2207876C "TI MEPI ECE GEAR MEMBER' The present invention relates to a - .
ti mepi ece gear nenber and to a nethod of naking the sane. A tinepiece gear
menber or tinepiece wheel is disclosed in Japanese Laid- open'Patent

Publ icati on No. 62-161076 and 5 i's constltutedz-ﬂd 6ﬁ£’ and T e
pi ni on which are fornmed separately, after which the t o 52 ngsgare
connected together with interference between them Japanese Laid- Open

Pat ent Publication No. 61-48869 discloses that a pinion portion, gear

portion and shaft portion of a tinmepiece 10 gear nenber may be

formed integrally of resin. Further, Japanese Lai d-open Patent Publication

No. 61-55472 di scl.gf.&spItEgth&Rc ﬁ{., hol e, a base portion and a toothed
portion of a ti pTEtE_gEHTfﬂEﬁggiéﬂﬁy be integrally formed by effecting

swel ling of the said base portion. 15 In the construction

di scl osed in Japanese Lai d-open Patent Publication No. 62-161076, the gear

portin or wheel of therpi ?Fﬁe%?eiﬂfé{tiﬂﬁmﬁtéé tfooﬁrme$¥e@ef ‘29}' ng gear
mlling of an annular plate obtained by press working he pinion nenber,

whi ch is separat enbtkyp &he @A mbhod of makiBBMRY eané. fOrned by gear
mlling a shaft nenber produced on a |lathe. The pinion portion is then nmade
an interference fit im thRegjeze Padrt meBber\@EOtiliepdbye whdel Nis0dESS1dsie8E
required to produce the gear portion and pinion portion is of the order -of
20 to 30 Seconds,inWﬂdpanbk:aLaid-open Patent Publication No. 62-161076 and

5 is constituted by a wheel and pinion which are formed
separately, after which the two components are connected
together with interference between them. Japanese Laid-Open
Patent Publication Nb.-61-488§9 discloses that a pinion
portion, gear portion and shaft portion of a timepieée

10 gear member.may be formed infegrally of resin. Further;
Japanese Laid-open Patent Publication No. 61f55472 discloses
that a central hole, a base portion and a toothed portion of
a timepiece gear member may be integral;y formed by effecting
swelling of the said base portion.

15 In the construction disclosed in Japanese Laid-open
Patent Publication No. 62-161076, the gear portin or wheel Q:,
of the timepiece gear member is formed by effecting gear
milling of an annular plate obtained by press working.

The pinion member, which is separate from the gear

20 member, is formed by gear milling a shaft member produced
on a lathe. The pinion portion is then made an
interference fit in the gear portion; Accordingly,
the process time required to p;odgce the gear portion and

pinion portion is of the order of 20 to 30 seconds, while the



2 assenbly time involves a further 1 to 2 seconds. In the construction of
Japanese Lai d-open Patent Publication No. 61-48869, it is necessary that it
shoul d have the strength to bear the slip force of the centre wheel 5

and pinion{ the strength to bear the force exerted at the tine of
assenbl i ng Or detaching the hands, andtﬁm&strength to bear the pressure
exerted by a regular lever. Therefore, this-wheel -and pinion requires the
use of a high strength nenber, nakes it necessary to enlarge the nodul e of
the 10 gear and pinion, and to increase the thickness of the gear.
Further, the process tine takes well over ten seconds. Accordingly, it

i nvol ves hi gh costaglégbiy tlile 115R10&s @XPeFEieye] Mt erdetlondénd due to the
relatively considerabl e processing tine, and the tinmepiece has to be nade

thick and large in 15 In the cédsieuctibn BPridpanedes Laid-opghlPatientt he

ti mepi ece wheel of Japanese Lai d-open Patent Publication No. 61-55472,

al t hough thi s conspytldtativnhBs. téie488bfanitgies oécdssany \thay itesbopldbevs
time, the construction involves naking a hole in the central portion and
form ng 20 tien strergsbntie bear cehten siip tfhece iof cthe centre vheelk cof by
conpressing the. plate base. Thus, each tooth has to be large in order to

i mprove the strengatd efinting. tw atpengthstokearnthejfanta exepted Rk th$l e has to

be |l arger than the thickness of the base portion_ when thg %gntral hgle S
made, the resul t antimesof assembling of fefarRipg the hapdge ap FEFRBE ar ound

the hole is to bear the pressure exerted by a regular lever. Therefore,

U this wheel and pinion requires the use of a high stfength
member, makes it necessary to enlarge the module of the

10 gear and pinibn, and to increase the thickness of thé gear.
Further, the process time takes well over ten seconds.
Accordinglj, it involves high cost due to the use of expensive
material, and due to the relatively considerable processing
time, and the timepiece has to be made thick and large in

15 order to improve its strength.

In the timepiece wheel of Japanese Laid-open Patent
fﬁblication No. 61-55472, although this construction has the
advantage of involving less process time, the construction
invslves making a hole in the central portion and.forming

20 ten indé?endent teeth in the circumference thereof by
compressing the plate b#se. Thus, each tooth has to be large
in order to improve the strength of die. Further, since the
diameter.of the hole has to be 1argef than the thickness of
the base portion when the centr;l hole is made, the resultant

25 gear in which teeth have to be formed around the hole is



3 necessarily very large. Therefore, this construction is not suitable for

the accel eration or deceleration gear train in a tinmepiece. Above all, if
the timepiece wheel is used in a front gear train, or in an acceleration or-
decel eration 5 gear train, then dye to the fact that the central hole

is very large, and due to the fact that®the front gear train alway® has a
broken portion formed by shearing the torque | oss at the bearings is very

| arge. Furthernore, since each tooth is formed independently the height of
each tooth is |i @fessegilyyvery dgrze. Thereforss shipmsongtrucointh ipeicght nmakes
t he positioning of_th% gear difficult at the toE surface of the teeth.
Accordi ng, ther efBFERPIECEqTENS, AcseinTarifre R | daceleratien igeap pinckr 8

ti mepi ece gear nepber, conprjsin t | east one bearing portion, which is
adapted to be suﬁgg"rptiéaebyA oY gf’r@’ ifothe timepigpe whael s pesf 4RP a gear
wheel portion, t@gmggaringgglnion nd_gear s _being nmade from a

wheel [
By a5t ? ??Fﬁ@ragfg"%g&[ éogef?ﬁi@& al with each

a
common netal plate nmerber

ot her. Pr%f er abl ead anpr@’art'g%?idﬁgi%r Qgeea%gtg&%?h%mgglen&%téﬁgs are forned

by forging, conpressing, sh ndi ng, 28 h° of the gear

wheel portion beybg, hatpedRy due' & R8e SRAPERRSHIY £2n S NERE 0301n HAGLY e
preferably two bearing portions on opposite sides respecCtively of_t e
pinion portion. has a broken portion formed by shearing the torque loss at the
bearings is very large. Furfhermorg, since each tooth is formed
independengly the height of each tooth is liable to vary.
10 The variation of tooth height makes the positioning of the gear
difficult at the top surface of the teeth.
According, éhe:efore, to the present invention, there
is provided a_timepiece gear member comprising at least one
bearing portioﬁ, which is adapted to be supported by:a frame,
15 a pinionsportion and a gear wheel portionm, thé bearing,pinion
and gear wheel portions being made from a common_metal plate
‘member by plastic working so as to be integral with each other.
Preferably, the bearing, pinion and gear wheel portions
are formed by forging, compressing, shearing or bending, the g_/
20 teeth of the gear wheel portion being fofmed by forging,
compressing or shearing.
There are preferably two beariﬁg portions on opposite

sides respectively of the pinion portion.

1 3

o



4 The gear wheel portion preferably has a substantially |arger dianeter but
a smal l er axial thickness than the pinion portion. The said at |east one
bearing portion may be constituted 5 by a recess or a projection.
The inventiion al so conprises a tinmepiecegprovided with at |east one

ti mepi ece g€ar nenber as set forth above. Additionally, the invention
conprises a nethod of making a tinmepiece gear nenber conprising enploying
10 plastic working to formthe tinmepiece gear menber with a pinion
portion, at |east one bearing portion, and a gear wheel portion froma
conmon netal plate menber Be genrt shdwd porttdgnegrefietdblpads et her. The plastic

wor king may be effected by a die, the 15 ~  finished tinepi ece gear
menber bei ng ej ect edbstaphialis Jenreebwmmm bet anseylder ixigl shdskwrpssadi al |y
inwardly of the teeth of the pinion portion. 5 The invention is

i llustrated, nerel yhasy theypiglonpaRpia®. with reference to the acconpanying
drawi ngs, in which:- Figure 1 is_a plan view of the assenﬁled frft gf a
tute

ti mepi ece enpl oyi ng ti rfBpisadd ﬂ'e&Fa?Feﬁﬁ%rbseaé%Pafﬁ@“t‘ba g apnst

present invention;
5 by a recess or a projection.

The invention also comprises a timepiece provided
with at least one timepieée gear member as set forth above.
Additionally, the invention comprises a method of
O . making a time;iece gear member comprising employing
10 plastic working to form the timepiece gear member with a
pinion portion, at least one bearing poftion, and a gear
wheel portion from a common metal plate member so as to
be integral with each other.
The plastic working may be effected by a:die, the
15 fin;shed timepiece gear member being ejected from the die
| bv means of an ejector disposed radially inwardly of

the teeth of the pinion portion.



F]

Figures 2 to 5 are sectional views of the frame of Figure 1; Figure 6 is a
sectional view of part of another enbodi ment of a tinepiece sinlar to that
of Figure 1; 10 Figures 7(a) and (b) are perspective views of
the teeth of the wheel and pinion respectively of part of the geaf~train of
Figure 1, Figure 8 is a sectional viewwf another enbodi nent of a*ﬁinepiece
simlar to that of Figure 1; 15 Figure 9 shows the tooth
profile of a pinion of one enbodinent of a timepiece gear nmenber of the
present invention, Figures 10 to 12 are sectional views show ng tinepiece

gear nenbers of ot hermpnbREddrRBESis Elh?.tgtq.gtg@'( %ﬁ@'dﬁg%}’:w J’&ngg{il vel y

plan and sectional 20 Vi ews | strating t cture

timepi ece gear ngbRIreXerbhc RbCHRNbcédpARYidY aribigss fft whicik sectional
vi ew showi ng anot her enbodi ment of the present i.nvention; Figure 15 is a

sectional view of a frifgube whael a 31dnpi1Ew0BE 2he assembléd @EOdFaRCe With an
enbodi nent of the present invention; -6 Figures 16(a) and (b) are
respectively pl atisepliesecénpiogling itdmepidcleugédrametitterbOsgiording toOEKd €SSi ng
and shearing of the fifth wheel and pinion of Figure 15 and a major portion
of a die¥or thi gresengtodavention; :

Figures 2 to 5 are sectional views of the frame of
Figure 1;
Figure 6 is a sectional view of part of another
embodiment of a timepiece similar to that of Figure 1; ' &/
10 Figures 7(a) and (b) are pefspective'views of the teeth
of the wheel and pinion respéctively of part of the gear
train of Figure 1,
Figure 8 is a sectional view of another embodiment of
a timepiece similar to that of Figure 1;
15 Figure 9 shows the tooth profile of a pinion of one
embodiment of a timepiece gear member of the present invention,
Figures 10 to 12 are sectional views sﬁowing timepiece
gear members of other embodiments; . _ W/
- Figures 13(a) and (b) are respectively plan and sectional
20 views illustrating the manufacture of a timepiece gear

member of the present invention;

Figure 14 is a sectional view showing another embodiment
of the present invention;
Figure 15 is a seétional view of a fifth wheel and pinion

25 in accordance with an embodiment of the present invention;



5 Figures 17(a) and (b) are sectional views show ng yet a
further enbodi nent of a tinepiece incorporating tinepiece gear nenbers
according to the present invention and Figure 18 is a sectional view of a
timepi ece ggar nenber according to the prgsent invention and a die
therefor. 10 In a preferred enbodi nent of the present invention
(Figures 1 to 5 and 7), a tinepiece includes a main plate 1 between which
and a gear train bridgeFbgurfesaltial onl (b dracrespechively tfianramidn plate 1
there is a gear train. The gear train includes a centre wheel and pinion 3,
a third wheel and psedtdondl views il1fystraving Forgieglorancmpriensing d4nd and a
fifth wheel and pinion 6. The centre wheel and pinion 3 is rotatably
supported by a hol | sheaxthe ofr tieddfviy vheelk rod deipn of ekigung liShandighnajey
main plate 1 and enclosed in an annular thin flange la (Figure 2) forned
fromthe material opoxtienmafi @ ¢leafer thigipurpesmge la is forned by 20
burring to forman annul ar projection of substantially half the thickness
of the main3plate-1 its&gurespif(a) Apd (B) are|sasgionployirvssshawingiiesh a

small hole is drilled in a flat plate, and the portion of  the Elate ar ound
the hole is thereaf 8cIThRSR & W%@eat PEnk (FimeRiess LncgrpoRating |tipepiecss

than that of the hole. The freedom,of rotation of the fourth wheel and
pinion 4 and of the3t&nPf e\ﬂﬁe%ﬂ“éﬁﬁ"pf?ﬂ%‘ﬁ Present; doxeskioR A8, ( he upper

surface of the main pi a%le.'lgu]i'ea itshg s!e%\é\’fgnaiu\rv{e%cgf q t&.@eepi];trzgrggar meZ:ber

according.to the present invention and a die therefor,.
— 10 . In a preferred embodimentlof the present invention
(Figures 1 to 5 and 7), a timepiece includes a main plate 1
between which and a gear train bridge or frame 2 on the back
side of the main plate 1 there is a gear train. The gear train
includes a centre wheel and pinion 3, a third wheel and pinion
15 5,a fourth wheel and pinion 4, and a fifth wheel and pinion 6.
The centre wheel ané pinion 3 is rotatably supported by a hollow
axle or bearing portidn 3e projecting through the main plate 1
and enclosed in an annular thin fIange.lé (Figure 2) formed from
o | the material of the main plate 1. The flange la is formed by
20 burring to form an anuuia? proiection of éubstantially
half the thickness of the main plate 1 itself.
"Burring" is a flanging process in which a small hole is
‘drilled in a flat plate, and the portion of the plate afound the
hole is théreafter bent up by a punch having a diameter larger
25 than that of the hole. )
The freedom of rotation of the fourth wheelxand pinion 4
and of the centre wheel and pinion 3 is determined by the upper

surface of the main piate 1 and the lower surface of the Irame



2. "The centre wheel and pinion 3 has a pinion portion 3b on part of the
axl e portion thereof and a gear wheel or base portion 3c slidably nounted
on an axle portion. The gear wheel 5 portion 3c has teeth 3a which
engage a pinion portion 5b of the third wheel and pinion 5. The wheel and
pinion 5 may be fornmed by forging or conpressing. Thus the materi I of the
wheel and pinion,5 may be conpressed by the use of a die so as to reduce
the thickness of"the said material in order to obtain a desirable 10

shape, e.g. by upset g 0Gehbge RiHAE rhrﬁohﬁﬁﬁe?kﬁa%ng ﬁn&héﬁor@?&ﬁ i33Nopd

t hereof. The wheel and pinion 5 also | S a gear with teeth 5a

(which are forneghfyy obl @ekhitd pdke e thPFko2f afdd aagéﬁ RAELT QR paMeose ot her
end is fornmed with the pivot or bearing portion 5d to engage in a hole in

the main 15 poritiiah &3cl s1Mlatlfemaiiite@6h @b 4d1R PIFtIoROIMHeOPear! bREQL i S A
concave recess or bearing portion 5e engaged by a boss 2b carried by a

smal | br sdgel i keporabrricshasicdeenht 34 whneh fenghgd dopinioacporeasn tswoshort
openings (Figure 1). Thus the boss 2b may be forned by draw ng and

conpr essi ng and/tire lthifd wheekiamd. p2lon 5. The wheelGnel pimivnl & mdy de formed

hal f - bl anki ng process is a process in which a plate is provided with a

proj ection by nowhtfongingner sepmpaeesing.-t Fhuspkhe @magerindsof thiecyhdedr andig a
punch into the opposite surface of the plate, and stopping the travel of

t he punch when tBi@iPBa3inaY %G%Prﬁfédlghtél* yse Qf thidde tgre ashtc kAdUCce 25

of the plate, so that the'saidtgortion is forced into the die w_thout being

removed from t hethfasBickessiofi tBe $38 prtardal ffeordan fo btaiy A deaitabieon

BT 90 8 ©" P! 3% SRRELY o Ll Sotel! By el AGPTTOn 4

porﬁion 5d fhereof. The wheel and pinion 5 also includes a

gear whgel 5S¢ with teeth 5a (ﬁhich are formed by blanking)
at-one end of an axie portioh, whoée othér end is formed with
the pivot or bearing portion 5d to engage in a hole in the main

15 p}até 1. At thé one end of the gxle portion, there is a concave
reces§ or bearing pértion Sg engaged by a bdss 2b carried by a
small bridgelike member struck out from the bridge 2 between
two short openings (Figure 1). Thus the boss 2b ﬁay be formed

by drawing and.compressing.and/or half-ﬁlanking.

20_ One example of:a half-bléhking process is a process in
whi;h a plate is provided with a projéctiqn by mounting omne
surface of the platé across aldie, forcing a punch into the
opposite surface of the plate, and stopping the travel of the
punch Qhen the leading end of the laiter is within the thickness

25 of the plate, so that the said portion is forced iﬁto the die
without being removed from the base material of the plate.

The teeth 5a engage a pinion portion 4b on part of an

axle portion 4d of the fourth wheel and pinion 4. The latter




8 has a gear wheel or base portion 4c secured on another part of the axle
portion thereof. At the gear wheel end of the axle portion 4d, there is a
eoncave recess 4e which constitutes a bearing portion and which is united
integrally with the 5 ~ pinion porgion 4b and the gear wheel 4c. The
bearing portTion 4e is supported by being engaged by a central boss or dowel
2a on the inner side of the bridge 2. Thus the fourth wheel and pinion 4 is

supported by the cgalralebPShedR ANHad pobfidd APUR clifedonVEorRbr flReCENT T E
wheel and pinion 3. At Phe 10 ot her end ©f the. axle 4d, a spindle 4f

is an interferenceofidneWakie pberforl enddtl Ol dhalak SweRl Adrbby HepRLTd ed
~in the hollow axle portion of the second wheel and pinion 3. The fourth

wheel and pini on 4pofedeapidf @hetdidsau| conéhvermechss fier weithbyordsettevescol d
forging or by conpression, and the 15 teeth 4a may be fornmed by
shearing or bl anki agbeakiitis goreidreamndnehighr 1s amided inbhegyaildy ovitpotte on 4b
and the gear wheel 4c are forned integrally by plastic working such as
forgi ng or5 conprespimipn Ponctivecéth asd thre ghar gbael igeel Thec beastinghhpantdos or ned
20 by forgingconpressing or shearing, engage a pinion portion 6b of
the fifth wheel anélspimiSBPPCB'FegHé' baing: engaged by e cenfead] bpts ©F o3PS havi ng
teeth 6a, an upper pivot boss or bearig&@portion 6d rotatably nounted in a

hole in the bridge22 omfhe Anmefictideont betdges2 o Thug enfoyssh: yhest

and pinion 4 is supported by the central boss 2a ﬁnd by the
flange lg.by way of the centre whéel and pinion 3. At the
— 10 other end of the axle 4d, a spindle 4f is an interference fit
wifh the axle portion Aé'and is rotatably supported in the
hollow axle portion of the second wheel and pihion 3. The
fourth wheel and pinion 4, except for the axle 4f may be
formed b& hot or cold foréing or by compression, aﬂd the
15 | teeth 4a méy be formed by shearing or blanking. Thus the
bearing portion 4e, the pinion portion 4b and the gear wheel
4c are forﬁed integrally by pla#tic working such as forging
or compressing. |
- Thé teeth 4a on the gear wﬁeel 4c, which are formed
20 bf forging,compressing or shearing, engage a pinion portioﬁ
| 6b of fhe fifth whéei and pinion 6. The latter has a gear
wheel portion 6e having teeth 65, an upper pivot boss
or beariﬁg portion 6d rotatably.moun:ed in a hole in the
bri&ge 2, and a.lower concave recess or bearing portion
25 6c which is engaged by a boés on a‘'stator 7 secured to the
main plate 1. | |
The pinion portion of the centre wheel aﬁd pinion 3

(Figure 4) is engaged by the teeth 16a of a first wheel



25 - 6¢c which is engaged by a boss on a stator 7 secured to the main
plate 1. The pinion portion of the centre wheel and pinion 3 (Figure 4) is
engaged by the teeth 16a of a first wheel 9 and pinion or m nute wheel
16 which is rotatably supported in a hgle in the main plate 1 and~fas a

pi nion portion 16b, projecting therethr9ough with end facing teet h™n
engagenent with an hour wheel 17 rotatably nounted on the flange la 5
(Figure 2). The first wheel and pinion 16 al so has upstanding teeth 16¢
(Figure 4). The first wheel and pinion 16 is fornmed by press working and by
shearing froma thin plate nenber. The teeth 16¢c and the pinion portion 16b

(Floure 7) are myds fhibh'c! bintf LRl 180GRRH D01 Reabtbiyhalgptiad bend! ng.

The 10 gear t eth 16a is made by shearing to formthe teeth

profile, Therefong, atfi8ePiETROIndiAVB4deON ki Bk lRBIRIIOHoPBRR Peduct i on
and the manufacturing cost can be reduced. Myvenent of the first Wheel and

pinion 16 from t heofédtdni NeHetet KiEbugh b hC edd ifacihgliteeth iy éngagkhedt anked
portion 15 9a (Figure 4) of a magnetic core 9. The hour wheel 17 is

bet ween the mai nwithta howmnarhaelildl récaxabpy ajoantdd ensgiac €1oegendan t he main
plate 1 and the face:-plate, and thus the limt of novenent of the hour
wheel 17 is set WFigirec@) prinecfirssnwhéel whd glindeom lfnabsd hasirpstamdiog hal f
bl anki ng the main plate 1.- 20 The main plate 1 has bent up
portions 1c for Iteethileg (Figure 4). The first wheel and pinion 16 is formed
.by press working and by shearing from a thin plate member.
The teeth iég and the pinion portion 16b (Figure_7) are made
by firstly making a shaped holé and thereafter bending. The
10 gear wheel with teeth lé6a is ﬁade By.shearing to form the
teeth prbfile, Therefore, the present invention is suitable
for mass productibn and the manufacturing cost can be reduced.
Movement of the first whéel'and pinion 16 from the
hole in the main plate 1 is limited by a half-bianked portion
15 9a (Figure 4) of a magnetic core 9. The hour wheel 17 is
betweeh the_main plate 1 and a dial face plate. The space
between the main plate 1 and the face plaﬁe, and thus the limit
of movement of the hour wheel 17 is set by three projections 1li
whi;h are made b& drawing or half blanking the main piate 1.
20 The main plate 1 has bent up portioms lc for limiting
the inclination of the third wheel ﬁnd pinion during'assembly.
The portions lc are bent up from the tongue formed by a

U-shaped opening in the plate 1. The fifth wheel and pinion

6 is made in a similar manner to the third wheel and pinion

25 5.




the inclination of the third wheel and pinion during assenbly. The portions
1c are bent up fromthe tongue fornmed by a U shaped opening in the plate 1.
The fifth wheel and pinion 6 is nade in a simlar manner to the third wheel
and pinion 2 5. 10 Because there;ps a relation (D1/D2 [err] 3)

bet ween the external diameter D1 of the gear wheel 6a and the external

di aneter D2 of the pinion portion 6b, all the teeth of the wheel 6a can be
obtained by forging. The hole in which the 5 .- upper pivot boss 6d is
mounted in the gear train bridge 2 is fornmed by hal f- banki ng. The pi nion

hei ght L of each of the above forged pinions should not be |ess than 0.4mm
The nunber of pinion teeth should be not nore than eight. The material for
t he conponents is desirably copper alloy, 10 or brass, or alum nium
In order to nake a ti ndisicause ithenedls, atredatdon dDL/DY§ad) \Weeeéert thekness T
Wi th respect to pinion thickness L, i.e. T/L, is desirably not nore than
one hal f. The gear ewhersalt diametes PITof sther eean abeel bat andoithe téxtrr@25mm i n
order to be able to effect press 15 bl anki ng of teeth profiles

havi ng a rel ati vel giapefier RS she Riaipn PIsEen AL hALL- BheakRe Y of hEheyear
train bridge 2 to s ort the fourth wheel 4 and the fifth wheel 6 is to
reduce the contact "gggjr 3,7 bt obtadngd Y, faesing, e bole In which the

5 upper pivot boss 6d is mounted in the gear train bridge 2 is
formed by .half bianking.The pinion height L of each
of the above forged pinions should not be less than 0.4mm.
The number of pinion teeth shpuld be not more than eight.
The material for the components is desirably copper alloy,
10 or brass, or aluminium. In order to make a timepiece
thinner, the r#tio of gear wheel thickness T with respect
to pinion thickness L, i.e. T/L, is desirably not more
than one half. The gear wheel thickness T is preferably
not more than 0.25mm in order to be aSle to effect press

15 - blanking of teeth profileé having a relatively small

module.

N : Th; purpose of half-blanking the gear train bfidge 2
to'support the fourth wheel 4 and the fifth wheel 6 is to
reduce tﬁe contact resistance of the portions for

20 determining the looseness of the wheels and ﬁinions. The
purpose is also to control the looseness of the wheels and '

pinions without the use of a jewel or the like.



20

determ ning the | ooseness. of the wheels and pinions.

is also to control the | ooseness of the wheels and pinions wt

of a jewel

or the I|ike. The purpose of the recess formed by

The purpose
hout the use

hal f - bl anki ng around the hol e which supports the upper pivot 6d of :the

fifth wheel and pinion 6 is to provide,an oil reservoir. The stat

rotor 8. The latter is nmade of 5 pl asti cs and nmagnetic
has a | ower pivot supported in a hole in the main plate 1 formed by

hal f - bl anki ng. The rotor 8 has an upper pivot supported in a hole forned in
a sloping portion provided in a half-blanked portion of the bridge 2. The

stator 7 is positioned in the horizontal

Bf 7 has a
mat eri al and

direction by two burred

10
portions I'b provi qgggﬂl{}ﬁggg orFiE e %@Ia?s :kgr&z;tggﬁla%‘t{f;agfénklnéFA&:dﬁﬁe% i Zna

coil block conprisin

insulating plate $li.andch &

to the ends of the coil. The"

€ magnetrc core ane, a Col

] ad Substrate 10

g:{@?ge Sdrb?gi' riee 16a Wet P QRBAELRE POTtions

al so has a

pattern on the sidgaofisibg éBANES izob e af 0iANdederake. tO receive an I1C

chip 12. The coil lead substrate 10 has a pattern opposite to a projection,
or gold "bunp", of th@heGtaitop N has\¥ trietohd.| The Hiaptdw ismmadecofiol e in t he
coil lead substrate 10, it is-pressed by IC chip 20 "~ pressing springs

2p (Figurse 1) on plastdearand: mpgpesir geateyialrigad shasi pglawsrcrivetkes a

conductive contact between the I.C chip 12 and_the pattern. The magnetic
supported in a hole in the main plate 1 formed by half-blanking.

core 9 is

10

15

20

Tne rotor 8 has an upper pivot supported in a hole formed

in a sloping portion_provided in a half-blanked portion of )

the bridge 2. The stator 7 is positioned in the horizontal

direction by two burred portions lb provided in the main

plate 1. On the stator 7 (Figure 3) is a coil block comprising

the magnetic core 9, a coil frame, a coil lead, an

insulating plate 11, and a coil lead substrate 10 with

connecting portions to the ends of the coil. The coil lead

substrate 10 also has a pattern on the side of the magnetic

core 9, and a hole to receive an IC chip 12. The coil lead

substrate 10 has a pattern opposite to a projection, or gold Q;J

“bump", of the IC chip 12. With the IC chip 12 in the hole

in the coil lead sﬁbstrate 10, it is pressed by IC chip

pressing springs 2p (Figure 1) on the gear train bridge

2. The spring force makes a conductive contact between

the IC chip 12 and the pattern. The magnetic cdre 9 is

pressed against the stator 7 by spring force from core

pressing springs 2q (Figure 1y.

&



presged agai nst the stator 7 by spring force fromcore pressing springs 2q
(Figure 1). 12 A crystal unit 13 (Figure 3) is positioned in a

Fonhgi tudi nal seating hole provided in the main plate 1 (Figure 5). The
crystal unil, 13 has two term nals 13b. bent-up portion Ic of the main
plate 1 supports the crystal term nals b, being 5 I nsul at ed
therefromby part of the insulating plate 11. On the other side of the
termnals 13b, a pattern on the coil |ead substrate 10 is pressed into
conductive contact with the termnals 13b by springs 2c pressed out of the
bridge 2. The body of At beysraysimit UBi(Figlrd 3) piepseikivned 1 MSicgipedimalng
10 spring 2d (Figure 3). A copper portion 10a (Figure 5) protrudes
fromthe edge of sedtingebalespbetidateinl @hamekinspihitepbs@dgure Gondrhet i ve
contact with the cathode of a battery 14 by the spring force of a negative
termnal spring |erystalhenitaild hpisateo rerminale- bibonycrenposp tpoveidredpi nal 2d
Is integrally 15 formed fromthe gear train bridge and resiliently
contacts the posi of vihecnin pdaee daSPRRPrss theccriatabrtierndngls §3hc b8ing A stem
15 (Figure 4) is guided for reciprocation in one direction in holes in an
end flangd 1f andinswpsekdtheIgfnomnby BITE Smthhclnsuistigapiate. lithe main

plate 1 is upset or hal f - nking to formtwo upwardly

proj ecting gui de Ortt"'ieoﬂghef’%i‘?‘%g’\ysf t¢Eming %bllr:’ sHPAEEFTR AP r uct ure i s
to over CQWE any d&ﬁﬁcﬁéa& %li'x%ggratpé %Si%l ipgensrgg_gtinc{fo ;:[:gneductive contact with
the terminals 13b by springs 2c pressed out of the bridge 2.
k./ " The body of the crystal unit 13 is pressed by a crystal pressing -
10 spring 2d (Figure 3). A copper portion 10a (Figure 5) ﬁrotrudes
from the edge of coil lead substrate 10 and is disposed in
conducfive contact with the cathode of a battery 14 by the
spring force of a negative terminal spring le in the main
plate 1. A two-pronged positive terminal 2d is integrally
15 . formed from the gear train bridge and resilientl& contacts
the positive electrode casing of the battery 14 (Figure 5).
A stem 15 (Figure 4) is guided for reciprocation in one
direction in holes in an end flange 1f and a bracket lg
bent ‘up from the main plate 1. The main plate 1 is upset
20 by drawing or half-blanking to form two upwardly projecting
guide portions for'the stem 15. The reason for this.structure
is io overcome any defects caused by misalignment of the

guide holes. Because the guide holes for the stem 15 are near the



gui~de hol es. Because the guide holes for the stem 15 are near the 13
bent portions of the flange 1f and bracket 1g, the guide hol es punched

bef ore bendi ng may be deforned when bending takes place. As a result, the -
accuracy of the hole dianeters is not always obtained. 5 <= The
stem 15 has two grooves 15a separated b¥y a sl oping sided annul ar T'%’md, and
a toothed portion 15b. A tongue-like detent or "click” spring 1h is pressed
out of the main plate 1 to engage resiliently in one of the grooves 15a,
its end being bent. In order to renove the stem 15, the end of the 10 '
detent spring 1lh can be pressed down by an instrunment to di sengage the
detent spring 1h bestngoreigisoofethkSdlapd 1P dndnbyatkiet {,&;Olﬁhi ha&ipat h of the
stem 15 whi ch can thus be renpbved. Nornmally, however, en the stem15 is
pul | ed out, the dbbdes pupehedgbéfore Hemlingemay he &dfopned) whiencbndingl ar | and
into the 15 ot her- of . the grooves 15a.: Wen the detent spring 1lh is
engaged in the ot takegpdace. A5a2 nesulposheancupscy loé thechrls dismeteris t hat

t he toothed. portion 15b is engaged with the teeth 16¢c of the first wheel
and pi nion 16 andifhethakwmyscabtai®edot ated to adjust the time displayed.
Duri ng manual 20 rotation_of the hands by the stem 15, the electrical
operation &f the tinmepitécitessl? has F‘[’ﬁ)tgéﬂ?"i?aXt"Ecﬂ*PPﬁ%‘@t B¥na 5leeksi ng on
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detent or "click" spring lh is pressed out of the main plate
1 to engage resiliently in éne of the grooves 15a, its end
being bent. In order to rémove the stem 15, the end of the

10 detent spring lh can be pressed down by an instrument to
disengage the detent spring lh from the gfoove 15a and to
remove it from the path of the stem 15 which can thus be removed.
Normally, however, when the stem 15 is'pulled out, the detent
spring lh rides over the sloping sidéd annular land into the

15 otﬁer of the érboves 15a. When the detent.spring 12 is

engaged in the other groove 15a, the position of the stem.

15 is such that the toothed portion 15b is engaged with the

teeth 16¢c of the first wheel and pinion 16 and the hands ~/

caﬁ be fotated to adjust the time displayed. During manual
20 rotation of the hands by the stem 15, the electrical operation
| of the timepiece is interrupted, part of the stem 15 bearing
on the coil lead substrate 10 fressed against it by tongue
springs 2r (Figure 4). In order to correctly'pull out the

stem 15, one parf of the detent lh is cut so that there is

-



stem-15, one part of the detent 1h is cut so that there is 14 al nost no
gap between the spring portion and the main plate rigid portion after
cutting (such a cut is called a zero cut). The thrust force of the stem 15
bei ng moved _is received by the zero-cut portion of the spring in order to
prevent the 5 di stortion of the édfd portion of the detent spring 1h
in the thrust direction. The main plate 1 is manufactured froma long strip

f ribbon-sh d terial which h h al - ' .
Ei Iré't t E 2U?Pieﬂea B4 :e%afsax' ResHESR e sPEftaIpofisR, s Thp pbahOPlte

ol es therein. Thi ' h IS [ol t he .b [ [
bars 1) (Froure LHBRORPREIPORE tare SHEFIFED(aid 4 g £ atred 1081 ey €
sequentially or S?F?'éh@ﬂ???%we tdL2he€% kR {PHILRE WbOERlisOPSoe1VRE Ay the

portions, bent po ons and cutaway portions to recelve the conponents of

the tinmepiece 15 ,oro-cuthitHoR dE tRe MprdhgR@serhdictyanrvihe i n plate 1
and the gear train bridge 2. The other conponents are nmade separately and

pl aced ingpositi 0Qi9¢brithen NGE BhdledliCpdrtibfrofeXRéTdetent BRrsaQl@r id thehe
rotor 8 the first, centre, third, fourth and fifth wheel and pinions 16,

3, 5, 4 and 6, thehntsstclipeckiont he 20 crystal unit 13 and the
el ectrical and electronic connections. Then the gear train bridge 2 is
pl aced in position updhethsincphienédnis maanfadtioeed ifgobag dong stirdpiofy been
cut to release the main plate 1, are bent up and over the edge of the gear
ribbon-shaped material which passes through metal working tools.
First,the gutline shape of a main plate is cut together with
10 holes therein.This outline shape is joined to the body of
the strip by tie bars 1j (Figure 1) provided on the main
plate 1. The main plate 1 is then sequentially or simultaneously
treated to form perforations, upset portioms, bent_portions and
cutaway portions to receive the components of the timepiece
15 which are to be disposed between the main plate 1 and the éear
. train bridge 2. The other components are made separately and
placed in position on the main plate 1, for exaﬁple, the stator
7, the rotor 8, the first, centre, third, fourth and fifth
W, wheel and pinions 16, 3, 5, 4 and 6, the IC chip 12, the
20 crystal unit 13 and the electrical aﬁd e;ectronic éonnectioqs.
Then the gear train bridge 2 is placed in position upon the
components, and the tie bars 1j, having bgen cut to release
the main plate 1, are bent up and over the edge of the gear

train bridge 2 to hold the latter in place on the main plate

25 1 with the components properly positioned and held therebetween.



trarn bridge 2 to hold the latter in place on the main plate 25 1

w th the conponents properly positioned and hel d therebetween. 15 The
novenent is attached, by way of a dial, to a back cover of the tinmepiece by
a plurality of springs 2f provided on the gear train bridge 2. Théekefore,
an internmediate frane is not necessary.1% To deterMne the
space between the main plate 1 and the gear train bridge 2, several double
bent portions |k (Figure 2) are formed fromthe main plate 1, and their end
portions are drawn or jpalf-blanked to form gﬁ}g] ectltorésdggf,%oto engage t he

bridge 2. ' Generally, revEEEuth arspehads Y gy °f @ tdlerance in
bendi ng and, theref QL € ‘;elr%e?Pel_%‘%l pgne%riggg%g, Lsplr&?}ins%l 3@%}2{{3@;&& erm ni ng

e
ac O .
the | ooseness of tH& WhBaTs wever, I s?variatron-can sorbed if the

hei ght of the pr ij‘]’g%%ﬂhs okeﬁge gig%_ &g'g&écgéjﬁﬁgﬂ?{ m&eg '{,g’htafof the_ doubl e

bent portions 1k. ocate _ main plate 15 1

the latter has a CQREAN&iRQE!#:A0e1fs Gt Mlesfiry.he flange 1f (Figure 2) to
f

forma pair of fingers to engage a portion 2k of the gear train bridge 2.

Except ffr the tie bargo HetetdiheCthe ephed Vakirddn RRE tna2ASpRitet Neanami N pl ate
1, when Torned as a thin plate, 20 are formed by bendi ng or

drawing in order tgheSgéan@rhem biriegedgeseveraprdiubhé bdnst poritiions Akd t o
i mprove the rigidity of the main plate. Additionally, thickened ridges 1m
are (Figure 2)_are formed from the main plate 1, and their end
‘portions .are drawn or half-blanked to form projections 1{
to engage the bridge 2. ‘Generally, there is much variation \‘)
10 or tolerance in bending and, therefore; the bending process
is not suitable for determining the looseness of the wheels.
However, this variation can be absorbed if the height of

the projections 1% is conﬁrolled by the height of the double

bent portions lk. To locate the bridge 2 on the main plate

15 1, the.latter hasla concave portion ls cut out of the flange
1f (Figure 2) to form a pair of fingers to engage a portion
2k of the gear train bridge 2.
Except for the tie bars 1j, the circumfefential
portions of the main plate 1, when formed as a thin plate,
20 are formed by bending or dr#wing in order to.streégthen
the edges to prevent distortion and to improve the rigidity
of the main plate. Additionally, thickened ridges lm are
formed by drawing or half blanking; particularly ﬁear
circumferential portions which have no bent or drawn portioms.

25 On the gear train bridge 2, ridges 2j are formed near the



formed by drawi ng or half blanking, -particularly near circunferential
portions which have no bent or drawn portions. 25 On the gear
train bridge 2, ridges 2] are fornmed near the 16 pivot hol es, thereby

i mproving the rigidity and preventing disigprtion of the main plate. As
expl ai ned above, the fourth wheel and pinion 4 has bearing portions 4d, 4e,
a pinion portion 4b and a base 5 or - gear wheel portion 4c whose
circunference is provided with teeth 4a, the bearing portion 4d, 4e, pinion

port on ab. and 0SHREl. oL 2R, S beL LRGSR B gy ool

being formed by forqi onpr&ss or shearing. The wheels and
pinions 5 6 are s‘hﬂﬁtpgﬁo& Fgrﬁn%dg%&gaﬁfe beari ng portions 5d, 5e, pinion

portion 5b and gear whggl | N of ' L Ny 5 may be
formed integrally by sﬁ%hﬂdg?gﬁeiqca%eﬁi %&%E&r{)%%tﬁ%&a%ﬂgﬂﬂ glgtsh 5a

being formed by foggirifly foRtPERSIHN%Q" alpinion portiSN&Bradi0a baked hernore,
t he bearing portions 6d, 6c¢c, pinion portion 6b and gealr wheel portion 6e of

the fifthswheel ansk geat Gihe@l Npoittiién f4r Whshel Bif@mabianclyis pebvidedst i C
wor ki ng, the profiles of the teeth 6a being formed by forging, conpressing
or shearing. 20 with teeth 4a] rtha bexhihp gairitdon Gid, t 4, pDnRgoporkienanpl e,
shown in Figure 6, nore use Is made of bl anking and bending in
4b, and gear wheel portion 4c being formed integrally by
plastic working such as forging or compressing, and the
| profiles of the teeth 4a being formed by forging, compressing
10 or Qhearing. The wheels and pinions 5, 6 are similarly formed.
Thus the bearing portions 5d, 5e, pinion portion 5b and gear
wheel portion'SE of the third wheel and pinion 5 may be
formed integrally by such plastic working, the profiles
of the teeth 5a being formed by forging, compressing or
15 shearing. Furthermore, the bearing portions 6d, Qg,_pinion
portion 6b and gear wheel portion 6e of the fifth wheel and
pinion 6 may be formed integrally by such plastié working,
the profiles of the teeth 6a being formed by forging,
compressing or shearing.
20 In a modification of the foregoing example, shown
in Figure 6, more use is made of blanking and bending in
the manufacture of wheels and pinions. Thus, a fotor 107

has a central portion from which teeth 1072 are cut and

struck upwardly to form a pinion portion, whilst portions



t he manuf acture of wheels and pinions. Thus, a rotor 107 has a central
portion fromwhich teeth 107a are cut and struck upwardly to forma pinion
portion, whilst portions 17 107b are bent downwardly to grip and hold a -
magnet 107c. A main plate 101 has a boss 101b forned thereon to efigage in a
hole in the magnet 107c to provide a | ower pivot for the rotor 107. The
teeth 107a of the pinion portion engage 5 a boss 102b on a
downwardly projecting portion of a gear train bridge 102, which boss forns
an upper pivot for the rotor 107. Teeth are cut out of the periphery of a
fifth wheel and pinion 106 to engage with the teeth 107a of the rotor 107.
Teeth are al so cutl@ibdase rhenk dpmsmeddly 0 grip and hold £ mapnéthaoOpeni on
portion 106a of the fifth wheel and pinion 106. The fifth wheel and pinion
106 has a gear whek|majorplate 10bihakaaibegstHbhfdde@d. therieoh etol @Ggagen t he
gear wheel portion 106b acts as a . bearing portion. A fourth wheel and

pi ni on 104 has peripifehale tiacthe maghet J07¢ho arevifdg a lower pivengbayed with
the teeth of the pinion portion of the fifth wheel and pinion 106. The
central portion of tReh&oFFIAOR - wHieeFeeti 1B7 a0 nthe pinkon: poredns srgasek

downwardly to formteeth 4a of a pinigon portion thereof. The fourth wheel
and pinidn 104 is dR98Ee FR 4 ﬂP@B‘f’é‘FgﬁégWéﬁc%?%ha?‘{ufB@f gogear

i1 ch cart) o5 N A BRI B B FortdSulahle 1005 Bhou @

rotor 107. Teeth are cut out of the periphgry of a fifth
wheel and pinion 106 to eﬁgage with the teeth 107a of
the rotor 107. Teeth are also cut and struck upwardly

10 to form the pinion portion 106a of the fifgh wheel and
pinion 106. The fifth wheel and pinion 106 has a gear
wheel portion 106b having teeth 106c. A hole 106d in the
gear wheel portion 106b acts as a bearing portion. A fourth
wheel and pinion 104 has peripheral teeth 104b cut out and

15 engaged with the teeth of the pinion portion of the fifth
wheel and pinion 106. The central portipn_of the fourth
.uheel and pinion 104 is cut and struck downwardly to form
teeth 1042 of a pinion portion thereof. The fourth wheel and /
pinion 104 is mounted with interference on a shaft 104c

20 which carries the seconds hand of the watch. The shaft
104c acts as a bearing portion which is rotatably mounted
in a hole formed in the bridge 102_and in the hollow

spindle of a centre wheel and pinion 103, which



in a hole formed in the bridge 102 and in the hollow spindle of a centre
wheel and pinion 103, which 18 itself is rotatably nounted in a flanged
holfe in the main plate 101. A third wheel and pinion 105, which is forned
by press bu@ﬁking, has peripheral teeth %05b in engagenment with the teeth
104a of the pinion portion of the fourth wheel 5 and pinion 104. The
central portion of the third wheel and pinion 105 is cut and bent, after a
zero cut, to formteeth 105a of a pinion portion of the third wheel and
pinion 105. Any burring of the pinion 104a is arranged to be |ocated
internally of the latter so that it does not affect the 10

engagenent bet weeritshif pisnrotatibly modtéddnt £ctilandébholdbine eh€maiany
burri.ng of the teeth 105a is in the circunferential direction. There is a
central pivot hol elereddri iy thard ivheel Gid pinionel@hi whiicthdel fmed pi ni on
105 and in this hole 105a there is nounted an upper pivot boss 102a forned
15 on a dommﬁs)/bbm&iestlhfg pe)rimhenaloftepﬁe 195b oipe engaRemanth i s cut
and drawn to produce the said portian. imlar |ower pivot boss 10la is

formed by hal f-bl aﬁkbnﬁj’eolteﬁhaépf*i %Fkﬁ rréniwbrwrﬁ%mnaf ntbﬁl fewrthohesid s
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the watch is SInllar to aj de crl d abo The_nunber of teeth on each
ﬂb {s c ent ¥gér zZero cug

pinion in the Fig®* u ’

teeth 105§.of a pinion portion of the third wheel and pinion
105. Any burring of the pinion 104a is arranged to be located
internally of the latter so that it does not affect the |
10 engageﬁent between the pinion 104a and the teeth 105b.
Moreover, any burring of the teeth 105a is in the circumferentialh
direction. There is a central pivot hole or bearing portion
105e in the third wheel and pinion 105 and in this hole
105a there is moun;ed an upper pivot boss 102a formed
15 on a downwardly projecting portion of the bridge 102 which
is cut and drawn to produce the said portion. A similar lower
pivot boss 10la is formed by half-blanking or plastic working
K*’ : from the main plate 101 and is engaged by the teeth 105a.
The-iatter_are engaged by the peripheral teeth on the wheel of
20 - the centre wheel and pinion 103. The remainder of the watch
is similar to that described above.
The number of teeth on each pinion in the Figure 6
construction is desirably not more than eight, in view of

the size of the pinions and the manufacturing requirements.



cormstruction is desirably not nore than eight, in view of the size of the
pi ni ons and the manufacturing requirenents. 19 The desirabl e thickness
of the material is not nore than 0.2nmto enabl e manufacture by pressing.
The third wheel and pinion 105 may have its bearing portion 105e, MPIHIOH
portion 105a and a gear wheel portion g9 105c thereof forned
integrally by plastic working, such as forging or conpressing,the profiles
of the teeth 105b of the gear wheel portion 105c being forned by forging,
conpressing or shearing. Furthernore, the fourth wheel and pinion 104 may
have its bearing portion 104c, pinion 10 ortlon 104a and a gear

wheel portion 104d hcheel, 59L T ckRIAIGE e Braugh B 3akiertOudng. the

profiles of the teet e gear por bei'n ormed by

forging, conpressing, sh @gﬁgtwmgg@&hpgq}; gregs}mgf ifth wheel and pi ni on
106 may have its pinion portion 15 ear wheel portion 106b

and bearing portion 106ghd @hied whek el ti!nib’)i swl&aplwa%l gedRekifip the
profiles of the teeth 106c being forned by forging, conpressing or

shearing. In Figurepsttiberi@ses singvh mrtisee1i06s Canldai gedrawhédlNpdfkion
plate 301 and a gear train bridge 302. A centre wheel and pinion 303
conpri sessa centre ISer tidieaf afutmad chrtegealiiynbprplaetix swekidgiasuéther e may
be a predeterm ned : _
as forging or compressing,the profiles of the teeth 105b
of the gear wheel portion 105¢ being formed by forging,
compiessing or shearing. Furthermore, the fourth wheel and ' \‘)
ﬁinion 104 may have its bearing portion 104c, pinion
10 portion 1043.and a gear wheel portion 104d thereof
formed integrally by such plastic working, the profiles
of the teeth 104b of the gear wheel portion 104d being
formed by forging, compressing or shearing. Additionally,
the fifth wheel and pinion 106 may have its pinion portion
15 106a, gear wheel portion 106b and bearing portion 106d
formed integrally by such plastic working, the profiles
of the teeth 106c being formed by forging, compressing or
shearing. o |
In Figﬁre 8 there is shown a timepiece having a main
20 plate 301 and a gear train bridge 302. A centre
wheel and pinion 3b3 comprises a centre gear 303a and
a centre pinion 303b such that there may be a predetermined

sliding torque between the centre gear 303a and the

centre pinion 303b.



sliding torque between the centre gear 303a and the centre pinion 303b.

20 A fourth wheel and pinion 304 conprises a fourth gear 304a, a fourth

pi hi on 304b, and a recess portion 304c which is forned integrally with the
portions BQép, 304b by forging or conprggsing. The fourth wheel and pinion
304 5 “al so has a centre hole 304e formed by shearing as descri bed
bel ow, and a fourth shaft 304d which is fixed in the centre hole 304e. The
centre wheel and pinion 303 is rotatably supported by an annul ar fl ange

portion 30la of the mai Howdedt en&qlaamcbmoﬁvmpmg&qgémsf@ﬁfdaegémg 10
portions 303b on the shaft of the fourth wheel and pinion 304. The fourth

wheel and pinion 304a; 2 souparpidohy30drs andw aecddsapgrripariosen 301la by way
of the centre wheel ‘and pinion 303, and by a pivot hole 302a of the gear
train bridge 302. viixeh degfermedfintegseliysviti thheparetbone 30hac|304b and
pi'nion 303 and of the fourth wheel and pinion 304 are determ ned by the

mai n pl ate 301 andytfargdearort cepnredsiniye TRO Lounth iwheel \andepimiod Po4ion is
constituted by one integral nenber conprising a third pinion 305b for

engagi ng V@ t h t heakse has a cephre dode304808ermed biishgaping ag05a for engagi ng
with the fourth pinion 304b, a |ower pivot or bearing portion 305c, and an
upper pivot or beffFiribpe rhalgy. #pdqe fourtheehade 3P4d which is fixed

in the centre hole 304e. The centre wheel and pinion 303
is rotatably supported by an annular flange portion 30la
of the main plate 301 and by two projections or bearing
10 portions 303b on the shaft of the fourth wheel and pinion
304. The fourth wheel and pinion 304 1is supported by the
annular flange portion 30la by way of the centre wheel and
pinion 303, and by a pivot hole 302§ of the gear train
bridge 302. The degree of . looseness of the centre Gheel
15 and pinion 303 and of the fourth wheel and pinion 304 are
determined by the main plate 301 and the gear train bridge
302.
A third wheel and pinion 1is constituted by one integral
~ : member comprising a third pinion 305b for engaging with the
20 centfe gear 303§,=a third geaf 305a for engaging with the
fourth pinion 304b, a lowe: pivot or bearing portion 305¢,
and an upper pivot or bearing portion 305d. In the third
wheel and pinion 305, the lower pivot 305¢c is

rotatably supported by a hole in the



wheel and pinion 305, the |ower pivot 305c is rotatably supported by a hole
I nthe 21 main plate 301 and the upper pivot 305d is rotatably supported
by a hole in the gear train bridge 302. A fifth wheel and pinion 306 is
constituted by one integral nenber conprising a fifth gear 306a for.
engagi ng 5 with the pinion off"a rotor 308, a fifth pinioh‘306b for
engaging with the fourth gear 304a, a | ower pivot or bearing portion 306c
and an upper pivot or bearing portion 306d. The third wheel and pinion 305,
and fourth wheel and pinion 304, and the fifth wheel and pinion 306 are
formed by the 10 forging and conpressing techniques referred to

above except for. th@ihopldiePSO ah&SeHdf ubfler PEASES 398 Chsaf & feQbipd by press
bl anki ng. However, theq?énfre hgle 304g£%§T?he fourth ﬁhégita%gypinion 304

is formed by press dappéitedgby e hbl@tint BRe GieafPirdinOfriage sNtre hole 304e
Is less than that of the 15 recess portion 304c which is fornmed by

forging. Since the finisifadtis whieal candl piinpBI®OLsPOdidt@BSted By Nbtle adversely
af fected by. press bl anking and are constituted by the snmooth surfaces, a

ti mepi ece wheel  carinbegradnmémterurempriizingi@ fifth godr) 306k OF. edghging

Thus each of the gears and pinions 304, 305, 306 has a plurality of
portions Wwhich are vithetheapindonhof z wotehd08aral fiktic iplaten BOSBEdrbY pl astic

wor ki ng, nanely a pinion _
engaging with the fourth gear 304a, a lower pivot or bearing
portion 306c and an uppef pivot or bearing portion 306d.
The third wheel and pinion 305, and fourth wheel and pinion gu)
304, and the fifth wheél and pinion 306 are formed by the
10 forging and compressing teéhniques referred to above except
fo# the tooth profiles of the gears ﬁhich are formed by press
blanking. However, the centre hole 304e of the fourth wheel
' and.pinion 304 is formed by press bianking, so that the
diameter of the centre hole 304e is less than that of the
15 _ Tecess portion 304c which is formed by forgiﬁg. Since the
finished surface of the pi§ot portions are not adversely
affected by press blanking and are comstituted by the
smoothlsurfaces, a timeﬁiece wheel can be manufactured
h;ving less torque loss.
20 ' ' Thus each of the gears and pinions 304, 305, 306 has a
- plurality of portions which are integral with each other
and which are fofmed by plastic working, namely a pinion
portion, bearing portions on oprSite sides of the latter,

and a gear wheel pdrtion, the_teeth of the gear wheel



portion, bearing portions on opposite sides of the latter, and a gear wheel
portion, the teeth of the gear wheel 22 portion being fornmed by forging,
cofmpressing or shearing. Figure 9 is an illustration showing the tooth
profile of the pinion of each wheel sham in Figures 2 and 8. It is
desirabl e that none of the teeth (which may be six in nunber) 5

shoul d be i ndependent of the others in order to nake it easy to performthe
forging or conpressing..li is also desirable that .the tooth thickness at
the’t oot “of “eachBrRRl betns FretChn dRrs i m spiihesphte SFoRMA LPFe t oot h or
that the tooth thick e . S I I t han
that at the edge 10 ri:“iiéz‘ei)ltgr %’Foar?r g?i\ﬁ%fga%%% %Rﬁ]ﬁ rtc}gérJ ttggpﬁné’lfgggﬁe; mat eri al

of the pinion flgw GASiion! beleachUildier kiR m@igu}r@tz &l APEON ate.
curve 305h is provided at the connecting portion between the upper surface

of the base or bgasifa810X¥HaltOflont088 e tEEHIRARIANHaY MR BiNI@nBYelr) ON
305b; that an appropriate curve 305h is provided 15 at the connecting

portion bgtween bheuldpperindepoided@Sel ahd sdiRrbaie opled 16 RéNel 1Oread§Ses t hat
an appropriate curve 305e is provided at the connecting portion between the

| ower pivot 305f perfibrinhehedifborging30blcompresdingt I iapglsopdesirableirchat 3059 i S
provi ded at the gear portion of the pinion, 20 as shown in Figure 10,
in order to nakethéigoobh erhigknédsont cdwi kgot Pifii eachs todnh daneither tdguadt her
enbodi nents. Figure 11 is a sectional view show ng anot her
to that at the edge of the tooth or that the tooth thickness
at the root of the tooth should be larger than that at the edge
k“/ 10 portién of the tooth in o:der to make the ﬁaterial of the pinion '
flow easily. It is further desirable that an appropriate curve
305h is provided at the connecting po;tion between the upper
.surface of the base or bearing portion_BOSg of the gear and the
pinion portion 305b; that.an appropriate curve 305h is provided
15 at thé_connecting portion between the upper pivo; 305§.and
the base of the portion 305a; that an appropti#te curve
305e is provided at ;he connecting portion betweeﬁ the lower
éivot 3655 and the pigion 305b; and that an appropriate
W | éurve 30$g is providgd at the géar portion of the pinioh.
20 as shdwﬁ in Figure 10, in order to make the material flow
easilv. This is the same in the other embodimenfs.
Figure 11 is a sectional vieﬁ showing another

construction of a timepiece wheel as used. in Figures 2

and 8. In Figure 11, the third wheel and pinion 305 is shown



construction of a tinepiece wheel as used in Figures 2 and 8. In Figure 11,
the third wheel and pinion 305 is shown 23 nmerely as one exanple. Since
t he manufacturing nmethod is the sane as that nentioned above, it is not
described further. The third wheel and,pinion 305 conprises the tfitrd gear
305a, third pinion 305b, |ower pivot 3630 and upper pivot 5 " 305d.
The third pinion 305b includes a taper [err] . This taper is provided so
that the pieces may be taken off fromthe pattern easily after the forging
or conpressing, and the angle [err] is preferably between [err] and[err].
In particular, if the third pinion 305b has a pinion height 10 n

equal to or nore theBely 48NbndkxpaPM. dEfkkel BRe WARGEadturiby et RO SEPLR t O
stabilise the quality. A shoulder portion 305] reduces the contact

resi stance of the haféiay)thad meatOohedSabdvey SH1QS H6¢ deeEiivel £svinhalso be
provi ded on the side of the |ower 15 _pivot 305c. The recessed
portions 5e and 6c ThRowhirdnwidejuand Pimbde 305 aapyises ahbithiedtgwarpr oj ection
of the pivots 5d and 6d at the tinme of forging or conpressing. It is
desirabl e that the3@88pi Ithdfd tHioden 30Sks skeweppivioon305shend cipg€r pivot be
greater than the thickness T of the gear portions. The provision of the
upper pigot 306d oR08de Thefthirdhpinioan30ib Anelndseca sapen § n Fhtpure 8 makes
it '
taper is provided so that the pieces may be taken off
from the pattern easily gftér the forging or compreésing,
and the Qngle & is preferably between 0.1° and 30. In
particular, if the third pinion 305b has a pinion height
10 n equal to or more than 0.4mm, by providing the taper 6,
it is possible to stabilise the quality.

A shoulder portion 305] reduces the contact
resistance of the bearing and so on. Sﬁch a shoulder
portion can also be provided on the side of the lower

15 pivot 305c.

The recessed portions 5e¢ and 6£.shown in Figure 2
make it easy to achieve the projection of the piﬁots 5d
and 6d at the time of forging or compressing. It is
desirable that the depth of these recessed portioné shouid

20 be greatef than the thickness T of the gear portions.

The provision of the upper pivot 306g.of the

fifth wheel and pinion 306 shown in Figure.s makes it

easy for the lower pivot 306¢ to project at the time of

forging or compressing and makes.it easy to push the



easy for the |lower pivot 306c to project at the tinme of forging or
conpressing and nakes it easy to push the 24 material to the edge of the
pinion teeth. Further, it is desirable that the depth s of upper pivot 306d
shoul d be |\H§S than the hei ght of the fifth pinion 306b, thereby preventing
damage to tNhe die at the time of forgi ng‘b 5 conpressi ng and
maki ng mass production easier. Furthernore, it is desirable that the vol une
of the upper pivot 306d should be |l ess than that of the | ower pivot 306c,
thereby rendering it easy to secure the required quality. The Figure 8
construction conprises a mnute wheel 10 and pinion 316. The latter

conprises a mnute %gggr 635 ek %et%ggw Eﬁnl‘?ee& | p¥EIheR] VY 3316¢C

bet ween the gear 31 an e pinio upper pi vot 316é f or med

integrally of metal 4aen 1al el RRUGHLER!s SROUSperpdBUBGe S enbitt BENULe
pi nion 316b engages W|t our and the m nute gear 316a

engages a centre piRe@g @Hanahke thle It o¥h€hmmm prxidthQOGbﬁlthertﬂiyn' on 316b
is less than the length [err] fromthe top surface of the mnute gear 316a

to the top of the pippe@ént3hghdamdgeats ateldie abeHeonsie pifviirgiigorcan be
given a cylindrical shape, 20 and in particular, it is possible to
achi eve f@ gi ng or cotpreasingerdasakingnness pheddcsdge leasfiepd Fuothegraeté.on i s
e ong. it is desirable that the volume of the upper pivot 306d
should be less than thatlof the lower pivbt 306¢c, thereby
Kv/ rendering.it easy to secure the required quality.
The Figure 8 construction comprises a minute wheel
10 and pinion 316. The latter comprises a minute gear 3l6a,
a miﬁute pinion 316b, a lower pivot 316c between the
gear 316a and the pinion 316b, and an upper pivot 316d
formed integrally of metal material.Although not shown
in Figure 8, the minute pinion 316b engages with an
15 hour wheel, and the minute gear 316a engages a centre
pinion at all times. The height of the minute pinion 316b
is less thau the length i from the top surface of the minute .
gear 316a to the top of the pinion 316b. As a result;
the lower pivot 316¢c can be given a cylindrical shape,
20 and in particular, it is possible to acﬁieve forging or

compressing easily when the length of pinion portion is

very long.



25 In Figure 12, an end face of the pinion portion of the fifth wheel and
pi rii on 306 has a flat portion 306h, one portion of which is a shoul der
surface, the other portion thereof being formed by a circular arc 306i or
by a sloping 5 surface, thergby reducing the contact resistance
when the pinion turns between the main plate and the gear train b?"i"‘dge. It
I s possible to conmbi ne the above-nentioned enbodi nents, thereby inproving
the quality of manufacturing. Figures 13(a) and (b) are respectively plan
.and 10 sectional views illustrating the manufacture of a

ti mepi ece wheel and pi rinoFigyrepllastancendrflecagef Abe qrimien gpupktormnibfstieh a

ti mepi ece wheel and pinion, the third wheel and pinion 5 of Figure 2 is
used for expl anati ddftHiwheel eandopfrdom 30fe habeelflandarithem 306k, rmkerred to

| ater in conenction 15 with Figure 16. Step 1: a strip nmenber,
30 is inserted int@ontiineof ahichiin Hm‘gsleslstarﬂacexz,thmtéﬁramrtésn gui de
hol es for effecting positioni n% in the follow ng process, are forned in the
strip nenber 30. 2@hereof being Tormed Jyq4 circular are }SL % by e |5d9Rinss

applied to one portion of the stri nber 30 (over an area l|larger than
thgt of 5hﬁ geﬁ_r Eé}'rf?"&;n BET’r? hﬁfq‘ﬁr‘r'gﬁrﬂ; thedc _Eﬁtsﬁ_ﬁ’sgﬁf:’é‘s?,e YHER eby f
edueing e L oK S Blighr b bATE e 201 BrbE) S 62§ At fOTm 2

bridge. It is possible to cqmbine the above-mentioned
embodiments, thereby improving the qualit& of manufacturing.
Figures 13(a) and (b) are respectively plan and g_)
10 - sectional views illustrating the manufacture of a timepiece
wheel and pinion by plastic working. As one example of
such a timepieée wheel and pipion. the third wheel and
pinion 5 of Figure 2 is used'fqr explanation. The die
to form the wheel and pinion is referred to later in conenction
15 with Figure 16.
Step 1: a strip member 30 is inserted into a die, |
and pilot holes 31 and 32, which act as guide holes
for effecting positioning in the following process, are
formed in the strip member 30.
20 Step 2: a compressive load is applied to omne
portion éf the strip member 30 (over an area larger than
that of the gear 5a) from both the front and back surfaces,
thereby reducing the thickness of the strip member 30 in"’

this area so as to form a flange. Further, the greater

25



25 _ 26 part of the material of the-portion which is nade thin projects
downwardly to formthe pinion 5b and the | ower pivot 5d, thereby obtaining
a desirable gear tooth profile and |ower pivot (this is referred to as
forging or conpressing). Furtheggnore, the provision of the recess
portion 5e, Wwhich becones the upper pivot, nmakes it easier to formthe
downwardly projecting | ower pivot 5d. Since the surface of the recess
portion 5e, the |ower pivot 5d, and the pinion 5b can be forned very

snoot hly by naking the 10 finishing surface of the die snooth, it is
possi bl e to form a gartepf ahe méreeiahafi e poveion shidH ik aiafeccthiass at the
pi vot portion and at the gear portion. Step 3: The gear 5a is renoved
fromthe strip nenirrigttddovinamdingo foox aby miodph b ayd tthe ldwerd wheel
and 15 - pinion. The above processing is the sane as that in the other
enbodi ments (exceptPiVeE Idhe thexabyhobitsdning@ddesivabhy geEr giaogh lprofile
sectional view show ng_anot her enbodi nent of a gear train bridge. A stator
407 has a shaft pora™ohowrR37eivot ((Fhish igneafiersedi tpi #% FRTRU® PE manuf act ur ed

by the 20 processin thod as explained wiith reference to Figure 13,
wherein thefifth m&sfeﬁfa&}g& FOBFRermaT tiobe RACVERLIT, BE theeTBEARE pivot and

the recess portion 40 i ch.,ac as the. |l ower piyot whi.ch s supported b
t he shaft pgrti on por@gogmgg, wﬁ}cﬂsbecomes the upperpngot, makes it eas?gé y

to form the downwardly projecting lower pivot 5d. Since the
surface of the recess portion 5e, the lower pivot 54, and
Y ' _ the pinion 5§ can be formed ﬁery smoothly by making the
10 - finishing surface of the die smooth, it is possible to form
a timepiece wheel having a very small torque loss at the
- pivot portion and at the gear portion.
Step 3: The gear 5a is removed from the strip member
30 by shearing, thereby completing the third wheel and
15 pinion. The above processing is the same as that in the
other embodiments (except for the fourth wheel and pinion).
Figure 14 is a sectional view showing another embodiment
of a gear train bridge. A stator 407 has a shaft portion
407c. A fifth wheel and pinion 406 is manufactured by the
20 processing method as explained with reference to Figure
13, wherein the fifth wheel and pinion 406 does not include
‘the upper pivot and the recess portion 406c which acts
as the lower pivot which is supported by the shaft portion
407c. The degree of looseness of the fifth wheel and

25 pinion 406 is determined by thé gear train bridge 402 and



407c: The degree of | ooseness of the fifth wheel and 25 pi ni on 406

is deternmined by the gear train bridge 402 and 27 the stator 407. As the
stator 407 is one of the nenbers supporting the shaft portion 407c, the 5o
stator 407 is referred to here for the purposes of explanation. However,

ot her nmenbers, for exanple the main plate, can be used 5 “~ for

such supporting. Further, the recess portion 406c can be replaced by a

t hrough hole, and the length of the shaft portion 407c is arranged to be

that of the gear thickness of the fourth wheel 404 engaging with fifth

wheel and pinion 406 or nore than that. 10 Figure 15 is a
sectional viewof a fifth wheel and pinion according to a further

enbodi nent of the Pree8ttor AbEnt iABtheFF&Eﬁ"é' 181 dp eue &fpthen mopkags
| | ustrat f f t d f th
sai 0 11 Tth wheel AHEPRFHAAEn thy SarE mGEEm Al égé.éfért'aﬁgwg'g Lo oL
f f t fil f_th Fi
D6(b) 15 a sect| ontebed,t8 Muibe Pes B2, Bhreoafe B Prritngtia- Likeverna o

sinmplified sectionghe¥i sl 3§pﬁwlfgg d gﬁgg %Ee'&aﬁlaéiatos’ec $ onausedd in the

forging or conpressing an eari I gure ew 20

i Ilustrating one vy Qéc‘ﬁuagw 10g. arhm?et}' eak thEdls ?smroq' do the
present “invention. Figure 18 is a sinpl Tfied sectional view of =another die
which nmay be used daf b&'&eplaced by a through hole, and the length of the -
shaft portion 407c is arranged to be that of the gear
thickness of the fourth wheel 404 engaging with fifth wheel W/
and pinion 406 or more than that.
10 Figure 15 is a sectional view of a fifth wheel and
pinion according to a further embodiment of the present
inventiqn. Figure 16(a) is a plah view illustrating a
ﬁrocess for forming the be#ring portion and pinion of the
said fifth wheel and pinion by forging or compressing and
15 the process for forming the teeth profiles of the gear
by shearing. Figure 16(b) 1is a sectional view of the
structure shown in Figure 16(a) aﬁd a simplified sectional
view showing the greater part of a die used in the forging
or compressing and shearing. Figure 17 is a sectional view
20 illustrating one way of supporting a timepiece wheel
according to the present invention. Figure 18 is a simplified

sectional view of another die which may be used in the

forging or compressing.



forging or conpressing. 28 In Figure 15 there is shown a fifth wheel and
pi nion 206 which is fornmed by the follow ng process. The fifth wheel and

pi hi on 206 conprises a gear or flange portion 306e having gear teeth 206a
for engaging,a rotor; a fifth 5 Ji nion 206b; a shaft portion 206f;
and bearinﬁ§’206d and 206c which are adapted to be supported by a gear
train bridge and by a dowel of a main plate respectively. A burr 206g may
be formed on the upper surface of the pinion 206b and on the | ower surface
of the shaft portion 10 206f . The burr 206g is not always forned,

but sonetines occurs as r@?wet 1gf ggcgqi?gﬁld\?\g ﬁp%g P840 n&gg di e

manuf acturing. As shown I n gure 1 p|n| may be

formed as fol | ows: - s which 1s Ho?R &b the £3130uinR PRIRSL. 48Q £ chnserted
into a die, and pl|0t hglég 2%1 ana 232 a?e for ng in the strip #énber 230

whi ch becone referewebcun«aspmronp@@s teoRpt 168 st A Gedt MdeP £ 1R{PaCport3@ni N t he
follow ng process. Step 2 a conpressive load is applied to one portion

of the strip nmenber me(mahgageaareeedhazq@r fohadhghphrig af rdtee; 20 facen
portion 206e and its teeth 206a)from both The front and back surfaces,
t her eby redym ng theinhow 0655 aokhafe portion 206f; and bearings 206d
and 206¢c which are adapted to be supported by a gear
-train bridge and by a dowel pf a main plate respectively.
A burr 2665 may be formed on the upper surface of the
pinion 206b and on the lower surface of the shaft portion
10 206f. The burr 206g is not always formed, but sometimes
occurs as a result of the processing conditions or
the die manufacturing.
As shown in Figure 16, the fifth wheel and pinion 206
may be formed as follows:- o
15 Step 1: a strip member 230 is inse;fed into a die,
and pilot holes 231 and 232 are formed in the strip member
230 which become reference holes for positioning the strip
U member 230 in the following process. |
| Steé 2: a compressive load is applied to one portion
20 of the strip membé: 230(over an area larger than that of the
gear portion 206e and its teeth 206a) from both the front
and back surfaces, theteby reducing the thickness of the

strip member 230 in this area, as a result of which the gear

portion 206e can be formed. The greater part of the material



strip menber 230 in this area, as a result of which the gear portion 206e
can be formed. The greater part of the pgterial 29 of the portion of the
strip menber which has been so thinned is forced downwardly, thereby €
formng the fifth pinion 206b, shaft portion 206f, and bearings 2@&c and
206d. The fifth wheel and pinion 206 is thereby given its desi redh

shape except for the profiles of the teeth 206a. This processing is
referred to as forgf ntheoporxrdpohres thagstrEpridiber whieh HaVbeédBoOfhitnhed
bearing portion 206d ensures that there is sufficient material to formthe
upper surface of tie fpreédro@tédrdiped theaedby fosmingpehe fiftmqanivhi ch 10
woul d otherwi se be difficult to make, can be easily fornmed. Furthernore,
since the fifth pi%ftn stds, Pmn@(}f{ioremd)lbsam%e 206¢ 806R08Ad so on can
be given very snmooth surfaces by making the finished surface of the die
smooth, it is possiis &ifeh ﬁheﬂh@@daﬂqiﬁﬂp?@césvﬂeéﬁb)amdvfn ditendé¢sdvedg 15

a very spall torque |oss at |§s bearln ortion and at the portion where it
engages anot her pafitaPesERssPs: 191, 4bg Ry 5&% Pérthepbeeth 2P6a+ Thiveth 206a is

renoved fromthe stri nber by, sheari_n o formthe fifth wheel and
pi ni on 206. 20 procksiing (isl'he?t ’d%/q it8n2% ﬁ@?é”& oY fi®mPF¢¥3H"gear portion

00 ey v TrShbFY S HARELON oL Beslp iR g on P on
ensures that there is sufficient material to form the upper
surface df the pinion 2063 and that this upper surface, which
10 wopld otherwise be difficult to make, can be easily formed. \.)
Furthermore, since the fifth pinion 2062, bearing portions
206c and 206d and so on can be given very smooth surfaces
by making the finished surface of the die smooth, it is
' possible to produce a timepiece wheel and pinion having
15 a very small torque loss at its bearing portion and at the
portion where it engages another part.
Step 3: the gear portion 206e with its teeth 206a is removed
from the strip member 230 by sheariﬁé to form the fifth
wheel and piqion 206.
20 . In addition_thereto; the fifth gear portion 206e
can_be given a circular shape by rolling. The fifth wheél
~and pinion 206 may be formed from irpg, copper alloy,
aluminium, super plastic material such as super plastic
aluminium (for example, Cu-77.5%, AL -10%, Fe-4.5%, Ni-6%,

25 Mn-27 ), super plastic titanium alloy, super plastic stainless



13

al uninium super plastic material such as super plastic alum nium (for
exanple, Cu-77.5% [err] -10% Fe-4.5% N -6% 25 Wh- 2%, super
plastic titanium alloy, super plastic stainless 30 steel alloy and so
on. If the fifth wheel and pinion 206 is3processed by upsetting, a copper-
al | oy, al uf™hi um and a super plastic alloy can be used, super plastic
mat eri al being the nost desirable. 5 " In the forging or
conpressing illustrated in Figure 16(b), an ejector 221, which forns the
blind hole 206c, is inserted into a lower die 220. The fifth pinion teeth

profiles of an upper stee122Rlc3r end @oBAl. I 6K €heat wheeHianghsdde, Machi ne,
cutting and so on. 10 An ejector 224, having nostly the sane

configuration, is instft dd prucessdtt bpoupsedrimy, hheoppppailldi e addaindunGh
forms the pinion. A pin 225 for formng the blind hole 206d is inserted
into the ejector 224.amhe piner2pkasticfaleg tan bheauseidecduper 2@¥hsetIbe ej ectors
221 and 224 have 15 the purpose of ejecting articles which
remain in the upper dtatesikl bgieg theimestddeiyahleer the forging or

conpr eSS|5ng Si nce the gear 5Fﬁortlon 206e will be destroyed or damaged if
the gear “portion 206e is &d wiaszr gemrseseinmdlientaated tini s arranged
that the ejection 20 I s achieved within the outer dianmeter of

the pinion where the J84Fe J8LP? 0f™88%F 0T &3lnoiisdy forms the blipd hole
206c, is inserted into a lower die 220. The fifth

pinion.teeth profiles of an upper die 223 are formed

K_/ by an electric discharge machine, cutting and so on.

10 An ejector 224, having mostly the same configuration,
is inserted into the portion-of the upper die 223 which
forms the pinion. A pin 225 for forming the blind hole
206d is inserted into the ejector 224. The pin 225 is
fixed to the ejectér 224, The ejectors 221 and 224 have

15 the purpose of ejecting articles which remain in the
upper or lower dies 223 énd 220 after the forging or
compressing. Since the gear portion 206e will be destroyed
or damaged if the gear portion 206e is pusﬁed by a
large ejeéting force, it is arranged that the ejectién

20 is achieved within the outer diameter of the pinion
where the gear portion 206e is strongest. Further, a
slight gap is provided between the ejector 221 and
the lower die 220, and between the ejector 224 and the

upper die 223, respectively. These gaps make the filling



slight gap is provided between the ejector 221 and the |ower die 220, and
between the ejector 224 and the upper die 223, respectively. These gaps
make the filling 31 of material into the die easier in the course of the® -
forging or conpressing, when the sum ofy,the pinion height [err] affd the

hei ght of the shaft portion 206f is at ﬁeast two and a hal f times™he
thickness t of the gear portion 206e. In particular 5 at the tine
of forging or conpressing, these gaps act as openings for permtting the
escape of air or oil and so on which exist in the space for formng the
fifth pinion 206b and the shaft portion 206f. Since a very large force is
applied to effect sfiGatéfid]l NftdOthe odiRr 8ssietJin (he tsisefofl@he forging
cenented carbide is desirable.as the material for the dies. Next, in the
shearing, a punch or cdmpfdss2fa@, whiah cthef summ£t tite padnidn phedghid €S aid the fifth
gear teeth 206a, noves downwardly to effect the shearing of the tooth
profiles of the fileighgeef theethaf2Ofertivhcd06byis atplessmgwo handf aflidifwheel
15 and pinion 206. In Figures 17(a) and (b), there is shown a

ti mepi ece novenenttimesptheithicknessi b qfl the g2en roxdien 88t . tmaParticeliRe 202.
A centre wheel and pinion 203 conprises a centre gear 203a and a centre

pi ni on 203b. Sl ippPh§hefinsceffoxging o5 compressing, thaser 83RFAC%1450e t or que

bet ween the centre gear 2Q3a and.the ceptre piniqn 203b. fogrth wheel and
pi ni on - openings for permitting the escape of air or oil and so

on which exist in.the space for forming the fifth pinion 206b
and the shaft portion 206£;= Since a very'iarge force is k_)
applied to effect such forging or compre#sing, the use of
10 cemented carbide is desirable'as the material fo; the dies.
Next, in the shearing, a punch or drift_228, which forms
the tooth profilgs of the fifth gear teeth 206a,moves
dbwnwardly to effect the shearing-of_tﬁe.tOOth profiles of the
fifth gear teeth 206a, thereby completing the fifth wheel
15 an& pinion 206. |
In Figures 17(a) and (b), there is shown é timepiece
movement comprising a main plate 201 and a gear train bridge
202. A centre wheel and pinion 203 cqmprises a centre gear v/
2635 and a céntre_pinioﬁ 203b. Slipping can occur a; a
20 predetermined slide torque between the centre gear 203a
and the éentre pinion:203h, A fourth wheel and pinion
204 comprises a fourth'gear having teeth 204a, a fourth
pinion 204b, and a recess portion 204c which

are integrally formed of metal. The centre hole and the teeth



204 conprises a fourth gear having teeth 204a, a fourth pinion 204b, and a
recess portion 204c which are integrally forned of nmetal. The centre hole
and the teeth 32 profiles 204a of the fourth wheel and pinion 204 are
cut by pres,\susheari ng in the follow ng process, a fourth shaft 204d being
fixed in the said centre hole. The centr¥ wheel and pinion . 203 is rotatably
supported by an annular 5 fl ange portion 20la of the main plate 201 and
by two projections or bearing portions on the shaft of the fourth wheel and
pi ni on 204 which j t o) e wheel .and .pi ni 203. The fourth
wheel and pinion %%qu?ggszﬁg%oﬁ téggbt)c‘/’%?h% wgﬁﬁﬁlaé'fl na"‘r?aek%'grafleon 201a by way

of the centre Whedle 89dpisd! Qbazfg ARICRY B1Rbutl P¥c8se2Aebdkchn gear

train bridge 10 202. e degree of | ooseness o he centre eel and pinion

203 and of the fosHdeh Poebe B} sRkéd 28 &4 shfd URhEFIMARE, AnetdiepRi N pl ate
201 and gear train bridgé 202." A third wheel and pinion 205 conprises a

third pinion 15 whet@5ind §infot)203 e FOEatabDy supgfied?bPan andulakd gear
portion 205a for engaging the fourth pinion 204b; a shaft portion 205e; a
bearing portjon 2flangeaputtdon (BoperofpithetmalaSpllatal 20X lAadedbyewd i ons bei ng
formed i nteg?'al ly of nmetal. In the third wheel and pinion 205, the bearing
portion 205c 20 projectixnat ablbeasingpertEidnbyom thevatatorobabe RAtshof the
mai n

wheel and pinion 204 which is mounted on the centre wheel and

pinion 203. The fourth wheel and pinion 204 is éupported by
U the annular flange portion 20la by way of the centre wheel
ld and pinion 203 and by a pivot hole 2023'in the gear train bridge
202. The degree of looseness of the centre wheel and pinion
203 and of the fourth wheel and pinion 204 is determined by
the main plate 201 and gear train bridge 202.
A third wheel and pinion'205 comprises a third pinion .

15' 205b for engaging the centre gear 203a; a third gear

'pOttion 2052 for engaging the fourth pinion 204b; a shaft
portion 205e¢; a bearing portion 205¢; and an upper pivot
‘ ijg, all these portions being formed integrally of metal.
~ -In the third wheel and pinion 205, the bearing portion 205¢c
20 is rotatably supported by a dowel or boss 201s of the main

plate 201. The upper pivot 2054 is rotatably supported in
a hole in the gear train bridge 202. The degree

" of looseness thereof is determined by the bottom



pl ate 201. The upper pivot 205d is rotatably supported in a hole in the
gear train bridge 202. The degree of | ooseness thereof is determ ned by the
bottom 33 surface of the bearing portion 205c, the upper surface of the ¢ -
dowel 201s, the surface of a shoulder pgrtion 2059, and the gear fTain

bri dge 202. Although the | ower surface of the third pinion 205b nW have a
burr, an appropriate 5 gap is provided so that the burr does not
contact the upper surface of the main plate 201. A fifth wheel and pinion
206 conprises a fifth gear portion having teeth 206a for engaging the
pinion of a rotor 208; a fifth pinion 206b for engaging the fourth 10

gear 204a; bearing poiecens 2B6dbeanihg @ottiandosc,sohé tuppet tselacd6f, al |
these portions being formed integrally. The bearing portion 206¢ is
rotatably supportedohyhe dhowdl 20131t thef suhfacendfi pishowld2®lporidntdvsgheari ng
portion 206d is rotatably supported by a dowel 202s of the gear train 15
bri dge 202.  The degtdetht gegbstradasbridgen0Z.i Althongkectheaheivari Runiacg06 i s
determ ned by the bottom surface of the bearing portion 206c, the upper
surface of the dowe?f 3Bgtthirdpinder AR50 rsmbavera buer hanrsrpyopoiatieon 206d,
and the | ower surface gf t he %ﬁ?m' %%rzts. Furt her, although a 20

burr may becur on t8P ABPFPVIIRYG S2ERAT Fhe DurF (dPedi BRtROBRASE BRRI on t he
lower surface of the 3hall R0 'droPn W Aate 201.

A fifth wheel and pinion 206 comprises a fif;h gear
portion.having teeth 206a for engaging the pinion of
a rotor 208; a fifth pinion 206b. for engaging the fourth |
10 gear 204a; bearing pértions 206¢ and 2062;.and a shaft
portion 206f, all these portions being formed integrally.
The bearing portion 206c is rotatably supported by a dowel
.2013 of the main plate 201, and ihg bearihg fortion 206d
is rotatably supported by a dowel 2025 of the gear train
15 bridge 202. The degree of looseﬁess of the fifth wheel
and pinion 206 is determined by the bottom su:face of the
bearing portion.ZOQg, the upper surface of the dowel 201t,
the bottom surface of the bearing portion 206d, and the W
lﬁwer surface of the dowel 202s. Further, alihough a
20 burr @;y occur on the'upﬁer surf#ce of the fifth pinion
206b and on the lower surface of the.shaft portion 206f, a.
predetermined gap is provided so that the burrs do not contact

‘the gear train bridge 202 and the main plate 201; The



predeterm ned gap is provided so that the burrs do not contact the gear
train bridge 202 and the main plate 201. The 34 distance L between the
bearings of, the fifth wheel and pinion 206 is at |east twice as large as
the axiaJ length [err] of the pinion 206f,so that any tilting of the fifth
wheel and ion 206 will be small. 5 A m nute wheel 216
conprises a mnute gear 216a for engaging the centre pinion 203b, a mnute
pi ni on 216b for engegiafge an bétweewheld bédringa déHWhE fifitht wikk@candin upper

pi vot 216d and a shaft portion 216e, the nmethod of naking the m nute wheel
216 being the sanepfsionhz06 at ahelédstttwite as large wisethe andiabilength 206.
However, the body of the tinepiece will be thick if the mnute portion 216b
has a burr. porti onef tthe piatione2@éb stcthetoarys sibtdinggot tbl £fth it is
difficult to forma burr. of predeterm ned di nensions. Consequently,it is
arranged that the wheel aad @dniomy 286 wildi by s®AELl¢ or gi ng or conpressing and
15 shearing. The portion where the burr 216f is destraqoyed nay nmake
the outside di ameter of Bipmtgcsheela?fecorprises i miawts, 86256141%8s t hr oughout
the circunference or at one portion of th Lpion tegeth prof.iles.
Therefore, the backTERsagiBecFhe, FERLRE Qalﬂf%“gzg#&’af’emgnéitet%&&ﬁﬁrglﬁ’ﬁ ate

val ues such that 2 .. the destrqye e rtio 6 ngages the hour
wheel 217. The burtoof B3 EoTh { °uﬁi‘%|}é§n %bag%ﬁte%e vr%éa%le%'b%gt he sane
method as that of &Fp%:”bmtcezi’éf'a% £580se E@?:P&H 216e, the method of making

the ﬁinufé wheel 216 being the same as that of the fifth
K./ 10 wheel and pinion 206. However, the body of the timepiece
| will be fhick if the minute portion 216b has a burr portion,
the nature of Cﬁe process being such that it is difficult ﬁoform
a burr of predetgrmined dimensions.Consequently,it is arranged that
the burr is destroyed during the forging or compressing and
15 ~ shearing. The portion where the burr 2162 is destroyed
méy ﬁake the outside diameter of thé_gear'largef than the
teeth.prbfiles throughout the circumference or at one portion
of the pinion teeth profiles. Th;refore; the b#cklash and
| ﬁleérance and so on are set to appropriate valués-such that
20 | the. destroyed burr portion 216f engégesgthé hour wheel 217.
The burr of the féurth pinion 204b can be treated by the
samé method as thaf of the minute pinion 2162; The burr
portion 204f is preﬁented from engaging the third gear
205a so as fo control drifting of the seconds hand. Further,
25 the pinion shape'of the fourth wheel and pinion 204 is

such that the latter can be easily assembled.



portlon 204f is prevented fromengaging the third gear 205a so as to

confrol drifting of the seconds hand. Further, 25 t he pi nion shape
of the fourth wheel and pinion 204 is such that the latter can be easily °*
assenbl ed. 35 Figure 18 is an illsutyation of another enbodi nerit show ng

a lower die 240 which may be used in the forging or conpressing. % t he
upper die is the sane as that shown in Figure 16, reference to it is
omtted. The lower 5 die 240 is provided with a through hole
having a cylindrical portion, the through hole being forned by electrical

di scharge processing. An ejector 241 is inserted into the said through

hol e. The cylindrical Figureors fieram ilhsurrdariion pIr hhshe2 Ofifbodigerdthe ej ect or
241 forns a | ower pivot 206h 10 : at the bottom of the shaft portion
206f . The occur enchowing abloverhdfe240 vhixzhemey ther usstll ianchet fiergimgough hol e
in the forging or conpressing is prevented by controlling the space (pivot .
hei ght) for form ¥ F‘PRPWSF%%}IS 2688 theThprey) die oks thowame nestithates 16 and 17
can be provided 15 one of both of the upper and | ower dies.

Further, the pin Zhsvgdp Ség‘l‘ﬁ?véﬁ’ (FSFaFeRce #pckt ﬂﬁe"“ﬁﬁb@* Fhe ckoves f or med

I n a manner correspon to th formation of the_ | ower pivot_ of Figure 18.
In the f®rging or dgﬁn%)?oeggl?ﬁj’"a ?:r‘ﬂ o® fhzoush holg ﬁaﬁi%ﬁbé}'l*r‘@’&%%d

merely for purposes @lon, the throfgh Bl Bidhg Fornbd Y Slacafafnk Which s a

discharge processing. An ejectpr'241 is inserted into the
said through hole; The cylindrical portion forms ﬁhe shaft \;)
portion 206f ané the ejector 241 forﬁs a lower fivot ZOQE
10 at the bottom of the shaft portion 206f. The occurence
of a burr between thé ejector 241 and the through hole in
the forging or compressing is prevented by controlling
the space (pivot height) for forming the pivot 206h.
The ejector shown in Figutes 16 aqd 17 can be provided
15 on one of both of the upper and lower dies. Further, the
pin 225 can be moved upﬁardly when the upper pivot is
formed in a manner corresponding to the formation of
the lowér pivot of Figure 18. In the forging or compressing v/
déscribed above, a strip member'is used merely for purposes
20 of explanation. However, # blank which is a bar member cut
to a predetermined length can be processed by upsetting.
Thus, by-empldying such as a process right up té the

teeth profiles of the gear, low material costs can be

achieved.



to a predeterm ned | ength can be processed by upsetting. Thus, by enpl oying
such as a process right up to the teeth profiles of the gear, [ow nateri al
coSts can be_achi eved. 36 Although the specific description of the
present jnvention has referred to a timepjgce wheel having both a pinion
and a gear“%ﬁeel portion, the present invention is also applicable to a

ti mepi ece wheel having a pinion without a gear wheel 5 portion. For
exanpl e, the pinion may be fornmed by shearing at a dianeter having slightly
| arger than the pinion outer dianeter or by processing by upsetting.
Furthernore, although the fifth wheel and pinion has been used for purposes

of explanation in thaiviedighUehe Bpeei fRNESscriftion of LIl pRYRALI Divendfoml SO
be applied to other tinepiece wheels. As nentioned above, the bearing

portion and the pagirefepred torn diméfiecei wineilcharingchdthanepimibieshdoy for gi ng '
or conpressing, thereby achieving a very snmooth surface of the bearing
portion and pi ni geapehéeDporeimh,r chielpragerithdnveantdoe ibalso dppitcakilet he
bearing portion and so on. It is therefore possible to connect such a
ti mepi ece wheel tm@ gimépiechmtieed havimal 8 ploiopavithouthe geamwhegdar train.
In view of the die structure, the |length of supporting portions of the:
ti mepi ece Swheel - pertighni dieri exampile; thenpinignpaphpe fprmedRieshegring as to
achi eve 20 a thin tinmepiece.
at a diameter having slightly larger than the pinion outer
diameter or by processing by upsetting.

Furthermore, although the fifth wheel and pinion has

been uéed for purposes of explanation in the various embodiments,
10 the invention can also be applied to other timepiece wheels.

As mentioned above, the bearing portion and the pinion
portion of the timepiece wheel are formed by forging or
compressing, thereby achieving a very smooth surface of the
bearing portion and pinion portion, and reducing the torque

15 loss at the bearing portion and so on. It is therefore possible
to connect such a timepiece wheel and pinion having a small
torque to the front gear train. In view of the die structure,
the length of supporting portions of the timepiece wheel and
pinion is sufficient to permit gear overlap so as to achieve

20 a thin timepiece.

A timepiece having such wheels and pinions formed
integrally by metal material in their deceleration or

acceleration gear trains has timepiece members of adequate

strength, and the processing time can be substantially reduced,



A tinmepi ece having such wheels and pinions fornmed integrally by netal

material in their deceleration or acceleration gear trains has tinepiece
menbers of adequate strength, and the processing tine can be substantially ¢ =
reduced, 37 the processing time bein for exanple, 0.5 second] “because

all the processes are achieved by plastt’c working. Further, the t®0th
profiles of the pinion may have a taper configuration, and a curvature my

be enpl oyed at the connecting portion 5 of the pinion and wheel and

at connecting portion of the pivot and gear, thereby inproving the flow of
material in the forging or conpressing, and further thereby increasing the

hei ght of pinion,suffigd né ARG, Qr dkaf1eTBy. PRebHdIEHeduskhe pinion
portion, thereb;hlﬁn%%%%s%ga%gﬁiachabi |tyrand 1p(t)e aual i ty‘.e ° 38 CL A

I MS 1. A tiIERhE G0l e sTRAO YchEVEY b§ i plaisic [WARinQANFubrireri, Ng _
portion, which is adapted to be supported by a.franme, a pinion portion, and
a gear wheel por¢HedRoot@roLelleisNgithieopintod gB0hawkaeitaper iconfitguretivn,made
froma comon netal plate nenber 5 by plastic working so as to be
integral with easdd et &b@fvature may be employed at the comnecting portion

of the pinion and wheel and at connecting portion of the pivot

5
and gear, thereby improving the flow of material in the
forging or -compressing, and further thereby increasing the
height of pinion sufficiently. A téper or draft may be f_ormed' \J
on the pinion portion, thereby improving detachability and
10 quaiity. |



-

2. A tinepiece gear nenber as clainmed in claim1 in which the bearing,
pi nion and gear wheel portions are fornmed by forging, conpressing, shearing
or bending,_the teeth of the gear wheel portion being forned by forging,

conpressing or shearing. 10 3. A tz3gnepi ece gear nenber as clainmed in
any precedgﬁﬁ claimin which there are two bearing portions on opposite
sides respectively of the pinion portion. 4. A tinmepi ece gear nenber as
clainmed in any preceding claimin whjch tP ear wheel portion has a
substantially 15 | ar ger dianeter-gj%éa—ghgkler axi al thickness than the
pi ni on portion. 5. A tinmepi ece gear nenber as clainmed in any preceding
claimin which the said at | east one bearing portion is 20 constituted

gear hembkFERIGEEs1963 ﬁgmgn?lﬁlgﬁ antially

by a recess or alproquggg 1efe
as herei nbefore described wth reference to and as shown i.n

acconpanyi ng dr ayidid8g pbrtion, thich"BPizRGFedA Qyiﬁeguﬁc/}ﬂotrbe@tby! £axbmoe
ti mepi ece 25 gear nenber as clained in any preceding claim 11111111

111111 1111111114 Lkhidn ‘porfion,Land M gearSwheel” portid®, &he bearfné@'&ﬁﬂﬂi ahd
maki ng a ti nepi ece gear nenber conprising enproying plastic working to form
the tinmepi ece geggarmehdadr povtiibnd baing Giade Kiromod) cofiior] @asdl §hered aadberg
portion, and
5 by plastic working so as to be integral with each other.
2. A timepiece gear member as'claimed in claim 1 in which
the bearing,.pinion and gear wheel portions are formed by forging,
compreséing, shearing or bending, the teeth of the gear wheel
portion being formed by forging, compressing or shearing.
10 | 3. A timepiece gear member as claimed in any preceding
claim in which there are two bearing portions on opposite sides
respectively of the pinion portiom.
4, A timepiece gear member as claimed in any preceding
claim in which the gear wheel portion has a substantially
15 larger diameter but a smaller axial thickness than the pinion
portion.
W 5. A timepiece gear member as claimed iﬁ any preceding
claim 'in which the said at least one bearing portion is
20 constituted by a recegs or a projection.
6. A timepiece gear member substantially as hereinbefore
described with reference to and as shown in the accompanying

drawings.

7. A timepiece provided with at least one timepiece

[
wun

gear member as claimed in any preceding claim.

* c L M S *



. a gear whee

t he beari ng,
conpr essi ng,
by forging,

portion froma common netal plate nenber so 5 as to be
integral with each other. 9. A net hod as cl ai ned
pi ni on and gear wheel portions are forned by forging,

or shearing, the teeth of ghe gear wheel
conpressing or shearing. 10 10.

inclaim8 in which

portion beifig forned
A method as ®fained in

claim8 or 9 in which the plastic working is effected by a die, the

finished tinmepiece gear

menber being ejected fromthe die by nmeans of an

ej ector disposed radially inwardly of the teeth of the pinion portion. 11.
A net hod of nmakirsy a tianBg@iheacof)@akinge abEimepidret gédd abhderlBomprisims
described with reference to the acconpanyi ng draw ngs.

employing plastic working to form the timepiece gear member

10

with a pinion portion, at least one bearing

portion, and

a gear wheel portion from a common metal plate member so

as to be ihtegral.with éach other.

9. A method as claimed in claim 8 in which the bearing,

pinion and gear wheel portions are formed by forging,

compressing, or shearing, the teeth of the gear wheel portion

being formed by forging, compressing or shearing.

- 10. A method as claimed in claim 8 or 9

in which the

plastic working is effected by a die, the finished timepiece

gear member being ejected from the die by means of an ejector

disposed radially inwardly of the teeth of the pinion portion.

11. A method of making a timepiece gear member substantially

as described with reference to the accompanying drawings.

[
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