1 . o | DESCRI PTI ON

"ANALOG ELECTRONI C TI MEPIECE 5 TECHNI CAL FILELD The present
invention relates to an anal og el ectronic tinmepiece for indicating tine
~using hands, nore specifically, to a technology for further - reducing
power consunption of the analog electronid tinmepiece and for
diversifying the hands. 10  BACKGROUND. TECHNOLOGY In atinme
~indicating systemof a tinepiece (watch or clock), in addition to

‘accuracy, decoration is.also requi rels W indication is
‘superior due to its indication quali ' lsgsmble vari.ety in design..

The 15 tinepiece in which a step notor is used for an actuator is

w despr-ead. - . Fi g 5 is a schematic perspective view of a

conventi onal anal og il "HTN&E ate in which .
forcelstransmttedfroma G:EL !lo{r toehanS\glEgﬁfraln wheel's. In a
standard three-hand tinepiece, - shown in Fi g. 5 arotor la of a

step notor 1, a fifth wheel 2, a second wheel 20 3, a third wheel 4, a
center wgeel TECHNICATL FIRLEE! 6, and ‘an hour wheel 7 are | inked -
together in due order via pinions 11 to 16. Therewith, a second - hand 8

which is integrat étheviprosérteirention rélatds fo andahile electronis, timepiece for
~mnute hand 9 integrated with the center wheel 5 and the pinion 15, ‘and an

hour hand 1Gnditating thve wising thandsoumons specificatlys dona techimologyi fordi fsher
" traveling netions. It is noted that the second hand 8, the mnute hand 9

~and thaedumn&apmzvqn consumption |of ﬂm tanelog olestronie rmmepzﬁqeoaadef@h
the same aXI.dglvemlfymg the hands.
o o B .
- BACKGROUND TECHNOLOGY

~Ina tlme 1nd1cat1ng system of a tlmeplece (watch or clock), in
addltlon to accuracy, decoration is also required, and analog indication is
superior due to its indication quality and its possible v_anety in des1gn. The
15 timepiece in whicha step motor is used for an actuator is Widespread.
Fig. 5 is a schematic persi)ective' view of a 'corivehtional analog
.ele_ctronic timepiece showing a state in which force is transmitted from a step
' mofor to hands via-train. wh'celé._ In a standard three-hand timepiece, as
shdwn in Fig. 5, a rotor 1a of: a step motor 1, a fifth wheel 2, a second wheél
20 3, a third wheel 4, a_cehter wheel 5, a'min_ute- wheel 6,_ and an hour wheel 7
are linked together in due order via pinions 11 to 16. Thérewith, a second
hand 8 which is integrated with the second wheel 3 and the pinion 13, a
minute hand 9 ihtegrated with the centér wheel 5 and the pinioh 15, and an
. hour hand 10 integrated with the hour wheel 7 perfofm predéte_nnined
25 traveling motions. It is noted that the second hand 8, the minute hand 9. and

the hour hand 10 are actually fitted to one another to rotate on the same axis,



2 and are shown spread out for the sake of clarity. The
step motor 1 conprised of the rotor la, a stator Ib and a coil . 1c

requi res-a holding energy for preventing each of hands 8, 9, and 10 from
bei ng subject to a hand-skip phenonmenon on an external inpact, in addition
5  to-a driving energy required for drivimy each of hands 8, 9, and 10. The
step ‘motor 1 is designed in such a manner that both energy val ues neet
t he tinepiece reqU|renents : I n designing a conventiona

f
féefhg:ﬁiﬁdé’rl S e 3pRead HE % fEsake R 5" Ren 2 motor i o dest gned
t
Tyt T OB S e F e B e
t withi t | '
?\gt \émoncl 35| vg y op? Qﬁ? cnergy Ifgr reve-ﬁ‘ﬁ a@?ﬂﬁgﬁl{%ﬁ{(ﬁﬁ%“;gm‘éﬁﬁd g? ﬁBnds :
I s necessar ypeijh ECPR) ﬁ(liﬁiclls gﬁhéﬁom%éh'dr?ahr@{téﬁm i i ad@ithewds:

with a driving ner yva ue srra t han t hose tequired presently
Nor mal |'y,5 hofgda dgiving 'eierdy Yeyisr edféf drivingeadlepf tands 829, and).i cThe step
potentlal (re5|stance force to noving froma still poij nt) and only -
portions of motor dnds gies dngudlnea mgesri thatobetit lemlergyxtvalﬁesarmeupmhe
energy is effective 20 i netic energy. Therefore, reduction of the
 hol di ng enertgmepaemeerexpm‘mnents be effective to | essen the power
consunpti-on, but fromthe viewoint of :: hol di ng_hands- as_ descri bed

above, the hol di nglte sg}ungla:@ommnﬁenabétep mO@Ifqucaé?m#PIQCGd@c&H
Vel e i n't nehliBeg ey e arsorEn e bandsdn v i detmEnecd tfr@er%d
ot ot neditby i3 FRIORJS RBENBATA UL A FIIEL B@aHSbh e BoaKs value, i order
to meet the t1mep1ece requn'ements Thereafter smtable dnvmg cond1t10ns
are set within the above range. '
The driving energy value is thus not conclusively optimized.
Further, if only normal movement of hands is necessary, it will be 'possible to
‘15 - realize the step movement of hands with a driving energy value smaller than
those reqmred presently | _ _
| Normally, holdmg energy always exrsts in a step motor as magnetic -
potentlal (resistance force to movmg from a stlll pomt) and only portions of .
| .energy exceeding the magnet1c potentlal out of an input energy is effective
20 k1net1c energy. Therefore, reduction of the holdmg energy value seems to
be effective to lessen the power consur_nptlon, but from the vrewpomt_ of
holding hands as described ab'ove,._ the holding energy value ca_n' not be
snfﬁciently reduced in the conventional analog electronic timepiece.
~ The driving energy ‘value in the descnptron does not mean the so-
25_. called whole given energy value but the effective energy value (the resultant
value obtaJned by subtractrng the holdmg energy value from the ‘whole.



3 . energy val ue) which is .requi red when a hand non-steadily rotates a

certain angle in a set period of tine. Wthout the driving force
exceedi ng t he above . value, the expected rotary notion can not be

obt ai ned. ~ The holding energy val ue neans the energy val ue which
is required 5 for holding a hand so as t® prevent a hand-skip phenonenon
on an external . inpact, which is unconditionally determ ned from the
step -not or requirenents. In the recent electronic

2'elifgfciea?éné&%ﬁ”Ve”lawrﬁwb‘” SiRGE Fiiin 8 hand. o HEBHIR roleS £ fertain
ST m A
ce); f iogitgac of gl )gé Q oﬁ%&r mor e e eI ec rorrec lani cal conversion _
"t herefor eya nore dr agihlog% Erﬁgg}’c??lg% Qﬁhﬁgﬁgﬁ%@ ihélgﬁpa‘?lhhér? ?:sa?‘laﬂ'([)lt?é%e
expect ed usi fit kGIAIRS @ BAAA so as tOPréWSIR a hand—sklp phenloinéiich GANNE Rixiterhall

el ectronic tinmepl ece; -as descri bed above, the val ue of the hol ding

energy is seimpactpe whicheris hanconditiopiallyhedeiesininédndeom theensteyy mivtor
.occurs at the hand part by an external inpact, in order to prevent 20 a
hand-skip p entsV\hi ch neans, conversely, that the hand can not

be hel d when the disturbance energy val ue. €xceeds the hol di ng- ener-gy - val ue.
The di sturbance enbr the rexent elegtrartic timepiecocamineonveniente o replacemnépﬁal
inpact, relates to the magnitude of inertial nmoment (inertia %@é%th

consi-der at i ohateriesioacan seyesaldyearsds ajnted ont, aﬁbmd@ﬁtred eplagement
25 rotary bop% ncl udi ng hands and train wheels, r ect to the
rot ati onH) agerlgs i$ unnecessary.  As a measiire to ificrease in capac1ty

ofa battery and reductmn in power consumption are considered, but a large-

size battery can not be used for a. wristwatch due to hlmtatlon. of outer

dimensions. Furthermore, the elecu04meehanical cenversion efﬁciency of

the step motor itself already cornes toa limit'thereof, therefore a more drastic

15 reduction of the power .consumpti.on can not be expected using conventional

| 'methods - ' . -

| In the convent10nal electromc t1mep1ece as described above, the

value of the holdmg energy is set to be larger than that of the d1$turbance

energy that occurs at the hand part by an external impact, in order to prevent

20 a hand-skip phenomenon Which means conversely, that the hand can not
be held when the drsturbanc_:e_energy value exceeds the holding energy value.

~ The disturbance energy .value wh1ch means the magnitude bf an

external 1mpact relates to the magmtude of inertial moment (inertia) with

, 'cons1derat10n of 1mbalance caused by a degree of unbalanced moment of the

25 rotary body mcludmg hands and train wheels, with respect to the rotational

axis thereof



4 Concerning with hands, since the shape of .the hand is. _
-~ restricted, the di sturbance energy value is greatly influenced by the
magni t ude of inerti al monment. For instance, if hands are nmade | arger or
different in shape from = what should be, giving priority to visual
design, a problemwould arise that 5 the4nertial nonent increases
-according to the anount. of inbalance being | arger, thereby the
di st urbance energy val ue easily exceeds the hoIding ener gy val ue.

Under th t t b h

e oSt SSphSHIAS VS rB e, A e MhoR R Siobied. e
ti i d
uhﬂiﬁgiézrinﬂﬁhﬁ%ﬁ@# @?rézééﬁéﬁgﬁheé*s%ﬁr consunpf’a%%et aBAkiia6 G erdr e
hol di ng ener d

pur poss, 1t TouaE O A ﬁﬁgﬁ&%éﬁ*ﬁ“ﬂsrgﬁdﬂﬂaﬂ.s © Jatder®6e e ifCHtidpe from
occurring ewgh t‘@ﬁ@uld‘ﬁ gi’vl'ﬁg pﬁ@ﬁ tdfvist&l@‘esiglﬁ aspﬁibléfn wdiﬂd(m'rSeSthat
small, while ogtalnlng ity

of” de5|gns by elimnating limting

factors an dbel Hierfial trﬂ@nienﬁ dncreases accor §nt03 he cimodnt of imtedante being
i nventlon Is to solve the above problens an to achieve a further

reduct i on i rlapgesr thevebyntite disturbatice energy ovalue easilyi exqeedse thy helding ng
t he af orenmentioned hol di ng energy value, while 20 satisfying the ti nmepi ece

r equi r ement senergy value. Anot her object is to obtain further flexibility
of designs by - ellmnatlng linmting factors on hangs .to. prevent a.
hand- ski p phenomenUn er the presgriccincumstances-as msm&%@ boye, it 1s a S?ﬂp's‘s

o it ogpeatee S Bodt hop sociusstd 155" nanes' FSnaRRR. pr ghe pifEH:E
' 10 timepiece and to realize a system in which replacement of batteries is made
unnecessary In order to lessen the - power consumptron the aforesaid
holdmg energy needs to be reduced. | |
In accomplishing that purpose, it is a problem to prevent a hand—skrp
phenomenon from occurring even when the holdmg energy value of the step
15 motor is small wh11e obta1mng flex1b1hty of des1gns by ehmmatmg limiting
- factors on design of the hand. ,
An object of the present 1nvent10n is to solve the above problems and
to ach1eve a further reduction’ in power consumption of the electronic
tlmeprece by reducmg the aforementloned holdmg energy value, Whlle
20 satisfying the timepiece requrrements
Another object is to obtain further ﬂex1b1]1ty of designs by
o ehmmatmg limiting factors on hands to prevent a hand-skip phenomenon

DISCLOSURE OF THE INVENTION o
25 " This invention -is structured as follows, to achieve the aforesaid

objects in an analog electronic timepieCe having: hands for indicating time; a



5 i step notor having a hol ding energy for holding the hands while

standing still and generating a driving energy which exceeds the
hol di ng energy whil e driving the hands; and train wheels for
‘transmtting the novenent of the step motor to the hands. 5 In

“order to lessen a nonent of the whole rotagy body, a weight is "~ added

at least to a part of the rotary body including the hands and the train
wheel s where an external inpact causes a disturbance energy which is |arger:

bnd 1 are. priéeBRaoioy hAYDg @ °S§ Frerey Fon boftunk e Tandswhite standmg stil
M oA ]hfa'ndf(fﬁcﬁaee‘%?r#&ra dviBg EndraloNRRE SR ERE8 el boldiRel Shley, Wil 1o
ot Pret e debiE gl B Gt whoels, for BatiiffflaBleEiAGokRl ?S’ﬂ%?%*‘?%
ener gy -Ezf-ﬁéﬁ%ﬁé‘r @W"a@iﬁg e mror i ecai vea. i & made. O S ararTer than
‘the abOVS hol di ”guﬁﬂ‘éﬁ&%i'ei’&' 1sen a moment of tRS SRRsleCfotasy Iyéssen gﬂtﬂis a

thin par athro or ano - may beforrred

nmonent of t . %e koY Bodyrincludin@ilie hhnﬂb%urdOtthram -
body. 20 mﬁkﬂﬁﬁhﬁ&?ﬁgﬁpj% Y, Of | east a paR? of tﬁggrotary menbers of the
above rot arywheels Wheye ﬁﬁ)éﬁtérﬁalrl cbcaasevaidisrbanceénergybwhichis karger

di fferent specific. gravities fromeach other, to | essen the nmonent of -
‘the whol e rofteny thedylding energy vaker possessed, by they etepe motors rios $hah the
preventing gear nay be provided - at a part of the train wheels,in

‘rel ation to distarbangeyenergy, vialuerwhbich cthpr abeye step mﬁsrﬁefrgﬂ\{ﬁs b? made
- disturb to the st -
S aﬂ)ce gxgllg,{lgc%/ than theeabsow?e hgfcimg energy value.

Altematwely, a thin part, a through hole, or a notch may be formed to "
- lessen the _moment of the whole rotary body, at least in a part of the rotary
body. R | -
Furthérmore, at least a part of the rotary members of the above rotary -
15 . body may be formed by a combination of members with different specific
- grav1t1es from each other, to lessen the moment of the whole rotary body.
'In these analog electronic t]mepleces M and I are preferably set to
. satisfy the relation below: O |
| M2/1<2 X Ep/v*
. 20_. | where a m_omeht possessed by _thé rOtary. body is M, a hand equivalent inertial -
| '-mom"ent. from the haﬁd to the fotor of the step motor via the train wheels is I, :
a speed of translational motion _of the timepiece by receiving an eXternall'
| impactis v, and a holding energy possessed by the step motor is Ep'.
| Alternatively, a reverse transmission preventing gear may be provided
25 atapart of the train wheels in relation to the totary body, in order to prevent

transmission of the disturbance energy to the step motor.
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6 ' _ The di sturbance energy value in the description neans the
rootati onal - energy value that occurs at the rotary body conprised of a
“hand, gears, - pinions, and shafts fitting to the- hand when receiving an
external- inpact. " The di sturbance energy value is .a value related to

| nbal ance caused by a 5 degree of the unlgl anced nonment- possessed by the
rotary body and the magni tude of its inertial noment. BRIEF
DESCRI PTI ON OF DRAW NGS - Fig. 1 is.a schematic sectional view of
a three-hand anal og el ectronic 10 ti i ece,for explaining an,enbqdj.ne

of the present in disturbance energy e 1n the %Fﬁ%ﬂ?%ﬁ&?%mgmﬁe\'oiﬁﬁgﬂgf
bet ween the val ues af di,sturbance ener oGcurring. aty second n en
two types ofe%%YglP@shéataPﬁcurs a'i:&‘i\?id@?%‘gy ke QQWSQ MM
Tabl e 2, and.the val ues h ' ﬁﬁﬂ by. the res | ye :
st ep. not or s;PHIONS, and s%ﬁ@‘i%n%xﬁ#@%%%&@%ﬁgw $ éhl%rcn’é? Y (')tiaﬁﬁdc?\rth
.transm ssio . ' TR .%!ﬂed)r V; | efushlli 4s
provi ded at ngh%adrlgﬁ%gﬂ%‘?)épr%raéﬁ @gﬂé for r%?g I'on tgfﬁﬁgéhlg%cign ar%?he
enbodi meqt | balant&d SAbhiéht possessed by thé Grotdry bodys andnthe
expl anat r.yqiﬁ%'\?vsotpfertgggﬁrl%e trans‘%ﬁsm on Breventq’ng 20 . noti“on ofyst he sane
as above; a nitude of its irferflal monier®, Schemat i ¢ perspective view of a
conventi onal ahal og el ectronic tinepiece showing a state in which -
.torque is transmtted froma =~  step notor to hands via train wheels.

25 BEST MODE FOR CARRYI'NG QUT THE | NVENTI ON - The best node for
enbodyi ng t HBRIEFsPESCRIEFIODhOl DRAWINGS! i bed '

Fig. 1 is a schematic sectional view of a three-hand analog electronic

10 ﬁmépie_cé. for explaining an embodiment of the present invention;

-~ Fig. 2is agraph showing relations between the values of disturbance

- energy o‘ccurﬁng at Secd_nd: hahds when tWo types of hammér tests are

“conducted upon each of samples shown in Table 2, and the values of holding
| énergy possessed by thé respective_ step motors; -

15 o Fig. 3 is an explanatory view of normal rotational transmission
‘motion by a reverse transmission préventiﬁg gear which is provided at a part
of traih wheels for rotation of hands i_n a_nother' embodiment of the present'
invention; ! | |

Fig. 4 is also an explanatory view of IeVerse transmission preventing

20 motion of the same as above; and | | | |

Fig. 5 is. a schematic perspective ﬁew of a conventional ainalog |
" ‘electronic timepiei:e sho‘Wing_ a state in which torque is transmitted from a

step motor to hands via train wheels.

25 BEST MODE FOR CARRYING OUT THE INVENTION

The best mode for embodying the ptesent invention will be described



7 hereinafter with reference to the acconpanyi ng draw ngs.

FKg. 1 is a schematic sectional view of a three-hand anal og el ectronic

ti mepi ece for explaining an enbodi ment of the present invention, and
essenti al conponents are the sane as those in the conventional electronic

5 timepiece shown in Fig. 5. Thus, the sdme nunerals and synbols are given
to the same portions in Fig. 1 as those in Fig. 5. - Mor e
speC|f|caIIy focu5|ng attention on notion of a second hand 8, - = which

is united: by a se eel. 3 anq %hseco-nd hand sagit 18, the second
p?pph818er&heel “?ﬁi‘?}' P ?laﬁﬁoﬁlpraW?? &8- step rmt/or 1, a i,
11, 12. _The o%@ﬁl ﬁ“iéﬁﬁ%ﬁﬁﬁﬁ%%ét"ﬁ&ﬁ df% %SW%% iﬁﬁﬁb?“g'

om tted, an i For expﬂﬁi Ce 0 nt" Y19 1 e%eﬁt“in%@ﬁﬁ SI Mse- -
shovvnln F|g ovvsamalnpﬁf nuner
shows a tr ai gxseiial com5poﬂéﬂt§%e ﬂiédsﬂ?h@iﬁ'tp,ﬁé’e sﬁome ﬁ’il@dti mﬁ%g’:rbmc? he

rotor la of the step 1 notor 1, the eel e secon

third wheel ﬁmepx@@&l%wﬂfmehé 3. Thu@f‘lﬂleasmé‘ hhmei’ﬁﬁeén& sﬁlﬁﬁﬁ)lE'aﬁe Cli’-r e
respectively pivotally supported bet ween the main plate 21 and t

trai n wheel wmmrﬁa ortlonsmF% 1Agt]j|@serm/\E@I5 7 is supported betvveen t he
main plate 21 and the dial 3 which is provided above the main plate

21, and is rotat aiMorei spewifically,i ﬂmumrig)attenuoneomanduehadft a z¢condviandh 8 he
second hand shaft 18 is rotatably inserted. When this

el ectronic twhigh es;umt@debweseemndxwheelaB anﬁoacsecondéxand shaft 48n the: secomd
i 5t ur bance. EHe §yPoTEPHRS SIROMVEBI90HY PEHIE A eid Isoba SIop malgr bea S he
hart o s iRl 2 SRRETRE Sedind nSST S GeRR R & %ehi:‘r £ 3ja Piniotsddeded
by ‘a rotary 'Tﬁd%ems@hplﬁohsof ﬂlri})(i wixeelso b & an thse%ga%er wi’ﬂ %e%t%ﬂ:geér Ad'a minute

hand 9 and an hour hand 10 are the same as those shown in Fig. 5.

Numeral 21 shows a main plate, numeral 22 shows a train wheel
| bridge, and numeral 23 shows a dial in F1g 1. The rotor la of the step
- 15 motor 1, the fifth wheel 2, the second wheel 3, third wheel 4 a center wheel 5,
and a minute wheel 6 (see Fig. 5) are respectlvely p1vota11y supported
- between the main plate 21 and the train wheel bndge 22, '
An hour wheel 7 is supported between the main plate 21 and the dial
23 which is prov_1_ded above the main plate 21, and is rotatably fitted outside a
‘20 mimute hand shaft 24 in whi_eh the second hand shaft 18 is rotatably inserted.
| When this electronic timepiece receives an external impé_ct, the
second hand 8 causes disturbance energy and tends to rotate. The
ma_gnitude' of the disturbe_nce energy relates both to imbalance ‘caused by a
| degree" of the unbalanced moment po'ssessed' by the second hand 8 to the |
25 second hand shaft 18, and to the magmtude of inertial moment (inertia)
- possessed by a rotary body which is compnsed of the second hand 8 and train



8 "wheels fromthe rotor la of the step notor 1 to the second wheel 3
via the fifth wheel 2. - Henceforth, in this enbodi ment, by
.addi ng a wei ght 20 having a certain mass to a short hand part 8b that

- 1s on the opposite side of- an 5 indicating-part 8a with respect to the.
second hand shaft 18 of the.second hand- 8 8, the anmpbunt of unbal anced
nonent of ' the second hand 8 agai nst the second hand shaft 18 i's
decreased by a count er bal ance systen1 resulting in a - reduction of the

t f | t tly, t | u
i st or bance. WHEF TR (08 ol T310% e D dpiarolocthe St pheeld Viethe

Therefore, i I ng energy vaI ue of the step notor 1 is set .to be
smal |, it ﬁft‘bh‘ggﬁgisiposm bl e that the value of the di st urbance ener gy,

e o i, i A A
el ectroni ¢ tidppneAasdSto a sh%ﬂ‘?%n&%ﬁ‘t%b%a&"ﬁ bﬁsﬂf@HP‘p%siEBVélﬂg of an

conditions o conponent s I VI ng mechani sm w chanl Ca

nmovenment 5 ardieate pattoB £ Wit Bdspeth o the seciridchaid Shaf S80f i s&'i)nd hand
In the driving nmechani smof the analog electronic tinepiece which is:

conpri sed of 8 athet apount of uhbalarvied mbast offthesecond hand @ apaihst thes sedond

- wheel 7, and hands 8, 9, 10, each rotational novenent information of the 20
respective chmxbrsh&fs 18 Isbldecmasedsbyl ae coufterbalance s§stehs resultingnin a
angle. The angul ar.accel eration derived fromthe above tine

i nf or mat i on teduction ofithe pomentas ofithe whole rotacy body; cansequently; the valee
conponents to_neasure- - the produced torque value at a certain tine
while each o®f & ce gnergy thef, prgurs2gt the rotany bmléf ﬁm\he desseased: d

wheel 4 and ter. hay, Jeduction .gear - ratiogs, u sed
to have W ni Prﬁem,rlfﬁia? &g NALY Ha'ue ﬁ&t'é%é?e@momf 1 18 Set to be : n{)ﬁf '
‘ ' becomes poss1b1e that the value of the disturbance energy, ‘which the step |

motor 1 :ecelves, 1s made smaller than that of the above holding energy.
For that purpo_se, first, in a conventional electronic  timepiece as
shown in Fig. 5, the respective moving 'cOndiﬁoné_ of components _of the
15 driving mechanism with mechanical movements are checked to estimate the
generated energy values. | |
In the driving mephanism of the analog electronic timepiece which is
comprised of a step motor 1, traim wheels from aﬁfth wheel 2 to an hour
Whecl 7, and hands 8,9, 10, each. rdtati'onal movement info:mat_ion of _t]_ie
20 respective components is obtained as time informatio_n- of its rotation ahglé..
The angular accelerétio'n ‘derived from the above time information is
multiplic_ed by the fcspective inertial moh_iénts’of the components to measme |
the produced torque value ét a certain time while each of c0mp0n§nts is
moving. _ |
25 - Of the above, the third wheel 4 and after have large reduction gear

ratios, which is supposed to have minimal contnbuuons to the driving energy.



-9 Hereinafter, attention is thus focused on notions of each -

. conponent of a rotor la of the step notor 1 to the second hand 8 via
the fifth wheel 2 and the - second wheel 3 which-are |inked together.

- The ampunt of driving energy used when each conponent noves is 5
respectively calculated froma relation begween the produced torque val ue
whi | e each conponent s noving neasured by the aforenentioned net hod

and its rotation angle. : Next, the correlation is exam ned

Che T11th wigriatieRoaiSalin s Soused oA cuoBomS:GF saEh RaPETER oFi

| Gon of 1 orBHOb 1o IRENEP RO d o ifcreonaad 8ctipthy £ifth el 2 andié
companent s, ool 83 MIHOLE I OBARE. 0 00" TR TR < Gescr  pti on

of i 11orences of T amobnt el Mihg cERid WhEh bdth Loibdifhy AENES "
Slep motr, IRRPReIPEARRIAR Mrom 2 rélfiof Beffvec] S pTBALPR Whals Walluo o°
rotate as deghilebesclpeonsponerit & Aitfdng Measwed b¥ithje| gforémentionedtitietliéd

The idea is referred to as "rotor equiVvalent inertia” 20 fromthe rotor

si de, and "hamdlisqotatbdreahglenerti a” fromthe hand side. - In

ot her words, the relation between the whole rotary mechanismand . the.
rotor equival ent iNext,the conrelationois ¢xemimesbbetween tveranrounits ofsrespective
expressed by the following mathematical expression. ' _ o J =
Jr + J5/.36 +driving epengienin the rotor 1a, the fifth wheel 2, the sedondewheek 3j and the -
represents a rotoy. equi val ent inertial nmonent of the whole rotary, . -
mechani st asfeond hamd 8jand theirespectivednertiad momegits shereof.  As a result, it is

found that an idea of “rotor equivalent inertial -rnornent” can be employed to |

explain the arn_ounts of energies that are distributed to the respective
components.

“Equi_vel__ent inertial moment” in this descriptiorx means the idea that

15 the | inertial _moments' -(irxertia) with 'c'onsideratien of differences of the
:_ _Tespective retation speeds are added on one point to estimate a motion as of
_-the whole rotary meehanism, since the step motor, the train wheels and the ':
hands are all linked together to ro"tate as described_ above in a standard analog
electronic timepiece. The idea 1s referred to as “rotor equivalent inertia”
20 from the rotor side, and “hand equivalent'irrertia” from the hand side.

In other words, the relation between the whole rotary mechanism and
the rotor eQuivalep.t 'irrertial_ moments of the .'resp_ective componerxts is
expresSed by the.following mathematical expresSion. | | |

T = Jr+35/36+(4+15)/900 eeeeee O
| 25 | In this expression, J represents a rotor equivalent_ _inerﬁal moment of -

the whole rotary mechanism, and Ir, 35, | J4, and Js reSpe_ctively represent,



10 ~ inertial nonments of the rotor, the fifth wheel, the second wheel,
and the second hand. Each of nurnerical values of denom nators in each
termin this expression of "36" is the squared feduction gear ratio of
‘the fifth wheel to the rotor, and of "900" is .the squared reduction
gear ratio of the second wheel to 5 the notor. Since the

val ues of the squared reduction.gear ratios of the third wheel and
~thereafter junp further, it is clear that contributions of the third

t AR ) ; .
negl g1 bl e, Herdal oy B igqfpibho e 88, wheel e SR ofhcel and the
1ol outngr 2o R FABR Y s BRAC AR 37 GRGPIEARYS o i ip in i

respective .c S, AGEL 1 11D Si :

One ‘i s that ?’@%gﬁia%h %ﬁ ?@ﬁ%@%‘?ga e%@&?%é?ﬁ%ﬁ%%éﬁfsh gs(sh_eeéfotﬂ%ee
whol e rotary. ' 0fN’t; aﬁﬂﬁﬁﬁﬁ@&% e SeiEdRel td o
The ot her i§“ﬂ§§Pﬁg%§¥rP§8tﬂggggggﬁt,e respecPﬂ%E&ggﬁgﬁﬁgﬂ?zsto fﬁe ro%g%
equi val ent igyddtgt, noment J are different from.one another, and a
variationin.  “inertial nonent Js of the hand has little influence on a
variation of J.  Since the valwepiofethersqdared eedwitivtn qeadr ratiosg offthehthird
second hand, the facts show t hat when the driving energy val ue is nore
t han a desi gwheel andetherbafter? jumpefurther; lieis clear thaticomtrbutionsrafi the thindnt
J possessed by the conponents is, - the nore the whal e driving, energy '
- can- | essen. wheel and thereafier to the rotsr¢iquivalent igertial mement aresaegligiple.

vari ous step notorgs _are .estjmated. Conventionally, a balance weight ‘is
hung fromthe seconhemgductionpiy power cRBSUMPHATYiofgat SeRtse Watch ithed

fromthe weight wth i.ch the, 25 ., second hand.can start . hoye, .on the
bast s of1Gun $4Farke HRBIiAGoaRuAgREd 25 2o Emamplon i e oKW Rty are
h'oweverf Can Beirvaa’ UWiges! "e_esér'ivnfintge energies of the respective components are

expressed as the expression (1). _
. Oﬁe is t_hat the smaller the rotor 'gcjuivalent inértial moment J as.of the
whole rotéry mechanism is, the t_nore the whdle driving enérgy decréaées._
15 The other is that contributions of ‘the respective cOmporients. to the rotor
equivalent ir_lertial moment J are différent from one 'aiiother, and a variation in
inertial moment Js of _th'e'hal.ld has ﬁ&le influence on a variation of J. |
I other words, foéusingl on dnvmg of the second hand, tht_: facts
- show that .--when_ the driving energy value is more than a désigned value, the
20 .'smalller.thé rotor equivalent mertlal moment J possessed by the components is,
the more the whole driving ene,rgy.can lessen. -
| | Nekt_, the holding enérgy_Values possessed by various step motors are |
estimated. COnv_e_ntidpally; a balaﬁce ‘weight is hung from the second hand .-
- part and then a .h'olding torqué is measure_d from the weight with which the
25 second hand can start to move, on the basié of Which the holding energy

value is estimatéd.__ This_ method, h_oweVer, can not accurately estimate



omnng to the influence of friction and afitting state. - Hence,
using a nethod simlar to the aforenentioned nethod for measuring the - .
produced energy value, rotational information of the rotor of - the step
motor during free rotation (during rotation under no loading) is 5

obtai-ned as time information of the rotatildn angle. On the basis of the
above information, rotational information of the holding energy value is
obt ained by cal cul ati ng the noving energy value of the rotor at a -

oLt Lonal queRBRbeniSnd 5t S Ao s B0 1109, 1T, el ve s

e results, a rotor, a

[11in wheol . and oRAcentehfy sviiaholshi! VIR SORhARAGHK Shelidt for
the hand r ot peh8ffh rme;mmae&agygva%me rét@fiopal gﬂffﬁmatmiﬁbf&ﬁg%tor

wat ch, are fabricat onfirmth ffects thereo e val ues

the inertial theoswp motoreddringi figeerstaigna(ihrine rortibm ausdg’ Ay loadmg) ds
shown in Table 1 with these of the conventional watch. 15

E-12, and E-dBtaimed rasstﬂr@lmfomatwm iofeltlye metation tiigles | OX the baﬁ@[@f ithe
~and X 10[err]. Note that "<-" means being the sanme as in the box on '

the | ef t - hanabeveldnfameationx potasmmhslrﬁonnauen apthecholdingaenergy aalueTds| e

-

which are shown later. : i s apparent from Table 1 that
bot h val ues obtained hycealcul atmgwr&hﬁ smq‘sngoe Qi’thVn%lUQle)ﬂtﬁ roiog At gotational
sane, since the:second;hand,of .t de. - - ctronic-watch-is the
sane as that pesltlpneosoth@ ioAEWH ¥19 HReTEN aTue is ﬁmwtgpame

ade el ectron ¢ uePOH e RetROF HSSRCHSRIE éo&rf acBRuhiel Saa secbid! Y
53 (ool el (&t Wiee1 W kbl ok Brffot) bt el BHAF RS
driven by a ﬁ%*l!d?ﬁbét%‘ﬂ o the components of the hand rotational mechanism designed

fora conventlonal gents watch, are fabricated to confirm the effects thereof.

The values of the inertial moments, the driving energy and the holding energy
are shown in Table 1 with those of the conventional watch. | | _ |
15 E—11, E—12, and E—13in this table respectively mean X 10,
1012 ,and X103, Note that “c' means being the same as in the box on'_
the left-hand side. These expressmns are also applied to Table 2 and Table 3,
which 2 are shown later. i _
It is apparent froni Teble 1 that beth values of the inertial moments Js
20 of t.he:seco_nd hands are the same, 'sin_ce the second hand of the newly made
| electronic watch is the same es that of fhe conventionel Watch-, and that the
‘value of the rotor equiw}elent iﬁertial moinent J considerably decreases in the
" newly made electronic watch. and therewith the driving energy mdmates 136
nJ (nano_]oule) which is less than 1/3 of 435 nJ whlch is the value of the

25 conventlonal watch.

As descnbed above, the second hand is driven by a comblnatlon of



12 ~component s which are the next smal | er size than those of the

conventi onal - wat ch and the sanme second hand as that of the conventi onal
watch, resulting  in the hand noving as well as the conventional one as
expect ed. - Furthernore, when a mnute hand and an hour hand are
al so attached 5. to nobve, the noving staté2 are not different fromthe
.conventi onal ones." - The hol ding energy value of the newy nade
step notor is 154 nJ (nanojoule), which is less than 1 / 2 as conpared

D
-

=

of ' Che 1ot o Bpighis whCH 555 e ey WA Sz R tdsTof fhe RniRftEhat”
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from 1450 n : e conventi onal one

- consequent | Bdn‘%héfﬁadd‘ﬁiovliﬁ% ayseelP bis the cbaventiohal ond'Rs BRpecedas

descri bed above enabl es substantial reduction in power consunption, while
realizing the sandFumherigofe)whdpa minitdhandnamd andhedr bawd ate also attached

However, since the holding energy val ue becomes 154 nJ which is | ess
t han 1/ 25as toampaegthenmdvifig4tatds afe noediffereab ficonahe coaventiendlaomes. n

this state can not _stand a di sturbance energy occurring on receiVvi n? an.
external inpact, wiheholding energiavalukiof theenewly anadestep anotorsis 154 nJ
agai nst the above, .in this epbqodi nent, the weight- 20 i s added to the short
20 hand par@aggieulednavhichoiy lassidhanad 412008 compaged 1 withy 334 g, chhgle

ot O comiehio A ok U B o IO MR
morment o ' Hetiglmaypent J7 888 fpnf lenéray WARCH regiined 't dfvE'f. Shtort

crboch o L 1518 el e U450 AL pomph G
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It is consequently clear that the use of the hand rotary mechanism as

descﬁbed above enables s1'1b'stantial- reduction in power consumption, while
| rea]izilig the same nioving f_unétion as the conventiohﬂ one. |
15 However, since the holding energy value becomes 154 nJ which is
Jess than 1/2as cbmpared with 334 nJ of the conventional one, the hand in
this state can not stand a disturbance énergy occurring on reCeivi_ng an
~ external impact, which : causés ‘a hand-skip 'phenomeno.n. As measures
agéinst the ab'ove,' in this erliibodimént, the weight 20 is added to:' the short
20 hand part 8b of the s_econd hand 8 'as shown in Fig.' 1, to lessen the moment of .
the second hand 8 as of the rotary body by a counterbalanbe system.
| .The second hand of a gents’ Watch ndrmallj has an inertial momeﬁt of
' the order of 2.1 X 10 kg * m’ and a moment of the order of 2.7 X 107
25 . " In the embodiment shown in Fig. 1, the Weight 20 having a certain

inerti_.il moment is provided asa counterbalance on the short hand part 8b of |



13 | t he second hand 8, to correct inbal ance of the nonent with

respect to the " second hand shaft 18, and to reduce a disturbance
energy occurring at . the - second hand part, in order to check whether a
hand-ski p phenonenon can be prevented. 5 To this end, hanmer
tests in conformty to | SO 1413 are carried® out to check the presence
or absence of a hand-ski p phenonenon by actually giving . an external

- inpact to each sanple of electronic watches. A gents’

el ectroni ¢ Bl Betid $aRd"8! 18 oRREL MBS Of 4RS MO ith relpeSRIB e
|

Corr oot ) N £ S BaRIKI Y, darld 6 983RC Y ARMBANAHCE GhdddS bEARNG e the

second handsseddil hagd tpat, iffsrdet to Q:h@éktWHéthbi“arl‘i‘zﬁid-slgi[ifglsiéitibﬁr%nﬁiﬁ édigbe

hand equi val ent inéertial nmonents, the corrective r
whi ch the - nﬂﬂﬁmaitlve sanmpl es have, and the presence or absence of a
hand- ski p 15 phenomenon as results of the hanmer tests are shown in Table

2. 5 I't Te this exd {erhmierdests inconformityaod SCe 4411 B arelcattivd dat 20
nor mal external inpact energy in the hamrer test | (dropping a hanmer

onto the.  cheglpthe presence orrabisghce of a:itnndﬁ;lg;aphentbmmnrtw aumkllye%lwm
i mpact energ ce:as. nmuch _as that in the hamrer test 1 in the hanmer
test || {@P&fﬁm%lmn@cmmhsﬁmq otelegtiomic watehesie hei ght of 60 cn).
The harmer tes& are,carried out ten fimes for each Condltlon and then

as results geniss electronig, w, uamgaadl@ml sscondshand ds elepignated
hret i?éd”fﬁ? Shmple 155G PO SRR 2 3. LR st el 5 Shad e
compi ot e pPTBAT ftikEidn sRiE W A dn Ay B6RA%60 59 eroBbabs the length of

the short hand part of the second hand by degrees. The moments of the

oo

second hands, ‘the mertial moments (inertia) thereof, the values of the hand
equlvalent inertial moments the corrective ratios to ‘Sample 1, which the
respective samples have, and the presence or absence of a hand-skip
15 . phenomenon as results of the hammer tests are shown in Table 2.
It is noted that the shown values are results of g1v1ng a normal -
external impact energy in the hammer 'test_ I (dropping a hammer onto the
~sample from the height of 30 c1n), and of giving an eXtemai impact energy
| twice as much as that m the hammer test I in the harnt_ner test II
20 (dropping the hammei"on'to the sample from the height of 60 cm). 'The'
hammer tests are carried out ten times for each condition, and then as results
of the tests, X for when a hand-skip occurs at every time, A for when it
‘sometimes occurs , and O for when it never occurs, are ﬁlled in boxes
correspondlng to respective tests in Table 2.
25 ~ As is obvious from Table 2, a hand-skip phenomenon can not be

completely prevented in Sample 1 having no counterbalance even in the



14 hamrer tést |I. In contrast to that, it is shown that when the
ronent ~correction ratio is nade nore than 7 % by addi ng a wei ght havi ng
a certain inertial nmonent to the . short hand part of ‘the second hand ( by
increasing in | ength .of the short hand part in this case), a hand- Sklp
phenonenon can be 5 surely prevented agaildst an external inpact.

The wei ght 20 which is added to the short -hand part of the second hand
to counterbal ance to the degree as above is just a minute item which

o o ot e ot B TR0k et P RER 388 %’&a@ﬂoﬁhﬁ‘i”ﬁzﬁ%écﬁwﬁ'm“’at gt

31 oot o hansiiteeaaRTauRis NS tnbhe i 9% BF adihe o el AR Chl i

equi.val ent 'ﬁerﬁapknémesmo%he shor!ﬁ dr%r Fbgdq%cgggy ﬁfgm
ce energles

~expression (1). Next, the gnltu I stur

occurring atlenpth ssfoehiedshort hdbah gaftoit ﬂn@fcaSé)mi dand-dkippherfomenom chathe 2

on receiving external inpacts 15 are esti mat ed, and then it is attenpted

to conparsg tslﬂetypte’#entbddgainhtlwextemﬂﬂmmtlm nJ which is possessed by
the step nmotor in the newy nade el ectronic watch shown in Table 1.

The occurring mechZhesweightt2(® whichuisbadded ¢odheysharhihamdopartraf the second
recei ving an external inpact due to the degree of unbal anced nonent 20
possessed byhm toecaimierhalance ¢o dbedegee@smbm wwstraemmum\nem@ which
mat hemat i cal essi pon. err}/2), '
(Merr]/1) .can an 'be realized) Wlthout spoiling the appeasauce: 0£xt§s \fﬁntl@al watch.

éiﬁéﬁéeﬂéﬁdtﬁ%ﬁét@&#ﬁs vl plhednenial MORAR Ticptiiheteennd hapdt ighnly
ol ot o BB P KABGEIRY E 55BL hBEE contivon kP LASER o
- since the mﬂuence by the welght 20 to the rotor equivalent inertial moment J
is neghglble as is obvious from the expressron (1)
| | Next, the magmtudes of d1sturbance energies occurring at the second
hand parts of samples 1 to 8 listed in Table 2 on receiving external impacts
15 are 'estimated end then it is 'attempted to 'compare these with the holding
) energy 154 nJ which s possessed by the step motor in the newly made
. 'electromc watch shown in Table 1. |
- The occurring mechanism of the disturbance energy, which occurs on
receing an external 1mpact due to the degree of unbalanced moment -
20 possessed by the 'second hand, is considered - to denve the followmg -
mathematrcal expressron o
|  E=(%/2) X (MZ/I) ----- e @
In the above expression E represents the value of a disturbance _
energy which occurs at the second band part, v represents a speed of the
25 watch when it performs translauonal motion by receiving an external impact,

M represents a moment possessed by the second hand, and I represents a



15 hand equi val ent inertial nonment. The hand equi val ent
inertial moment | is the equivalent inertial nmonment, from the hand
side, of the whole rotary body including train wheels for transm ssion
of torque between the hand and the rotor of the step notor, 5 which is
obtained fromthe follow ng nmathematical d$pression

1=J4+3s+25 [err] J5+900 [err] Jdr ......... (3) : In this
expression, Js, J4, J5, and Jr respectively represent inertial- - nmonment s

of the second hand..the second wheel . the fifth wheel, and the rotor,

and each nuﬁ@ﬁ@&ﬂu}/‘gﬁﬁgéwra&m%emhe squar ed speed increasing ratio of
e 5T g, 1 B
motor ret ai %fogdr}gﬁdf ggblgieﬁslt ur gn%?%ﬁ%%%%i@ﬁ@%@fﬂ\}gé&ﬂ%mg’heds
hand- ski p 16T angiiiion Bfthfque betwedtf the hafid fyd i FSK JFHE) stép motor,

In Fig. 3 rohichi ebtaitied $roandhe foHowikk MAthefiaticat eRpdssiGH.Y

~represent val ues of disturbance energies in the hammer“tests I, Il shown

in Table 2, and nuneral s Irej4edlsme®5 0§ + 900ec)i ve--dots a(3) sanpl e nunbers
in Table 2. A broken I'ine shows a | evel where the holding energy Ep 20

- possessed by the shepghisoexpressions sy J45 kSyrand Ja respectivelyhrepresent inettial

el ectronic watch in Table 1. " Fromthe results of Table 2 and .
Fig. 2, it toomenfstofithgtsegondhandithe secondwheshehefifth wheelpanddhe edtory a -
range where th fOLI oW n]g &thllenattj‘pag”, expression_is satjsfied. 25 .
Ep > E - (v[ ¢4Rq eachyaumerical; yalue of “25” is thegquared spged inereasing rasin ofthe

r1¢6asul ts 'f(’)f tﬁﬁhh%vrﬂe%i ilrgrsr'lt é EJ&E’A %a%’d éﬂ%, r:!l.?illdd Io? g‘9r0?)r’]’glﬁs the squared epeed

increasing ratio of the rotor from the second hand side.
- Next, the correlaﬁon betWeen the _hoiding energy Ep which the step |
| motor retains and the disturbance energy E which is derived from the :
expressioh Q) is shown in Fig. 2, in addition to the results of a hand-skip
15 phenomenon by the hammertests I, II shown in Table 2. | o
In Fig. 2, round black dots and Square black dots respectively
- represent values of disturbance energies in the hammer tests I, II shown
in Table 2, and numerals marked near the respective dets are sample numbers |
~in Table 2. A broken line shows a le\fel where the holding energy Ep.'
20 pesse5sed by the step motor is 154 nJ shown in a case of the newly made
electronic watch in Table 1. o .

- From the results of Table 2 and Fig. 2, it turns out that a hand-skip
phenomenon can be prevented in a range where the follo_Wing mathemaﬁcal
expression is satisfied. .

s Ep>E=(v/2) X (MY/I) -voiee (4) |
As is clear from the results (_)f 1.:he' hammer tests in Table 2, the holding range



i's difficult to explicitly define due to the existence of a region where

t.he results thereof are [err] depending on conditions, however, the
above expression (4) is probably a guide fromthese results of the
tests. . ' Actual Iy, a holding energy operates including friction

|l osses in the 5 train wheels. Wen the d6ove energy is Eq, Eq Ep + 100
nJ, as shown by a two-dotted chain line in Fig. 2, in the structure of
t he step notor ‘and the train wheels used i n these hanmer tests.

R e T e R
shown i n { Norel itk LESIOES af0OX | dbpkallufy 10 %ondmg s hawevdl] S Ao
T e b it e 7 |
to performtrans atlo ng ‘eéner gy EpP possessed by a step

mot or, whi ch conveAbhRNIBY, |y eh@r E@fﬁt&é’ﬁﬁb&dﬂh&fﬁirangﬁse infhe _

paraneters correlate wi'th one afot he d at | east err

2 X SE/ tedin Wieeks.t TWirtptirs above efipr Hq, ¥4 e Bie+p00l o] as $hown

hel d. Conventionally, restric |ons are |nposed on conditions of

‘use for  byrartueo-dobtedhain liresin Fige12; in thesenicture ef thebstephadtdr and the

results of 'the - hanmer test actually carried out on the set step notor
The range wHzaia twheels useddimetheset hammerftgstshe Awcodrdingly, imo deamd-skiped
I n advance by substituting each value of the parameters in the

expr essi on (pbenqmcmn@@ma;hégcmm §amples 2 tq BesingsdE & Eﬁl in @aqhscmgfe

In the afore on d nent of t sent, i npventi on,
that the se P te &1 mqtfte# ass awnﬂmﬂ»@rtemﬁltslsaom m TaLfe

corrected ta,inbal ance of the noment .possessed by the second hand.
However 10si rve decoration is added to the hand in practice, the

17 - This means that a moment M'p'ossleSSed by a second hand, a hand
equivalent inei_'tial moment I, a speed v wh'en' a the timepieee receives an
external impact to perform translations, and a holding energy Ep possessed .-
by a step motor, which conventionally seemed to be completely different

15 parameters coﬁelete with one another, and at least in a range (Mz/ I<2 X
Ep/ V) where the expressmn 4 is satlsﬁed the hand is surely held.
Conventlonally, restnctlons are unposed on cond1t10ns of use for
| hands only by a range where a moment 1s established from the results of the
hammer test actually carried out on the set step : motor The range where the
20 ~hand needs to satlsfy the cond1t10ns is determmed in advance by substituting
each value of the parameters in the expression (4), which achieves holding of
- the hand within this range. | | | o
In the aforementloned embodlment of the present invention, it is
found that the second hand can be held 1f more than 7 % of moment is
25  corrected to imbalance of the moment possessed by the second hand.

However, since decoration is added to the hand in practice, the



inertial noment and the noment are not uncondi tional |y deternined and so
are distributed in a certain range. As a neasure to that, once the above

hand. i s countérbal anced on the assunption that the monent correction
ratio i's the l'argest in a range where the expression (4) is satisfied,

t he sane conponents 5 as those of the orjggi nal one can be used for

vari ous hands. - In the aforenmentioned enbodi ment, the weight 20
having a certain inertial nmoment is added to the short hand part- 8b of .
t he second hand 8 as a count er bal ance (|nclud|ng the short hand part
that is | enginestiay Imment éndribe) moment agnaoenncesditionaliyedetcamined andose,

a wei ght nay be_ad .least to a 10 art of the second wheel 3 and the
pi ni on 13 wh aredisk F feeam gnge. Sﬂﬁ@@ﬂ h ange thecahevehand s

iﬂgrihﬁaﬁﬁtgisfew ¥ Rlohted o i aimption BRal e Bpsicobortion Redo bt
et uding « riagsst EERSRIER ety the xRt US4 Ratls 5 %&ﬁ@boﬂi\awmﬂe
ot di ng. eher 45 BGHE,of the wﬁfm“%ﬁe%@%@%%@ﬁi%xﬁih%ﬁsgielﬁﬁé wheel tg,e
the pinion 13, andyg h@ entioned ¥ib6lithéntl 8" Feldht“S0 HAGRENE cetin

nmove, in which the unbalanced anount can hus by eac

‘t hem separ at fifeftial poment Nhdded: 't@'i!hé’fshbi‘tohé’ﬁd paft 89 éﬁngetse%naflﬁﬂd m

means for controlling the nonent, instead of a wel ght

formati on of counterbalaace (mmumgnn shorchand parmiaﬂﬂs Ringthéndd bf th10kenéd)
part of the rotary body conprised of the second hand 8, the second wheel 3,
t he pini on 1Bowewner las measures sange as afbovies, a Fhs;my bbeaddedat leastab ahe
whol e rotary body, can be enpl oyed. 25 ternatively, at least a :
part of root apgrtnefithessecomde veheedd3 tand |theeplmon 1%fwhich constituteothe tzain be

formed with a_copbination of menbers with .
18 | wheels between the second hand 8 and the rotor 1a shown 1n Fig. 1, at

pos1t10ns correspondmg to the short hand part 8b of the second hand 8 with
respect to each rotation axis.

Consequently, the moment of the whole rotary body mcludmg the =

15 second hand 8 is reduced wh1ch enables the value of the dlsturbance energy
| ..that the step motor receives to be less than the holding energy value.

The second hand 8, the second wheel 3, the plmon 13, and the second'
hand shaft 18 are linked together to move, in which the unbalanced amount
can be thus controlled by each of them separately orbya comhination of two

20 .or more out of them. As a means 'for controlling the moment, instead of
adding a weight, formation of a thin part a through hole, or a notch at least in.
a part of the rotary body comprised of the second hand 8, the second wheel 3, |
the prmon 13, and the second hand shaft 18, to lessen the moment as of the
whole rotary body, can be employed. | -

25 Altematlvely, at least a part of rotary members (wheels and the like)

of the rotary body can be formed. with a combination of members with -



di ff;erent specific gravities fromeach other in order to | essen the nonent

as of the whole rotary body. , : In these cases, the resultant
di sturbance energy.value, that is, the ~val ue of the disturbance energy
whi ch the step notor receives, can be also’ 5 nade smaller than the hol ding
ener gy val ue. FurthernDre,-alﬁgough t he af orenmenti oned

enbodi nent is described In a case of the second hand as an exanpl e,

t he sane. idea can be al so enpl oyed to the m nute hand and the hour :
hand. o More specifically, when a hand to be driven is known, the-

driving 10 differeny specific gravities frofaréachdothesrindvider tg lessedi theonomént he
hand is first estimated, .and conmponents of a rotary body including
train mheelsogﬁQPYW¥ij°u“Y d¥gned in such a manner to have a rotor

[ [ i & : | .as: i bl e whil tisfyi the
SOt vt 6 vaf e I BB b gl cBRtaagochtent v it ot
ter bal a i uch,.g manner as 15 .t ke .the djsturbance eneygy

val e smal | oTaReOF THE GpiPELrirngy viich The SR AUQAIh canch@glso

tor, ther | b0 1S] an sulstanti a ~ .decrease in power
glc))nsurrpt [ on%@géﬁs‘@%@%@%@ﬁgﬁ%ﬁa ‘faﬁBe.watch : requi rements of
dri vi d hol di. ' i he. . o
a1 ving, and, hol o el el e SABRhENShnAT ibbinent is desgribed o,
can realize i wabae T et B8Sodd Fild 9 83 ekafitle? heSSaRE RleaRAT BRI
t han the conventional one, and can al so cope w vari ous desi gns.

Next, anot heempldyetl tetlie Mlinifechaidandithé hvarhaad Wi || be described
with reference to Fig. 3 and Fig. 4. ' _ I'n this enbodiment, a
surface of a dial -Moreespecifically, whepr i chamkbto 188 dZfvensieknbivgn! the dfioing
and a second hand, on which a menber nodeled on a shape of an aircraft
i s attaciged e¢nergyevaluei whigh a$ derived firarhedriving sohditiomsabEdhechand is first
19 : . s :
estimated, and components of a rotary body including train wheels are then

' desig_ned in such a manner to have a rotor equivalent inertial moment J as
small as possible while éﬁtisfyi’ng the estimated value. "
Consequently, the _aboVe hand is coﬁnterbalanced in such a maﬁner as
15 to make the disfur_baricé enéi:gy value smaller than the holding energy value
| possessed by the step motor, thereﬁy a reductioh in size and a substantial
| decrease.. in power 'éonsumption ‘are poésible While satisfying the watch
requirements of dnvmg and holci_ing of 'thé hand at the same level as of the
conventional one. Application of the present.invention to a lady’s watch
20 can rcalize_ a watch which has a sinaller' _sizé;ahd a less power consumption
than the conventional one, and can also cope Wlth various designs.
Next, another embodiment of the present invention will be described
with reference to Fig. 3 and Fig. 4. | | | |
In this embodiment, a_sﬁrface of a dial is regarded as a world map, not
25 specifically shown, and a second hand, on which a member modeled on a

shape of an aircraft is attaéhéd in the vicirlity of the tip thereof is fabricated to



expr'ess an i mage where the aircraft fl i es around above the map. The val ues
of the inertial nonents and the hol ding energies, which are possessed by

t he . above second hand and each conponent of the rotary body conposed
~of train wheel s for rotating the second hand, are shown in Table 3, in
~addition to 5 those of the conventional ,gents' watch. - The
“inertial nmonent Js of .the above second ha& I ncreases up to be- about.

eight tinmes as large as the conventional gents' watch due to the design
added to the second hand, resultingin a fear of influence on a nmoving

behavi or, Hoexpress aasnmgeewthemtbei aircrafi flies axgund above (¢ mapie Thes ealass |

10 of the rotor equivalent inertial nonent J is about 10 % at the maxi num
and | i tef the/inertial sxomentsoand) thexholdingenexgziesywiltich ave possessediey ehe s
little variatjon dglnput energy as shown in Table 3.

1

i s checked i#P@YfRserond hand andicachcompenentef theratary body composad oﬁtram |

in nobtion in not.or sedln s test vmthlnthelncrement of the
rotor 15 eqYYﬁWﬁ}Seh?ﬂOF Hla@ﬁl,taaeaﬁmwnlmo Table 3, in-additionTre

nonent passe sed(ﬁ?/ he secg and LN thils enbodi nment i's about 1.8 X
10[err] £ qf, the,Gonyengo GFnt:?eM imes as large as 2.7 X 10[err]

i [se;” msfifie”iﬂ‘aiés&a@gﬂ% Bipt3°0f BByt Secand Wi TRsiEases wae-bei p
20

convent i onal oo cight titles'ds %%r%&e%tfémﬁ Lerif el e i Be d¥fen
reverse t ranﬂa&f 't@nthe sec@ﬂ'i&"ﬁ‘dﬁd n%et We ar Pé/drdﬁfl lﬂhu%neére?h% fﬁ@%‘éof

whi ch constitute train whe e second and

the step notbehavionr dEloweve! esei@teszﬁnatbaaﬁéﬁi sﬁe oR g?écfsfoﬂi rgf) Ut?ﬁaﬂfc‘feﬂeﬁigy
to the- 'step notor. Fig. 3 and Fig. raw

- %pl arn mJr Z?/?rl?en:t?gr?gﬁg??gtnl%?rg\?]e g’tl?rrﬁlgnggeﬁ albg ultJ s1 gd%a?t tlhgarsntax\}mmturrln aarllr;/d :
one of a pi nkitsle vanatlon 1s found in the actual motion, and also there is little variation
| in input energy as shown in Table 3.
Itis eheCk'e_d in another test that a hand can move with ll.ittle variation
in motion in the step motor used in this test, within the increment of the rotor
15 equivalent inertial moment J up to about 100 %.
The moment possessed by the seco'nd. hand in this embodiment is
about 1.8 X .10% kg + m, which 1s about seven times as large as 2.7 | X ”10_‘9
kg -m possessed by a .COnventionel gents’ watch. On the second hand in this
state, as described in the aforementioned embodiment, a hand-skip
20 phenomenon occurs | on an external -_impect, at the same level as of the
| conventional one. . | | o |
To prevent ‘that, .in th1s embodlment a reverse -transmission -
preventmg gear is prov1ded at a part of wheels Wh:lch constltute train wheels
between the second hand and the rotor of the step motor in order to _prevent

25 transmlssmn ofa dlsturbance energy to the step motor.

F1g 3 and Fig. 4 are drawmgs for explaining a mouon when the



31 (corresponding to any one of the pinions 11, 12 in Fig. 5) and a gear 32
(.corresponding to the fifth wheel 2 or the second wheel 3 in Fig. 5) which
constitute train wheel s between the second hand and.the rotor of the step-
5 notor in the. trarn wheel s structure of an anal og three-hand el ectronic

ti mepi ece. “Aforce is normallé transmtted by rotation of the ..
pinion 31 in the A di rection indicat 8 by an arrow as shown in Fig. 3
to rotate the gear 32 in the B direction indicated by an arrow. The

~ above relation continues fromthe 10 rotor to the fifth wheel, the second -
wheel , the treNeISem'ansmlssmn poeventimg gear is usedatibast mthlanyll)nd ofaginior he -
force efficiently. On the other hand, when the watch nmain body
recei ves an tk{eomasponding tepany one of the piniensekl ,b]2 ihdigi $) anshagear32 gy
occurring. at, the secqnpd hand part acts.on the gear 32 in order to

transmt thdcomespendmng e the filth wheeh 8 or thfesw(m wieel hdntlFig. foawhich

B°2§V§Lom”e?q$r%%3u&4ﬁa£%at£f Jotvesn i second haad and {he sdter of s Or'em-
dj di d

314 St SS90, Bl o BBt

is not tran Eb to t he p|n|on 31. 20 . In order to hold the second
hand, a reverse ransntsS|on preventing - gear nmay be used at |east at

o of the vt (hToRE Rofhallitriblinal Byl Mation of hb'SiplbiE S Rl W'e
case wher e tdieeqit lﬁﬁca@@bf%nte&réﬁead SGwHAATFiEe oA, geas FX P!

i mpact is explained in Fig. 4, and transm ssi o

“prevented siBidis¢dtion dndivated byean arfowas Tl abévatrelftior cbhﬁn"uegfﬁom the
Enpl oynent of. this nechani sm enabl es a hand-ski p phenonenon.to

21 ~ 10be notew torthe! fﬁ'ﬂemhe&nthmeecondiwimetﬁﬂregthm@hﬂheeloaﬁd%%ﬁdnﬁn die
‘step notor is smaller than the disturbance energy val ue. Consequent ly,
even order to thereby transmit the force efficrently _
| | ~ On the other hand, when the watch main body receives an extemal
imPact a torque caused by the drsturbance energy occurring at the second
: hand part. acts on the gear 32 in order to transm1t the torque to the pmlon 31.

15 The plmon 31 and the gear 32, however, mesh and push against each other at
the pomt a and the point b as shown in Fig. 4, so that both of them can not
rotate. Therefore the torque of the gear 32 in the C direction indicated by
an arrow, which is opposite to the d1rect10n of a normal transmission of force -.

| is not transmitted to the pinion 31.

- 20 - In order to hold the second hand, a reverse transmission preventing
gear may be used at least at any one place of the pinion' of the rotor and the
fifth wheel, and the 'pi'nion of the fifth wheel and the second wheel.. It is
noted that a case where the gear 32 rotates to the left when receiving an

- external 1mpact is explamed m Fig. 4, and transmission of the force is

25 prevented srmﬂarly to the above in a case of rotating to the right.

| Employment of this mechanism enables a hand-skip phenom_enon to



when a hand which has an inertial nonent. and a noment |arger than those of
t.he conventional one is used, the tinepiece requirenents of driving and 5
hol di ng of the hand can be satisfied at the sane |evel as of the '
conventional ~ -one, -in a simlar manner to the aforenmentioned enmbodi ment.
This effect is . checked by actually caryying out a hamer test in.
conformty to | SO 1413 upon a finished tinepiece equipped with an hour
hand, a mnute hand and a  second hand. 10 Furthernore, it is
likely that a rotational energy is alsQ_added to a timepiece with the
transl at i onabe epr@ngtqsﬁ earéncw%@mﬂmmdu;g SRCEgY oralae possessashdiy, the step ch

The above <rBIOtof a8 Shalier dBah endisNGtbance: SaRIEHy VMG orCOBSPRRATIY PVl
or i ontat  on FHORH bips WIS Basch ik ploricnbind okt arge shan those of

bef or o and afico PoRteatibhal ore” " sBd, 'HE, chiHifed TelRirehild i Fitvink 23"
Coems 10 he orahg dY (LAY €y 1%, Satisfied TR Soihe 180N pl Ut Udheliiciy)

the two af or gy angsi ' t ﬂ‘?N%E tf(?ﬁ 3 cog:er, e
provi ded by adding a wei ght an t(ﬁe i %&éﬂaédﬁo ezirefell\/bg)rdégent' %gr?lgﬁcgglgon _
preventing geléckuidebyedctuhlly barkyil goﬁphfhaaﬁﬁi@rﬂewmk@ﬁf?' ﬂq o ISOORYLSS

- other effects. S} X/br'e spgcifical y, the value o ttZZl?l st urbance
ener gy occurupog afinished timepiece 'equié)ped with an hour hand, a minute hand and2
hand is quite small and does not produce a force which achieves a great
change in trsécondhband. due to the counterbal ance mechanismin a region
wher e -t he external 'inr_‘rtgact is snall ., therefore the hand is held. Moreover,

. ' 10 Furthermore, it is hkely that a rotational energy is also added to a

timepiece with the translational energy as described above by an external
linllpa‘ct, to which a shock test is performed to check that there occurs no
inconvenience. o
| The abové sho;:k test réfers to a method of testing in cénsideration of
15 a rotational impaét', which is caused by placing a timepiece in an arbitrary
orientation  in an empty box and .alloWing | it to fall freely from a
predetermined height.“ It is required that there is no displacemént_ of hands
before and after the test. - | |

- Under normal use conditions, a big rotational impact is not givento a

20 -timepiece b.ody, therefore there seems to be no problem”if it passes the
hammer tests. | | | | | |
In the two afqrementioned .' embodimenfs,- while effects of a
éounferbalanc_e provided "by adding a weight and the like and of a reverse
 transmission preVenting gea_r.are described, ﬁSing both mechanisms together
.25 produces other effects. . o | |
o More specifically, the value of the disturbance energy occurring at the



with a large external inpact against which the hand can not be held only by
5 the counterbal ance, the reverse transm ssion preventing gear nechani sm

~.prevents a.force fromreverse transmission. -~ : At this tine, since
the di sturbance energy val ue substantially = decreases due to the -
count erbal ance, the force acti ng on the pyshing-out part (the poi nt b) .

bet ween the gear 32 and the pinion 31 shown in Fig. 4 decreases, 10

resulting in no danger of shape-deterioration of the pushi ng-out part-.

Ther eby, the step notor retalnlng a small holding energy is reliable in
&

use and can handels qmtedsmaél aadd mitpl@dnceearfmge ichnpehieves a great

It is already assured i.n t escrl n|n Ta 1that therelsa
possibility esit fraine ep mmqmregm

poer sl Eﬁfg%*?sm i @“@L””"&ﬁopﬁf”“ vl
are:j\ljgticgnd: %’stﬁzder?%% c%"rrlﬁ ?e]rlniﬁa&? a@i@pww%ng] cg.nr&q nllg’?gﬁ\é; o,niy |ng
counterb Iatrﬂ:lg can %e %%B?oyetﬁg reveree can gﬁhﬁﬁ%&%’ gyé][e rgﬁc]%arpgrnnal
vl e, For drEventt #IOHCRTIOM RARK mikifision, S0 L?LULSaQ modul &y
absorb an-externalAt niigst tinde, S%ﬂﬁcé”ﬂiéo disturbanc®’ eh@@ySh?dlﬁea%ﬁbQHrﬂfdlB}

of a hand may reduce the dlsturbance energy val ue 25

Al t ernat i veldecreasesaduents thegohaterbalancecthe foﬁemngg@n mhe pfulshmg-out part

external inpact, or a structure in whi ch a rock system wor kS only on

- 23 det(the pogltdm) botwveencthei gaar 32 amh]zhe)punonlﬁysh*bwanlg 4 decrddses, -

~enmbodi ments of the present invention-.can be also applied to a . '
10 resulting in no danger of shape-deterioration of the pushing-out part.

Ke))

Thereby, the step motor retammg a small holdmg energy is rehable in
use and can surely hold the hand agamst a wide range of impacts. _
| It is already assured in the description in Table 1 that there is a
possibility of a sufficient reductien in power consumption in the present
15 invention as cdmpared with the conventional one. A further reduction in
- power consumption is made possible by improying efﬁciency by eptimizing |

-conditions. of components of a step motor, reduction in moment by further
reduction i in size of components - ‘or by employing plastlc matenals, relaxmg

d_nve conditions, and soon. .

20 A mechanism omitting the counterbalance can be employed if it can
ultimately reduce an external impact to have a disturbance energy value
.S_maller ‘than a holdmg energy -value. For example, a shock absorber .
disposed_aroand a module may absorb an external.impact at some midpoint,
or the Shape and ma_terial of a hand may reduce the disturbance energy value |

25 itself. Alternatively, components may be mechanically fixed against an |

~ external impact, or a structure in which a rock system works only on



“cl oc.k, ‘though only a wistwatch using a 'step notor as an actuator is

descri bed. . If anything, in the case of a cl ock, an external inpact is
- not as significant as 5 in-‘the case of a MWIStMBtCh so that a hol ding
torque val ue thereof nay be - small. A range of the driving energy
required for driving hands is esti mat ed, 23 in which the rotor equival ent
inertial nmonent J is reduced, thereby the power consunption can be
‘substantially reduced. . Table 1
“Conventional ,Gent'ss Newy the El ectronic
Watch detectmataa\extemal MPaqgrmayrb;: mpil@gcq N J) 435

. J -J
(1 ﬁg[ errlnerr]) dijﬂg@m% &méﬁ'ts 3f the p;_se@t mygntlon can be: glso apphed to a
(kg[err]nferr

(kg[err]nfer§ 1%0%21{ t@l}é’l onl}}Qa wristwatch USIP&E steplgmtor as an actgator is described.

(kg[err]n[er 3. 5E

(kg[err]nfer %nythgi& En th%lcase of a clock, sn extemal 1mp%tp{§t n(gn%sr @Jngf(iﬁagg as

1450 5 1in the case of6§QNr1stwatch so that a holdmg torque value thereof may be
small. A range of the drlvmg energy required for dnvmg hands is estimated,
in which the rotor equlv_alent merttal moment J is reduced, thereby the power

~ consumption can be sﬁbétanﬁally reduced.

Table 1

JConttenﬁonai Gent’s"NewlS’ Made Electronic}
Watch ' ‘Watch
Driving Energy (n J) 435 :' | 1se
.qu&ingEnergytn no| '33-_4_. o 154
J .(k-g -m?_)' . 1_..."'33'—.'1 2. . 2 3E_f1 3
Jr(kg-m?) |1 15;-_12__ 1. 6E—13
J5 (kg m® y 6. 4E.—-12_ | 1. 9E-12
' JZL (k'g-nlx" ). | S.I'OE—l.z | . 3. SE—.12
J's (kg'm’)' - -2,'..1E'—'11--l-' | -
| Ini;utEnei‘gy | (--nJ). | 1450 | 6 30
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Hol di ng Ener gy(nJ) 334 < (kglerr]nferr])
E - 12

1.3E - 12 _ 1.4E - 12 Jr (kg[err]nmferr]) 1.1
<- J5 (kg[err]nferr]) 6.4E - 12 S <- J4a
(kg[err]n{err]) ' 8.0E - 12 . <- - Js (kg[err]n{err])
2. 1E - . 1.6E- 1.0 | nput Bger gy (nJ) 450
<- _ ' : E _ : INDUSTRIAL
APPI CABI LI TY - According to the present: |nventioh, in a range
‘where the value of the driving energy required for driving hands in a
ti mepiece is satisfied, the equi val ent inertial nmonment of the whole
rotary body including the hands and 5 train wheels for rotating the hands
i s reduced. Then the value of the - - disturbance energy occurring at the
hands, caused by an ext ernal - inpact, is - reduced to be snmaller than the
reduced hol di ng energy val ue. | o :
| ' Table3
' Electronic Watch In The
Conventional Gent’s . ~ Embodiment Of
Watch . .The Present Invention

HoldingEnergy (n j) | 334 | «

] (k_g'_m_z ) . 1..'313_—_12 C1. 4E—i_2'

Jr (kg-m®) | 1. 1E-12 -

15 (kg-m?) - 6. 4E—12 e

J4 (kg-m*) | .8: OE-12 -

Js (kg-m?) 2. TE-11 | 1. 6E-10

InputEnergj (n]) i "4.50 ' e




Thefeby, a substantially | ower power consunption can be achfeved and
a systemnot requiring frequent replacenent of batteries can. be reallzed
10 - whi-l e keeping the driving and holdlng performances at the same |evel as

of t he conventional one. _ Conversely, when the sane power
is used as in the conventional one, 'ggen a hand having an inertial
nmonment which is ten times or nbre as “Conpared with the conventi onal
one is used, the same driving and hol di ng 15 performances at the sane

| evel as of the_conventional one can be secured. - Ther ef or e,

decor at i ons BNBUSARIAIAAPRICABRLEL ¥an be applied to a hand part,
~which can not be 2&6 eved under the conventjonal conditions, resulting in
subst antial incre gfdgpgetga, | pregent invention, in a range where the value of the

27 Anended
“An anal og el ‘«!}a’% |eélef$¥reﬁ993~':‘§dh§?ﬁ F’ﬁl"m&n‘é&fféso in a tmgpiccst lsnéaﬁséﬂg ?hg )

Zifrlh ”?Lgr f ﬁ{}&ﬂ@%ﬁ&@%ﬂerﬁ&féﬁ&ﬁw & RSaf bgdy lrﬁ%ﬁgﬁng%sﬁﬂf&f b
trgns_(r)n ?Itsinng_ | rr%%@rhrefqrd%?gﬂt{ ‘di@%dlbw& &aegﬂ]éﬂi RQFEE tHd*Safud T the
At 'l omst \(I)ve%lgpart of iy SrcuEARE HRORRS, Laus o Qqﬁﬁ%‘ KO mpreo 36

10 wheel s Mﬁh@e&&o%ﬁhﬂﬁbrtﬂﬁﬁﬁiex‘éﬂ%@&h%l gaer gy “uhi ch s

| ar ger than t he -hol di ng energy val ue sali tor retalns and
Mand | are set tcThedebsta El!il%tmﬁlﬁlly Jowes! power consumytlon can be a&’ﬁ%’v&h’ "
ody'is

<2 X Ep/v[err where a nonent- possessed by said rotary

M a hand 15andasystdmmot mbquﬁmng frexeet replavesadrt dfbattéried ban bRt fsalived,

said step notor via
10 while keeping the dnvmg and holdmg performances at the same level as of

the conventlonal one.

Conversely, when the same power is used as in the conventlonal one,
even a hand having an inertial moment which is ten times or more as
compared w1th the conventlonal one is used, the same driving and holding

15 performances at the same level as of the conventional one can be secured.
Therefore,_ decorations and functional elements can be applied to a hand part,
| ~ which can not be 'achiéved under the conventional conditions, reéulting in

substantial increase of ﬂexibi]ity."‘

"



said train wheels is |, a speed of translational notion of said ti mepi ece

by receiving an external inpact is v, and a hol ding ener gy possessed
by said step notor is Ep, to nake the val ue of - t he—di-sturbance energy -
mhlch sai d step " nmotor receives |ess than the hoI Ji.ng energy val ue. 20

- (Amended) An anal og el ectronic timepi egg having: “ﬂm cCn Replaced 1
|nd|cat|ng atime; a step notor having a hol di ng energ H ald
hands while standing still and for. generating a dr|V|n
manner as to exceed the hol di ng energy whi l e dr|V|ng sai d hands; and traln
wheel s. for transmitting the novenent of CHAIN tep notor to said hands, 25
wherein a thin part, a .through hole, or a notch is fornmed, to l'essen a
28 nmonent of tHe whole rotary body, at least in a part of the rotary -

“pact causes a - AparitGR MEHER simbhitcR Ve WG forMditadhe & tipe:

I
%ﬁ[ &y the » Sf 6 hayin ¥ Rodif Yndiey 07 h%l;elagr said s wiiel st
[ ng;t6| gl ISD noment %?ﬂcs)m sgé%&ﬁtﬁ% @r/% sal d sm%tag f?)\.Ii|Hk‘\£@é‘fli]ﬁe

- train wheel shpilihg epefPP WhiR! diivi hﬁgmﬁi 'tﬁéin%héélk%}'tﬁﬁgﬁghgméo

receiving an external Thpact is v, ng energy possesse

step MinoweiterfEfof $add BRIpemidter kRbald Infndshe di sturbance ener gy whi ch
said step notor receiveS |less than the holdlng ener gy val ue.

3. (Anmended) An arwherginl ®aveight ds tadded ¢oclebsen agmomeertsof the Whole rot.
indicating a time;, a step nmotor having a _hol-ding energy for hol di ng sai d 15

hands whi | e bedydtrlgast to A pantiof the getary haodyincluding sajiddrandsyand said train
manner -as to exceed_the hol ding_energy while driving said hands; and train -
wheel s fifr tWhesls where aniextemal impact cansevia disthrbancs energyawhwlawbqrger
' than the holding energy value said step motor retams to make the value of |
the d_isturbance energy which said step motor receives less than the holding
energy value. - . _ |
2. An analOg e_lectronic timepiece having: hands for indicating a time;
15 a step motor having a holding energy for holding said hands while standing ,
~ still and for generatmg a driving energy in such a manner as to exceed the
holding energy while driving said hands; and train wheels for transmittmg the
movement of said step motor to said hands, .
wherein a thin part, a through hole, or a notch is formed, to lessen a
20 moment of the 'whele rot,ary :- bedy, at least in a part. of the rotary body
including said hands and said train wheels where an external impact causes a
- disturbance energy which is larger than the holding energy value said step
motor retains, to make the value of the disturbance energy which said step
- motor receives less than the holding energy value
25 3. An analog electronic timepiece having: hands for 1ndicat1ng a time;

a step motor having a holding energy for holding said hands while standing
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wherei n at - | east. a_paLL_oi_—t—he—#e%ﬂﬁyh menbers of the rotary body

j ncluding said hands and sald tral mheels where an external  inpact causes

a 20 disturbance & arger than the holding energy value said
‘step not or ret
. body, by a :

d, to lessen a nonent of the whole rotary -
nbers wijg different specific gravities

different from each ot her and Mand | are set to satisfy
the rel ation bel ow. 25 Merr] /A <2XEp/v[err]
where a noment possessed by said rotary body is a hand

29 egtifl vamrfprugmmang rPoftEVing eserghila a (rpanper avtoexseeddhe

step notor - said wheel s ee nsl ati opal tion
-of said ti M@@@ mergyw e vnggs%h@;ad@rmf?r%x&eeﬁ%? WYOHURG eng

-ener gy possessed b nmot o s Ep, to make the val ue of t he

di sturbanlcen%?i_\é‘\= Xhﬂf%‘@?ﬁ@?@ﬁt F fSs ecei ves | ess than the hol ding
 according to ol a Pﬁliefeﬂ{ atﬁeagﬁ%%ﬁ oF ‘ﬂl% ?&%%qﬁhﬁﬁaioﬁ tud GFEBC BB, g
el udi g < ShEHiRk seid BaadP and said 68id WHENG WHEE o bRterlR) SbAtOCAIRE o

causes a di gf W’ﬁ] &ﬁg hérgiP e

val ue said st ep no or‘é b'[ﬁt(;is’pre%ent rgl%bsrlhogm & ngllf%sﬁﬂ §t%¥)
di st ur bance rRORFBét4iASSH fbﬁﬁ&;{) t@le%en a moment of the vﬁlﬁl@&d@? By, 352la0g
el ectroni c tinepiece accordlng to claim 2, wherei n“a réeverse-

transni ssi oopilsinationnef femibeérs withvdiffedent specifictgravities differest franréach
wheel s to the rotary body including said hands and said train 15 wheels

where an exiothen| to meake thevabse ofditet distarbancenenegrgywhihich isaid astermotor
than the holding energy value said step notor -retains, to prevent
“transnm $6i orl'ecelvesckSSt%ancﬁlc ding-enengyreplueo said step notor.
o (Amended) The 99 %gaﬁilﬁétélé’é‘t'rﬁnfc' timopicce according to claim 1,
wherein M and I are set to satisfy the relatlon below:
M2/1<2 x Ep/v* |
where a moment possessed by said rotary body is M, a hand
15 equivalent inertial moment from said hand to the rotor of said step motor via
said train wheels is I, a speed of translational motion of said timepiece by
- receiving an external impact is v, and a holding energy possessed by said step -
motor is Ep. . ;
| 5. The analog electronic timepiece according to claim 2, .
20 ' wherem Mand I are setto satisfy the relatlon below:
M2/1<2 X Ep/v?
where 2 moment possessed by said rotary body is M, a hand
equivalent inertial moment from said hand to the rotor of said step motor via_
said train wheels is I, a speed of translational motion of said timepiece by -
25 Teceiving an ex_terhal impact is v, and a holding energy possessed by said step-

motor is EpQ_ o
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wherein a reverse transm ssion preventing gear -i s prew—ded—aﬂha—paﬁ—et—zo

~said train-wheels to the rotary body including said a%qee,ﬁas een e ée
wheel s where an external inpact causes .a disturbance s ger

t han-the hol ding enérgy val ue said step notor retai ns
transm ssion - of the disturbance energy to said s
7. (Cancel ed) 25 ' _

6. The analog electromc tlmeplece accordmg to clalm 3,
‘wherein M and I are set to satisfy the relation below:
M?/I<2 X Bp/v* |
- where a moment possessed by said rotary body is M a hand
5 equlvalent inertial moment from said hand to the rotor of said step motor via
said train wheels i isLa speed of translational motion of said timepiece by
reeeiving an external impact is v, and a holding energy 'p0ssessed by said step
motor is Ep. ' | | - |
7. An analog electromc t1mep1ece havmg hands for indicating a time;
10 a step motor having a holdmg energy for holdmg said hands wh11e standing
- still and for generatmg a dnvmg energy in such a manner as to exceed the
holding energy while driving said hands; and tram wheels for transmitting the
movement of said step motor to sa1d hands,
wherein a reverse transm1s31on preventing gear is prov1ded at a part of
15 said tram ‘wheels to the rotary body including -said hands and said train
wheels where an external impact causes a disturbance energy which is larger
than the holdmg energy value sa1d step motor retains, to prevent transmission - |

of the disturbance energy to sa1d step motor.
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