hand motion is all that is
25 required, there is a possibility that even smaller driving energy causes step

motion. However, the set value of the holding energy is decreased to the



4 To achieve the above objects, the present invention is structured as
follows, in an anal og el ectronic tinmepiece (a two-hand el i } hace)
conposed of an hour hand and a m nute hand for indicati ngfﬁgi#ﬂ#,ﬂgagﬁep
notor for rotating the hour hand and the m nute hand, and train wheels for
decelerating the rotation of the step notor and transmtting it to the hour
hand and the minute hand. The tinepiece i3 configured such that a

sem circul ar addition nmenber having a radius equal to that of a root circle
of a center wheel gear is firmy fixed to a half part on the center wheel

wheel E?L!hgﬁbi‘ﬁ G iéﬁﬁ@iﬁé aBola albler Rat iRy G BRC ke TG/ v?lﬁ%‘é B i ng
educe a mshirtaicERderE OIS LhERE endly Wik R Thratl e af e it ©

center V\/neej{ lgl(%rrposed of the center wheel gear, the center wheel pinion,
and the cenf®F“wheel shaft and the minute hand. 15 Further, to achieve the

anal og ol et oni ¢t PeiaR s hDKERE, BRrkE \ahder thih e Mo dPbARICC RS R

anal og el ectroni c tImepl éce ree- ctronic tinmeplece nposed of

an hour é"a”?cc&s'ﬂtﬁﬁé %aBﬁEQiueat%da@eiﬁe?ﬁﬁﬂi ik Qet O h&GabY Petéet 4 hiRd- @

step notor for rotating the hour hand, the mnute hand, and the second

hand, and tgabphdirithénd®lin @e€ ebRVEhliSEaltdiR18H eﬂ@t%rﬁ@ftirﬁgpffeb@. step not or
and transmtting it to the hour hand, the m nute hand, and the second hand.

The tinepi ece i s Thefmagnitdds wfithehdistbance enecgy aclassidia thenmapmierdehef/i ng
a radius equal to that of a root circle of a second wheel gear is firmy
fixed to a imefrfiapgarconsiderationefdmbalimed cysed by degrep of srbaladced esdmshtf t
25 with the second hand and a second wheel pinion on the opposite side to a
di rection iof ¢ dlandst i §Eonceshing bagdpasincefthershapecoh thehand eist westrictaids h

5 31 DECEMBER 2002 respect to,the second wheel shaft to,reduce a ponent on
the secidnhd thecdisturbance eagegyivgreatlydnluenced byotheamagatnde @%é@ﬁrtteb nmpbekd

of the second wheel,_gear, the second whee)l. . pinian, .and the secon I
ohaf ¢ and. CWSt S0 A6 HARHY AX6 Tl FEECT RO EREENSIN: HEDe: (it A RNOHRT e,
addi tion nenber to _.the aforesai ent er eel ggar pr.the second wheel.
Gear, i¢ i <Eantg Bripfly i Aaoal wESTuby iRk AR Mo DEnE RERY

gear is nad t 18: rt f j t e
opposite Si%&éq%?@gh??pé&u@éﬂe@?hal¢&g%eﬁ?leg'rtjl%hgfﬂ splragse gfﬁgédg)lrfrl%é@ ggcﬂaltr%”
which a ti iyl is 2F ; ]

extends. Al espﬁglltlg \?‘téﬂ@g"’lg?{ Hlllsl?}tafﬁ;(tl}?1 gﬁ@é@ﬁé@ﬁ? %gfogg%gﬁwgg?&g@%rogr

t he se d hsiaddrde such that a half part thereof on the opposite
si de iﬁar%%?ﬁliar%gggﬁg??lyé&gf its material than a half part on the side of a
direction in whi chopthed ﬁ'l@oi/é\ﬂéafs@hh,n%':vﬁ%%fgriﬁri viisaal dedighdequirebgesgond
hand extends. 15 BRI EF DESCRI PTI ON WNGS FIG 1 is a sectional view
of a drivi ng hmdingtnergpatlohrgeordiaadtherely meciessarilyejiceeasing dhe dpowger o a
first enbodi ment of this invention;, FIG 2 is a front view show ng the
structure ofonswmaptien ofttbelstep mater.20 sane; FIG 3 and FIG 4 are an under

face view and a sectional view of a center wheel gear of the sane on which
an addition nenber is firmy fixed;

20 DISCLOSURE OF THE INVENTION
The present invention is made in view of the above-described
background, and its objects are to eliminate limitations from an aspect of
functions of a timepiece on visual design of a hand in an analog electronic
timepiece to thereby allow a visually freely designed hand to be used
25 regardless of the magnitude of a moment of the hand and to reduce power

consumption.



FIG 5 and FIG 6 are a front view and an under face view of a stepped
cepter wheel gear; 25 FIG 7 is a front view of a wedge r;
FIG 8 and FIG 9 are an under face view and a sectional Ssmﬁwh ﬁ)%gl
DECEMBER 2002 6 center wheel gear in which a hollow part is forned; FIG 10
Is a sectional view of a driving part of rffn anal og three-hand el ectronic

ti mepi ece according to a second enbodi ne of this invention; FIG 11 is a

front view showing the structure of a second wheel of the same; FIG 12 and
FIG 13 are an under face view and a sectional view of a second wheel gear

OF Lhe same o WG MachibAdlthd BOvICHBRE. ShE! prbdnd nRidi & sicRIfaTAS

15 are a front view and an un I éw of a step secon

to FIG 16 figflowd iRnin _Mﬁﬂ\dgoéle@u‘&ﬁ’@@hﬁg}?i%é (‘é’”t%—h@ﬁﬁrélear\%ie%?irg‘ggregéﬁ

18 are an under face view and a section view of a second i

whi ch a holdomposed of an’ BOGE Hand hd™h @ninkile IHandnfPip@Reathy eV iThOM Reg he
structure of train wheels in 31 DECEMBER 2002 7 a driving part of a

convent i onanotorafayratatingathd kbec handi and tlne piigaee hBEST aN@IrainOR HeARRIONG
OUT THE | NVENTI ON Enbodi ments of this invention will be explained with

ref erence tdeceheratingrtheirotation ofl ¢be stepembhdsand ransinttingitrtorthedssuaiHand
First enbodinent First, a first enbodinent in which this invention is
appl i ed to &K dvambgutedanthnd el ectronic tinepiece will be explained with
reference to FIG, 10,1 tqQq FIG 9. FIG 1 is a sectional view of a driving
part of the anal oghe Hinepigee & eenfignred suchthatcesemicirgar addition member e
of the. conVERANEaALNS FAPET S dRAT DR SrIORt CIlSle B PRles JHReaNBRATAS SIERE
0L ven L. PYkas FENAPRIH A9 thOchhBR ol e e S M o
oLl L1, ISyl A o SE MRS ke
0ERY 3, ETTHN § B ISURRETR T o b B SEEON Ml PR’
center wheel shaft to reduce a moment on the center wheel shaft caused by a
combination of a center wheel composed of the center wheel gear, the center
wheel pinion, and the center wheel shaft and the minute hand.

15 Further, to achieve the above objects, the present invention is
structured as follows also in an analog electronic timepiece (a three-hand
electronic timepiece) composed of an hour hand, a minute hand, and a second
hand for indicating the time, a step motor for rotating the hour hand, the
minute hand, and the second hand, and train wheels for decelerating the

20 rotation of the step motor and transmitting it to the hour hand, the minute
hand, and the second hand.

The timepiece is configured such that a semicircular addition member
having a radius equal to that of a root circle of a second wheel gear is firmly
fixed to a half part on the second wheel gear sharing a second wheel shaft

25  with the second hand and a second wheel pinion on the opposite side to a

direction in which a time indicating part of the second hand extends with



gear 3. The rotation of the second wheel gear 5 is transmtted to a third
wheel gear 7 through a second wheel pinion 6 which rotat i ht h
t he second wheel gear 5, and further transmitted to a ceﬁsleeryE egﬁﬁgggPQQ
engaging with a third wheel pinion 8 to rotate a center wheel shaft 11
which 25 is a rotation shaft on which the center wheel gear 9 is firnmy
fixed and a mnute hand 15 which is nount®d on the tip of the center wheel
shaft 11. " 31 DECEMBER 2002 8 Further, the rotation of the center
wheel gear 9 is transmtted to a m nute wheel gear 12 engaging with a

oo mrdesBadt 0t sE0hd YRR SHARE b FedNAD AoniBritfiC o IGE) sekloRdodpben  ©
whi ch i's ”‘EH&E@G%QM ?’3 m%icfﬂ%riri%in%{z{lﬁ)eﬁ‘%wa d Wheel "Compbsed WretHy sédshd

train wheel's is _ hand si de because of existence of an
opaque di alyfge] Feﬁf,dﬂfat @%&dhd rvwﬂ@éla?irﬁén,dﬁﬁetm% SedBiid" el Sttt AT
32 denotes a trafFn wheel bridge. In the first enbodi nent, a semcircular
addi ti on nygeehddthmserving as a weight is nmounted on a half part of the
under face of the center wheel gear 9 on the 10 opposite side to a

directign in whi qrughéd, minstesd cef i the Widtiotbaof( aht oaddiind meniberxtendiang
to the left in FIG 1) of the mnute hand 15 extends with respect to the

center wheedfos¢maid ckhterFivliceP gear arthevsesbndiwhedlhgeat iuis alse afitableahner
wheel in this enbodinment, in which the center wheel gear 9 is inserted in

t he center thisezgntes witezl igeat orrthegresond wheel gear isomnde smehethapianhalf paot t o
be firmy fixed thereto, thereby formng a center, wheel 21. The m nute hand
15 i s nountthgrenf incduding atoethelorampoar thgreppositeaside 13 thickendhan it ball\past|
21, and the sem cjrcular_additiqn er 20 i,s_firmy fix on the half
part of t hePRMieF1Ge 0k agdire¢{ion dnr¥ {Tc%h@éxmaélathgt@a p#é ofothsppinitechandie
to the directjon in i ch, the tdi me indicating part 15a of the m nute hand
15 ext dfds Wi §e§§’ﬂgglar’cdoe’ftﬁ8 Senter wheel shaft 11. FIG 3 is an under

R ™ TGRS ET, A SR e
20 10 124 cbokoyhoe, RSB Sl AR ST ISR Eht B e R 0%
the under fae 1‘&%1 ggﬁsi?f’@feirts m@gﬁsg?ﬁ‘én Q RAF éﬁ?f ofinthd didetdf pditetorrid a

f 1 9 31 DE 02 shaft into which the center wheel shaft 11

i's inserFedwhiiclﬁartﬁh@?ﬂﬁdilchﬁﬁvaaxh ofith® mihfteshand or thé kécorkd hand extende hand
center line (a line linking the tip of the tine indicating part 15a of the

m nut e fkand 15 and the rotation center) viewed fromthe top of FIG 2, and
the arrow A shows a direction in which the tine indicating part 15a of the

m nut e handB RAEFXDESSRIFTIONeOF DIRAWINGSry axi s of the addition menber
20 coincides with the mnute hand center |ine 16.
IG. 1 is a sectional view of a driving part of an analog two-hand
electronic timepiece according to a first embodiment of this invention,
FIG. 2 is a front view showing the structure of a center wheel of the
20 same;
FIG. 3 and FIG. 4 are an under face view and a sectional view of a
center wheel gear of the same on which an addition member is firmly fixed;
FIG. 5 and FIG. 6 are a front view and an under face view of a
stepped center wheel gear;
25 FIG. 7 is a front view of a wedge center wheel gear;

FIG. 8 and FIG. 9 are an under face view and a sectional view of a



The addition nenber 20 serving as a weight is nounted on the center wheel
gear 9t o thereby displace (offset) the gravity center qf

wheel 21 shown in FIG 2 froman axis 11 a of the cent e%%ﬁggé@ﬁi&ﬁz‘@
which is the rotation shaft thereof to within a range in the opposite
direction to the direction Ain which the tinme indicating part 15a of the
m nute hand 15 extends. This reduces a mbrment on the center wheel shaft 11

caused by a conbination of the mnute hand 15 and the center wheel 21. 15
As for the direction, the gravity center of the center wheel 21 is

di spl aced fro e genter eel s f axis.1l ee FIG 2) perpendicul ar
to the papg?n{%%qeﬁigﬁz%ﬁn%ﬁb4&&@8“’. all%é%goﬁﬂéir 90 with respect to the
"2 130 opposi e [har a06s SECKINA tRe” o EUFiRThE BRI o Y i8R Behuha "
m nute 20 I | : ravity
center of tE ﬁe’ggrgéﬁngrfﬁ%ﬁggfz%giétﬂgﬂgﬁps% gézfn%él? %rpgelaﬁ{élgﬁfﬁgﬁgs ? fe“é%ﬁ]@?ﬂ‘r educi ng
t he monment cause C ' | : haut e
hand 15, and theFIrr%?/réEp §rae§§§% iogénwgp P gil?gggggﬁ@?ﬁinrgmlrsne%%%%%élg)rfgl\}lety
center 4s gagelaced in the direction (the 25 direction of the arrow B) 180
opposite to the direction (the direction of the arrow A) in which the tine
i ndi cating part Fb@. 4R 4k FiGndBeateansuhlerficeview and’a SERSRVBERi2008f 40
The addition rredrrber 20 is a semci rcu;gnrld[pl alta%drrerrber als) shot\ﬁnrmlianl G 3,
and the rasécond dreedeasofithiesame agr whiich an laalditioe memibes iofirmly fxeds
circle of the center wheel gear 9 so as not to contact with the third wheel
pi ni on 8 shown i FIGl ¢4 and plbparsea dionhwiewdind an weddefacoviewtef a

reduce the noment caused by the conbination of the center wheel 21 and the
nmi nut e han8teppedsegondkheglegearhe side of the tine indicating part 15a of

the m nute hand ig heavy in weight, it is preferable that the radius of
the adif ¢ on nenble. 36158 rspbgl,e%%g 2 WedgéRe b BHTees Eent provi ded when it
is equal to the i of t root cirncle of the center wheel .gear.9. As
a test exanple, Fﬁé ﬂgaqugi?g@ g%eargoim Pflﬂﬁf %‘re“éana&s?fﬁb%“ ‘?gwrﬁ)rf a
Further, t L j iize by using a

mat eri al wgg%&g‘ghw&%%gﬁ@f&“ﬁ?%%q@gﬁﬂ%% ungs éed]r’n aglp tantalum In the
test exanple, tu t ; : : i & I

t hi ckness thereo mggr%g?? %%ﬂd‘fl{sq{%ﬁér}gler%igisését?%btgg%?ﬁ%atgﬁi‘?ﬂ?ﬂg?@ is
extra space, the larger the thickness is, the greater the effect becones.
This addition nmenber 20 is nounted to the center wheel gear 9, thereby
reduci ng the nonment caused by the conbination of the center wheel 21 and
the m nute hand 15. 20 The cause and effect relation of enabling reduction
i n power consunption by partially counterbal ancing the nonent of the m nute
hand is disclosed in detail in International Patent Laid Open W98/ 30939
according to the invention by the present inventors. Mirre specifically, if

"M and "I" are set to satisfy the relation below, 25 a hand-skip can be
prevented: M/l < 2 X Ep/v2



"' 31 DECEMBER 2002 || where a nonent caused by the conbination of the
center wheel and the mnute hand is "M, a mnute hand egui i ha
nonent fromthe mnute hand to the rotor of the step mtgrﬁémeél??gpz
wheels is "I", a speed of transl ATi onal notion of the tinmepiece by
receiving an external inpact is "v", and a holding energy possessed by the
step notor is "Ep". The minute hand equi VAl ent inertial noment here
corresponds to the hand equival ent inertial nonment explained in the
aforesaid reference. This name is used since the mnute hand is focused on

i scl osed ihaPNDE Bt EGm g rish B AEE0e T Papd R g SRR Pang wi tn
a length of 6.1 nmand a nonent of 6.5 X 10-9 [kg n] and a step notor with
a holding energy of 150 nJ are used, a hand-skip occurs in a hamrer shock

test from "JBESiIQM%BfE ﬁ@E@AME@@?ﬂMEIW‘EN‘H@Nee” conventional |y

used with a step 15 notor having a ho g energy of 330 nJ, but it becones

possi bl e to prevaihbadiaeasSK thi§ revertivPwall Bexplatned watls kefieréMicoto thet h a
smal | hol ding energy of 150 nJ which is the above-described hol di ng energy

since tEe rdiaihgS M deseisiesl iy ihendontin mdieodetall. t he center wheel and the
m nute hand i s déecreased to thereby reduce the energy for rotating the

m nut e hand which 20 occurs upon an inpact fromthe outside of the

ti mepi ece as the above described relation. It is apparent that the hol ding
ener gy of tHiestssmmpodohent i s decreased to thereby reduce the driving energy
for overcom ng the holding energy to rotate the hand, resulting in reduced
power consunpt i oFirsts aafiesr emhpdimerniein aghichxthiplisveationcis eppligdsta iame, a

correction nogent by th ddi tion nmenber 20 was -A,.3 X.10-9 [kg nj he
m nus sign analog twe® ﬁozmtlnzwﬁﬁ%g?wree&pﬁmd &ﬁgfbfefpﬁ@lw%fé-

bei ng diffglrﬁ%r;hi gnd the nonent of the mnute hand 15 was 6.5 X 10-9 [kg
n, butlOth (I':h caused by the conbination of the center wheel 21 and the

Toment , was 1 etuditb 1o 2o soeiet YIESY o SRETRE R of e "W E B idana,
hi v di kol ' - ahsol e . ;
caused by T Lo SebBeo i T dhiThe SRt o R o R fiob Rl R
not great efgatQlals 4h &f ﬁllﬁio %a%&tg%hégl stfuditife 6Pt EbﬂOeHﬂ?ﬁﬁleeif(ﬁEBEE s h

does not cause a hand-s e hamrer 10 shock test fromthe herght of
30 cm and jh KRGt e, @RS dhheRimRalefaré dvén 1@';%rfd<_@0n6kpéﬂcﬂﬂ‘ﬂ(§ct@tﬁds)é

satisfies this condition. Wen inpacts from hamer hei ghts of 30 cm were
gi ven hy aihdRri%hock tester to the conventional tinepiece and the

ti mepi ece of this enbodi nent, a hand-skip occurred in the conventi onal

ti mepi ece whi ch AasFiG. 1hausserel dt denotesea stepeptotonr whineh ab cemepossd oha

addi ti on nmenber 20, but it did not occur in the tinmepiece of this'

enmbodi ment retombica stater dddiamidom coil 1c, and the rotor 1a rotates 180° per second

intermittently during its drive. The rotation of the rotor 1a is transmitted to
a fifth wheel gear 3 engaging with a rotor pinion 2 to rotate a second wheel
20 gear 5 via a fifth wheel pinion 4 which rotates integrally with the fifth wheel
gear 3. The rotation of the second wheel gear 5 is transmitted to a third
wheel gear 7 through a second wheel pinion 6 which rotates integrally with
the second wheel gear 5, and further transmitted to a center wheel gear 9
engaging with a third wheel pinion 8 to rotate a center wheel shaft 11 which
25 is a rotation shaft on which the center wheel gear 9 is firmly fixed and a

minute hand 15 which is mounted on the tip of the center wheel shaft 11.



menber 20 was nmounted. The inertial nonent of the center wheel 21 increases
to sone extent by nounting the addition nenber 20 theretyg, i
train wheels of 20 1/90 exi st inbetween as viewed from %’ﬂ&‘?@k&fﬁgéﬁﬂ]he
step notor 1, whereby influence by the increase in inertial noment of the
center wheel 21 as viewed fromthe rotor 1 a is reduced to one

ei ght - t housand- one- hundredth. Therefore,8the driving energy of the step

notor hardly increases. Further, nothing is added to the m nute hand,
bringing about no 25 Iimtation to flexibility in visual design.

Spoi f‘gr ?ﬁ%eapEQSFQﬁ@éﬁéﬁh‘é’Qﬁﬁhgﬁﬁiﬁ 3h9r%ﬁ&9§§ﬁ?%é&%%?e@ﬁ§?&é?%&@ﬂe¥ Yo ¢ he
Sed ¢ on_natifific ReE] 65 12 pPhem it g Rentel WL fnkéh 1O\ rdBimidien
s al so suiiralibR  fhifiple sl floh P RAIRIur Whede1 4 26anel: dhRtotddidh &

center angle o ess than 180"to be symmetric with respect to the mnute

hand cent efrahimetd® to MadHurdfaridol 7 eviichily rsussid o€ thOYp GSthHEEROEr vhkel
di splacing the gravity center of the center wheel 21. FOr exanple, the

cent er swhegdt. g&re sgruchasgefl the trainc kvieseds dkongt virewsd nixbm hBeharhiséde | i ne
16 so that a half part thereof on the opposite side is 10 thicker than a

hal f part because ofi édstehce lod ali opaquedialnl 8vhi hitcidértal lypmuinmetat 31 i depates t
15a of the minute hand 15 extends. The exanple shown in FIG 5 and FIG 6

i s realizea maith platt apdedumenale32wdenbteagear tramy whealhbridga. hdnf theafirse2b
on the opposite arrow B direction side is made thicker than a half part 22a
on the si cambpdimentr aosemiciEwar estdigan; membeh 20hservimg apdacweighf pfart

730, PREAAT o R LT e B Rt E T b

. N 2 in FIG,..6 . i j
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gear 23 !nférsﬁééteﬁ) fh'é %ﬂé&k%\%él gﬁétﬁqqt steps along the m nute hand center

line 16 in the arrow rectron. Altérnatively, though the illustration is

omtted, it is f t t t I 0 ;
materal s whi ch e E ai 1T dr ohe; ShORlip e SRRl WITR cORBE Pikelin his
center |ingmbbdiment,aiawBich tHeh€ertef WHedl $eaf 9t iRansEREQ inWhe Vendewhaee
made different in density with a boundary defined

15 shaft 11 integrated with the center wheel pinion 10 to be firmly fixed thereto,

thereby forming a center wheel 21.

The minute hand 15 is mounted on the tip of the center wheel shaft 11
of the center wheel 21, and the semicircular addition member 20 is firmly
fixed on the half part of the under face of the center wheel gear 9 on the

20 opposite side to the direction in which the time indicating part 15a of the
minute hand 15 extends with respect to the center wheel shaft 11.

FIG. 3 is an under face view of the center wheel gear 9 and FIG. 4 is a
sectional view thereof, showing the shape and the state of mounting of the
addition member 20 in relation to the center wheel gear 9. The semicircular

25  addition member 20 is firmly fixed on the right half part in FIG. 3 and FIG. 4

of the under face of the center wheel gear 9 but not on a tooth part 9a and a



31 DECEMBER 2002 14 by the diameter |ine orthogonal to the m nute hand
center line 16, so that a half part on the arrow B side . i

density than a half part on the arrow A side. Moreover, #fqéﬂd%ﬁ?g@&??%bl e
to use a center wheel gear 24 in which a hollow part 24c is fornmed in a
hal f part, with parts near a tooth part 24a and a shaft hole 24b. left, on
the side of the arrow A direction in whicdh the tine indicating part 15a of
the m nute hand 15 extends as shown in FIG 8 and FIG 9. Instead of the

hol | ow part 24c, a thin wall part may be fornmed by cutting the center wheel
rent that greater
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decr eased. e ef I venéss of ‘nounti ng an ad o the center

wheel I
ee a%e%m Qthécti dﬁp%?cﬁ ﬂlé’fl?ﬂ’dééj[]%drlﬁqaﬂ‘nﬁ%‘f)‘a%lﬁ’a @gﬁwﬁhnafb ﬁéﬁ&%a

i npact n a mnute han or use IS have been described In

20 above. HoweN@S. Flrthet et kymieairy tANS T teMRaBIHoNVMeHbES 20h@oﬁ1@i@e§ n
magni tude as and different in d| rection fromthat of a standard m nute hand

i s preparedyith theshafidahdndt@ntereling 16t € hand having a nonent in a
substantially wi de range can satisfy the condition of not skipping agai nst

an 25 external i Ifieeadditidreimegnisem®0 secvingtds 4 heeighisdmodniedondhe center
wheel . Thus, it becones possible that hands in various shapes are conbi ned
with the \ShetﬁthwBlﬂ?tadﬂmrdlsy stisplaae d(affset) the gramityr cemier| oft the wemter
ti mepi eces. Further, center wheels which are gradually changed in_nmpnent

are brapar ciheck A shenrianitng T & qiinot tetdenies Shadteltuddar o
a mnute hawfafc@ebi Weratation siléﬁfdﬁxemﬁ & SHthig Enes i ﬁueagapﬁgltte SRregkiog nal
i ute” hand® (e GRS Arithibich fir g, Mhradng Brbreobiid sinif epfaste.
N 50 by 10 CORBANT nd nES FethfrR oY mpdBknb SR e PulisE VBRI RE 4 A BE

That when (GHPEEHA of ety RGN 05 Ad d Spptiiepheerar |t shoul @ be noted

15 As for the direction, the gravity center of the center wheel 21 1s

displaced from the center wheel shaft axis 11a (see FIG. 2) perpendicular to

the paper to within an angle range of less than *90° with respect to the

opposite direction to the arrow A (a direction shown by the arrow B which is

180° opposite thereto) in which the time indicating part 15a of the minute
20 hand 15 extends as shown in FIG. 3.

Displacement of the gravity center of the center wheel 21 to this range
provides the effect of reducing the moment caused by the combination of the
center wheel 21 and the minute hand 15, and the moment reduction effect
becomes maximum when the gravity center is displaced in the direction (the

25  direction of the arrow B) 180° opposite to the direction (the direction of the

arrow A) in which the time indicating part 15a of the minute hand 15 extends.



and the hour hand 17 shown in FIG 1 is conducted, conventionally the
center wheel gear 9 slips fromthe center wheel shaft 11 v

| arge torque 15 froma w nding knob not shown to thereby32kéégﬂ#ﬁ%®@
adjustnent. In the case in which the center wheel according to this
invention is used, the center wheel gear 9 is changed in positional
relation with respect to the center wheellOshaft 11, bringing about a

probl em but the center wheel gear 9 is firmy fixed to the center wheel
shaft 11 and the third wheel gear 7 is made to 20 slip fromthe axis,

Ceduct 1 an trai n whBerddiian TaeRBEt BOLIR ¢ ReoRetoRIat Blaky menabes & Rovdrin 1o
e ﬁi“hié lﬁﬁféegﬁéhbérr“aawes cETe8f B sl onoleted i BRRALEGROLEN B Th et ©
Svan it he it B (PR UG WIRKF depr RSB Boh Joi Gttt PRUCIE AR RERRT o,
t he above. in'io' SS%IW& 21002 16 Second enbodi nent Next, a second

Il)n v%i c h

enmbodi nment Is’invention is applied to an anal og three-hand

el ectr Oy C 1 TePIPRE irblosBeothb AREloH! HRRBLEDENRE (b Felhs R hbbl

o
18. FIG" 10 is a view of a driving part of the analog t

el ectronic ¢dy¥edl l@ff%heétﬂﬂnbﬁﬁitﬁﬁ‘ﬁﬁf HEREeAS WheeDRYeihd thd MintitdMHand a5
the sanme as those1n FIG 1. In FIG 10, when a rotor la of a step notor 1

rotates 180ambthiseadivh R §idbasinihet wmiel ndiddiing ?hﬂtiimof)thé ffinoes hand 15 i S
transmtted to a fifth wheel gear 3 engaging wth a rotor pinion 2 to

rotate a sasdrshwhielwegght, ibig prefegible thaf the vddial ofithe adddtivhimbmbet &0es
integrally with the fifth wheel gear 3. The second wheel gear 5 rotates

i ntegral |y wilarge anskdredmaxémunp effect ispeovided sebomit isrrepial sbdhe radiusoof
rotate a second hand_ 19 which is nounted 15 on the tip of the second wheel
shaft. IBur ttherroot pircle phthe genfer wheed @68 - wheel shaft 25 is transnitted
t hrough the second wheel pinion 6 to g.third wheg] .gear 7 and_further
transmitted to a fgm st ieanplge dhe gadiisagl rcaevadﬂﬁuantmpfr@ Was masde s

cont or 20 whd! nBar AT hf S008I MATIDAT (Ath G P HPCIEASRALIT SIERorBY he
(L2, % e Rl ek P b GRS e sl o BB o
el 2, e e bR A WASBNCRCI  fe BRlo bRl oo
megfgﬁitsgdntggb%\ﬁé %%{?%fm 4 eﬁ%g% ng@glem.M-It Teencid1es! t5 RaPithabh§f thédeis

extra space, the larger the thickness is, the greater the effect becomes.

This addition member 20 is mounted to the center wheel gear 9,

thereby reducing the moment caused by the combination of the center wheel

21 and the minute hand 15.

20 The cause and effect relation of enabling reduction in power
consumption by partially counterbalancing the moment of the minute hand is
disclosed in detail in International Patent Laid Open W098/30939 according
to the invention by the present inventors.

More specifically, if “M” and “I” are set to satisfy the relation below,

25 a hand-skip can be prevented:

M?2/1< 2 X Ep/v?



31 DECEMBER 2002 17 because of existence of an opaque dial 18.

I neidentally, numeral 31 denotes a nmain plate and nunerakq pEd 2802
train wheel bridge. In the second enbodi nent, a semcircular agmﬁtfi'qgn

menber 27 serving as a weight is nounted on a half part of the under face
of the second wheel gear 5 on the opposite side (the side to which a tail
part 19b of the second hand 19 extends) tid a direction in which a tine
indicating part 19a (a long hand part extending to the left in FIG 10) of
the second hand 19 with respect to the second wheel shaft 25. FIG 11 is a

e, SObRE CHOURRHE ke 7 B Bk o L S RSP o e
LEE?EL@“ forfﬁﬂié@e;ﬂégéﬁﬁﬁ“ﬁoﬁeeﬁfég?ﬁﬂéhﬁ%@c% a"ﬁgﬁ%ﬁ@' HEREAGTER: the ¢ o
addi 1 on maial 235 I e Fordfiof BE SEFRRACLNEE e Baid WhedlEic LA e oy
the second %Iﬁgﬁsltﬂﬁghtapnﬂﬂiéﬁ‘ﬁfﬁﬁ’é’ﬁﬁié edd sg reCeivitfe &heRedrnanimpadnisby, L he

arrow Cin Ime indicating part 19a of theé second hand 19 exténds

wi th respecind g HoMireeRstd kssatbby tHS stelp! frotdiisi“Epn under face view of

the second wheel gear 5 an IG 13 20 is a"sectional view thereof, show ng

the shape and t heTké ahimueé Hmpdnédquigaldie inegtidli mon@ttiesre Corieésposldat foothe 0
t he second wheel gear 5. The semicircul ar addition nenber 27 is firmy

fixed on tHeand ghbivedefit pesrtial méient éXphidedlif.the hfofesaid refiederncd. ac®hod
the second wheel gear 5 but not on a tooth part 5a and a shaft hole 5b into
whi ch t he smameds weedsirdeathe PEnute Ihd isfecuset] oA intthmi gghbodimentsi t h ar r ow
28 shown in FIG 12 is a second hand 31 DECEMBER 2002 18 center_ line (a
line Iinking the Kugthes, ihbas ibesni showas ifigmpshe desariptionhdissdesasd inathe 19

o Sl oo TR A Bt e s o B
1 . ¢E - i . it

e
e 0" Rt bOE L TaleL s b,

11 from an SB(Tl: 25a of the second wheel shaft 25 which is the rotation
shaft thereo within a range in the opposite 10 direction to the

0 SoLLO L1 T b 0 ! i bl SeSAG i
combi nalsi onmetor gvingPRE1d1AR EnkPe e 380enE BRAEbYEGALS $Bssible to prevent a
hand-skip even through the use of a step motor with a small holding energy
of 150 nJ which is the above-described holding energy since the moment
“M” caused by the combination of the center wheel and the minute hand is
decreased to thereby reduce the energy for rotating the minute hand which
20 occurs upon an impact from the outside of the timepiece as the above-
described relation.
It is apparent that the holding energy of the step motor is decreased to
thereby reduce the driving energy for overcoming the holding energy to
rotate the hand, resuiting in reduced power consumption.

25 According to the test example fabricated this time, a correction

moment by the addition member 20 was —4.3 X 10® [kg + m] (the minus sign



As for the direction, the gravity center of the second wheel 26 is

di spl aced fromthe second wheel shaft axis 25a (see al sogf!|

per pendi cular to the paper to within an angle range of Iegg%%%&lh%gzvo\no?h
respect to the opposite direction to the arrow C (a direction shown by the
arrow D which is 180 opposite thereto) in which the tine indicating part
19a of the second hand 19 extends as show@ in FIG 12. Displacenent of the
gravity center of the second wheel 26 to this 20 range provides the effect
of reducing the nonment caused by the conbination of the second wheel 26 and

t he second hand , Aand the red i.on ect bec s maxi mum when
t he gravitymééﬂﬁ iﬁei‘ﬁrfiﬁt A g&gelrﬁop}?é‘ er:]’é%éqeg‘?r?rﬂtﬂeaﬁf ﬁt@@ﬁleé\‘tq e
D) 180. O ..i
mgd oh he tﬁg ohebd ﬁg%vasrg%éfdfrifét ; ;Chﬁﬁné@éys%@%{séﬁw@)
VBER
ST S T T e R g

{1 1th wneel B SolBlie P kGGt $REE ploRRa” S sedftelltor 3 Ry
27 is t% eﬁtlajrj]e nonent caused by the combination of the second wheel 26
and t he “secord d 19, and thus when the side of the tine indicating part

19a of the secondhhahe hfnie RARYN S dsedim Mis tb§t égamhl Qpé qtqplegufﬂmédttﬁm
radius of the addition nmenber 27 is large, and the nmaXimumeffect is

provi ded whiie atisdlteeahle of theemoatintscaisetl ey thetcaihbitlagiodf of hhe SRR
wheel gear 5. |0 As a test exanple, the radius of the addltlon menber 27

was made 1.wheeln21 Audtthermirute texhd 15 innoegieter2thanad.0be 108dkeas eg antls ze
by using a material with a high density, for exanple, tungsten or tantalum

In the testcanditipheon tthegaberentawhictpdoge dot wausae hdddtskup imetheehaimernnd
the thickness thereof was nade 100 pm It is needless to say that if there
is 15 et r sshoskctest fmmthcdmighh@f Bﬁlczinn@s@ th@s thehafepesaidemonpentedf 3¢t X
becones. The @ddltlon nber 27 |s Eted .Lhe second wheel gear 5,

t hereby redd&i g ral g8 ﬁltené]é/u%?é& PRati on of the second wheel

Fedacti on i n pove a”de%%@eﬁs& Ca”%%nﬁﬁ%e . BB D5 AVRZPn 1Yo Worfent
nt ermat | or Bt pockates farton g 5Muts ikt Hspebidct A B Rpfeiiecd B duis,
ver < 2" abPodthl & Qﬁﬁ%ﬁ%ﬁt <ot B sORUMRRRNR BRbEDMRER RS
\ggﬁlel/al gd tt|Laner n?%ls g@eﬁf%g%ﬁzﬁ(ﬁghgecongg |esa c?;f'uon r é}d QGBH lt

notor via tdig hbeigecwhasl thed $imép 1~f:cé1 siraad é}ﬁbédﬁﬁéﬁtabhOWE}ilclﬁr%boﬁd@l'hdrhe

ti mepi ece by receiving an exter Impact is "v", and hol di ng ener gy
possessed hyehiterdewalehountes. " Ep The second hand eqw val ent inertial
nonent here corresponds to the

The inertial moment of the center wheel 21 increases to some extent

by mounting the addition member 20 thereto, but reduction train wheels of

20 1/90 exist inbetween as viewed from the rotor la of the step motor 1,

whereby influence by the increase in inertial moment of the center wheel 21

as viewed from the rotor 1a is reduced to one eight-thousand-one-hundredth.
Therefore, the driving energy of the step motor hardly increases.

Further, nothing is added to the minute hand, bringing about no

25 limitation to flexibility in visual design. Furthermore, the center wheel gear

9 and the addition member 20 never spoils the appearance since normally



hand equival ent inertial nmoment explained in the aforesaid reference. Thi S
name is:used since the second hand is focused on in thisg ﬁf@*—gﬁé
Further, it has been shown, fromthe description discl osed I'n a oresal d
reference, that when a second hand with a length of 13.5 mmand a 10 nonent
of 2.7 X 10-9 [kg m and a step notor with a hol ding energy of 154 nJ are
used, a hand-skip occurs in a hamrer shogk test froma height of 30 cm It
has al so been shown that it is sufficient to reduce the nonment caused by

t he conbi nation of the second wheel and the second hand by about 10%to

prevent a hand-skip in this tinepiece. S The above second hand has been
convent i onéﬁﬁy a@%@@tvﬁl@‘ﬁe@f@@ﬁﬁ&%ﬁdﬁéﬁﬂh@ Udnﬁmeﬁﬁng energy of 334 nJ,

S votesw S habl K B Dt B R RO 6 51
ti’nbbdtrfng dtiﬁg-'sggﬁgﬁgmgg}asp;;mt; LA e 3‘623?%% éé‘éaecz)dlgsnn N
irrpactyfro%fgﬂlé) 5%?@%% é ﬁ"rré’iﬁ]l?lgc%rkgg ?rhgﬁgl)éqs)re{d!}eggp%eg%bgl :%%n
ther ooy 1 cduRimpHE” ST Fesh 87 F P Oadd CoREF AR oi ngoner ay to 25
motor. 51" DECENAER 8, IO Ke lhay bG RRE ST AR TR AlpRibd el 7L
time, a Corgﬁﬂty%n@&n@ﬂhebdeﬁteﬁ\@fé@l pijon nenber 27 was -2.0 X 10-9 [kg n

(the mnus sign neans the direction of the nonent being different), and

when the nonent @ort diaraple) Mhe tentrivhuel \A%é’arﬁs&lﬂaﬁrg%d[ #0thioknegshalonpnibet
caused by the conbination of the second eel 26 and the second hand 19)

t he sum of mimutedranekcémer iboreehé santhat lachalé pandtierndf onndet oppesite sxdiecsd t o
0.7 X 10-9 [‘1;({3( m . On the second hand 19 used in this enbodinent, it is
estimatied tthiekerhthaabsohaife past wn dhe tgide nofréhe direeédnbin tvikicho tie rizmieon
of the second 10 wheel 26 and the second hand 19 is not greater than 2.4 X
10-9 [kg npdieatingsparsddiatolotheoninyie . does not cause a

h exsenegs
e e ﬂzﬁfg&%y@;@aﬁ@a@ﬂﬁﬁ g™
ﬁ%bﬂrr{;?'é’ﬂoasn? 'tvgfeaeﬁééswéﬁ?o 3 eRBiodh s Ateaite2eb i Hrcodpis @%@%L this
the same sidTat iR STECE JRGHY thitket E%é!ﬂ%éia‘iﬂﬁgﬁh%?%& ek ST BT |
i g, 104 590 HFedsfbut 1P it G RHE Sin@ ndiBhAnB HROC SFBY (BB MIHAE e PAEKIGRR,

nenber was moun e vie uence on driving

|nert|al MGRRt r GriTet tlng
t he addition ?reanbwgruhlggrfbut reduZﬁ gﬁﬁﬂeg&? ﬁﬁ%ﬁ-fﬁsdgem st ofﬁ%egmlgﬁe gﬁgﬁﬂ

vi ewed frompenfér 1ifik or6, theréty phevidlig® anslep! NuineesleRIc iheFIGS bukiiredy t he
increase in inertial nmonent o t he second wheel 26 as viewed fromthe rotor

1 a is reduybatk hielcdneo hichnke kentbredhdel shhér BT é3 msetted. dri vi ng ener gy of
the step notor hardly increases.
The example shown in FIG. 7 is an example using a wedge center
20 wheel gear 23, which is in the form of wedge in the thickness direction, as a
center wheel gear, and the wedge center wheel gear 23 increases in thickness
without steps along the minute hand center line 16 in the arrow B direction.
Alternatively, though the illustration is omitted, it is also effective to
form the center wheel gear out of materials which are different in density
25 (mass) along the minute hand center line 16. For example, the materials of

the center wheel gear are made different in density with a boundary defined



31 DECEMBER 2002 22 It should be noted that the additi on nenber 27 shown in

FIG 12.is nmade in semcircular shape, but it is also sui an
addition nmenber in the formof fan with a center angle o?ﬁfﬁe%gEWaEr??ggzto

be symmetric with respect to the second hand center |ine 28. Means as
follows may be carried out as neans for displacing the gravity center of
the second wheel 26. For exanple, the segqgnd wheel gear is changed in

t hi ckness al ong the second hand center line 28 so that a half part thereof
on the opposite side is thicker than a half part on the side of the
direction in which the tinme 10 indicating part 19a of the second hand 19
ext ends. They éhardiameteroline iorthogonal 40athe mimiteiband ceptgn ling 16,t9 that a

st epped second wheel gear 35, in which a half part 35b_on_ the opposite
arrow D di rlealfipgat ondBe asrayad sidg sklargemindensity thagmaa hadbpagon the amaw of
the arrow C di.rrection in which the tine indicating part 19a of the second
hand 19 ext@nddeis with a boundary defined by a dianeter |ine orthogonal to

N T T e
goar 36 % hoR T RE24E A5 KRR iR a ARE PEE P pat el RN HEFC 280 MR,
the 20 thi Cé‘t{hefgglg?% n21t4rﬂﬂ]etf?,'h& QEEfsiHé‘ﬁ]f A2 alB% W%ifé@tﬁﬁfir%%iﬁgft eNfinddi Ck

hal f part was IS Case, e correction none Stepped

second whee] ffg&ﬁ alf;@ 7 1L 7 ﬂquGo 4rE
second han o \/\/Ea%g?% ;S?L(])qut}fékégnﬁﬁ% h’?ﬁgnpn%ﬁg%(g;ﬁggg&gg@ e co'rr%i nation
of the secoprGwyeelingRddl MetRERBNEWBALL 24616 ShiR WaGT gﬁﬁ,m Shé FEHREE tyo
1.6 X 10-9 25 [kg mJ . This value satisfies the above-desciibed condition

on the monegitting3theFehtdbiRReeDZar?24 halfomydieetherthiclamss elifediid- ski p.

Further, a hand-skip did not occur in the hammer shock test fromthe height
of 30 gm The exditpikeappiacemt thatFg@atedbeffectancax brpdbtairdd dpyacomibim nge thend
wheel gear 36, which_is in the formof wedge in the thickness direction, as
a second whaedvegdascribatd vaniousekigesset aneanthdor ejeanpls by dimalyefiximg an

t hi ckness wi t hout steps al ong the second hand center |line 28 i.n the ﬁrrow C
direction. addiiogomenthes t@mgﬂf@a@t of the renter syheel gqamn@aétmn, nge helgw
second wheel gear 36 S fl%i{i cated of .brass to be. 200 pm at Te t hi ckest
part and 10p41%@nppheatot el hatf @qgslthggpf._ onsequently, it 1s suitable to use a

combination of necessary means depending on how much the moment on the
15 center wheel shaft caused by a combination of the minute hand and the center
wheel needs to be decreased.

The effectiveness of mounting an addition member to the center
wheel and changing it in shape to prevent a hand-skip against an external
impact when a minute hand for use is determined have been described in the

20 above.

However, if a center wheel having a moment which is the same in
magnitude as and different in direction from that of a standard minute hand is
prepared as a standard item, a minute hand having a moment in a
substantially wide range can satisfy the condition of not skipping against an

25  external impact by being combined with the standard item of center wheel.

Thus, it becomes possible that hands in various shapes are combined with the



Thus, the correction nonent by the wedge second wheel gear 36 was ~. 3 X
10-9 [kg m, and when the nonent of the second hand 19 . - kg
nl, the nonment caused by the conbination of the second \Aﬁ@ggg%m%%@ggond
hand, the sumthereof, was reduced to 2.4 X 10-9 [kg n]. 15 Alternatively,
t hough the illustration is omtted, it is also effective to formthe second
wheel gear out of materials which are difff®erent in density (rmass) along the
second hand center |line 28. For exanple, the materials of the second wheel
gear are made different in density with a boundary defined by the dianeter
i ne orthogopal, to.the second hand,center lLine. 28 so that a 20 half part
on the arro§\FaI§d§F‘gétep§g @ﬁ?gﬁpri“ﬂie&éﬁg{%9§fnttﬁgﬁpg{f0ﬁ§-|f part on the arrow C

si de. Mbreover, ii: igt%Pal so suitabl.e tB.Cj}se a seﬁo eel gear 37 in which
a hol I ow part 37ctPEDEE: GRRfCr W celsI v Kt Are Grafugily ((hapgep 1 mment, are
37a and a shaft haele 37b | ef N & [ of r ifegti i N

whi ch t he tPﬁf‘é’%gifre‘P&i %‘é‘%‘i‘tﬁgf‘%‘é‘?ﬁ hf&i“%flgfg]ee ’%@@gﬂﬁ ﬁ%gﬁfg‘;bxﬁ’eﬂng@“ggd
shown in FI 7 : e 0 ' I
part may beﬁFggsn%g&gr)l/Hé %@@é&@%@ 312&52{] %ﬁ[%v cu etlic:r%éct?%ghége]écﬂ(;g
wheel gear 1k ' SodbfeReht AN hafs-ski €45 of
fabri ca?on%ﬁﬁht@hlﬁl\sﬁﬁgag%ﬁ%té:lgjr‘?gihgée‘(?a??%n 0 'tt east rsglr%%%%ggtt e)&?{oot fal
part 37a, thﬁpﬁ@Qi us of the hollow part 37c was nmade 970 pmso as to | eave

200 pmeven at the thinnest part. The second wheel gear 37 is nade 100 pm

in thickness and gutdexcribedssbove) thbi&rﬁmememeamcbgeQﬂithrfrmlWBdésiQued he
hol | ow part 37c of the second wheel gear 37 was -0.5 10-9 [kg m, and

when t he nomintuteohahds isguaddaharehnk?, vesreBy7obtaiing hbge préferhble offeetst
caused by the conbinati on of the second wheel and the second hand 19 could
be reduced Momoxek itls aepdbpss t sayithat pteferabdeieffacts candbeatlntam et alsoi bied
condition on the nonment which does not cause a hand-skip. It is apparent

t hat grHat ecombiniigsa bandde whichi mement redustionrg taken khsomeddent aed the
various kinds of neans, for. exanple, by firmy fixing an addition nmenber to
a hal f partC%ﬁteFW@l@E@GﬁGrciéﬁgéPt B VEREOer i ng a hol | ow part in the other
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wheel s whi coemtee vehiced geht 9 islvhapgdd iin positonalactation Wi fDE(ISPBER @ (¥ cafier
prepared for second hands having | arge nonents with which the standard
items of sewhedl shafti 1¢abringingogsoutoat penblems datnthenbenter cathepk geao<kas f or

a second hand desired to be used to prevent a_ hand-skip agai nst an external
i mpact. As fisady ifixed tavbescenterewheebshiafildeard gmthinhwheel gear daisynade tned

second hands_ in gradual  manner,, thereby obtaining nore preferable effects.
Mor eovez( i 8lip dromadbe axds, thyingipgrabaut slaprableme ef fects can be obt ai ned
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several steps of reduction train wheels other than the above.




including the center wheel gear or the second wheel including the second 20
wheel gear is displaced fromthe axis of the center wheejq PECEMBER P02
second wheel shaft with respect to the m nute hand or the second hand which
has a | arge nonent, whereby the anal og el ectronic timnmepiece according to

t he present i nvention can be reduced in monent on the rotation shaft caused
by a conbination of the wheel and the m négte hand or the second hand. 25
Therefore, the disturbance energy rotating the mnute hand or the second
hand, which is generated when an external inpact is given fromthe 31
DECEMBER 2002 26 outside of the tinepiece, can be reduced, with the result
t hat a hand-ski p does not occur even if the holding energy value in the

step notor &s_decreased. nsequently, power consunption of the step notor
can be redui (ﬁ@%%ﬁ(é Iinf;:gossi ble to reduce power consunption of the

cLoctronte L rePhggs:, AL b RBRANS RAH RGBT
G ver si 1 cAHaRe tﬁ?%%ggﬁﬁa‘?@g%bﬁ%t BpieRE R BTG i it hoto,

CLAI M5 1. lairqi g(% §al og electronic tinmepiece conposed of an hour hand
and a mnut )and for indicating the tine, a step notor for rotating said

hour hand and saigicpi I@'E@a%@ﬁonﬁl‘%é&%ﬂﬁa\ﬂ?ﬁﬁhgtﬁ%of‘ﬁ?@hﬁﬁ fiteb _
rotation of said step notor and transmtting it "to said hour and an sald

n nut e hancledtreni® tinfepieds, ind-theasadddidmeralsamdeivdinto parte whibharecdiea!

to that of a root circle of a center wheel gear is firmy fixed to a half
part on saisameaséndsr inBEE) 1gear sharing a center wheel shaft with said

m nut e hand and a center wheel pinion on the opposite side to a direction
in which a tine iIndfKat 10gwhanta oétos diadofrarstee niatod 1evotated sl 80 per ssxoadt t o
said center  wheel shaft to reduce a nonment on said center wheel shaft
caused 1py dntamiiteatlyotherotatioarnfahevoter 12 tnjrensmitted tan diftle wheel geae 3
gear, said center wheel 15 pinion, and said center wheel shaft and said

ni nut e han&ngﬁng&N@h@é@t%PHﬁQD@gt%r@@ﬁ arsecond yened @eag onihsorgh g fifth

28%;&“?3? ﬁ%%l?ﬁﬁﬁgﬁ hish osdied dngeara i wishaha i W %Tiséﬂisé'cgﬁddﬁaﬁé?p
Cransmtiing it Stﬁ?%e"ec%d%% Bt oot iRy Wlhee S cﬂ%fwe@?wh
hand, wh

of o root & Pt SRR SR A3 30 15U sORHA Pady T WCR Y thobftels
sai d sqgonq1 i n| Qﬁe’the%ﬁ%h@g’vﬁ’ea%ﬁﬁﬂd vvheel wi th said second hand and a

second "whe n on the opposite side to a direction in which a tine
Further, the rotation of the second wheel shaft 25 is transmitted

through the second wheel pinion 6 to a third wheel gear 7 and further
transmitted to a center wheel gear 9 engaging with a third wheel pinion 8 to
rotate a center wheel shaft 11 which is a rotation shaft on which the center

20 wheel gear 9 is firmly fixed and a minute hand 15 mounted on the tip of the
center wheel shaft 11.

Further, the rotation of the center wheel gear 9 is transmitted to a
minute wheel gear 12 engaging with a center wheel pinion 10 and transmitted
through a minute wheel pinion 13 to an hour wheel 14, so that the rotation is

25 transmitted to an hour hand 17 which is mounted on the tip of the hour wheel

14. The structure of the train wheels is not viewed from the hand side



25 indicating part of said second hand extends with respect to said second
wheel shaft to reduce a nonent on said second wheel shaf fﬁﬂﬂgﬁ 300231
DECEMBER 2002 28 conbi nation of a second wheel conposed d¥ sal secong
wheel gear, said second wheel pinion, and said second wheel shaft and said
second hand. 3. (anmended) The anal og el ectronic tinmepiece according to
claim1l, wherein said addition nmenber isiffirmy fixed on a face of said
center wheel 5 gear on the opposite side to the side on which said center
wheel pinion is provided. 4. The anal og el ectronic tinmepiece according to
claim1l, wherein a hollow part is fornmed in a half part of said center
wheel gear Resause ofiexastence od an ppequAiall &uhi mldmallynﬁumakél idegopes t
of said m nute_ hand extends 10 h respect to sa g center wheel shaft. 5.
(anmended) Aﬁqm@ﬁlélpgﬁteear tapBrel fidgs- hour hand and a

L s S B,
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center wheel co osed of Said center wheel gear, said center wheel

and sai d captthe sebeal whedlishafd2sai d m nute hand. 6. (anended) The anal og
el ectronic tinepiece according to claim?2, 25 wherein said addition nenber

is firmy fixed dfFI( 1&ce afvieai dhowdngdheistalctgesiof an stbendpphselt én shite to
the side on which said second wheel pinion is 31 DECEMBER 2002 29

provi dad. ®mbbdiment,dg ethchribei secombpileed gearobdisnmsested @i rthe, sedvmdei n
a hollow part is fornmed in a half gart of said second wheel gear on the

si de of thevheeleghafoR5 integratad twidhtthewsecodd catheelgpimaen Gto deifarmbye dixednand

ext ends vmtg respect to said second wheel s%aft
thereto, thereby forming a second whee] 2

The second hand 19 is mounted on the tip of the second wheel shaft
25 of the second wheel 26, and the semicircular addition member 27 is firmly
15 fixed on the half part of the under face of the second wheel gear 5 on the
opposite side to the direction shown by the arrow C in which the time
indicating part 19a of the second hand 19 extends with respect to the second
wheel shaft 25.
FIG. 12 is an under face view of the second wheel gear 5 and FIG. 13
20 1s a sectional view thereof, showing the shape and the state of mounting the
addition member 27 in relation to the second wheel gear 5. The
semicircular addition member 27 is firmly fixed on the right half part in FIG.
12 and FIG. 13 of the under face of the second wheel gear 5 but not on a
tooth part 5a and a shaft hole 5b into which the second wheel shaft 25 is
25 inserted.

A straight line with arrow 28 shown in FIG. 12 is a second hand



8. (amended) An analog el ectronic tinepiece conposed of an hour hand) a

m mut e hand, and a second hand for indicating the tine,
rotating said hour hand, said mnute hand, and said seco dﬁ%%ma%nggi n

wheel s for decelerating the rotation of said step notor and transmtting it
to 10 said hour hand, said m nute hand, and said second hand, wherein a
second wheel gear sharing a second wheel yghaft in common with said second
hand and a second wheel pinion is made such that a half part thereof
including a tooth formon the opposite side is thicker than a half part on
the side of a direction in which a time indicating part of said second 15
hand ext endsentet inedadind linkisgithe tipoaintheviiel indiceting partelfacef thenseeentd on
sai d second wheel shaft caused by a conbipation of a second wheel conposed
of said secan] \Meuwd thearotasigndcensentherapbeviepiod Biom &hel tepiofl HET drid antkel
shaft and said second hand._ 9. (added) The anal og el,eg_tro,ni c tinepiece

accor di ng t®eaEpwm € shawsuibe directiondnawdieh she feng dndicatingqearb il Yaelgtheen
O P P S RSB Dot
i nute. Bande] GPUTGIPS S0TthES RO CSRER TRELAA. f o rotating said hour 25
s 220 e Mo ond o8 o LR G
hand, 31 Q%%HB%?%%% ]to""ﬁf‘é'rgﬁlf ecﬁ%[glgigé :@5%?)3 ltlrléJ ?ﬁ\xﬁtg:c?élﬁgr HCHY er

wheel shaft™i1n co sard mn a ce prnion’rs

made such 1bnd Phiekl DY ShoRE! APIFIEN A FRARCM WIS 3R P the'seebnd "WHERP! tY

of its materia part on a side of a direction In

i ndi cating g}t 2§fwﬁf’d'lﬂi§ftﬁélk6taﬁ@hdsl_ﬁ>ﬁ esteoitd hvftﬁﬁpﬁ%ng@ ifiahe s§te
wheel shaft to reduce a nmonent on said center wheel shaft caused by a

conbi ngfyi ondigéctioms 4ot te \diritiotopanewhith the diwenimlicitieg! paeal9a oA the
center wheel pinion, and said center wheel shaft and said nm nute hand. 12.

(added) An sacahddhaidiOrextends.i nFhiersduwesposrinait am the secdwd dvhekd shaft
m nute hand, and a second hand for indicatihg the tinme, a step notor for
rotating saldcamsed bpadombimhtiomof thehsavdndarahds 49 dndetherstchnd dyheal 26.r ai n
wheel s for decelerating the rotation of said step notor and transmtting it
to sai d hour handAs dardhei direstinandhe gravexi eenfet ofdthrsaconshevbeel 20siscond

el S22 RAReRR Simcbe e e ek TR Sy RS
07RO 1 ok o e SABR kM Bn TR et B ML 2300,
cxtend 14 BsAEAPES ind Suitisles AEBMApIIR SRl (0.5 M TROW o§nue o
arrow D which is 180° opposite thereto) in which the time indicating part 19a
of the second hand 19 extends as shown in FIG. 12.
Displacement of the gravity center of the second wheel 26 to this
20 range provides the effect of reducing the moment caused by the combination
of the second wheel 26 and the second hand 19, and the moment reduction
effect becomes maximum when the gravity center is displaced in the direction
(the direction of the arrow D) 180° opposite to the direction (the direction of
the arrow C) in which the time indicating part 19a of the second hand 19
75  extends.

The addition member 27 is a semicircular plate member as shown in



20 conposed of said second wheel gear, said second wheel pinion, and said
second wheel shaft and said second hand. .AAf,.AHf R AH. i
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where a moment caused by the combination of the second wheel and the
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of translational motion of the t1mep1ece y rece1v1ng an ‘external impact is “v”
and a holding energy possessed by the step motor is “Ep”.

5 The second hand equivalent inertial moment here corresponds to the
hand equivalent inertial moment explained in the aforesaid reference. This
name is used since the second hand is focused on in this embodiment.

Further, it has been shown, from the description disclosed in the
aforesaid reference, that when a second hand with a length of 13.5 mm and a

10 moment of 2.7 X 10 [kg + m] and a step motor with a holding energy of 154
nJ are used, a hand-skip occurs in a hammer shock test from a height of 30
cm. It has also been shown that it is sufficient to reduce the moment caused
by the combination of the second wheel and the second hand by about 10% to
prevent a hand-skip in this timepiece.

15 The above second hand has been conventionally used with a step
motor having a holding energy of 334 nJ, but it becomes possible to prevent a
hand-skip even through the use of a step motor with a small holding energy
of 154 nJ which is the above-described holding energy since the moment
“M” caused by the combination of the second wheel and the second hand is

20 decreased to thereby reduce the energy for rotating the second hand which
occurs upon an impact from the outside of the timepiece as the above-
described relation.

It is apparent that the holding energy of the step motor is decreased to
thereby reduce the driving energy for overcoming the holding energy to

25 rotate the second hand, resulting in reduced power consumption of the step

motor.
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O the sec(gnd Cf?antl’ K@Z’v&ds\ 2 )QTP(?; [kg + m], the moment caused by the
5 combination of the second wheel 26 and the second hand 19, the sum of the
correction moment and the second hand moment, was reduced to 0.7 X 10”
[kg « m].
On the second hand 19 used in this embodiment, it is estimated that
the absolute value of the moment caused by the combination of the second

10 wheel 26 and the second hand 19 is not greater than 2.4 X 10° [kg - m] as the
condition on the moment which does not cause a hand-skip in the hammer
shock test from the height of 30 cm, and thus the aforesaid moment of 0.7 X
10° [kg - m] sufficiently satisfies this condition.

When impacts from hammer heights of 30 cm were given by a

15 hammer shock tester to the conventional timepiece and the timepiece of this
embodiment, a hand-skip occurred in the conventional timepiece which has
the same structure except for the absence of the addition member 27, but it
did not occur in the timepiece of this embodiment on which the addition
member 27 was mounted.

20 From the viewpoint of influence on driving, the inertial moment of
the second wheel 26 increases to some extent by mounting the addition
member 27, but reduction train wheels exist inbetween as viewed from the
rotor 1a of the step motor 1, whereby the influence by the increase in inertial
moment of the second wheel 26 as viewed from the rotor 1a is reduced to one

25 nine-hundredth. Therefore, the driving energy of the step motor hardly

increases.
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. xnbC 1opde 1np/&e(r)1c1rgm]ar1shape ut it is also suitable to mount an addltlon
member in the form of fan with a center angle of less than 180° to be
symmetric with respect to the second hand center line 28.
5 Means as follows may be carried out as means for displacing the
gravity center of the second wheel 26.

For example, the second wheel gear is changed in thickness along the
second hand center line 28 so that a half part thereof on the opposite side is
thicker than a half part on the side of the direction in which the time

10 indicating part 19a of the second hand 19 extends.

The example shown in FIG. 14 and FIG. 15 is realized with a stepped
second wheel gear 35, in which a half part 35b on the opposite arrow D
direction side is made thicker than a half part 35a on the side of the arrow C
direction in which the time indicating part 19a of the second hand 19 extends

15 with a boundary defined by a diameter line orthogonal to the second hand
center line 28, thereby providing a step. Numeral 35¢ in FIG. 15 denotes a
shaft hole into which the second wheel shaft 25 is inserted.

As a concrete example of fabrication, the stepped second wheel gear
35 shown in FIG. 14 was fabricated of brass, as a material, such that the

20 thickness of the thin half part 35a was 100 pm and that of the thick half part
was 200 um. In this case, the correction moment by the stepped second
wheel gear 35 was —1.1 X 10 [kg - m), and when the moment of the second
hand 19 was 2.7 X 10 [kg + m], the moment caused by the combination of the
second wheel and the second hand, the sum thereof, was reduced to 1.6 X 10°

25 [kg - m]

This value satisfies the above-described condition on the moment
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As a concrete example of fabrication in this case, the wedge second

wheel gear 36 was fabricated of brass to be 200 um at the thickest part and

10 100 pm at the thinnest part.

Thus, the correction moment by the wedge second wheel gear 36 was
—-0.3x10° kg - m], and when the moment of the second hand 19 was 2.7 X
107 [kg « m], the moment caused by the combination of the second wheel and
the second hand, the sum thereof, was reduced to 2.4 X 10~ [kg - m].

15 Alternatively, though the illustration is omitted, it is also effective to
form the second wheel gear out of materials which are different in density
(mass) along the second hand center line 28. For example, the materials of
the second wheel gear are made different in density with a boundary defined
by the diameter line orthogonal to the second hand center line 28, so that a

20 half part on the arrow D side is larger in density than a half part on the arrow
C side.

Moreover, it is also suitable to use a second wheel gear 37 in which a
hollow part 37c is formed in a half part, with parts near a tooth part 37a and a
shaft hole 37b left, on the side of the arrow C direction in which the time

25 indicating part 19a of the second hand 19 extends as shown in FIG. 17 and
FIG. 18. Instead of the hollow part 37c, a thin wall part may be formed by
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5 gear 37 is made 100 pm in thickness and out of brass.

In this event, the correction moment by the hollow part 37¢c of the
second wheel gear 37 was —0.5 X 10° (kg * m], and when the moment of the
second hand 19 was 2.7 X 10° [kg - m], the moment caused by the
combination of the second wheel and the second hand 19 could be reduced to

10 22x107 [kg - m]. This also satisfies the above-described condition on the
moment which does not cause a hand-skip.

It is apparent that greater effects can be obtained by combining the
above-described various kinds of means, for example, by firmly fixing an
addition member to a half part of the second wheel gear and forming a hollow

15 part in the other half part thereof. Consequently, it is suitable to use a
combination of necessary means depending on how much the moment on the
second wheel shaft caused by a combination of the second hand and the
second wheel needs to be decreased.

Also in this analog three-hand electronic timepiece, if a second wheel

20 having a moment which is the same in magnitude as and different in direction
from that of a standard second hand is prepared as a standard item, a second
hand having a moment in a substantially wide range satisfies the condition of
not skipping against an external impact for the standard item, and thus it
becomes possible that the second hand is combined with the standard item of

25 second wheel to form a timepiece.

Further, second wheels which are gradually changed in moment are
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a second hand desired to be used to prevent a hand-skip against an external
impact.

5 As described above, the second wheels can cope with freely designed
second hands in gradual manner, thereby obtaining more preferable effects.
Moreover, it is needless to say that preferable effects can be obtained also by
combining a second hand to which moment reduction is taken to some extent
and the second wheel according to this invention.

10 Although two steps of reduction train wheels are formed from the
rotor la of the step motor 1 to the second wheel gear 5 in this embodiment,
the use of the aforesaid second wheel makes it possible to reduce power
consumption even with a train structure in which the rotor and the second

wheel gear are directly engaged each other or even if two or more steps of

15 reduction train wheels exist from the rotor to the second wheel gear.

INDUSTRIAL APPLICABILITY
As has been described, the gravity center of the center wheel
including the center wheel gear or the second wheel including the second
20 Wwheel gear is displaced from the axis of the center wheel shaft or the second
wheel shaft with respect to the minute hand or the second hand which has a
large moment, whereby the analog electronic timepiece according to the
present invention can be reduced in moment on the rotation shaft caused by a
combination of the wheel and the minute hand or the second hand.
25 Therefore, the disturbance energy rotating the minute hand or the

second hand, which is generated when an external impact is given from the
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Consequently, power consumption of the step motor can be reduced,

making it possible to reduce power consumption of the electronic timepiece.
5 Moreover, since there arise no limitations on visual design for the minute
hand and the second hand, a minute hand and a second hand which are freely
designed in appearance can be used, resulting in diversification of the analog

electronic timepiece.
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1. (amended) An analog electronic timepiece composed of an hour

hand and a minute hand for indicating the time, a step motor for rotating said

5 hour hand and said minute hand, and train wheels for decelerating the
rotation of said step motor and transmitting it to said hour hand and said
minute hand,

wherein a semicircular addition member having a radius equal to that
of a root circle of a center wheel gear is firmly fixed to a half part on said

10 center wheel gear sharing a center wheel shaft with said minute hand and a
center wheel pinion on the opposite side to a direction in which a time
indicating part of said minute hand extends with respect to said center wheel
shaft to reduce a moment on said center wheel shaft caused by a combination
of a center wheel composed of said center wheel gear, said center wheel

15 pinion, and said center wheel shaft and said minute hand.

2. (amended) An analog electronic timepiece composed of an hour
hand, a minute hand, and a second hand for indicating the time, a step motor
for rotating said hour hand, said minute hand, and said second hand, and train
wheels for decelerating the rotation of said step motor and transmitting it to

20 said hour hand, said minute hand, and said second hand,

wherein a semicircular addition member having a radius equal to that
of a root circle of a second wheel gear is firmly fixed to a half part on said
second wheel gear sharing a second wheel with said second hand and a
second wheel pinion on the opposite side to a direction in which a time

25 indicating part of said second hand extends with respect to said second wheel

shaft to reduce a moment on said second wheel shaft caused by a
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3. (amended) The analog electronic timepiece according to claim 1,

wherein said addition member is firmly fixed on a face of said center wheel
5 gear on the opposite side to the side on which said center wheel pinion is
provided.

4. The analog electronic timepiece according to claim 1, wherein a
hollow part is formed in a half part of said center wheel gear on the side of
the direction in which the time indicating part of said minute hand extends

10  with respect to said center wheel shaft.

5. (amended) An analog electronic timepiece composed of an hour
hand and a minute hand for indicating the time, a step motor for rotating said
hour hand and said minute hand, and train wheels for decelerating the
rotation of said step motor and transmitting it to said hour hand and said

15 minute hand, \

wherein a center wheel gear sharing a center wheel shaft in common
with said minute hand and a center wheel pinion is made such that a half part
thereof including a tooth form on the opposite side is thicker than a half part
on the side of a direction in which a time indicating part of said minute hand

20 extends with respect to said center wheel shaft to reduce a moment on said
center wheel shaft caused by a combination of a center wheel composed of
said center wheel gear, said center wheel pinion, and said center wheel shaft
and said minute hand.

6. (amended) The analog electronic timepiece according to claim 2,

25 wherein said addition member is firmly fixed on a face of said second wheel

gear on the opposite side to the side on which said second wheel pinion is
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10 7. The analog electronic timepiece according to claim 2, wherein a
hollow part is formed in a half part of said second wheel gear on the side of
the direction in which the time indicating part of said second hand extends

5  with respect to said second wheel shaft.

8. (amended) An analog electronic timepiece composed of an hour
hand, a minute hand, and a second hand for indicating the time, a step motor
for rotating said hour hand, said minute hand, and said second hand, and train
wheels for decelerating the rotation of said step motor and transmitting it to

10 said hour hand, said minute hand, and said second hand,

wherein a second wheel gear sharing a second wheel shaft in common
with said second hand and a second wheel pinion is made such that a half
part thereof including a tooth form on the opposite side is thicker than a half
part on the side of a direction in which a time indicating part of said second

15 hand extends with respect to said second wheel shaft to reduce a moment on
said second wheel shaft caused by a combination of a second wheel
composed of said second wheel gear, said second wheel pinion, and said
second wheel shaft and said second hand.

9. (added) The analog electronic timepiece according to claim 1,

20 wherein said addition member is made of tungsten or tantalum.

10. (added) The analog electronic timepiece according to claim 2,
wherein said addition member is made of tungsten or tantalum.

11. (added) An analog electronic timepiece composed of an hour hand
and a minute hand for indicating the time, a step motor for rotating said hour

25 hand and said minute hand, and train wheels for decelerating the rotation of

said step motor and transmitting it to said hour hand and said minute hand,
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center wheel shaft caused by a combination of a center wheel composed of
said center wheel gear, said center wheel pinion, and said center wheel shaft
and said minute hand.
12. (added) An analog electronic timepiece composed of an hour hand,
10 a minute hand, and a second hand for indicating the time, a step motor for
rotating said hour hand, said minute hand, and said second hand, and train
wheels for decelerating the rotation of said step motor and transmitting it to
said hour hand, said minute hand, and said second hand,
wherein a second wheel gear sharing a second wheel shaft in common
15 with said second hand and a second wheel pinion is made such that a half
part thereof on an opposite side is larger in density of its material than a half
part on a side of a direction in which a time indicating part of said second
hand extends with respect to said second wheel shaft to reduce a moment on
said second wheel shaft caused by a combination of a second wheel
20 composed of said second wheel gear, said second wheel pinion, and said

second wheel shaft and said second hand.



