1- S _ ‘ ) 2121991 "GEAR. TRAI N MECHANI SM FOR A WATCH' [+
This inventiontrelates to a gear train nechanismfor a watch and, although
tzhe invention is not so restricted, it relates nore particularly to a gear
train nechanismfor a quartz crystal watch. 5 Acco?ﬂ%ﬂ%LpQ%ihe
present invention, there is providedya. gear train mechanismfo c
comprising a plate; a tubular nenber nounted in said plate; a gear train
bridge; a seconds gear which is rotatably nounted in the gear train bridge
and whi ch is adapted digadrtasanamsaaarsis ForRw wamck'ur t her 10 gear
driven by the seconds—gear: a centre gear adapted to drive a mnutes hand
and driven by the further gear, the centre gear being provided with a
support shaft which is rotatably nounted within the tubular nenber; a

m nute gear driven by tia@sciiveneigeaelates bow ggamrtrain @ecranighi ven by the
S m nute gear and which is adapted to drive an hour hand, the _hour
gear being rot at ablggrnowaten and, t dichougiulthe invepbeion AfPathee c}'éﬁﬁ’é:tﬁgar
havi ng an axi al bore therethrough within which a shaft portjon of_the
seconds gear is rotist edlates pper paxtigulanly Fedi §pah frgin Jgchanisn for
Preferably there is a radial gap not exceeding 25[err] between the bore of
the tubul ar menber sapvantfecxYfiPérvathait. There is also preferably a radial

Phe Suppor (Sehaf ¢ | n ScAdorEipoRs tae ppesent DiencElh "Bfadd T FhichradPre o

" a gear. train mechanism for a watch comprising a plate; a
tubular'meﬁber.mounted in said plate; a gear train bridge;
o a seconds gear which is rotatably mounged in the gear train
k“) bridge and which is adapted to drive a seconds hand: a further
10 | gear driven by the seconds gear; a cent;e gear adapted to
drive a minuﬁes hand and driyen by the further gear, the
centre gear beiﬁg provided with a support shaft which is

rotatably mounted within the tubular member; a minute geaxr

driven by the centre gear; an hour gear which is driven by the

of

15" minute gear and which is adapted to drive an hour hand, the
hour gear being rofatably mounted on the tubular member;
ana the.éentre gear having an axial bore the;ethrough within
\mi ' whicﬁ a shaftiportion of thé seconds geai is rotatably supported
at one regiop only.
20 preferably there is a radial gap not exceeding 25y |
.between the bore of the tupular member and thg support shaft.
.There is éiso preférably a radial gap not_exceeding
25py between the shaft portioﬁ-and ﬁhe é#ial bore of the

support shaft in said region.



L)

There ma:y be 'a_radi al gap of at |east 50[err] betweeén the shaf4 partion and
the axial bore of the centre gear except at said region. The Bupport shaft
may have an outwardly extending portion 5 -whi ch -extends outwardly of .
t he tubul ar .menber and which is adapted to be provided with the said mnute
hand, the said region being dispased adjacent to the outwardly extending <
portion. Preferably, both the further gear and the m nute gear 10 are”’
rotatably nmounted both in said plate and in said gear train-bridge. A

st eppi ng not or Y vi ded. having a raotor which drives the seconds gear
by way of anot her %ggy,pf’és)aal (5a$’cﬁqopa%rﬂf i keast Fiou Detaseehettrg rotatably

mount ed bogRasgd p82tGhaP nd.n 15 said gear train bridge. The
mechani sm pr ef eFabI ync%ﬁ%%ﬁgeasngec‘?‘?ﬁecﬁfviﬂ’éeFe'WﬂFPcmea'zsem:;a;abl e into and out

of an oper at ise@apasgibhOn in which rotation of the clutch wheel adjusts the

m nute gear, whereby to adjust the position of the hands of the watch. 20
The invention #héGuppBPY ish8Bt: & 8.0 a quartz crystal watch, provided
W "tsh a gear train mechani sm as a@%o?‘?h&%wﬁ? THenihbe portien s

i | Pust r at ethicheextiepdsyoutmiizr@fy 8% €updil L e, acconpanying draw ngs, in
whi.ch:- 25 Figure 1 is a bro gﬁ-%e\f\'hbfrc?’?%p’é"-‘ ‘é’cgf"onal vi ew of one

-3- known aaated rtai he eokaded WLt the YACHinute hand, the
said region being disposed adjacent to thé'ouﬁwardly-extending
portion. |
Preferably, both the further gear and-the minute gear

lo are rotatably mounted both in said plate and in said-gear | &-j

tra;nnbridge.
A stepping motor may be provided haéing'a rotor which drives
the seconds gear by way of anothe; gear, said rotor and said

other gear being rotatably mounted both in saig plate.and.in

15 said gear train bridée.
The mechanism preferably comprises a clutch wheel which ' r
is movable into and out of an operative position in which i

rotation of the clutch wheel adjusts the'ﬁinute gear,;whéreby

to adjust the position of the hands of the watch.

20 The invention also comprises a watch, e.g. a quartz
crystal watch, provided with a gear train mechéhism aé set
forth above.

The invention is iilﬁstrated, merely by way of exampie in
?
the accompanying drawings, in ﬁhich:-

25 .

Figu:e lis a broken-away croés-sectionai view.of one



Figure 2 is.a broken-away tross-sectional view of another known gear train’?
mechani.smfor a watch, Figure 3 is a diragramillustrating the pressures to
F whi ch certain parts of the known nechani sns have been subj ect ed,
Flgures 4--and 5 are broken-away cross-sectional views of a first enbodi ment
of>-a gear train nechanlsn1accord|ng_py_the present invention, and 10

Fiwure 6 is a broken-away cross-sectional view of a second enbodi nent of a
gear train mechanismaccording to the present invention. Throughout the
description below, sinilar refefence numerals are used to indicate sinmilar

parts. 15 KnohS! §B: SUEL: AlectiBsh " sand wdwaupr ', as used in the
description belom/are S Po%Be understood to refer to directions as seen in

the drawi ngs. Two knowg %ng at {@lanbgagéhaawmréﬁ-s&cwnzvmwyef al wri st
wat ch are shown respecti y in Figures 1 and 2. 20 The gear

train mechani smof Elguee dndef SO 8A686 bechEmlien Eorasoratehin. In Figure 1,

1is aplate, 2 is a gear train bridge, 3 is a centre wheel bridge, 5is a

rotor of a stepping NDtQEube 3518 A idfbdrarheEluskratizigntlon prEssures & conds

wheel and pinion, 8 is a third wheel and 25 pinion and 9 is a centre

wheel and pigni on. | gnidl Sertaindpamsnst ruhet kuowvn pechapisns heveRfefhe gear

train bridge 2 are indispensable. The centre wheel bridge 3 is nerely
subjected,

Figures 4 and 5 are_broken—away cross-sectional views
of a first enbodiment of ; gear.train mechanism according
to the present invention, and

-iﬁ) 10 Figure 6 is a broken-away cross-sectional view of
a second emnodiment of a gear train mechanism acqording
to the present invention.
Throughont the desqription below, similar reference
numerals are used to indicate similar parts.
15 ' Terms such né "ypper" and "lower", as used in
the description below are to be understoocd to refer to
directions as seen in the drawings.
Two knnwn gear train mechanisms for a qua;tz crystnl
wrist watch are shown respectivnly in Figu;es 1 and 2.
20 The gear train mechanism of Figure 1 is designed
to make a wntch thin. In Figure 1, 1 is a plate, 2 is
a gear tréin nridge, 3 in a centre wheel bridge, 5 is a
rotor of a stepping motor,6 is a fifth wheel and pinion,
‘7 is a seconds wheel and pinion, 8 is a third wheel and

25 pinion and 9 is a centre wheel and pinion. In this
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provided to hold a support shaft 4 for supporting the cehtre wheel. and
pinion 9 and to receive pressure at the 5 ti me when agohour hand
(not shown) is fitted. The centre wheel bridge is at least 0.3mmthick and =
t he space provided for the nnvenent must therefore allow for this. In order
to make the novenent as thin as?possible, the gear train bridge 2 and the . ‘
plate 1 are made extrenely thin by a conplex mlling 10 pr ocess. NS
Consequent |y the manufacturing cost of the watch is increased because of

t he hi gh pFOREFYFRiProothe pllatéid godrthier gédy laeaﬁggrgdgaeng of the plate 1, and
the additional cost for extra nmenbers such as the centre wheel bridge 3. In
t he gear t#:S &nﬁémﬁbkﬁoﬂhﬂmm Xhedl ivriagd| L8, meka1 2 is a gear
train bridge s a rotor of a stepping notor, 6 is a ¥ifth wheel and

pi nion, 7 i rdé"'§€€o"r?d§°%éels“mtp$hdf¢n4 fori SugbokBisgl twbeel and pinion and 9
IS a centr \@geel and inion. 15 and 16 are stators provided respectively
above and ﬁ/"g’ele&t FaBi 95and Therexedvermredbuindt 16,620 and the

rgtor mag &2 onstitute a stepping notor. The fifth wheel and pinion 6
i's rotatab ?sﬁ%?coora ibmb"yhﬁn%dﬁﬁg reho¥nhfis £8ttedi cthd semiuent ed in the gear

train bridgRe? bk cetrev\,hel and pinion 9 is rotatably supported by a
tubul ar menber 1 %T grqepr%esatf Q- 3pm)thickoang thenspasevniwaniiaas whi ch
meshes V\ntﬁa,rt&ee%og&& on or shaft portion 7c of the

seconds wheel and pini gghggé)g'hﬁﬁeefﬁfet%l Bafox thisr BRi ekger2tq her ei naft er

referred tmakastdeh om@, [ Ot abI su orted by the gear train
bridge 2, and ?o & $§mﬂ ‘45 POSSi%tl e g apr train b¥-idge Zg '

and the plate 1 are made extremely thin by a complex milling
10 Process. Consequently the panufacturing cost of the watch c
is increased becanse of tne high processing cost of the
gear train bridge 2 and of the plate l, and the additional
cost for extra members such as the centre wheel bridge 3,
In the gear train mechanism of Figure 2, 1 is a plate,
15 2 is a gear train bridge, 5 is a rotor of a stepping motor,
6 is a fifth wheel and pinion,7 is a seconds wheel and |
pinion, 8 is a third wheel and pinion and 9 is a centre
wheel and pinion. 15 and.is_are stators provided respectively
above and below a rotor magnet Sa. The stators 15 and 16
20 and the.rotor magnet Sé.constitute a stepping motor. The l“}
fifth wheel and Pinion € is rotatably supporteo by a
support shaft 13 which is mounted in the gear train bridge
2. The centre wheel and pinion 9 is rotatably supported
by a tubular member 14. .10 represents a part of a minute wheel
25 which meshes with the centre pinion 9. A tenon or shaft
portion 7s_of the seconds wheel and pinion 7 adjacent to
gear train bridge 2 (hereinafter referred to as the upper

tenon) is rotatably Supported by the gear train bridge 2, and




anot her tenon or shaft portion 7d adj acent to the plate 1 (hereinafter

referred to as-the |ower tenon) is supported by an axial bore 9c of the A
egentre wheel and pinion 9 at two regions where the | ower tenon 7d has
enl arged di aneter 5 portions 7a; 7b. In the structure of Figure 2,

threrre are two maj or di sadvantages. Firstly, the fifth wheel and pinion 6 is
supported by means of the support =sRaTt 13. This increases the nunber of
assenbly steps and therefore increases the nmanufacturing 10 cost .

Mor eover, because of the way in"which they are supported, the fifth wheel

6, the seconds wheel 7, and the third | 28 QYELdrRPeOBePHREL, SO that
t he movenent becReshehteRED .°rFﬁﬁhér$eP?¥%gn '%oarr;':‘)ar ed with a structure in

whi ch the upper and | ower tenans_o hg, fdnbt fbuwaReednoandiisapsortédare 15
rot at abl y supportg&rﬁsy)“#ﬁ:@'g%%grﬁ ait% %ri dge 2 and by the plate 1

respectively, there are gre e | 22288 Whe@ dndl pinion ftatt keo beari ng.
As a fifth wheel Wa?naa’g%é'l ?'grfe(r)tggtnﬁ]g ?orque |ike a rotor, even aslight

| oss of torque cap £ MA! bwd:0 t8A&P 7d2hs enlarged diagetemnd
di sadvant age of tﬁ%gg%g%?ﬁegction of Figure Z is that the seconds wheel and

pinion 7 1SgSUPPOLLAd.RE 4air @, points, namely at the upper tenop 7c by Lhe
gear train Bri dge” 2, and at tTe two enl arged dianeter portions 7a, 7b of
the | ower tenon 7d by ihheneastalcthee oOFigire Re themerarenfeR (@238 pi ni on 9.
25 - If a cal endar nechanismis incorporated into this st r%ciur eb orteéG'
a load arising frgaddvaneajesndeirsitsy pitheofkfsht ¥Weeedep¢ ginion s supp

by means of the support shaft 13. This increases the

numbexr of. assembly steps and therefore increases the manufacturing
10 cost. Moreover, because of the way in which they are

supported, the fifth wheel 6, the seconds wheel 7, and the

third wheel 8 overlap one another, so that the movement becomes

thicker. Further, when cémpared with a structure in which_ the

upper and lower tenons of the fifth wheel and pinion 6 are

15 ‘rotatably supported by the gear train bridge 2 and by the

»l

plate 1 respectively, there are greater energy losses
| from friction at the bearing. 2s a £ifth wheel has a small
roiating torque like a rotor, even.aslight loss of torque

U " can cause the watch to stop. |
| 20 A second disadvantage of the construction of Figure 2 is that
the seconds wheel and pinion 7 is supported at three points,
namely a.t.the upper tenon 7¢ by the gear train bridge 2 and
at the two enlarged diameter portions 7a, 7}_}_ .of the lower tenon
78 by the axial bore 9¢ of the centre wheel and pinion 9.

25 If acalendar mechanism is incorporated into this structure,
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wheel and pinion 9 through the minute wheel 10 engaging therewith, and this
causes the centre wheel and pinion 9 to becone inclined. As aJ_esuIt, t he

enl arged di aneter 5 portion 7b of the seconds wheel and™pinion 7 is y
pressed agai nst the axial bore 9c and friction at this point inposes a |oad
on the seconds wheel and pinion 7, This is illustrated in quantitative
terms below. In a man's watch, “tfRe drivi ng torque at the mnute 10 Nt

hand is usually 3 to 4g-cm On the assunption that the driving torque of
the notor at the centre wheel and pinion is 3.5g-cmand that the power

transni ssi ¢hlead iasiehny fron tHeecshaaadsi sMBee!ondB0R RLQN 7 1O the centre

wheel and pinion 9 is 80% the driving.torque at the seconds wheel and _
pi ni on 7 i‘g‘eﬁ.lO’FQ’gPéMle'thrcughftrtehﬁirpiﬂech;@eilrQd;%ngg ife centre pinion 9
is 1.8mm gnd if, the |load arising fromthe provision of & cal endar which is

put upon tTMETEEH Y c28thdbis Aruses rthencentirs WheSy- &8 phhesy bhe | ateral
pressure y rged di anmeter portion 7b of the seconds wheel and

on the enla
pinion 7 is geq%ﬁ f”l‘Hé'nFBacPst Brrpsalon theeelirged disge@id wheel and pinion 7

dug to th r sure can be evaluated, as shown in Figure 3, by
assum ng %8%?%?%%% %«ta?'?dﬁec?ﬁ%s vaeed andppiniono? isheresselani sm Figure 3

i11ustrat ggaA9tRMMEBLLEAE he region adjacent to the seconds wheel and
pi nion 7. § is the seéé%%s" Ianﬁrg‘ifﬁmn at Hiis peintd imsoddde centre wheel

~and pini og, 1dkd na:HROLY er.e -7- .the seconds wheel and pinion 7 is
supported by thengear t%oél\lgr% ‘Bl?ele&gin‘%,l’i%i‘?’é 7a Pisnts #iduettdtedseconds wheel

and in quantitative terms below.

In. a man's watch, the driving torque at the minute
10 hand is usually 3 to 4g-cm. On the assumption thﬁt the driving o
torque of the motor at the centre wheel and pinion is 3.5g-cm
and that the power transmission efficiency for.the seconds wheel
and pinion 7 to the centre wheel and pinion 9 is 80%, tse
driving torque at the seconds wheel and pinion 7 is 0.073g-cm.
15 - If the pitch circle sf the centre pinion 9 is 1.8mm and
if the load arising from the provision of a calendar which
is put upon the centre wheel and pinion 9 is O.5g-cm, then )
the lateral pressure upon the enlarged diameter portion 7b of
the seconds whéel an& pinion 7 ié 5.56g. The locad torque on the
20 second wheel and pinion 7 due to the lateral pressure can be
evaluated, as shown in Figure 3, by assuming certain sizes
for the various parts of the mechanism.
Figuge 3 illustrates diagrammatically the region adjacent
to the seconds wheel angd pinion 7. 7 is the seconds wheel and

25 pinion, 9 is the centre wheel and pinion, A is a point where



pinion 7 contacts the“centie wheel and pinion 9 to which a lateral pressure 3
Fis applied fromthe mnute wheel 10, C5 Is .a point where the

centre wheel and pinion 9 is supported by the plate 1, and Dis a point

where the seconds wheel and pinion 7 contacts the centre wheel and pinion
9.>fl, f2, and f3 are pressures acting-onf +he seconds wheel and pinion 7 at
the’points A, B and D respectively. f4 is the pressure 10 of the plate

1 upon the centre wheel and pinion 9 at the point C. As shown in Figure 3,

-

the di stances bet thécg’g%%hegé?%% g‘t’%q £ @nduldRted lyOehe ggaﬁmﬂ and

1. 2mm r especti vel lon 1s not set out in detail here.

When the | ateral . pressur ' RNhdracehd @ksMsl Pheel andt can be
shown that fl is 2%%’3’&] b?ég?és%’é%? , a?%ui s 1.16g and f4-is 3.47g. |f the

di ameter of the upgﬁgi&ﬁmeoi&ceé {Hae c&aGeNitecthamd paRtopiontonvhicat the
point Ais 0.14nm and that ‘at B and D'is 0.35mm and if the coefficient of

friction is 0.2, the;ftdGll gradisuk@ad 1E0igleedErbhetiReatmte whesl lan¢ 20
pinion 7 due to pressures fl, f2 and f3 is 0.018g-cmin total. The above
frictional Ipad torgue peinewtadret th2ztntde wheelusndlpickibnihdst sppaetest by
notor which is transmtted to the second wheel and pinion 7. Thus, a |oss
of as nmuch as 25 the if¢eol, tdnd Drisvianpoimdr whexe the megendsdwheek RRd gear
train -8- structure shown by Figure 2. Moreover, the above_ cal cul ation

assunes the best cquigiibn chsontavtseths cpntirowbesl andeindom% fhny 2ot her
probl ens such as the flection .
and £3 are pressures acting on the seconds wheel and pinion

7 at the points A, B and D respectively. £4 is the pressure
Ty 10 of fhe plate l_ﬁpon the centre wheel and pinion 9 at the point
C. As shown in Figure 3, thg distances between A and.B, B
and C and C and D are i.Omm, 0.6mm and l.2mm respectively.
fhé actual calculation is not. set out in detai; here.
When the lateral pressure F is 5.56g as mentioned before
15 .it can be shown that fl is 2.09g, £2 is 3.25g, £3 i; 1l.16qg
and £4 is 3.47g. If the diameter of the upper tenon 7¢ of the
seconds wheel and finion 7 at the point A is 0.l4mm and
that at B and D is 6.3Smm, and if the coefficient of friction
is 0.2, the frictional load.torque on the seconds whee; and
20 éinioﬂ 7 due t§ pressures fl, £2 and £3 is 0.0l18g-cm in
tofal. | |
The above frictional load torque is ?qual to 25% of the
u#ual.driving to¥que of a éotor whi;b is transmitted to
£he second wheel and pinion 7. Thus,.g loss of as much as

25 25% of the driving torque is incurred in the gear train



and eccentricity of the tubular nenber 14 nounted in the plate 5 . 1,
the flection and eccentricity of- the axial bore 9c of the cemyye wheel and
pinion 9, the flection of the seconds wheel and pinion 7, th ccentricity
of tthe tenon 7c which is journalled in the gear train bridge 2, the
eccentricity of the axial boregof the tubular menmber 14, 10 and so -
on. The factors nentioned above can cause rubbing between the seconds wheew
and pinion 7 and the centre wheel and pinion 9 'so that the watch stops. An
object of this invention is to elininate the foregoi ng di sadvant ages. 15
Figures 4 and 5 are broken-away cross-sectional views of different parts of

a first eanghgﬁgt of awg ar_train_mechani smaccording to the present
i nvention. AS 'S ® FRRYLPY FigrredoMRreavyRteothy iebewe a pl ate 23,- 24; a

tubul ar menbgyy unted in the plate 23, 24; a gear train bridge 2; a 20
seconds gear, gglfas%g%nﬁ%s%ﬁﬁe'fheahgsfpi°ﬁP‘5¥Ei°¥sV\/rﬁncheild-tym atably mounted in

the gear tragjRebLid 2, the seconds wheel .and pinion 7 having a shaft
portion 7d V\hoggé‘%'m%g?réen © KW 8@"3&' pERIsas ag tde Sleowidn a third gear

8 which is lgV . S el an inion 7, a centre gear, 25
v éfeitzi o n?fgl\%hf:%ﬁﬁ ‘bﬁmgsgrﬁ%wwq B rtge Pla%g- gear 8,

or centre wheel and pini

SR o e SO PE YRR A SR SIS
by the cent g whe@entid vhbd QRa%1ABH AN QUL MEE! Ll Mhich is
wheel and pinion 7, the ecdentricity of the.tenon 7¢
which is journalled in the geat train bridgé 2, the
eccentricity of the axial bore of the tubular member 14,' \;2
10 and so on. The factorg mentioned above can cause rubbing
between the seconds wheel and Pinion 7 and thé centre wheel and
Pinion 9 so that the watch stops.‘
An objegt of this'inﬁentionfis to eliminate'the
foregoing disadvantages. |
is Figures 4 and 5 are broken;awéy cross;seétional views )
of different parts df'a'firét embodiment of a gear train ¥
mechanism according to the present invention. As showﬁ therein,
the mechanism comprises a plate 23, 24; a tubular member 14
mounted in thg.plate 23, 24; a gear train bridge 2; a
20 seconds gear, or seconds wheel and pinion, 5 which is
rotatably mounted in the gear train bridge 2,'fhe seconds
wheel and pinion 7 having a shaft poition 74 whose lower end
carries a seconds hand (not shown); a third gear 8 which
is driven by the seconds wheei and pinion 7; a centre gear,

25 Or centre wheel and pinion, 9 which is driven by the third



5 driiven by the mnute gear 20 and which drives an hour hand (not 35
shown), the hour :gear 11 being rotatably nounted on the tubul ar nenber 14.
The support shaft 9b has an outwardly extending portion 9d which extends
outwardly of the tubular nmenmber 14 and which is provided with a m nutes

hand (not shown). 10 Both the third gear 8 and the m nute gear” 20 are
rovatably nounted both in the plate 23, 24 and in the gear train bridge 2.
Arotor 5 of a stepping notor drives the seconds wheel and pinion 7 by way

of a fifth wheel and pinion’6, both the 15 rotor 5 and the fifth

wheel and pinion 6 being rotatabl n i Labi@ed3, 24 and in
the gear train bri @R 8, ﬁ\esg?%%wﬂvﬁeée%&g Qﬁgn Npkilfy Bre¥iRe _

nmeshes wth the mnute gear 20
and is adapted to h with a,_cl.ut h%m/%%h 22 Yhifhpty muhedd wiin
novabl e and rot at ag%'3 By SHROFEN % e stem 21 and clutch wheel 22 are

shown in Figure 5 in thels inoperatiye p@shid @8sx 20herivenobewde, the stem
21 is pushed tovvarélléjetthugu{'?a%'EI1 as seen in Figure 5 the clutch wheel 22 is

noved into an operg%,i,&ee RRSdT bAA giRi¥kiGhand AEERES wikelh 1L herisht 14 ng 25
wheel 12. Thus rotation of the clutch wheel 22 in the operative - 10 -

position adjusts tRe;di ulerReaindl 38dk busnadhich Sxives posiaiobanof t he
hands of tHhe watch. In the enbodi nent shown in Figures 4 and 5, the plate

23, 24 consists of (Bt adhokAY )} itA8shold, gedr Ah keiagprehatdely gounted on the
reinforce the plate, and plastics porti-ons 24 which are
" tubular member 14. The support shaft %9b has an outwardly
extending portion 94 which extends outwardly of the tubular
member 14 and which is provided with a minutes hand (not shown).
o 10 Both the third gear 8 and the minute gear 20 are rotatably
mounted both in the plate 23, 24 and in the.gear train -
bridge 2. '
A rotor 5 of a stepping motor dr:.ves the seconds wheel
and §in1on .7 by way Of a fifth wheel and pinion 6, both the
15 rotor 5 and the fifth wheel and pinion 6 being rotatably
‘mounted both in the plate 23, 24 and in the gear train bridge
2,
A setting wheel 12 meshes with the minute gear 20 and
) - is 'adapted to mesh with a s':lutch.wheel 22 which is axially
20 . movable and rotatable by a stem 21. The stem 21 and._clutch
wheel 22 are shown in Figuré 5 in their inoperative pésitions.
When, 'howéver, the stem 21 is pushed tqw.a.rds_ the left as
see'n in f‘igu.re- 5, the clutéh wheel 22 is moved into an
operative position in which it meshes wif_h the setting

"25 " wheel -12. 'i'_hus rotation of the clutch wheel 22 in the operative



conbined with the netal portions 23 by injection noulding. This enables a
support shaft 24a for the setting wheel 12 and an opening 242{;f0r gui di ng
the stem 21 to be forned of plastics, whereas these parts wotld be

difficult to form 10 of netal. The upper tenon or shaft portion 7c

of the seconds wheel and pinion 7 is rotatably supported by the gear train-
bridge 2. A surface 7e of the seconds wheel and pinion 7 is in contact w t'
an end surface 9e of thdOemntre wheel 15 and pinion 9, so as to

support the latter against thrust. The | ower tenon or shaft portion 7d
bore 9c which

t hereof | dially and rotatably supported by the axial
ext ends tﬁ?%i%é'ﬂnﬁ?é“ﬁgﬂtt GRS %? @rdrthis Fgusghagite portion 7d has an
enl ar ged Positdons ofothé dands ofOthdabt) the shaft portion 7d is so

rotatably suppgred ﬁ'; QP&+ & ion . only, nanely at the enlarged dianeter
portion 7a. T usttht%he Seconys “wRgLIng BRida¢ J.sthemiateed at two points,

nanel y at2%a24rprpist\of\wetalhportdens in,ﬁmesréﬁggﬁi&d t he enl arged
& anet er f@PkbiRdréd 4 h SROS . __below the plate 23, 24 and thus
i =8 U GLAR00EH %?a HREHRO QFSt%VthB’r PE§e 2. The di ameter

on the side of the latter rénpte-fro
of the axTEPIIRS} #itk the metalcpontiensifleby amheetidmRolld Sgabout 0. 35mMm

There i s Thisaghadtlegap RXeEeAl By, e bet ween the_shaft portion 7d
and the axi.al_ bore, 9c so t he Slappogr‘ar %gkaﬁg 55&1119 wheed; 12 {he enl ar ged
di anet er Por £ SReHNT 24 fomegeidisg theadten 23ato Gl abrmedast 50[err] between

the shaf Plpstidsonwhatreasckiede paxital wdiiCrd i@k . upport shaft 9b except
gp the enq d_ dianmeter portion 7a. There ?gi%{lgoéoa%gﬁ’ai al gap not
exceedi ng 25[ert] between the bore of the tubular nenber 14 and _

The upper tenon or shaft portion 7c of the seconds

wheel and pipion 7 is rotatably supported by the gear trdin < J
bridge 2. A surface 7e of the sedonds wheel and pinion 7 ' ~
is in contact with an end surface '9¢ of the centre wheel

15 ' and pinion 9, so as to support the latter against thrust. The
loyer tenon or shaft portion 73_ thereof is radially and
rotatably supported by the axial bore 9¢ which extends
through the centre wheel and Pinion 9. The shaft portion

, 74 has an enla_rged diameter portion 7a so that

20 the shaft portion 74 is so rotatabiy supported at one
region only, namely at the enlarged diameter portion 7a.
Thus the seconds wheel and pinion 7 is supported at tw:
points, namely at 7a and 7c. As will be seen in Figures
4 and 5, the enlarged diameter portion 7a is disposed | -

25 below the plate 23, 24 and thusldn the side of the latter U
remote from the gear train bridge 2. The diameter of the
'aq:i._al bore 9¢c of the centre wheel and pinion 9 is .about
0.35mm. There ig a radial gap not excéeding 231 between the
shaft portion 7d and the axial bbre 92 of the support shaft

" 30 9% at thg enlarged diameter portion 7_d, and there is

a radial gap of at least 50u between the shaft portion 7d and
the. axial boz_'e 9¢ of the Smort shaft 9% excépt at the -
enlarged diameter portion 7a. There | is also. a radial. gap not
exceeding 25U between the bore of the tubular med:ber 14 and



the support . .shaft 9b.* It will be noted that the enlarged di anmeter portion 94
7a is disposed adjacent to the outwardly extending portion 9d of the

gupport shaft 9b.” Since the centre wheel and pinion 9 is rotatably

supported 5 by the tubular nmenber 14, if counter force fromthe

m nute gear 20 and so on is applied to the centre wheel and pinion 9, the
cénire wheel and pinion 9 does not becgge i nclined, and there is no effect

on the seconds wheel and pinion 7. Even'if the centre wheel and pinion 9 is
forced by the mnute gear 20 to' 10 becone inclined wirthin the tubular
menber 14, the seconds wheél and pinion 7_is not affectgg be aus of the ’

gap between the axkhe syppertshafid bheltsHatt b&o??ﬁ?nﬂﬁf‘ nds wheel

and pinion 7. Therefore, any lateral pressure d_t the supporting
pOi Nt's consti t ut ed3EARatRE RATEAPY IR 4F aﬂi’é?%?edl%g% “% Bo %Pl on' aPCP‘L

t he-upper tenon 7c of the seconds and caused only by the

wei ght of the secoﬁﬁ%e‘\ﬂjré‘éll’%ﬁ@'blg\gn‘éﬁ the ?‘?D&ofk r]"n e%r’ect of the fifth

wheel pinion 6, the coynter force duce | | e&4 and

pi nion 8 and the |ike. liﬂ&ﬁg ey %’b ?%eedan% %SLE) 9&%%#‘3%‘%19 %%sﬂtUQZO

by friction at the_segon e ni;@n LalUele hOnaRl Y 1. 5%
"B ng tor Bl PRiiEcenfal DR udmell o el

of the dri € secC and pinion 7 and inconparably

| ess than what is | k lelgUEd itB@Scerttbtiel dd@ blxeion
enbodi ment of Fi guﬁgﬁfona%&eso &E% BT : flfthc?/\heel 6 and the third

wheel are aligned QOriygpubatle/ wvhédld ahiGingeRHldcubant Fedatediglosel, ahbdve
the fifth and the third wheels 6, 8. As a result, the novenent is thinner

than there is no effect on the seconds wheel and pinion 7. Even if the

centre wheel and pinion 9 is forced by the minute gear 20 to

]

% 10 become inclined within the tubular member 14, the seconds

wheel and pinion 7 is not affected because of the gap between
the axial bore 9c and the shaft.portion 74 of the seconds wheel
and pinion 7..Therefore, any.laterel pressure applied to
the supporting poiets constituted by the enlarged diameter
15 .portion 7g_analthe-upper tenon 7¢ of ﬁhe seconds wheel and pinion
7 is caused.only by.the weight of the seconds wheel end pinion
7 itself, the effect of the fifth wheel pinion 6, the counter
force produeed when driving the third wheel and pinion 8
O, | and the like. Reughly calculated, about 0.00llg-cm is lost
20 - by friction at.the seconds wheel and pinion 7,.which.;s equal
to only.l}S% of the driving torque at the seconds wheel
and.pinioe.7 end.incomparably less than what is lqstﬁ_
in.tse knewn constructions. _
Further, in the embodiment of Flgures 4 and 5, the
25 fifth wheel 6 and the third wheel are aligned horizontally,
and the seconds wheel 7 is disposed above the fifth and the

third wheels 6, 8. As a result, the movement is thinner than



- 12 - inthe Figure 2 structure in which all the three fsheels 6, 7, 8 are
in different horizontal planes. As shown in Figure 5, a m nute wheel 20a of
the m nute gear is disposed above a centre wheel 9a of the tre 5 v
wheel and pinion 9, the setting wheel 12 engaging with the m nute wheel 20a
and bei ng engageable with the cldatkth-wheel 22. Thus there is no need to
provi de any extra wheels to effect drive between the m nute wheel 20a and
the clutch wheel 22. Also, the stem 21 can be provi ded very close to the 10

dial (not sHowte Fighfe 2WatLleturd {,e ke t'he watch thinner, it is
i mportant that the stem 21 shoul d b %stgg% hEhggeaYheets; exanpl e, a

wat ch whoseétolals hﬂcﬂﬁnﬁfﬁfelrgném hgileea novenment whose thickness is
2.5mMmm and a stem which is spaced by Irrmﬁ' AthRe dial. In such a 15

wat ch, the stemAsashda 2n FGuié @Y Ehﬂd&ge&he%ﬁrééce of [t he cover glass (not
shovvn) of the watch and 2l.nmm fromthe case bac W€ watch. If the

di anet er ofmgl'{ﬁeommasrd@obydtébevstga@bhﬁé R h stance fromthe
cro to the upper surface of the cover gl asg %gsﬂ f%%nm SnTER&t fromthe

an
crodn to t hEeelsandpdRion 9, the s&ttdngd HBe e the distance fromthe
crown to the case back is so short, %e f|a51{<;9 ef’g??fé‘ cHE® KRRk cannot be

cut to for e Fo‘ﬂ?e Mﬁiﬁnglhﬁésqthma‘ga&h:h a18adhaPPRALANGRey Ther ef Ore, in
athin MoV egen stem shoul d be as cl ose as possible to the dial. 25
Figure 6 shows ‘Fﬁ)t é’Feé%aaumﬁtt@mmmmmgaﬁtram&angon which is sinilar

to the enb of, res. 4 and 5
ng gEEgct dri;éggetween the minute wheel 20a and the clutch

| wheel 22, Also, the stem 21 can be provided very close to the

10 dial (not shown) of the watch. in order to make the watch
thinner, it is important that.the'stem 21 should be close
to the dial. For example, a watch whose total thickness
is 5.5mm may have a mouement whose thickness is.é Smu'and
a stem which is spaced by lmm from the dlal In such a :

- 15 watch, the stem may be 3.4mm from the upper surface of the
cover glass (not shOWn) of the watch and 21 .mm from the case
back of the watch. If the diameter of a crown cariied by the stem
is 3.5mm, the distance from the crown to the upper surface of the
cover glass is l 65mm and that from the crown to the case back

20 is 0.35mm. Since the distance from the crown to the case back is
so short, the flank of the case beck cannot be cut to form a
slope, which gives the watch a bad.aﬁpearauce. Therefore, in
a thin mcvement, the stem should be as close as possible
to the dial. | |

25 Figure'G shows another embodiuent of the present

invention which is similar to the embodiment of Ficures 4 and 5



. m nut e whee

enbodi nent has the di'sadvantage that the distance through which the stem 21
can be noved is short, 5 that is, thereis little roomto permt the

20 without the internediary of a setting wheel. This

- 13 - except ihat the clutch wheel 22 is directly engageable with the

crown to be drawn out to enable the stemto have a plurality of different

f Mcti ons.

However, the Figure 6 construction has the advantage t

very sinple because a setting wheel is & 3pensed with and the ste

be di sposed very close to the 10

hat it is
m 21 can

dial,as in the enbodi nent of Figures

4 and 5. The enbodi nents descri bed above therefore enable the watch to be

made thin and provide a stemwhich is close to the dial.

have sinple constru®i9e8hsthar Re ChvtdyibeengAuis ey E’Eﬂﬁgia?l'n
fricti f th ; ' f th dj [ h | t
nown gear trai na. 4R B ataute ERES HcekTeRboein St e Aot

known gear trains.

nmotor is used and a_ fifth wheel, apd. pinjon is,arovided . between a . rofor of
t he stepping notor %ﬁgt%msge(‘:'oﬁedl'v\ﬂgléﬁp eg%%é]i&e Fos fL'ge SHEFEr29% r‘hﬁ%ti pol ar
st eppi ng 20

i nst ead,

t he seconds e

(Ot Or Wi N0t pr OV b4, ehbbd) 141EPLe18NEbl B QPboET GHCLUER ey e

Alternatively, if desired, two or nore

r@ﬂﬁo i%fﬁd%ﬂ éﬂggL?%f%hgcﬁ Llaégﬁ?aFiégi 22946%8533%‘

and. pinfon can be drrectly engage

S and plnions can

These enbodi ments

e 15
in the
st eppi ng

%ﬁ?ﬁ%’
provi ded

bet ween the rotor aﬂiwhh&rbseﬁoém;g%e stem WCRAveABpIRNAL Py of different

functions. However, the Figure 6 construction has the advantage

10

15

20

25

that it is very simple because a setting wheel is dispensed-

with and the stem 21 can be disposed very close to the-
dial,as in the embodiment of Figures 4 and 5.

The embodiments described above the;efore enable
the watch to be ﬁade thin and provide a stem which is
close to the dial. Theée embodiments have simple

constructions so as to reduce manufacturing costs. The

friction of the gear train of these embodiments is much less

than in the known gear trains. In the embodiments described

above, a bipolar,stepping motor is used and a fifth wheel and
pinion is provided between a rotor of the stepping motor and
a second wheel and pinion. If, however, a muitipolar steéping
motor which employs a small stepping angle is used instead,
the seconds wheel and pinion can be directly engaged with

the rotor without providing a fifth wheel and pinion
_therebetween. Alternatively, if désired,_two or more wheels

and pinions can be provided between the rotor and the seconds

. wheel and pinion.

4
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-14- As will be appreciated fromthe above descripti‘on, in thg conventional
gear train nechanismshown in Figure 2, a centre wheel and pi#¥on 9 is
rotatably supported by a support shaft of a seconds wheel and pinion 7 at v
the two supporting points 7a and 5 7b. In this structure, the

counter force which is produced when the centre wheel 9 drives the mnute .~
wheel 10, acts upon the supporting bo}r"nfs 7a, 7b and a frictional |oad is
i nposed on the seconds wheel and pinion 7. As a result, 20%to 30% of the
driving power of the notor 5 is lost by the friction 10 at these

poi nts. For easample bet hppxbciater) firom (he abovehdesaiptonphesl 9 is only 3.5

to 4g-cmwhile it should be 5g-cm Applying this to the power consunption

of the nuherconyeatidnalugedressiin gensanisu stewnf o Fdgargl2¢ O.ceéntee 0. 45[err] A
with respect to the total power consunption 1.S[err]A In other words, 15

a batt er yhrekiand Binisnd? tisomatatebpncsupporte® byt s8HB6rts shaffupfed in t he
above-nentioned structure. This prevents the watch being made thinner and
smal | er. SRR "Bt drfenindoni? ptgthedve smpostingdreints| gyaads. However,

t centre wheel fnd inion 9 rotatably support the shaft of the 20

setonds el 1P B STFBREYF 2at thiih SOWRFRFOFPT IRy Wt S RACfucEDh, if the centre
wheel and.pini.on_ 9 |ea i thin the_gap,between.the centre wheel and pinion -
9 and thée ﬁbueafenn%ﬁbgge#4gs Ftv%g%?'?“,‘tet HeekeiPr AShie®Otand pinion 9

ot et B P S M PR B O o7 P
o g B S S of e SR ER 7 50 £ AURR 0% Y (1 oo

qf the driving power of the motor 5 is lost by the friction

10 at these points. For example, the driving torque at the \,}
centre wheel 9 is only 3.5 to 4g-cm while it should be Sg-c;.
Applying this to the power consumption of the motor, what is
uselessLy consunmed is, for example 0.3 to 0.45pa witﬁ
respect to the total power_consumption‘l.SuA. In other words,

15 a battery having an additional capacity of 20 to 30% is required
in the above-mentioned structure. This preQents the watch being made
thinner and smaller. “ v

In the embodiments of Figures 4 and 5 and of Figure 6. However,

the centre wheel and pinion 9 rotatably support the shaft of the

20 seconds wheel and pinion 7 at one supporting point 6nly. So,
if the centre wheel and pinion 9 leans within the gap between
the centre wheel and pinion 9 and the tubular member 14 supporting
it, the centre wheel and pinion 9 contacts the shaft'of the seconds
wheel and pinion 7 only at one point. Therefore,the external force

25 imposed on the centre wheél.and pinion 9 ﬁas no effect on the
seconds wheel and pinion 7 and thus the loss of driving torQue

is largely reduced.



-15- CL ALl MS 1. ° Afgear train nechanismfor a watch conprising a 3!
plate; a tubular nmenber nmounted in said plate;, a geartrain brldge a
seconds gear which is rotatably nounted in the gear vvhi ch
Is adapted to drive a seconds hand; 5 a furtheruwﬂﬂ he
seconds gear; a centre gear adapted to drive a m nut rlven by
tRe - further gear, the centre gear being provided with a support shaft which
is rotatably mounted within the tubuR&r-nmenber; a minute gear driven by the
centre gear; an hour gear which 10 is driven by the m nute gear and
which is adapted to drive an hour hand, the hour gear being rotatably
nmounted on the tubul ar nenber; agdntai@ mentre gear having an axial bore
“ therethrough within which a shaft portion of the seconds gear is rotatably
supported at one region only. 15 2. A mechanismas clained in
claim1 in which there is a radi a e, &h Zolmfridinbed ween t he
bore of the tubul ak menbRrIeARd% aﬁ. ’g%%sgfq%mg%g §¢a@' g A nmechani sm as
clained in claim1 or 2 | adi sdidagpratest a ayearctliany
25[err] between t helass r%'&,n%a‘lf]tmtepoélteldgﬁnger% t he ax??l bore ofﬂge support
shaft in said regig lch M A Toth by dndunted yinpFhe: §8RHQ
claimin which thePﬁiqgse'aa A pn?ﬁ gaph(a;ﬁcl at least 50[err] between the shaft
portion and the axigl; breaff shlGHReAt < a@aptedetaaiiveta secongs B304t 1 egi on.

5 a further gear driven by the seconds gear; a centre gear
adapted to drive a minutes hand and driven by the further
gear, the centre gear.being provided with a support shaft
which is rotétably'mounted within the tubular membex;

a minute gear driven by the centre gear; an hour gear which:

10 is driven by the minute gear and which is adgpted to drive -
an hour hand, the hour gear being rotatably mounted on the
tubular member; and the centre gear having an axial bore
therethrough.within which a shaft portion of thé seconds gear
is rotatably supported at one region only.

15 2. A mechanism as claimed in claim 1 in which therxe is
a radial gap not exceeding 25u between the bore of the

RN ' tubular member and the support shaft.

3. . A mechanism as claimed in claim 1 oxr 2 in whxch
| there is a radial gap not exceeding 254 between the
20 shaft-poftion and the axial bore of the support shaft in
said region.
4, A mechanxsm as claimed in any preceding claim
in which there is a radial gap ‘of at least 50u between the
shaft porﬁion and the axial bore qf-the centre gear except

25 at said region.



A nechani smas clainmed in any preceding claimin which the

sup ort shaft has an outwardly extending portion which exteg outwardly of

mﬂmml“mmmﬁmgnd which is adapted to be provided with the said mnute .,
. d region being disposed adjacent to the outwardly

extend| ng" potti‘on.* A mechanismas clained in any preceding claimip~

whi ch both the further gear and the nminute gear are rotatably nounted bot Fisf
in said plate and in said gear 10 train bridge. 7. A nmechani sm as
clainmed in any preceding claimconprising a steépping notor having a rotor
whi ch drives the seconds gear by way of another gear, said rotor and said

ot her gear being rotatably nount ed both in said 15 plate and in said
gear trainshri dgemerani TR cl aj med any preceding claim
Aheel wh E S rmva%l%re'cﬁ ﬁaajd‘hf"nof an operative

conprising a_ clutch wheel

position | anivn Qheraipggf@rghggtt Téqjﬁe adj,usts the m nute gear,
whereby to adjust the 20 g%glﬁ%nﬁeo L’ﬂte"é'g "GP HE®Wat ch. 9. A

mechani sm abicH ait@sdsi SutWayany %(feéhé‘g;uﬁ&ﬂf'ﬁé he said shaft portion
has a si ngle enl arged di aneter portion which1s ra’?i;] }’f‘;hand rotatably

supported is adaptsditd b iprbviduacw el ﬁ@lﬂdlﬁﬂtép&%ﬁd on a side of said 25

plate renote fromsaid gear train bridge.
S5 said region being disposed adjacent to the outwardly

extending portion.
6. A mechanism as claimed in any preceding claim
in which both the further gear and the minute ‘gear are
rotatably mounted both in said plate and in said gear
10 train bridge_;
7. A mechanism as claimed in any preceding claim
comprising a stepping motor having a rotor which drives
the seconds gear by way of aﬁothe.r gear, said rotor and
said other gear being rotatably mounted both in said
15 Plate and in said gear train bridge. |
8. A mechanism as claimed in any preceding claim
comprising a clutch wheel which is movable into and out
of an operativé position in which rotation of the clutch \/
wheél adjusts the minute gear, whereby to édjust the
20 position of the hands of the watch.
9. A mechanism as claimed in any preceding claim’
in which the said shaft port:.on has a single enlarged diameter
. portion which is radially and rotatably supported- in the |
said axial bore and which is disposed on a side of said

25 plate remote from said gear t.;rain bridge.



*17- 10. A nmechani sm as “cl ai med in any preceding claimin which a surfaceg3
of the seconds gear is in contact wwth an end surface of the centre gear

11. A gear train nmechanismfor a watch substantially

herei nbefore described with reference to Figures 4 and 5 H“lm JMIHI@EIHIH’
"to Figure 6 of the acconpanying drawi ngs. 12. A watch provs

mdchani smas clained in any precdding claim 13. A watch as clainmed in
cIa|m12 in which the watch 10

is a quartz crystal watch. 14.
A gear train mechanismfor a quartz crystal wist watch conprising a plate,

a centre pipe nmounted on said plate, a | elred OGP c1ains @aond wheel
and pinion,. a tho.d WrPe@Pcra'ﬂ’és‘bl"‘}ﬁ Sh%mgsc{éﬁa% I\glxk/neel and pinion, a mnute
15 wheel and an hour vvhe a\ghg@lmbed,mcprmmgd rot at ably
around sai d cent rehighpe suE5Rqf 8 n'{hree \A% u%end pi ni on being rotatably
supported inside of said cen lod gecond wheel and pinion being
rotat ably suppor tenf B?’%a&'led°% i‘? EEr}%‘l“:ﬁ %é ridge and a support shaft of said
20 centre wheel " gﬁ]QfL' gngega,hfga gD abedtubesulstiagt5dd¥nd wheel
and pi nion and sat¥ supp said centre wheel and pinion being
narrow at one porti q’tfﬁ a.shafl JaaEiirea with befeepomdonfit@irednti 3Fni on being
r ot at abl§/ suppor t &% Iey at said narrow one portion in said s

1 dpé)(irt shaft
of said centre 25 or with\Wageleadepirigare 6 of the accompany:. g

12. * - A watch provided with a mechanism as claimed in any
preceding claim.
13. A watch as claimed in claim 12 in which the watch
10 is a quarf.z crystal watch.
14. ' A gear train mechanism for a quartz crystal wrist
watch comprising a plate, a centre pipe m@ted on said
p]:ate, a gear train -bric?ge, a second wheel and pinion, a
third wheel and pinion, a centre wheel and pinion, a minute
15 wheel and an hour wheel, said hour wheel being provided
| rotatably around said centre pipe, said cent%e wheel and
pinion being rotatably supported inside of said centre
pipe, said second wheel and pinion being rotatably supported
(% py said gear train bridge and a support shaft of said
20 centre wheel and pinion, and the gap between said second
wheel and pinion and said support shaft of said centre wheel
and pinion being narroﬁ at one portion, .a'_shaft portion_of
the seoond. wheel and p_inion being rotatably supported only at
said narrow one portion in said support shaft of sa.id centre |

25 wheel and pinion.




