;-./0e3e=Y= RRSDV": W2| Y6YTY] DESCRI PTI ON Rate Adjusting Method of
Mechani cal Type Tinepi ece [ Technical Field] The present invention rel ates
to a rate adjusting nethod of a nechanical type tinepiece. The invention
particularly relates to a nmethod of adjusting a rate of a nechanica

timepi ece by attaching a weight to a portion of a bal ance Vi ng
a portion of the bal ance wheel in a novenent of a nechani”””mmmwgmmwmrn
ti mepi ece. [Background of the Invention] In a conventional neggggical type
ti mepi ece, as shown in Fig. 16 and Fig. 17. a novenent (rnachi né body) 1100
of a nmechani cal type tinepiece iBEﬁgggpaéﬁNmﬁth a main plate 1102
constituting_a base plate of the novenent. A winding stem 1110 is rotatably
i ntegrated t &atevAtHiuif e Mefhaske afoiMechampicak Tyre Rinepiede 1102. A
dial 1104 (shown by imaginary lines in Fig. |7) is attached to the novenent
1100. Generally, in both sides of the main plate, a side thereof having the
dial is referred to as "back side" of the novenent and a side opposed to
t he sidelBgehndcale Fdiedd]is referred to as "front side" of the novenent. A
train wheel integrated to the "front side" of the novenent is referred to
as "front trai Thetpeésenbdnventdion nbtatesniegrrd e adgushd ngmekhedde" of
“the novenent is referred to as "back train wheel ". By a switch apparatus
i ncl udi ngfaas miechag ilcadertypEO @ imepi@ce 1192, a yoke spring 1194 and a
setting |l ever junper 1196, a position of the winding stem 1110 in an axis
line directionTheer e¥enticiet pariciehlatly Ngengtes nitdn 4 1kethod obat ably
provided to a guide shaft portion of the winding stem 1110. Wen the
wi ndi ng augistlihy 4 yatel et Adddhahidaal €imBpiBtelby Bﬁt&bﬁﬁ!h?& wbeght110 is
di sposed at a first w nding stem position Fo-th stage) nosfly proximte to
an inner ¢l depettiba BBVENEBALait@®théel VAR inyaS pbirRGont B¢ ¥hadi ng
pinion 1112 is rotated via rotation of a clutch wieel. A crown wheel 1114
is rotat AN 1Qf At Rdk-ng £pL N : C 3 1116 is
ot ot ed B e e e P RePREC ket hee
1116, a i i tglveed 5 barrel conplete .1120 is wound up: A
center wﬁggpig&gﬁﬂ¥%%ﬁﬁf§§pﬂgirotéfgl by rotation of the barrel conplete
1120. An escap e i,.ni 1 LS:rQta V| pon_qf urth

335 Son Vel g By e e hor b a8 AR B gk

wheel & pinion i nion n € éenter eel &

Phi'rd wndll 4% AtoR i a0and ¥ha PEUPRRAiNABRCBIBEnPBRY 153080 Frute o
ot at i on RSP ARG AL, AV EERERR BEe RGP ERELasA per th b At phates SEPRG 1140-
hai ropr | ROPPHGYTAILALRSE BIPERGY LREMAISNENT o By b/ 11085 and a

hairsprin% 1140c. gased 2 on rotatiqgn qQf the center wheel & pinign 1124,
an hour peEntghatebgy; intearpteddRid Yinddagegten guide Slthd 1028004t t ached

to the hour pinion 1150 displays "mnute". The hour pinion 1150 is provided
with a sithe medmamlahe dildZ-veht diaheldBAt éphaWBePY iBAALBAYY124NeBased On
rotation of the hour pinion 1150, an hour wheel 1154 is rotated via

rot ati on 1& Fddvi dutle Mhaditacheddig thednovement thkMd to the hour wheel

1154 di spl ays "hour™". )
Generally, inboth sides of themain plate, a side thereof

having the dial is referred to as "back side" of the movement
and a side opposed to the side having the dial is referred toi
as "front side" of the movement. A train wheel integrated tog
the "front side" of the movement is referred to as "front train
wheel" and a train wheel integrated to the "back side" of the

movement is referred to as "back train wheel".
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The barrel conplete 1120 is supported by the main plate 1102 and a barrel
bridge 1160 rotatably thereto. The center wheel & pinion 1124, the third
wheel & pinion 1126, the fourth wheel & pinion 1128 and the escape wheel &
pi nion 1130 are supported by the main plate 1102 and a train wheel bridge
1162 rotatably thereto. The pallet fork 1142 is supported by the nmain plate
1102 and a pallet bridge 1164 rotatably thereto. Tl ~e balance with

hai rspring 1140 is supported by the main plate 1102 and a bal ance with

hai rspring brigdge_ 1166, rpotatably. thereto. .The hairspring, 1140c. js,a thin
ot e spring | KYaanerital SRPREFeyS LRRTatRe A e pE g tarar g an

i nner end rti of the hairspring 114Qc is fi,xed, to a ,hairspring hol der
1140d fi 9@8&% 13%@ bR IYANESBE éﬁ‘? ﬂﬂ%daaaﬁ(ﬁ SRL&ANGr LRYRE QHF“PPSnlb?gt he

hai rspring 1140¢ is fixed by screw fastening via a hairspring support 1170a
at t ached2tBo®1%108 efigdhs Windipg pken 1b10hin A a%dé hinf ®BFeSHiPRAg bridge
1166. 3 A regulator 1168 is rotatably attached to the bal ance bridge
1166. A kherepii i§ dlateyaninegba Anwiadiag pinian rbdl2 168brekatakbliyiched to
the regul ator 1168. A portion of the hairspring 1140c proximte to the

out er enprpyidedntosadgspdecdhbEtwpentibn bfii ther wagdbngdgeem 16Bh0and t he
hai rspring rod 1168b. Cenerally, according to a conventional representative
mechani chenyphet wirgirgestemilridir isgrotaged in a edieoed imswhidhreheon tine
period el apses by rewinding the mainspring froma state in which the

mai nspri wgndingospert ¥l Y0 Wsudils pps €d fat layf ipsbdviidim stemopoekeiphe, the
mai nspring torque is about 27 g cmin the fully wound state, becones about

23 g cmattars€8ge9uics tes pRloximatel tonan Hanfed §Ydemmehe! méeensgt becones
about 118 g cmafter 40 hours has elapsed fromthe fully wound state.

Gener al | 4l oGt rditA& ibRad £01W eihe)NAHe wERABEHGY Alice1 MBehanF684tEdPe
ti mepi ece, when nmainspring torque is reduced; 'a swng angle of the bal ance

T A ekl 00 ¢ efusaiyfoe, oxaraka bR\ TRgooe apebor e,
o208y et SHC Oy ultme Ty e A Ghlagan tp Lorou
LD v apbehen sieuocdtiphar ol Wbigiten YA BsLeatiee,
Techant o3hd ¥REcfot JHABPI 858, R Aol oo 74 3R MG gL that the

nmechani c type trnepiece is [ I 'e "maintai ni ng € or

environ f.th ' apal e of the hal ance w t al.Lsprin L the like
when thg%r%gipg%ts? ﬁé@\é&ug%d'&"%hgp“ra ecepgeﬁegr%ﬁgt gdpw RBt g}?gnl . For
exanpl e, _al.though in anventi gnal .representative ani cal type
ti mepi ecé:f)t\ﬁlq:fﬁgfysﬁ gt é’fo;%hz? E’ei‘lr%r‘?gle c\ﬂ“’tph'er%ﬁ @%:bl 'ngxf‘aﬂségpﬁ a range
of about 200 _.through 24 rees, the instantaneous rate i s about t hr ough
' second¥hiEs) BoRiARAG b GHREsAtALUA SOLAEINIober TaRFED WhaRdn | he
SW ng an%lee,of, t he bal ance . wi.th hajrspri n‘% i s about. 170 degrees, the
i nst ant afteBHR1PR: Bl 8 c drtbinddtheebd Rivinnsl 1R apdokhe gesrteBheesdo
seconds per . day). Generally, according to the conventional mechanicaltype
ti mepi ec& PARTeldgde ofhg hR¥FEel SrMRlete ki he sfnt@ryhesd &
mai nspring froma fully wound state, the mainspring torque is reduced, the
swi ng andi®igm Li24ptheddigd vheel sspinigni k126 sad ehedanrditwheedr di ngl y,
the instantaneous rate is retarded. Therefore, according to the
convent i dn@imigrhanl 28 cangleitutem drontpytesin meheel. a del ay of the
timepi ece after the duration tinme period has el apsed for 24 hours, the
i nst ant aneous Pat eswhpemnent &wpeeshbeconyrod appapdtus riar chetiollingound
state, is previously increased, and is previously adjusted such that~the
"rate" i mbiteetiony ghi thegfobntheérainepheed aindlbsiew af babantenenithce per
day becones :

hairspring 1140, the escape wheel & train 1130 and a pallet

fork 1142. Thebalancewith hairspring 1140 includes a balance

stem 1140a, abalance wheel 1140b and a hairspring 1140c. Based



5 positive. In a mechanical type tinmepiece, when assunming a state of
attaching a dial, "flat attitude" in which the dial becones horizontal and
"vertical attitude" in which the dial becones vertical are defined.

Further, according to the mechanical type tinepiece, when the state
attached with the dial is assuned, a direction directed fromthe center of
t he nechanical tinepiece to 12 o' clock indicator of the dial is referred to
ws "12 o' cl ock direction a direction directed fromthe center of the
nmechani cal e tine e e ock indicator. of the dial is referred to
as "3 0' %8 5% iL?Ec ?{:tﬁ bﬁﬁi & PIREPR A k4 bmAMBOUEPERLIGR ¢t he
nmechani cal, type tine |ece to 6 0" clock indicator of the dial is referred
to as "61850 E§c§1%? EaregHslynetated ectd St bedd 1184 akkachader of

t he mechanical type tinepiece to 9 o' clock indicator of the dial is

ref erredtPothe houy pisdeniilise: displever dminytey. The. heurtménionn the
mechani cal type timepi ece, when assuming a state in which the dial is

at t ached 1488 iacpxpwldedsvitds a sliponechanismirelateive tehithle centez O

clock indicator of the dial is disposed on an upper side is referred to as
"attitudwheell®pdnionokk24ippdBdsed an mttdtticteof thehhourdidiion dt&0j ndi cat or
of the dial is disposed on the upper side is referred to as "attitude of 3
0' cl ockampheut wheel at154 ude ronatkeidcris ﬁbtatmh ohd pdhateofhédd.dial is
disposed on the upper side is referred 6 to as "attitude of 6 0" clock
upper” anw &buat handla 156 Witdthed te ek héwlk ceheeloi15heqdsplays

di sposed on the upper side is referred to as "attitude of 9 o' clock upper”
Furt her, vhour® .known in the mechanical type tinepiece that neasured values
of the "rate"” differ with regard to four attitudes of the '~ attitude of 12

0" clock upperithe b&i‘i‘él%@ie@eoufd Q.‘éks_rﬁﬁgited bfltnd Ha8nop18t8 clock

upper" and "attitude of 9 o' cl ock upper erefore,” according to the

mechani calj oY RAGt APBRELES bi{Gge AL €D L‘cfta{%ﬂ{% ididy [ e4ReCEehPelne faur
attitudes and the rate of the H% ani cal type |né%%ece IS ad%ﬁétg such

that * he hR8R° Y HPLARAAYEd al Lee @i & BLETORS1SEY hePEBELRT M Ned

st andar d. oW ngd explanatlon he nechani cal type

as 12" ugneRlr B BISARA LA A SR ladd héef” FyéﬁéR?{’ﬁe}) heage o '
oo o mebebdEed b i aitpdate ff%ﬁ"{ PrbER LB HeSp] dliﬁﬂi’ﬁir
when { ho etARTa %ew%per EhEorgl fet chopb i do HbpebteubTorns o
Fater | ougdm platd ThyE and @opéim@pﬁnédges1a55§%%%a§ebl%2%es§%§f‘$2t ed by
notati on_Ht rate” is designated by notation Hsi and the "
Upper 1 afibe hbgia@g?gmﬁﬁﬁawsnaﬂas. Ly, sypported by the main plate
| 1102 and a balance with hairspring bridge 1166 rotatably
thereto.
The hairspring 1140c is a thin plate spring in a helical
(spiral) mode having a plural turn number. An inner end portion
of the hairspring 1140c is fixed to.a hairspring holder 1140d
fixed to the balance stem 1140a and an outer end portion of
the hairspring 1140c is fixed by screw fastening via a
hairspring support 1170a attached to ai stud support 1170 fixed

to the balance with hairspring bridge 1166.



Conventional ly, in adjusting the rate of such a nechanical type tinmepiece,
the balance with hairspring 1140 is renoved by nmanual operation fromthe
novenent (machi ne body) 1100 of the mechanical type tinmepiece which has
been assenbl ed once, a portion of the bal ance wheel is cut off by manual
operation and the balance with hairspring 1140 is assenbled again in the
novenment (machi ne body) 1100. .Therefore, firstly, the rate is neasured in

t he novenent (machi ne body) 1100 of the mechanical type tinmepiece which has
been assenbl ed_once

a porti of the bal ance wheel is c of f . and
thereafter, th® Fﬁ?gnggﬁeiggBe&SiﬁoFﬂEaﬁiyeﬁEﬁﬁcgﬁgcﬁPnghﬁohﬁ}aﬁﬁﬁo
reassenbled wth_ the balance with hairspring 1140. Therefore, according to
the converifgRallhfr hod RALEspEiRg Rridge dditBpand,@ hadKarrdng ¥9de
timepi ece, operation of disassenbling and assenbling the balance with
hai r spri Ad§8p1a0e atEashedc &oedheopegadiagorofl 168asuli ngrthenrafethe al so
conplicated and there poses a problemin which enornous tine and |abor ,is
t aken i nhadjrspriing 1 h0e proximatehte ralvecouber @ndi pgrt donhis ddbapesedonal
met hod of adjusting the rate of the nechanical type tinmepiece, there is
i ncl udedbetseen dhec hiatiinsp @ pprhnicyefl 168a baidncke whattrspyingnnad
operation and therefore, it is difficult to adjust the rate with high
accuracyllid8bce, it is an object of the invention to provide a nethod
capable of adjusting a rate of a mechanical type tinmepiece 8 wthout

renoving a bal geaerwillly haceepding toos sofiveatkbhal eepiragehodyivel the
mechani cal type tinepiece. It is a further object of the invention to

provi de a\emtamd:aqaﬁ??bewﬁue@ibeét,i R8iAspAiRg OfoPqi i Yiddicdd/A8 hi NMEPI ece
in a short period of tinme and with extrenely high accuracy. [D sclosure of
the | nveghirailiohh€iRe&SER i od BIHPY ¥ blySréwi Rl Engd A WalhsPRlUMA£ Pbma

a state in which the mainspring is completely wound up (fully

wound state). For example, the mainspring torque is about 27

g'cm in the fully wound state, becomes about 23 g-cm after 20

hours has elapsed from the fully wound state and becomes about

18 g-cm after 40 hours has elapsed from the fully wound state.

Generally, according to a conventional representative'

mechanical type timepiece, when mainspring f.orque is reduced,

a swing angle of the balance with hairspring is also reduced.

For example, when the mainspring torque falls in a range of

25 through 28 g-'cm, the swing angle of the balance with

hairspring is about 240 through 270 degrees and when the

mainspring torque falls in a range of 20 through 25 g-cm, the

swing angle of the balance with hairspring is about 180 through

240 degrees.

Here, "instantaneous rate" or "rate" is referred to as

"value indicating gaining or losing of a mechanical type



mechani cal type tinmepiece conprising a novenent constituted to include a
mai nspring constituting a power source of the nechanical type tinepiece, a
front train wheel rotated by a rotational force in rew nding the nainspring
and an escapenent & speed control apparatus for controlling rotation of the
front train wheel, the escapenent & speed control apparatus including a

bal ance with hairspring alternately repeating right-hand rotation and

| eft-hand rotation, an escape wheel and pinion rotated based on rotation of

the fronf,train | _an allet fork far controlling rotation of the
escape m%é@ﬁséeﬁlgg?'&?%ageﬁa%n Dag ?F‘Qﬁe k| bﬁ?ﬁ“@gnﬁdt 3hi F2%ri ng and
t he bal ance,.wi th hajrspring includin hai rspring,. a_bal apce stem and a
bal ance WREBAN1SA #%‘P% EH)%L%J(?%% %gﬁ%& Prd fe¥hWhids MRIPEALNIRDI ece
according to the invention is characterized in including: ( a ) a stage of
assenbl i A§AEReCkoFRRRPNBENLhe I ERREWARS ?QﬁéetPﬁeﬁh%cgélébyeaWéFEQe of
measuring rates with regard to a plurality 9 of "vertical attitudes" in a
stat e i nNARLERTIRE @k $hebildkenshendihe rater iampasuned ver Mheal' ratel' t ude";
(c) a stage of calculating the nagnitude and the direction of an attitude
di fferendé designatedebyomnoxatdom H.of neasuring the rates in the stage
(b); (-d) a stage of calculating a weight anmount to be added to the

‘bal ance wheel Boraexampghbe, anbtinugio ive ar eonvedtionailtihepbesantat wheel and
calculating a position of the bal ance wheel to be added with the wei ght

anount. omethahédcadnoyses tdimepiecss ghenanpwihg dregks ofna dalegidd woth
cal culating the nmagnitude and the direction of the attitude difference

vector i hatirepstiagef4tls W ange ol Sh&Ye 200 &Cﬁ(iid@tpa4beﬂ§tji'éésf he
wei ght anmount to or fromthe bal ance wheel based on a result of calculating

the wei gtheanmetarnttarsowsidedteo idicaBahanae vheehgR' o Os88oh88Pa & from
t he bal ance wheel and cal culating the position of ?he bal ance wheel to be

ggggg \(M;jg(gatihe_n\geéﬂmbm@ntn%uaﬁ DRI Pl ddPe, W e hd By hgi N the
angle of the balance with hairspring is about 170 degrees, the
instantaneous rate becomes about -20 seconds/day (losing of
about 20 seconds per day).

Generally, according to the conventional mechanical type
timepiece, with elapse of a duration time period by rewinding
the mainspring from a- fully wound state, the mainspring torque
is reduced, the swing angle of the balance with hairspring is
also reduced and accordingly, the instantaneous rate is
retarded. Therefore, according to the conventional
mechanical type timepiece, by estimating a delay of the
timepiece after the duration time period has elapsed for 24

~ hours, the instantaneous rate when the main spring is brought
into the fully_woﬁnd state, is previously increased, and is
previously adjusted such thét'the "rate" indicating gaining

of the timepiece or losing of the timepiece per day becomes



According to the rate adjusting nethod of a nechanical type tinepiece of
the invention, it is preferable that the rates are neasured in the stage (
b ) with respect to the four "vertical attitudes"” of "attitude of 12

o' cl ock upper"”, "attitude of 3 o' clock upper” , "attitude of 6 0" clock
upper' , and "attitude of 9 o' clock upper”. By using the nmethod of the
invention, the rate of the 10 mechani cal type tinepiece can sinply be
adj usted wi thout renoving the balance with hairspring fromthe novenent of
t he nechanical, type tinmepiece. Further, by using the nethod of the
inventioﬁ?sﬁﬁévﬁate of the nechanical type timepiece can accurately be
adjusted in a short period of tinme and with extrenely high accuracy.

Furt her, accor §fngd Rechapical ctypputinapiagencdher aSswRhagi @ 5tatPe

ti mepi ece of the invention, it is preferable that the stage ( d ) includes
a stage of attaching mgdiad,weflpt abtvitnde'b ibewhickedheodind betemes wheel
and. cal cul ating the position of the bal ance wheel to be added with the

wei ght ahouidzob&sddand tvertiscal tatfitaedetliat whichhtheadihal udecemest he
direction of the attitude difference vector at the stage (c), and the.
stage (eyertdicadeare defdaedl. attaching the weight anpbunt on a surface of
t he bal ance wheel by using an ink jet projecting apparatus based on the
result of cal crhatheg,t hecorddhly amwWie inediarmidiad typd heihep dsce, Wwheel
and cal cul ating the position of the bal ance wheel to be added with the

wei ght agmentthe dtrsbtdadhidd with! Bhe eyl Y aesuied, N8 dfkete€ion

proj ecting apparatus, the weight anount can accurately be attached to the
surface @firebeel2lr2Bme tHeeVentier® ' YHe Rfddith XHal ¢ Endiifedd thoexgremely .
hi gh accuracy. Further, according to the rate adjusting nmethod of a
mechani cgh ch ¥R §hAERLEES ekf Ehel HEWENEEOResblrbd E&eégraf’ﬁeolé%ocﬁhat the

stage (d) includes a stage of calculating the weight anount to be renoved

fromthe e whe : 0S§4.) b c I renmoved
of the vv(ei?'ght@&g'%uﬁt %bagg egﬁg?ﬁe%r%%%@%f Egg cﬁ%%’?iﬁﬁ%%g n%f;n?{?ﬁde and
the neth . att | e Ve j Il . .,qand the
stage (efchenidar thbblEmbloEL 06T ikiUoN ndiBRENTEE Eh8 diad T Gnce
wheel by .usj S m,Lt L arat us, based on.the result_ of

ol oul at - PRePre ot oot "SRR B et o A Rk R s BR e rReEP Y ang

cal cul ating_t osition of . the bal ance eel .to be remved o he, wei ght
crount 1 (PR BeRERRTeS oS they RedRaPien) Tee i st R Bop et o
appar at us, .t.he wei ght anount. can accurately be renoved fromthe, bal ance
whoal 1 n LodinaerT AR A AL 18 BRECAFER E3a0NE 9 HLGRRLLEPAEISR N ther
according to the rate adjusting nethod of the nechanical type tinepiece of
the i nve%f\ﬂoﬁ,d%rteqtsl%%iée%ﬁa f40R thee,RtR Of the mechaidcalat¥Pege of
cal cul ating the magnitude and the direction of the attitude difference
vect or w‘ttlﬂlenpé@ﬁ@cgqa Q'pleck indigptex A BREI diadf ienhEebgrERdetqit h

hai rspring. By using the rate adj usting method including such a stage, the
magni t ud@8and eneleckedirestdon'hd rafien te Fdidf dfdnce vector can

accurately be cal cul ated. R]Bri ef Description of the Drawi ngs] 12
, Further, in the mechanical type timepiece, when assuming

a state in which the dial is attached and the dial becomes
vertical, an attitude in which the 12 o'clock indicator of the
dial is disposed on an upper side is referred to as "attitude
of 12 o'clock upper”, an attitude in which 3 o'clock indicator
of the dial is disposed on the upper side is referred to as
"attitude of 3 o'clock upper", an attitude in which 6 o'clock

indicator of the dial is disposed on the upper side is referred



Fig. 1 is a plane view showing an outline shape of a front side of a
novenment adjusted with a rate by using a rate adjusting nethod of a
mechani cal type tinepiece according to the invention in a first enbodi nent
of a rate adjusting nmethod of a nechanical type tinmepiece according to the
invention ( in Fig. one portions of parts are omtted and bridge nenbers
are designated by imaginary lines). Fig. 2 is a plane view of enlarged
portions showi ng portions of a bal ance bridge and a bal ance wheel of a
novenent in a novenent adjusted with a rate by using the rate adjusting
met hod ofPadfecAhhitdfet9heb 19 RlNUe ARRIIOT (ﬁ"r‘i’gatnoagﬁétpﬁﬁeh{li BRLFR the
first enbodi nent of the rate adjusting method of a mechanical type

ti mepi ec@ acedpraknindicater of, dhe ddalrig. dspesed surthenupperedide t he
enl arged portions showi ng the portions of the balance bridge and the

bal ance Wwaesefefrrede topasneat tadjuds ef i tdt alleek atppery’ usi ng the adj usting
nmet hod of a nechanical tinmepiece according to the invention by using the
met hod of adj uFurthetrheitatlis khowheinethenineahatypalt typei efeepteocedi ng to
the invention in the first enbodi nent of the rate adjusting nmethod of a

nmechani cghatymeasupefli esPués ¥ @heg"ratehedi freRtwth deghrdt tiosfaupl ane
vi ew of the enlarged portions showi ng the portions of the bal ance bridge

and the hatarudeshot! thel e iadidsbifng2tdecIiGér uppdre aktl te@ieodienent of
the rate adjusting nethod of a nmechanical type timnmepiece according to the

13 invengtenocki @p%ériﬁ QSRR JE ¥ SVe Dbkt hpger-angad-Recit@ge show ng
the portions of the balance bridge and the bal ance wheel before adjusting

the rategifnot §eci beRlusHdrd e tded i, fﬁ&ﬂ%ﬂd@s%nehg%agﬂaﬁica

mechani cal type tinepi'ece according to the invention. Fig. IS a ?’I owchart

he'’ 19, B4l Bensh pace iy TEARAS A natllsellpich kbl €9 bedyinn of
inventiogftitudes and the rate of the mechanical type timepiece is
adjusted such that the respective measured values of the "rate"
satisfy a predetermined standard.
‘In. the following explanation, the "rate when the
mechanical type timepiece is disposed in the attitude of 12
o'clock upper" is referred to as "12 upper rate", the "rate
when the mechanical type timepiece is disposed in the attitude
of 3 o'clock upper" is referred to as "3 upper rate", the "rate
when the mechanical type timepiece is disposed in the attitude
of 6 o'clock upper" is referred to as "6 upper rate" and the
"rate when the mechanical type timepiece is disposed in the
attitude of 9 o'clock upper" is referred to as "9 upper rate".
Further, the "12 upper rate" is designated by notation
Htw, the "3 hpper rate" is designated by notation Hth, the "6
upper rate" is designated by notation Hsi and the "9 upper rate"

is designated by notation Hni.



Fig. 7 is a flowhart showi ng details of steps of adjusting a rate in the
enbodi nent of the rate adjusting nethod of a nmechanical type tinepiece
according to the invention. Fig. 8 is a diagram show ng the principle of
the steps of adjusting the rate in the enbodi nent of the rate adjusting

met hod of a nmechanical type tinmepiece according to the invention. Fig. 9 is
a graph showi ng an outline rel ationship between a swing angle of a bal ance
with hairspring and rates in four attitudes before adjusting the rates in a
mechani cal type tinmepiece a rate of which is'to be adjusted by using the
rate adj usti ngCﬂﬁVﬁaglenaélﬁechhmi cadiusping i dds edateccofdi sacho ahe
invention. Fig. 10 is a graph showi ng an outline relationship between a
swi ng angeehanigapatipectimepieaes sphengakanceavith lMairsprinarlb4®it udes
in a nechanical type tinepiece the rate of which has been adjusted by using
t he rat eiadjeraved byawdrorth bbperatibant e theprovemept ¢machinerlobdy) t o t he
invention. Fig. Il is a graph show ng a detailed relationship between the
swi ng anpleodsf tthe methanical ttygaitimepiegecawiitheasbeeni asddmbiedr
attitudes in the nmechanical type tinepiece the rate of which has been

adj ust edohgeysianpditdomitct athieishagnset RRdedfl ig REhITL Py tiPeudl mepi ece
according to the invention. ' Fig. 12 is a plane view show ng an outline

shape of opetaeibnShda eheabapaﬁas]p&ifeﬁehaﬁspein ithohgs desompribysted by

using the rate adjusting nethod of a mechanical Type tinepiece according to

the i nveaf,iasm it Re SRAAMENRTIRAE WERE b%fdyhhf'léé‘l e ﬂﬂalz%fﬁdf& EHE?SJY\?\L a

mechani cal type tinepiece according to e I nvention In Flg.

porti O“Stﬁlf;i gﬁ&%giérﬁeﬁgpkéﬁdiﬁ‘“éhérﬁ\gg mgﬁﬁb?ﬁécﬁiﬁeiﬂgﬁgﬁ £lofYof TRy nary

lines ) . I's a plane view of arged ' portions s ng portions of

oo ERR RAOEaRat e ELe U THABREr RoBofBIBThob 121 o
e R T T TR e
accordingakg tES iﬂgg@ﬁ{g@' in the movement (machine body) 1100
reassembled with the balance with hairspring 1140.
Therefore, according to the conventional methbd of
adjusting the rate of the mechanical type timepiece, operation
of diséssembling and assembling the balance with hairsprings
, 1140 is complicéted, operation of measuring the rate is also
éomplicated and there poses a problem in which enormous time
and labor jis taken in adjusting the rate.
Furthermore, according to the conventional method of
“adjusting the rate of the mechanical type timepiece, there is
included a step of cutting a portion of the balance wheel by
manual operation and therefore, it is difficult to adjust the
rate with high accuracy.

Hence, it is anobject of the invention to provide a method

capable of adjusting a rate of a mechanical type timepiece




Fig. 14 is a sectional view of the enlarged portions show ng the portions
of the bal ance bridge and the bal ance wheel 15 of the novenent the rate
of which has been adjusted by using the rate adjusting nethod of a
mechani cal type tinmepiece according to the invention in the second

enbodi nent of the rate adjusting nethod of a nechanical type tinepiece
according to the invention. Fig. 15 is a sectional view of the enl arged
portions showi ng the portions of the bal ance bridge and the bal ance wheel
before adjusting the rate in the second enbodi nent of the rate adjusting
met hod oWishasthzxemeaingy ge bailansiee i tde dvr i spr ing tfron ravonevementi g: 16
Is a plane view showing an outline shape of a front side of a novenent of a

convent i ¢mathimehbodysdl offythet meshiandeal ityde ¢infehigoert i ons of parts are
omtted and bridge nenbers are indicated by imaginary lines). Fig. 17 is an

outline sectiomalis/aeinrdhey olgjédie ofosisertnvent ioheccppoenlieameétiedhani cal
type tinepiece (in Fig. 17, portions of parts are omtted). [Best Mde for

Car ryi ngcaphbllBeo £ @i ©g AN raxel 802 insehdnicae tgip\éee_iﬁ\éF&ebleom of a
node of carrying out a rate adjusting nethod of a mechanical type tinepiece
accordi ng kfokle peieel o3 tite’ @ $1%h (ktittely high accuracy.
[Disclosure of the Invention]
The present invention is a rate adjusting method of a
mechanical type timepiece comprising a movement constituted
- to include a mainspring constituting a power source of the
mechanical type timepiece, a front train wheel rotated by a
rotational force in rewinding the mainspring and an escapement
&speedcontrolapparatusforcontrollingrotathniofthefront
train wheel, the escapement & speed control apparatus including -
a balance with hairspring alternately repeating right-hand
rotation and left-hand rotation, an escape wheel and pinion
rotated based on rotation of the front train wheel and a pallet
forkforcontrollingrotationoftheescapewheel&;ﬁnionbased
on operation of the balance with hairspring and the balance
with hairspring including a hairspring, a balance stem and a
- balance wheel. |
The rate adjusting method of a mechanical type timepiece
according to the invention is characterized in including:
(a) a stage of assembling the movement of the mechanical
type timepiece;

(b) a stage of measuring rates with regard to a plurality




drawings. (1) First enbodinent In reference to Fig. 1 through Fig. 3,
according to a 16 first enbodi nent of a rate adjusting nethod of a
mechani cal type tinepiece according to the invention, firstly, a novenent
(machi ne body) 100 of a mechanical type tinepiece is assenbl ed. The
novenent 100 of the nechanical type tinepiece includes a main plate 102
constituting a base plate of the novenent. A winding stem 110 is rotatably
integrated to a winding stemguide hole 102a of the main plate 102. A dial
|04 ( shown by imaginary lines in Fig. 3 ) is attached to the novenent 100
after adpfist'vegtdcadt atiyitusles)' tim aastatdj ust iwigialettiel assemeledchani cal
type tinmepi ece according to the invention. The dial 104 is provided wth,
for exanpbeem@ftlis alraangeddiimat'ererticdll dtdcktudelicator, 6 0 ~ cl ock

i ndicator and 9 o' clock indicator (none of the indicators is illustrated).
The winding steg)lld istageovodedtalidulat igylathepaidgwitwdel angui tkeshaft
portion. A clutch wheel (not illustrated) Iis integrated to the square

portion gfirebeienndifngnsieriddde diEfétendd vdelr ibasdiddvndadrasiita
rotational axis line the sane as the rotational axis |line of the w nding

stem 110ofThahsuting'@hd WatleaieeltHes SHayd dash M th a square hole and is
provided to rotate based on rotation of the winding stem 110 by f fitting

wheel e provi 680 % PRBEGT SRR FEuR 4 VAN AT R0 e o

%‘gt EorBt }tgr‘xigé BdPakdd b8 a RICHIHE R B8 S8V iowda ERBm™RHE™N! -

balance wheel and calculating a position of the balance wheel

- to be added with the weight amount or to be removed of the weight
amount based on a result of calculating the magnitude and the
direction of the attitude difference vector in the stage (c¢);
and

(e) a stage of adding or removing the weight amount to
or from the balance wheel based on a result of calculating the
weight amount to be added to the balance wheel or to be removed
from the balance wheel and calculating the position of the
balance wheel to be added with the weight amount or to be removed
of the weight amount in the stage (d).

According to the rate adjusting method of a mechanical
type timepiece of the invention, it is preferable that the rates
are measured in the stage (b) with respect to the four "vertical
attitudes" of "attitude of 12 o'clock upper", "attitude of 3
o'clock upper", "attitude of 6 o'clock upper”, and "attitude
of 9 o'clock upper". |

By using the method of the invention, the rate of the

10



provided to an end portion of the clutch wheel proximate to an outer side
of . the novenent. The novenent 100 is integrated with a swtch apparatus
for determining a position of the winding stem 110 in the axis |ine
direction. The switch apparatus includes a setting | ever 132, a yoke 134, a
yoke spring 136 and a setting |ever junper 136. The position of the w nding
stem 110 in the rotational axis line is determ ned based on rotation of the
setting |lever 132. A position of the clutch wheel in the rotational axis
line is determ ned based on rotation of the yoke 134. Based on rotation of
t he settMgghpatealidype heipegriegss cag poplynbe adiueresbsvithedtin a
rotational direction. Awnding pinion 112 is rotatably integrated to the
gui de shxemopdng bhedfalimceiwidimpadrepring. fyvomrthéamaoviemtimgoftehe 110 is
rotated in a state in which the winding stem 1l 0 is disposed at a first

wi ndi ng seehapdsiali aype ®-imepdisags ) nostly proximate to the inner side of
t he novenent 100 along the rotational axis line direction, the w nding
pinion 112 is saptheryt by iPingttaiemethodobattwe iafvdrieiond uthle naeel . A
crown wheel 114 is integrated to rotate by rotation of the w nding pinion

112. A ratechae mwBefhnibfli sypet edimapedckocht aEeubytedyabkoadghstég crown
wheel 114: The novenent 100 1s provided with a main spring (not

illustratigdy gpBke pe¢iod 8rbeimgl aR@WiehCetlPemeld ROYRI adCHEESy . The
mai nspring is fabricCated by an elastic material 18 havi ng spring

per formance su ge] T it . : DAl i ap be
wound up by ro?gfﬁﬁgk?h%nfg%§h2¥Faﬁig?k%f%gx%nggﬁé€€l§§é@?9%?g?%?oﬁ 124 is

i nt t : t ks t l.et e 1 P Ld wheel
e pi i ontirsoanited Exps, EhBp1aBe b e MSte SR T BPpzbehblky Woe
& pi ni A h I iNi is int based

S PL on ek pu AEKGH AT Sl ho8 408 4 SUSEALHY B hpfeTSEY o
i nt ated t t b tati ft t.h . RI_N| 128
mhe. “bar o S0be 33354 12 EBH brTAnge “BesinpBR s5icutaliRe Flunee o
theel . TREEHbIERE ShsobRLAnREepaticto Hr Addnd e bheTSig e BoateBnt o

& Spcod DaREFbIOTpBAP A B8 HhcI iden LOBLREHEE Rhen TRATHAH A9 0t hepoat  ng.
torotate ,in the right-hand direction and in the left-hand direction at a
const ant §3&Ecidon RE BRe et ifide dd Lfienence ¥ectorapEtRSIRISH (Fdrati on of
the front train wheel and a pallet fork 142 for controlling rotation of the

escape Wi t@eishage 100 bkrekudes rotstadn of ahbaghindcEhe weightrspring

140.
amount on a surface of the balance wheel by using an ink jet

projecting apparatus based on the result of calculating the
weight amount to be added to the balance wheel and calculating
the position of the balance wheel to be added with the weight
amount in the stage (d).

In this way, by using the ink jet projecting apparatus,
the weight amount can accurately be attached to the surface
of the balance wheel in a short period of time and with extremely
high accuracy.

Further, according to the rate adjusting method of a

mechanical type timepiece of the invention, it is preferable

11




The bal ance with hairspring 140 includes a bal ance stem 140a, a bal ance
wheel 140b and a hairspring 140c. There are provided four bal ance arm
portions 140f (referred to as 19 "am da" ) for connecting the bal ance
stem 140a and t he bal ance wheel 140b. The nunber of the bal ance arm
portions 140f may be 2, 3 or 4 or nore. The hairspring 140c is fabricated
by an elastic material having spring performance such as "elinvar" or the
|ike. That is, the hairspring 140c is fabricated by an elastically
conductive netal material. Based on rotation of the center wheel & pinion
124, an kbat pheivkagqedd) ingdudgsed)stageioflcadeadadiipg shetwaight ni nut e
hand (not illustrated) attached to the hour pinion is constituted to

di spl ay ‘ampnnteto Hderémavedifiram tile padwinded whieell andl thenpesidbiem havi ng
a predetermned slip torque relative to the center wheel & pinion 1Z4. A
m nut e woéethérimdlandestheskedo be remaved dfiddre weighitaamonnaf basedhour
pi ni on. An hour wheel (not illustrated) is rotated based on rotation of the
m nut e waaetheApeSaQlt dsnﬁrwhidwlatixh%%tr@hm@niaﬁcwmm thet hethodropheel is
constituted to display "hour”. The barrel conplete 120 is supported by the

mai n pl atpeldet ppalde diffatertd deRtbR0inaimd aklayel ey Etéhd thieeseggéer wheel
& pinion 124, the third wheel & pinion 126, the fourth wheel & pinion 128

~and the gggapgacHiges & Qitab%n0¥39eﬁ\66'lﬁgpﬁﬁét @digm—_t AfolRLN£Pba! €nd02 and a
LraLRemhegl brlgge 162 rotatably therﬁt . The pallet fork 142 is suppo;hgd
Eé: ance nga'?' ﬁB}I?%i ‘rﬁtsl%%% nkgp %f gnr@jg«l:\ S%sp% te glg%lg 3]'/" %t%"héﬁérg% %P{BF ak% '2&51% %ﬁaﬁﬁg a
. . . . 66 .
bal ance ey RaE IO A1 A9 Pe Bhe! Ghlind 1S BLrerliba o bnpDer
beari ng 398 LG L P IECLALANCE; NEURNBLE $PYLAG PLRAYE 11G6.d ghakad! v

t hereto. al ance upper Deari ng es a ance upper hol e | ewnel
and a bal.ance upper [ j ewel. .The bal ance er_hole jewel and the

bal ance J’Spg’re 5%?"(?33% gﬁﬁ:ﬂaer é"%’a%}ti AR a{'bf'tbléﬂf)%s%tfaa?? n{f?hm erial of ruby
or the Ilike. Tge ggLn ﬁlate 102 i.s p%gvi ed with a bﬁLance measuring w ndow
portion 102h fdPf M2dSuNAYy P& B5iBFatNEpLREEY oRTBPCCKdNFaPBRALALPRY porti on
140f of the baLaBpe w th hairsgr%&g 140. The balance,arn1porti8n 140f is
rotated (& MEIENScaMAENEAFARCRCFRER LRI PRLFRRY S5 LTh theohalanrEwer
nortise 140a2 of the bal ance stem 140a js rotatahly supported by a_ bal ance

| oner bedMiafd 1BPbaf ishaFt ocPeREodanrf iine angd. W‘IIF%I Hexeremel vwBiIBear i ng

102b includes a bal ance | ower hole jewel and a bal ance | ower bridge jewel.
The bal a®&EUr@#r- hol e jewel and the bal ance | ower bridge jewel are
fabricated by an insulating material of ruby or the Iike. The hairspring
140c is a thinFurdherspacegrding kel thal rate@dinsyingmethod of &hgl ur al
turn nunber. An inner end portion of the hairspring 140c is fixed to a
hai r spri medhsinderall zgepef timeptiecehefbbhanoventeion 0t disdpaeferableend
portion of the hairspring 140c is fixed by a screw via a hairspring support

that the stage (c¢) includes a stage of calculating the magnitude

and the direction of the attitude difference vector with

respect to a plurality of swing angles of the balance with

hairspring.

By using the rate adjustingmethod including such a stage,
the magnitude and the direction of the attitude difference

vector can accurately be calculated.

[Brief Description of the Drawings]
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21 166b attached to a stud support 166a rotatably fixed to the bal ance
bridge 166. The bal ance with hairspring 166 is fabricated by a netallic

el ectricity conductive nmaterial of brass or thelike. The stud support 166a
is fabricated by a nmetallic electricity conductive material of iron or the
like. Aregulator 166¢c is rotatably attached to the bal ance with hairspring
bridge 166. The hairspring 140c is elongated and contracted in the radius
direction of the hairspring 140c in accordance with a rotational angle
rotated by the balance with hairspring 140. For exanple, in a state shown
in Fig. 3, whehighd balapdanei view shiondnman ontldme shaps aha trertkwi se
direction, the hairspring 140c is contracted in a direction directed to the
center ofidh®ibamavenenitt ad flras tegmiirith 4 4@ tznbly us ingm rase adjusting when t he
bal ance with hairspring 140 is rotated in the countercl ockw se direction,

t he hai rmpthod bicai mectpanileal i typedi timéphaceeradepfding t e celnder of
the balance with hairspring 140. (2) Steps of rate adjusting method of

nmechani cahveypeohi iRl €desacembedifen® dbhe iratRNhdgashaxy maghedpsanati on
will be given of steps of a rate adjusting nethod of a mechanical type

timepi ecq el il t9pkReindpyPdié @Bcolrddngltd thet imﬂ@n’@ioﬁ qtleh iy usting
nmet hod of nechani cal type 22 ti mepiece An explanation wll be given as

fol l ows gheapotilonae o ﬁafﬁéed%$‘5ﬁlﬁﬁhdmﬁﬂ@deEd@emﬁéﬁHBféﬂafdpe
ti mepi ece. According to a rate adj usting nethod of a“nmechanical type
designated by imaginary llnes)

Fig. 2 is a plane view of enlarged portions showing
portions of a balance bridge and a balance wheel of a movement
in a movement adjusted with a rate by qsing the rate adjusting
method of a mechanical type timepiece according to the
invention in the first embodiment of the rate adjusting method.
.0of a mechanical typé timepiece according to the invéntion.

Fig. 3 is a sectional view of the enlarged portions
showing the portions of the balance bridge and the balance wheel
of the movement adjusted with the rate by using the-adjusting
method of a mechanical timepiece according to the invention
by using the method of adjusting the rate of the mechanical
type timepiece according to the invention in the first.
embodiment of the rate adjusting method of a mechanical type
timepiece according to the invention.

Fig. 4 is a plane view of the enlarged portions showing
the portions of the balance bridge and the balance wheel before

adjusting the rate in the first embodiment of the rate adjusting

method of a mechanical type timepiece according to the

13




ti mepiece of the invention, in reference to Fig. 6, firstly, the novenent
100 of the mechanical type tinepiece is~assenbled. As nentioned above,
according to the novenent 100, the barrel conplete 110, the crown wheel

| 14, the winding pinion 112, the ratchet wheel 116, the crown wheel 114,
the switch apparatus, the front train wheel, the escapenent & speed contro
appar atus, the hour pinion, the mnute wheel, the hour wheel and so on are
respectively operably integrated to the base plate 102 or the bridge
menbers 160, 162 and 166. As nentioned above, the escapenent & speed
control appentias.incl udesthe bal ance with hairspringl40 alternately
repeati ng cl ockw se rotation and countercl ockw se rotation, the escape
wheel & pinionFig0 botist &d sesteibmal rviewi offi dhet lemlfaryed tpertnioweel and
the pallet fork 142 for controlling rotation of the escape wheel & pinion
130 baseghowingttdid poroiohs® hehebed anddbhdgé pndighd Halahke weeéence with
hai rspring 140 i ncludes the bal ance stem 140a, the bal ance. wheel 140b and

the hairppkore d49¢stNeFithd hatertia thel FErde ErbyGalerty 8E theepaese is
measured by neasuring states of operation of the balance with hairspring

140 in aaH?UE%EhEYmQEhéatéf U g diarf Ak gp'entméglieaé actBeagagesd! ed

novenment arranged 1n "vertical attitud Meastrenent of the“rate is

carried rd to, for exanple four attitudes of "attitude of 12

o' clockeH%pgbngEig?tltude of 3 o' clock upper”, "attitude of 6 o'clock

upper" and "at ud 9 u F “aHwi s
F#, € A 2% %R%t ?RS&ng SMLNEe fe%%]?’?ﬁée g@ﬁ%

neasured by se the recRaRI Al neplece £

it %"%?euéﬁgtgt’f?&aet%%f%%l“ ST A09 R
Teasur eCuly5 (P9 . GoERRRTAF I ARIERLEE" AR LIS T o0, ol

timepiece to attitude of 9 o' clock upper. Such neasurenent of rate nay be
carried SOVER %ﬂﬁnregard to a plurality of "vertical attitudes" of two or
nore. The neasurenent of rate nay be carried out in attitudes other than
"attitude of 1¥i@- cf otR @pp@‘ew hagt | shoydngr detpilg ofk FhRRs ‘?.f
"attitude of 6 0" clock upper” and "attitude of 9 0" clock upper” |,

exanpl e, adjusitinge gate s Ghepmppgdpent qf F?‘?u‘é%t%ﬁdzuﬁt&%ﬂeﬁbﬁér "
"attitude of 4 o' clock upper", "attitude of 5 0" clock upper" |, "attltude

of 7 0 @Ifo@k“\?@@@ﬂlcal"é'—mec FdameFrieg e @Qﬂﬁdu\rﬂpéﬁo theytinvenfelast- 10
o' cl ock upper"”, "attitude of 11 o'clock upper" and so on. That is,

measur ement of Figt e8ni§ dedirgrardchawing t’Urher ®yding ipd ea of| thel stypaf
attitudes in the above-described 12 24 "verti cal attltudesf Next, when
it i s neodsedriystingathe maite nodihyi egbédbmenttaobHreha u:atueeaggustmgt he
bal ance wheel froma result of neasurenent of the. rate, magnitude and
di rect i omedthcah aft ia unlechahfieag@nceypecttimepieceal actardiingadsd bthet he
result of neasurenent of the rate.

invention.

Fig. 9 is a graph showing an outline relationship between

a swing angle of a balance with hairspring and rates in four

attitudes before adjusting the rates in a mechanical type

timepiece a rate of which is to be adjusted by using the rate

adjusting method of a mechanical type timepiece according to

the invention.

Fig. 10 is a graph showing an outline relationship

between a swing angle of a balance with hairspring and rates
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Next, based on a result of calculating the magnitude and the direction of
the attitude difference vector, a weight amount to be added to the bal ance
wheel or a weight amobunt to be renoved fromthe bal ance wheel is calcul ated
and a position of the balance wheel to be added with the weight amount or a
posi tion of the bal ance wheel to be renoved of the weight anmount is

cal cul ated. Next, based on the calculation result produced by cal cul ating

t he wei ght anount to be added to the bal ance wheel or the weight anmount to
be renoved fromthe bal ance wheel and the position of the bal ance wheel to
be addediwni fhurhatibtydies aimunmeshariacgbdiyheot ineptieeebthencatenetl to be
renoved of the weight anmount, there is carried out nodifying fabrication
such t hawhiich hesdieemmnljustiesl bydading the tmtleadgustdmlg methbd a€i ght
anount is renoved fromthe bal ance wheel. Wien it is not necessary to carry

out the eogiethiandchabitiypet tdmepildtd exieaidiny e thad disendtiest. from t he
measurenent result of the rate, the novenent is finished in the state. 25

As a nodified exgnplia, 86 ahgMapl sHowiRgi Baldeddined Nr&El8tiénsRiper
carrying out the nodifying fabrication wiith respect to the bal ance wheel,

the ratepehwcld tRENANTRhNGYRSoF IHTRP HRAANERY wPeh TREM L AP dind 8RE i}] may

be conffirnmed whether the nodifying fabrication i's further needed Wt

respest LA shak AECeo oAl 1 @Rle AN US1TRHonh BTGy BEOL Engh BBLanCe

with hairspring An e anation e glven as cont ent

e 1o B 2L QAR ot EATEELATIF s U IRR RA5q g 00 1
R TR S L R s
bal ance v]x_/intvrén a}_iorns.pri ng is adjusted in a st_ate in which the novenent
| _Fig. 12 is a plane view showing an outline shape of a
front side of a movement the rate of which has been adjusted
by using the rate adjusting method of a mechanical type
timepiece according to the invenvtion in a second embodiment
of the rate adjusting method of a mechanical type timepiece
according to the invention (in Fig. ltwo portions of parts are
omitted and bridge members are indicated by imaginary lines).
Fig. 13 is a plane view of enlarged portions showing
portions of a balance bridge and a balance wheel of a movement
in a movement the rate of which has been adjusted by using the
rate adjusting method of a mechanical type timepiece according
to the invention in the second embodiment of the rate adjusting
method of a mechanical type timepiece according to the
invention.

Fig. 14 is a sectional view of the enlarged portions

showing the portions of the balance bridge and the balance wheel
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of the mechanical type tinepiece is arranged in "flat attitude" (stage Sl).
Adj ust mnent of the swi ng angle of the balance with hairspring can be carried
out by bringing a gear provided outside of the novenent in nmesh with the
rat chet wheel, w nding up the mainspring and neasuring the turn nunber of
the mai nspring. 26 O, the adjustnent of the swing angle of the bal ance
with hairspring can be carried out by nmeasuring operation of the bal ance
with hairspring while wi nding up the nmainspring by using an apparatus of
measuring operation of a balance with hairspring, nentioned later. In

r ef er enceft bhejmovement | th@tratr afe whieh hagr bergeadivstedaby aaeinge

bal ance arm portion 140f. A Li.ght receiving portion 152 is provided for
recei vi nghei giateofadjustiing i mgthhd lnfi ancmeghanponli dypes0f imgpéeeeore, the
bal ance arm portion 140f is operated between the |ight source 150 and the

| i ght reaecorddngotd ithre ifCentthen irhthba ecwed emboddmentofi4bie ratdi sposed
between the |ight source 150 and the |ight receiving portion 152, |ight

i rradi at adjogttihg heghbdsefrs mebanicdl as#rd thyneplieckabhaseedang gorti on
140f and is not incident on the light receiving portion 152. In contrast

t her et 0, tpBeRnteathadnance arm portion 140f is not present between the |ight
source 150 and the light receiving portion 152, the |ight irradiated by the
l'ight source 1§QgL515n9bd%ﬂ%éE%ﬂdH%ﬂ'&HEWré%*%h@r@hi&%éé&“?éEEioKQe l'i ght
receiving portion 152 is constituted by, tfor exanple, an optical fiber,

CCD, or aneiady ﬂﬂebg%.t'i'bh%;of‘“e&e'ﬂaqfﬁné&s%&&' a&m&hé%ﬂa%%élgﬂeemrnect ed

with a balance™w th™hairspring operation neasuring apparatus he

bal ance wj aj [k Lan. I P i {ded for
cal cul at PO e O R e b B et bt B e tr ng
operatio 7 or 1 401 .. I s i rspring
oper at i o%dﬁ&g&:&ﬁ*glgggggr g#{]&s%ﬁeﬂn él}lslépér]g\r}:llé’u%lttﬁ s g‘re (%' \%Bfg ﬁr\gll?‘gl g?i onship
bet ween gh er.i_od %L | ight incident on the light receiving portion 15Z and

the swin népg%ﬁzﬁﬂﬂé bal ance with hairspring. Therefore, cal cul ation of

th ' | g .of .bal ith hai y 140 1_b [ t b
using the pori Eddor 18 4t o RLRBENY 16H PROWLNGAR BUEIPRGShAPRI B P52, The

SW ng an%le of the bal ance with hairifrin in {he )
ront side of a movement of conventional mechanical type

timepiece (in Fig. 16, portions of parts are omitted and bridge
members are indicated by imaginary lines).

Fig. 17 is an outline sectional view showing the movement
of the conventional mechanical type timepiece (in Fig. 17,

portions of parts are omitted).

[Best Mode for Carrying out the Invention]

An explanation will be given as follows of a mode of
carrying out a rate adjusting method of a mechanical type
timepiece according to the invention in reference to the
drawings.

(1) First embodiment

In reference to Fig. 1 through Fig. 3, according to a
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state of arranging the novenent in "flat attitude"” set for calculating the
magni tude and the direction of the attitude difference vector, is
constituted by a plurality of angles. For exanple, the swing angle of the
bal ance with hairspring includes at |east 150 degrees and 250 degrees .

The swi ng angl e of the balance with hairspring may include other angle or
may include an angle o f 16 O degrees , 18 O degrees , 2 0 O degrees , 2 2
O degrees, 240 degrees or the like. (2~3) Measurenment of "rates" with
regard to four attitudes According to the nethod of the invention, before
measur i n§irekt embodimentuod ef rahe adjuvatliing metbodnofi 8 mevkanicakge S2 of
Fig. 7). Measurenent of "rates" is carried out wwth regard to four
attitudesypk tianepiede aafcard isigtodihalppeeht ioat,t £1oselpf a3m@@ementcl ock
upper”, '"attitude of 6 o'clock upper” and "attitude of 9 0" clock upper"”
in the siabehinebhody) 1100 af semddiean ivat e timepieogead assémpledcal
attitude" (stage S3 of Fig. 7). It is determ ned whether the stage of

neasuring "rat @he hwowernémgi N0t hef ashebheshanRyeaENtyipe ptﬁﬂ(ég%ébé _
determ ned all "vertical attitudes”, has been finished (stage of Fig. 7

) - \Wenihbeudeddd @faiGP g1t 14 é&?é&'i@&‘@ﬁs%oé baséep1ies Het theen
finished, the operation returns to the stage and neasurenent of "rates"

Is carri ﬁ@v\%\ﬁ%n@’. ap' @d'lgxid’l%gt ReeAsatP! & FOVLERT irgnngﬁﬁfﬁéﬁvéo" yertical

attitude”. n all the stadge of carrying out neas "rate" has

been fi ng&lﬁ?ﬁ_glgt getequlﬁtdeoq]oqreocl%%sgp %qﬁfﬂ \ﬁlﬂé‘gleoz% In reference

to Fig. e 1's shiown an exanple ares neasuring "rates" of

t he assenbl ed . . . W . Of £ SW gl e of

t he bal ance w gﬁdﬁﬁ??géx n%&ﬁ %%%ld‘ggltje%gn%g%ngéabgless,g%?‘gpga of
"attitude of,12 0' clock pet. is.changed from.about +87 seconds/day to
about -7 SeatBRAEPysheRt 1 UPEREpot T MROEERS o TR i shing SR AL N anged
from about, .+6Q .seconds/ day about . +15 seconds/day, "rate" of "attitude of
6 O ol 0B IR MG b R REEDABA R bR, MaPRAGCEoasRBrE by
seconds/ day, and, "rate! of "attitude of .9 o' clqck upper" is changed from
Sbout 6 LERBRYSEIoR: A TaLckEhdRiByovaRed Chths Lok STAREIE .
neasuring "rates” falls within the standard of rate of the nechanical type
ti mepi ecd2 Phelackiindiecatrr, 49 relesk dndiiGadqres 6ihelackhdnfdcatar
accordingly, it is determ ned that the rate adjustnent'is not necessary
(stage S@ngk B g.o'rlock | nindicatqie, (vpReatPbn bher afBdagpterFentsi s
finished. Wien such a result of neasuring "rates" exceeds the standard of
rate of tiHdusdatdiedlad type tinepiece, the attitude difference does not
satisfy the standard and accordingly, it is determned that rate adjustnent
is necessary affthe Wdngiadasitemn piodctedsreovided ookt ve sguage pertion ~ 4 )
Cal cul ation of total adjustnent anount and offset weight anount In

r ef er encand aFggide, shadét partian ush melnttaels whetedr rtinodd il dubératcedysary,

total adjustment weight and offset wei ght anount of the bal ance with
hai r spri nigg dn¢kegplatiddatted thet ageasé pbr€ign df .the winding stem 110.

The clutch wheel is provided with a rotational axis line the
same as the rotational axis line of the winding stem 110. That
is, the clutch wheel is prdvided with a square hole and is
pxovided to rotate based on rotation of the winding stem 110
by fitting the square hole to the squére portion of the winding
stem 110. The clutch wheel is provided with tooth A and tooth
B. The tooth A is provided at an end portion of the clutch

wheel proximate to the center of the movement. Tooth B is
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At this stage; firstly, the offset weight anount of the bal ance with

hai rspring is cal cul ated by using the neasurenent result of "rates" . A
value of the attitude difference vector UB when the swing angle of the

bal ance with hairspring is 150 degrees, is cal culated by using Equation
(1), as follows. UB= (Htw- Hsi)2 + (Hh - Hni)2 . . . Equat ion ( 1)
where UB: attitude difference vector, Hw rate of attitude 30 of 12 0
cl ock upper, Hth: rate of attitude of 3 0' clock upper, Hsi: rate of
attitude of 6 0' clock upper, Hni: rate of attitude of 9 o'clock upper.
Furt her, provitdedntohani enfl pgptionnepi the, chbohawheekl posxinateiom nunber
of the balance with hairspring in 24 hours is set, the value of the
attitudeadi bheeensddecoiforthdBmovemlamtn by Equation (2), as follows. nir® Kb
UH= | Equation (2) where UB: attitude difference vector, m offset weight

anount of the ppkaféereht 160 rEPrimbgratdPildoa skhitthaghpagatak to
bal ance wheel ( distance fromcenter of bal ance wheel ) , . total

osci | | at irgp H&FELRiAinga P tiidnho B KS RN id) s€&mNPY6 Sin theBRESL Of
inertia of bal ance wheéel. "Here, in the mechanical type tinepiece to be

measur Ed’lih,f!er%i’féé'@ién of i ﬁﬁmﬂti@a&ﬁﬁé ii?xc‘ifud]tef%‘(?a %?t‘%’l% r%‘?g@ir and the

position "r or attaching i to t nce whee rex radi us

of a m ddkg pQrii e dj i i of
bal ance dnge LoRE REL SRR Pt FhalLF A LAeAINTEVEE MEL ° .
timepi ec ob [ t otal. oscillatio urber . Kb | ance
with hai ‘rigtgr'i ngh%reﬁ‘?%bgganh‘gﬁéh‘% ?ﬂ%@i%&%ey gétrberr{% khe' r‘%%%gﬁg%gg by
usi ng Equat.ion.( 1 ) .and Equation 2 , .the offset. weight. ampunt _"m" of
'he bal addds Hherid ABBA=RIYER BReta o rpretich of the Pe tind ElbE Ce 1o
Fig. 8, tor_of 3. er ra IS iftep in the _abscissa.,in positive
di Pect| ol o 1 BrECRLFERE BF FhandlYEChovherlolhpbBP FOFECIenaR SELR on t he
absci ssa._i.n nigftive diirectjon (left direction). Further, vector of 12
upper r atldes 1 AetERMdRed Bagrdi PRt ECTAE ORI VheiNad& 134 - uBperd
direction ) and vector of 6 upper_rate is witten on_the ordinate in
negat i ve Of ¥ekat bon afothe SRttdNg bavyer et b8 okt Bbris RPE1HESNEHat ed by
dotted lines in Fig. 8). Next, vector of (_3 upper rate - 9 upper rate ) is.
witten &% tthie PesditdPnsain Bedidratefonall diggsioht e - 6 upper rate ) is
written on the ordinate (these two vectors are designated by bold.lines in
Fig. 8). The a®Atvindingipimgamti2igcrotatmbly inggaratrdtodihesguédeor
synt hesi zed with the vector of (3 upper rate - 9 upper rate ) and vector of
( 12 uppeshafit portdonppérthateinding is¢ent 1il0udeWien fehemiadiag stewB i s
designated by a very bold line in Fig. 8). Therefore, an angle DUB of the
attitude 1di0f fisy erodmtesttin dbbvatdr imgelmich oth@ewabhdingsatem $howasby
Equation (3), as follows.

disposed at a first winding stem position (0-th stage) mostly

proximate to the inner side of the movement 100 along the
rotational axis line direction, the winding pinion 112 is
constituted to rotateviarotationof theclutchwheel. Acrown
wheel 114 is integrated to rotate by rotation of the winding
pinion 112. A ratchet wheel 116 is integrated to rotate by
fotation of the crown wheel 114.

The movement 100 is provided with a main spring (not
illustrated) contained in a barrel complete 120 as a power

source. The mainspring is fabricated by an elastic material
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_ 1 Hw- Hsi tan Hh - Hni DUB= Equation (3) where DUH direction of
attitude difference vector (with 3 32 | 1 o' clock direction as
reference). As shown in Fig. 8, a direction of attaching ink to the bal ance-
wheel is designated by an angle in right-hand direction (clockw se
direction ) with 12 0' clock direction of the novenent of the nechani cal
type timepiece as a reference when an oscillation jewel enters a sword tip
of the pallet fork, that is, the balance with hairspring is brought into a
m ddl e state of rotation between |eft-hand direction and right-hand

di r ect i ohaving springper fiormaneesyehias whonh 1Tdt s corstiigashedthah ot her
vertical attitudes, vectors of the rates in the respective vertica

attit udesher maihbpstingt edni hedvoend i up dydiroraitdchgoy hiehea&thetudheednd a
vector synthesized with the vectors of the respective rates is cal cul ated,
t her eby, 1tifée attitude difference vector can be cal cul ated by a nethod
simlar to the above-described nethod. Further, when it is determ ned that

the rate adj uspmeBhtey WREEISH'YinibR 134 als qdiﬂea}xrmd P otatl bie
bal ance with hairspring is calculated: As shown in Fig. 9, the total

adj ust meRo W o£Cthk baerkal é‘BﬁFlé‘tEhl@@' [ SOHYEE AheRA, @abgﬁhahed based
on the data of a preparatory experinent by using "inclination

t " oqf f th
atos of Pour et her thag FRAats BaBbd P EptaRdof] %V%“@ggeﬁah“e Spring

allance wt airspring

S 150 0G5S 435eh 86 AV 208, ¥3hPEnOUnAE ¢ BLRToR1156%s TnkbbHdesa

to rotate based on rotation of the third wheel & pinion 126.
An escape wheel & pinion 130 is integrated to rotate based on
rotation of the fourth wheel & pinion 128. The barrel complete
120, the center wheel & pinion 124, the third wheel & pinion
126 and the fourth wheel & pinion 128 constitute a front train
wheel.
The movement 100 is integrated with an escapement & speed
control apparatus for controlling rotati#uxof the front train
- wheel. The escapement & speed control apparatus includes a
balance with hairspring 140 repeating to rotate in the
- right-hand direction and in the left-~hand direction at a
constant period( the escape wheel & pinion 130 rotated based
on rotation of the front train wheel and a pallet fork 142 for
controlling rotation of the escape wheel & pinion 130 based
on rotation of the balance with hairspring 140.
The balance with hairspring 140 includes a balance stem
140a, a balance wheel 140b and a hairspring 140c. There are

provided four balance arm portions 140f (referred to as
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33 whéen the swing angle of the balance with hairspring is 250 degrees.
Here, "segnent"” is defined by coordi nate val ues when a certain straight
line intersects with a reference axis line (for exanple, vertical axis line
Y axis). "Inclination” is defined by tangent of an angle of inclination
when the certain straight line intersects with a reference axis line (for
exanpl e, horizontal axis line X axis). For exanple, in the case of a
straight line y=ax+b, "a" designates "inclination" and "b"; designates
"segnment”. That is, the preparatory experinment is carried out wwth regard
to a sanphmidh"a kondanmecting d&he baflaoteasenHala alnd $pe babaptece t he
rate of which is to be adjusted and there is calculated a relationship
bet ween whekilnd40bn artte yagweed of thesbadiaghe hirmepprodonsdlbyfcmayect i ng
an average value of rates of four attitudes when the swing angle of the
bal ance et ,h3i bgpai 8¢ mdre]0 degrees and an average val ue of rates of
four attitudes when the sw ng angle of the balance with hairspring is 250

degrees, and tbRetiRd fksEei g 1R i 8 UEY i Qftdd Byl @168 tWid Rabarispri ng.

That is, generally, it is known by experinment in a nechanical type

timepi ecﬁaﬁz‘iﬁb SOELh ?Séﬁfortn{ﬁéé BRBheLE "@1?L|n%%"0<f>rrt‘9ﬁ@il‘kfe fo'k'fxaé‘t titudes

in various sw ng ang of balance wth hairspring ) 1s excellent when a

e 20 380 0 PRSI g SRS B SiSREpos 1

when an an rcu erenti a

rot ati on@ n%]%%tﬁgf o;nettlgei %%'t%’}ci% with hairspring as an or| gi nal point,
€

"w nd upa signates an angl’e in the circunferential direction to a
position vvherethe hai rs rod.i res nt wi,t h .a posi t.i on |chthe
hai rspring s PRAcd BB FREARAPPORF| e ittier Hidhy &8 siel l?hé“’%%re
using th incll.natlo and B qof the ra| I|nec cuI ed as
descri bega RPN PR \ﬁloltrdlé “&%@%@‘e@f) t"ﬁesﬁﬁﬁuii: s|l§ Elpé" L‘Next, in
t he mechanl cal i mepi |s cal cu ated a len th ,of, the
hai rspri fig %‘éﬁgt (PQE; hgf‘éﬁtﬁé esatha cfé?grté% h(?f“ ﬁ’é‘“\?moﬁdlﬁp angl e
of the hai rsprl ng (adjustment |ength). Next, there is calcul ated
di ff er en&OTEY BRI EARIRYE) Hauksr t FBe RORE tPH?lcf‘hé-snEFPnglFﬁg
(adj ust nent | engt h) and actual |ength of the hai rsprle&ig i n the nechani cal
type ti mdditdcea (aéinamechagism hawing ¢ fepede eHLEP gEPrdrence
(difference of nonment of inertia) of the balance with hairspring in
cor r espoeddd e tte thhe giemtaendies)t § aipien Iyt h difference). Further,
by using the difference of noment of inertia, the: total adjustnent anount
of the bal anceAnimimuts mdyeelng nen bl st vated pdis Thetatedebagedopdi ng to
the nethod, previously, it is necessary to carry out preparatory experinment
with regarctation sdnphe lnfum phimicon.heAsaneunsvhdal (oot hélusthatedal type
ti mepiece the rate of which is to be adjusted and to cal culate 35

is rotated based on rotation of the minute wheel. An hour hand

(not illustrated) attached to the hour wheel is constituted

to display "hour".

| The barrel complete 120 is supported by the main plate

102 and a barrel bridge 160 rbtatably thereto. Thecenter wheel

& pinion 124, the third wheel & pinion 126, the fourth wheel

& pinion 128 and the escape wheel & pinion 130 are supported

by the main plate 102 and a train wheel bridge 162 rotatably

thereto. The pallet fork 142 is supported by the main plate

102 and a pallet bridge 164 rotatably thereto.
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a relationship between the wind up angle of the hairspring and val ues of
rates of four attitudes in various swing angles of the balance with

hai rspring. According to the invention, previously, there is carried out
preparatory experinent with regard to a sanple of a kind the sane as that
of the mechanical type tinepiece the rate of which is to be adjusted and by
using the result, the total adjustnent anount of the balance with

hai rspring is determ ned. w (25) Attachnment of ink to bal ance wheel Next,
an explanation will be given of a stage of attaching ink to the bal ance
wheel . I n refelhadealange yith hahrspkingtl$l djscsupporigddrnthe nasn| s
arranged such that a front end portion of an ink jet projecting nozzle 156n
i s oppospdate 102 #md sandealeimesd wii4ldb hiad repadmngt bratgech66 poeateaklyi ned
amount of ink to a surface of the bal ance wheel 140b as shown by an arrow
mar kK 156Ahefeeol.nkThet ¥ pjaecupperappatabasl4ohl icf aheabgidneectémat the
ink jet projecting apparatus 156 is connected to the balance with

hai r spri n@o0apes EupporRas lb?l ﬂ&:ﬂ&l@é@&tp’p@ﬂeﬁﬂﬂnﬁaﬁw Ji86dd &o the
predeterm ned anount of ink to the balance wheel 140b by inputting an
Operat!0B%ha%b%”@iﬂwﬂﬂﬁﬁﬂﬁ?iﬂﬂdﬂBﬁ &3 foCLoVh LI ERBEERE . OPBRAL T ON
measuri ng apparatus 154. en rate adjustnent is determned to be

vei oht I A L ‘?%ﬁ%a’?%%‘uﬁﬁfﬁ?é?&f%%‘?‘ﬁﬁd%?@(??‘Z%P?set
?E'r?_etspk)in é"ﬂ%@a'v%"%teiﬁég?%sb?ﬁ@ﬁ Iy %SF?ﬁ%EQ?ﬁ‘Z'@&?‘?éﬁ%Eﬁ& Phening
ol 1 ol nd Bt onapagel hege BEFagE avar 998 FaPkIORSma i ntD ot "

of the bal an with _halrsprin iRk in rrespondence with a cal cul ation
- result ngfﬁ lé‘ﬁoﬂﬁt%egflaﬁlnl?% (}'u&y &% g:gheeg’]t four portions of the

bal ance wheel, s attac tqQ four portiqng thereo aced_apart .by 90
dogr ees of ¢ he b8 Bne8 Bkt 102 e PEol 18] sl 2 baloRie SRR E iR une o
ink to be .,attached to four portions of balance with hairspring, Z¢c: total
ad) ust meMIRGANLRPT tAPN oHY L TR MERE UEABENFO LA baPAh AP SHAIon REERGI ng t o
the first enbodi ment” of the rate adjusting nethod of a nechanical type
ti mepi ec®3dANGR ArRMRAEELAD 1HRELT thed & Wdtdy hgdrsprangadhlng ink to
four portions of the bal ance wheel and therefore, the balance with
hai r spri e Balanee @amepostiant HAL dusi xptated tockracersgrhe bakancgn ai nmed
value in view of design. Further, according to the first enbodi mnent of the
‘rate adj ISESVE IRG MIdMdew portdiamilddh s ype tinepi ece of the

A lower mortise 140a2 of the balance stem 140a is
rotatably supported by a balance lower bearing 102b fixed to
the main plate 102. The balance lower bearing 102b includes
a balance lower hole jewel and a balance lower bridge jewél.
The balance lower hole jewel and the balance lower bridge jewel
are fabricated by ah insulating material of ruby or the like.

The hairspring 140c is a thin plate spring in a helical
(spiral) mode having a plural turn number. An inner end portion
of the hairspring 140c is fixed to a hairspring holder 140d

fixed to the balance stem 140a and an outer end portion of the

hairspring 140c is fixed by a screw via a hairspring support
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37 invention, in order to adjust the total adjustment anmount ofi the

bal ance with hairspring, portions of the balance with hairspring to be
attached with ink are four portions thereof constituting point synmetry
with the center of the balance wheel as its center, however, portions of

t he bal ance wheel to be attached with ink may be a plurality of portions
constituting point symmetry with center of the bal ance wheel as its center,
for exanple, the portions may be two portions constituting point symetry
with the center of the bal ance wheel as its center, may be three portions
constitulfhl pdtacheqdntet aysthid hsupportniéfacfotaalbly ahixedheelthe its
center or the portions may be portions of 4 or nore constituting point
symmret r ybailahcehdrisiger 166. t h@Henl batanckeatitds hasrspnirg. 166 ri$erence
to Fig. 2, ink 140kl and 140k2 having a weight in correspondence with the
cal cul at fabrieatked by aheebhidtt ekegbiiaftynéondudbivdah&beeisltbf

hai rspring are attached to the bal ance wheel 140b. Positions) for attaching
i nk havi pgags\Wergbhel DikS! I AHWOBA/IFE S upddrtt heeaalisutabirehateguby &~ the
of fset wei ght anmount of the balance with hairspring to the bal ance wheel

140b, neyebg194e 89ééi:9f.‘c9£¥ EOhdfc 2 Ve WA driih 106 £POFdA H1S theWigRe ! e
anount of attaching ink to the bal ance wheel 140b is large, it iIs

preferable to gt iaghihtkyalsdcPiy fhibyaBlyPRELAGRSOLo ! Be bR PR Whee

140b. Further, in er to adj ust e tota J ust ment anount e

bal ance g&&ﬂ ggkgﬁg&hg ,b&&h'g4Q%%“ 140n2, 140n8 and 38 140m4 (desi gnat ed

by dotted I'in ving a werght i n correspondence with the cal cul ation
result of an a n ' o} { hed_ t.0 r L f.th al ance
wheel , is adhe&gg é?g%ﬁéggnéo£?¢?gﬁé%%ﬁ§¥% ‘%%%%F §§“%£§§§8?i%§ gBQdegrees
of the bal.ance eel . .Fig. 1 shqws, t he nov t .of the chanij ¢ type

1 nep: ecaates, 4R iPhoaf; vAF AT eir {BY TAIF df ~bJorianeer ¥Ethabon: ment
of the rat dj ustin t hod of .the mechanical t i mepi ece acecording to
Che | nvenPtatioRatnALalE, POCAEed Y A Bbrnse Bithehe LEEPRGOBnEePar ¢
adjustiag nmet hod gf t he mechani cal t%fe t.i mepi ece of the inventiogn, the

of fset wEPEhEXaMBLRr B & REALS SRRWNHR F itk A e JYheR) the BBANCE Wikl and the
direction of attaching ink having,a weight in correspondence with_ the

cal cul at BBF1MGsull#00f1§ h&odpetest " Bi gHe€ aifhAnkWisehddressdoBegrEBS in the
exanpl e shown in Fia. 1. Further, the total adjustment amount of the

bal ance WedFspxiingAiAg is contrgcted irfaddfestionridgrecteshgorthe 11,
there is shown an exanple of a result of neasuring "rates" of the novenent
after theengex af wcherdhalancebwdhhchairsprdmg By 0 rand i int cenbsdstent of
the rate adjusting nethod of the nechanical type tinepiece according to the
i nvent i otheretiogl mhemh&henbal anicenyd tdf hahiespuing 34§l ésofothtedalinnce with
hai rspring from 100 degrees to 250 degrees, "12 upper rate" is changed from
about +1%heecondsteaglockulicet dfreetiods/ dadye maimmparinaat d40ics ébanged 39
from about +22 seconds/day to about +3 seconds/day, "6 upper rate" is
changed fexpanalsnltintad aesonitsd dendte frout thd ceacoex Yflaheabdlafcepper
rate"” is changed from about +8 seconds/day to about 2 seconds/day. It is

known t haiitdudtaixspasing 100 measuring “"rates” falls within the standard of
the rate of the nmechanical type tinmepiece.

(2) Steps of rate adjusting method of mechanical type
timepiece according to the invention

Next, an explanation wili be given of steps of a rate
adjusting method of a mechanical type timepiece according to

the invention.

(2:1) Outline of rate adjusting method of mechanical type
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(3) Second enbodi nent An expl anation will be given as follows of a.second
enbodi nent of a rate adjusting nethod of a nechanical type tinepiece
according to the invention. In the foll ow ng explanation, a description
will mainly be given of a point in which the second enbodi ment of the rate
adj usting nethod of a mechanical type tinmepiece of the invention differs
~fromthe first enbodi nent of the rate adjusting nmethod of a nmechanical type
ti mepi ece of the invention. In reference to Fig. 12 through Fig. 14,
according to the second enbodi nent of the rate adjusting nethod of the
mechani calimeppecei mepi ece of the invention, firstly, a novenent 100 of a
mechani cal type tinepiece is assenbl ed. An escapenent & speed control

appar atus i ncl Adeexplbakh&doa wilh bei gipenngsl186liewsadf ngnabhtlbneéel vy
right-hand direction and | eft-hand direction, an escape wheel & pinion 130

rotated bfsadrate adidus¥ing methodnioft rAinedthaticandtypeal infip fadek. 142 for
40 controlling rotation of the escape wheel & pinion 130 based on

operation of t h@cB&H&ﬂ%etd\ﬁatfhi@hﬁ%l%itlrﬁg]iﬂ@thgﬁ'féfb@h@a‘iﬁn"ﬂéﬂ papespring

190 includes a bal ance 'stem 190a, a bal arice wheel 190b and a haiTspring

190c. Nextimel eeS bt £nbNiNPbAEISNE AS SRR\ .| §, 281 AREEY, 1 N

te
"vertical attitude", the rate o? the mec anlcéﬁptype i'mepi ece 1 s hreasur ed

0y MeasuthlndyShahe 19 8P it hahA AL DR ARRE: thEB1 08 3PLL DG Pal L I

regard to a plurality of attitude I'S necessary to carry out
osul U, SenBShbEaheS abut, Bt N, Holehe Holcioa PG, ShelBAZREL Y o or
cal cur at CABPLRE S etk SFRbRoHtRD LY R P aAERS T 0 A Tigsr PR and the
et hod of caleu! ating 1, Ahid Lude N ALET oTFE, Y5 Qs L Sp LS a8

the front train wheel, the escapement & speed control apparatus,

the hour pinion, the minute wheel, the hour wheel and so on

are respectively operably integrated to the base plate 102 or

. the bridge members 160, 162 and 166.

As mentioned above, the escapement & speed control
apparatusincludesthebalancewithhairspring140alternatelyv
repeating clockwise rotation and counterclockwise rotation,
the escape wheel & pinion 130 rotated based on rotation of the
front train wheel and the pallet fork 142 for controlling
rotation of the escape wheel & pinion 130 based on rotation
of the balance with hairspring 140. The balance with
hairspring 140 includes the balance stem 140a, the balance
wheel 140b and the hairspring 140c.

Next, the rate of the mechanical type timepiece is
measured by measuring states of operation of the balance with

hairspring 140 in a plurality of attitudes in a state in which
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enbodi mrent of the rate adjusting nmethod of a nechanical type tinepiece
according to the invention. Next, based on the result of calculating the
magni tude and the direction of the attitude difference vector, a weight
amount to be renoved fromthe bal ance wheel 190b is cal culated and a

posi tion of the bal ance wheel 190b to be renoved of the weight anmount is
cal cul ated. Here, the position of the bal ance wheel 190b to be renoved 41
of the wei ght anmount based on the result of calculating the nagnitude and
the direction of the attitude difference vector, is a position different
from t hetpesassembdied e viemeartc d swagalant@b iro “eeradiced ittt tude "Wei ght
anount, nentioned above, by 180 degrees. That is, when the result of

‘cal cul ati ng thMedsutement of the rdte tislealifieal owewitht eegaedatoy t he
sanme, according to the second enbodi nent of the rate adjusting nethod of a

mechani cgbrt¢xemplepane att itidesnyEMEItALtUdEofOB2 U@l oek ppebal ance
wheel 190b to be renoved of the weight amount is disposed at a position

const i t UriaRg iRAR oFYITET EVodk dppdie PO&dtid Htudd Jfh® BakbaBeR wpsek190b to
be added with the wei ght amount according to the first enbodi nent of the

rate adj gghi "QeRBiRAE ¢ d PA/Y Ap € timepiece according to the
wtht

i nvention, nentioned above, e Center of the balance with hairspring

as a reference ref eq Ei wl q ' IS ranged -
to irradiate tﬁgkgaegdcefgﬁ%%%rr tﬂl"’tg:rﬁa 1%6’?} nghéegﬂﬁ%?lﬂrygggﬂ:\?gﬁlg Bg%ti on 152
IS provi for. recelving.]|l f,.irradiating t bal.ange .arm poftion
190f . Thg'?gpg?’é,caﬁhg&ﬁgl gﬁ‘{é%gg‘%%qg&o? ardithds gfsfgp?e?‘l’éfé’g‘ BBERE N Phe i ght
source 150 and _the |light receivin rtion 152. en_the bal ance arm

ot on MBRY Fati, i it eanihd By FPreiRs Eh cuedfaninall Fuie
receiving.portion 152, li.ght ir iated fromthe |jight source 150 is

bl ocked By TERIeER ERoathibbie bFoh Suttosh BB ot & HEERENEER " REL | ght
receiving portion 152 I n confrast_ thereto, when 42 t he bal ance arm
portion $80iMeasHEed HbysARTHHAGe LR MEFhaptcabfyper JomeR AR FPght
receiving partion 152, light irradiated fromthe |i ght squrce 150 is

i nci dent &% itMEe PEe 9'Qck HEPBEr RGN’ A yPPemEate Nt dEcmoRrAYLBEr ti on
15~ is constituted by, for exanple, an optical fiber, CCD or a diode or the
| i ke. Th®Yl isgiting cthe niepbanieal 15¥pes tdaepdacsl to atteitidaned Rith

hai rspring operation neasuring apparatus 154. The bal ance with hairspring
oper at i oR ' Pd@sk iURP&ippar at us 154 is provided for calculating the sw ng
angl e of the balance with hairspring 190 by measuring operation of the

bal ance arm posSuicinmégéireMeatbaf aradee wayhbeataspiedgpuwperidth oegaedsuri ng
apparatus 154 is previously stored wwth the relationship between the period
of |ight tiona gdmradritiyhefl i"gertiead wttg thatdas ‘oo fl 3vaard moareswi Mheangl e of
t he bal ance with hairspring 190. Therefore,-cal culation of the swing angle
of the baleamuxremdrt bifieriate mey begrdffiedpuie inadtt thded dphersthgnt he
period of light incident on the |light receiving portion 152. In reference
to Fig. Iattdtumkeofell id'icl@ckpuppaius "k itSude bdnges Ak uppera,l aser
emtting portion 192n is opposed to the bal ance wheel 140b to emt | aser
beam to trattitddReOf @ ot BEoBR I e " atQRrudENer vasadl sk uppeg gppar at us

192 is arranged such that the [aser emtting apparatus 192 is connected to
the bal arfer Wxidinglad ; St L RREG | Pro "EBSEk! Gfper”, "attitude of 2
o'clock upper", "attitude 6f 4 o'clock upper", "attitudé of
5 o'clock upper", "attitude of 7 o'clock upper", "attitude of
8 o'clock upper", "attitude of 10 o'clock upper", "attitude
of 11 o'clock upper" and so on. |

That is, measurement of rate may be carried out with

regard to a plurality of attitudes in the above-described 12
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43 apparatus 154, inputs an operational signal outputted fromthe bal ance
with hairspring operation nmeasuring apparatus 154 and can emt | aser beam
to the surface of the bal ance wheel 190b. When the rate adjustnent is
determ ned to be necessary, a weight in correspondence with the result of
calculating the of fset weight amount is renoved fromthe balance wheel 190b
by using the laser emtting apparatus 192. There is provided a sucking
apparatus 194 for sucking renoved debris of the bal ance wheel 190b. A
sucki ng nozzl e 196 of the sucking apparatus 194 is arranged such that a
front enlivesticah ahtisufless .proxi mate to the bal ance wheel 190b. In order
to adjust the total adjustnent anount of the balance with hairspring, a

wei ght in corrBepbpdeden with ilsheneesssarpf teal carayi ogtt hwodéefgimgt o be
removed from four portions of the bal ance wheel, ~.s renoved from four

porti onsfabribathehawiehwikespbet80bosphectadancet wheelefgbmoi hessult
respectively by 90 degrees. Here, the nethod of calculating the weight to

be renpved meaBulrementOldf Ofite OFatdf RabaReadehaeld fdiradiisi idw dhe total
adj ust mrent anount of the balance with hairspring is simlar to the nethod

of cal cuhe&heaabf@ifﬁéréucg?}é&&ﬂu%fé ealléuia)cehr'bwédfdrf thetrbegh gent of

the rate adjusting nethod a nechani cal type tinepliece according to the

inventioEf ﬁ@gﬁﬁQEﬁgnEoo%h%h%pQ%Q%'enbodinent of the rate adjusting nethod
of a nmechanical type tinmepiece of the invention, there 44 is included the

stage of removiage! e, gk G o EaIOWE BRIL)0RS 1] LienRalancacgs! and

accordingly, t venent 1's fabricatéd suc e wer’ght e bal ance
wheel is avy. | oed L N \i f design.  In referepnce to
Fig 13, tggp\élr ie(‘)’nllé%?‘ ﬁ:fea%‘glfnaﬁ}égwﬁ?ﬁ A if%\gg"%rnic%g Vregd}oo\)‘le’d rwehant.. ght in
correspondenc ith the result . of calcul ating.the offset weight apount of

t he bal aﬁ@guﬁgt ﬁnoh%?r ‘g‘?‘?‘ﬁ}"r &85‘1 PﬂgaBSFaﬂféﬁg%%’éla T@dﬂﬁﬁts aﬂg’slflﬁn Ped by
notation _190pl. According to an experinment using.the rate adjusting nethod
of a mecREMERVEY Jram fbs Balanre heal dentabalahed @nd a PRRLELRenovi ng
the weight in corresgondence with the result of calculating the offset

vei ght aRdufifecPatfABcBariRed te ihe pdded it thwmieightapRREBtWAREeR | s
about 130 de%nees in the exanple shown in Fig. 13. Further, portions

renoved PPE&AEASTohéhE bakanse wheedatahecr apevedaf thawesighiganaent ot al

adj ust ment anount of the
is calculated.

Next, based on the calculation resuit produced by
calculating the weight amount to be added to the balance wheel
or the weight amount to be removed from the balance wheel and
the position of the balance wheel to be added with the weight
amount or the bosition of the balance wheel to be removed of
the weight amount, the:e is carried out modifying fabrication
such that the weight amount is added to the balance wheel or
the weight amount is removed from the balance wheel.

When it is not necessary to carry out the modifying
fabrication with respect to the balance wheel from the
measurement result of the rate, the movement is finished in

the state.
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bal ance with hairspring are designated by notations 190nl1, 190n2, 190n3 and
190n4 (designated by dotted lines). Fig. 12 shows the novenent of the
mechani cal type tinepiece after the rate adjustnment has been carried out by
t he second enbodi nent of the rate adjusting nmethod of the mechanical type
ti mepi ece according to the invention in this way. Further, according to the
second enbodi nent of the rate 45 adj usting nethod of a nechanical type

ti mepi ece of the invention, portions to be renoved fromthe bal ance wheel
for adjusting the total adjustnent amount of the balance with hairspring
are four portibdssa coksitfited iexgmpdient asyshewn ybwiarh imagivenyetingé ime

bal ance wheel as its center, however, portions to be renoved fromthe

bal ance whgel 6panfirern qarrying yoot phet modd fydmst i fabin g tpicwmtwsyimmet ry
with the center of the balance wheel as its center, for exanple, the

porti onsraBpebet totHW WAl Ghkell, Uthadriioe I shemechanitalttgpeent er of
t he bal ance wheel as its center, may be three portions constituting point

symret ryt\Wmkpibbe mdpbermeishhed taajaqﬁpsan,eina?soé tonEaRined wist REe
portions may be portions of 4 or nore constituting point symmetry with the

center Oﬁghhﬁoﬁﬁk?(ﬂjﬁﬁt E'gﬁ‘f&cﬁ%ibhsiﬁ_efﬁf{:hehg ﬂéggﬁﬁaﬁi“éhefé%ééé €5 the

second enbodi nent rate adj usting netho a nechani cal type

ti mepiec C i e invention are simlar to characteristics of the
first engggiﬁggghgg Pﬁg%?éte adj usting nethod of a mechanical type

ti mepi ece according to the invention, nmentioned above. Therefore, with
regard to the other characteristics of the second enbodi nent of the rate

adj usting nethod gf a,ngechanical type tinepiece accqrding_tqQ _the.jipvention,
a duplicated dggcﬁi)ptegﬁuﬁﬁnﬁnge %gois(f@cf‘%y %s %ﬁldbﬁgf"?ggp;ﬁ% g the
description wth regard to the first enbodi nent of the rate adjusting

net hod of*23TARERES cal type tinepiece according to 46 the invention. Even

when the second enbodi nent, of the rate adjustin t hod o chani cal

type tinepieceA&c&ﬁéiQH?q%PQPﬂ9 hvRRit BdKeRs afs ﬁi9ﬂ§E9£58§£%F£9§d an

effect simlar to that in the case of using the first enbodinEn% OL t he

rate adj Gontgpt of the rate adjusting method of the mechanical typ
timepiece.

According to the invention, the magnitude and the
direction of the attitude difference vector are calculated with
regard to a plurality of swing angles of the balance with
hairspring.

In reference to Fig. 7, thé swing angle of the balance
with hairspring is adjusted in a state in which the movement

'~ of themechanical type timepiece is arranged in "flat attitude”
(stage S1).

Adjustment of the swing angle of the’balance with
hairspring can be carried out by bringing a gear provided
outside of the movement in mesh with the ratchet wheel, winding

up the mainspring and measuring the turn number of the

mainspring.
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met hod of a nmechanical type tinepiece according to the invention, nentioned
above. [Industrial Applicability] The rate adjusting nethod of a nechanical
type timepiece according to the invention is suitable for accurately
adjusting the rate of the nmechanical type tinmepiece by sinple steps w thout
di sassenbl i ng the novenent. 97 Clains 1. A rate adjusting nethod
characterized in that in a rate adjusting nethod of a nmechanical type

ti mepi ece conprising a novenent constituted to include a mainspring
constituting a power source of the mechanical type tinmepiece, a front train
wheel rotated 8¥,&heddiustamentopfdhaswangrafighke et hebadiamosgwibll an
escapenent & speed control apparatus for controlling rotation of the front
trai n whbelirspaxiitdgesaapbeenar&iedeodtcbyt mehsapprgabperabibndofigthebal ance
with hairspring alternately repeating right-hand rotation and | eft-hand

rot at i onpadanesc aithwihedlrsprd gy winil e arixidthdpagedtive mainsppingfbyhe front
train wheel and a pallet fork for controlling rotation of the escape wheel

& pini onulsasxgdaﬁnagPar_athenon meBgulkihgnepevhtionabfsar balanse watH bal ance
with hairspring including a hairspring, a balance stem and a bal ance wheel,

sai d net had rg@Minigs| R@ntiohed aatlade of assenbling the novenent of the
mechani cal type tinepiece; ( b ) a stage of neasuring rates with regard to

apluralily of rn-régerbige 8blrigdes, 4N %fg;afda WaioChs! Aergngedn! ed

noverment is arranged in "verticaf attit a stage of calctlating the

RGNt ude ARy hgaler 68 10N Aol RA bbitdBnC] 16 £ SNEY AR EcRasedqon @

result of neasuring t rates 1 n the age (b); 1d) tage o ul ati ng

amoant < SO 0452 4% PEERIARA ok TR 1 0E 5L et e £l O
Fo be r ohTaNes: SERGVETBrE A ThEXBsoEs o Fedtianic B hPAEAD the
N0 e RS b L L Sag uaeLRL {0cke stase
receiving portion 152. When the balance arm portion 140f is
disposed between the light source 150 and the light receiving
portion 152, 1light irradiated by the 1ight source 150 is blocked
by the balance arm portion 140f and is not incident on the light
receiving portion 152. 1In contrast thereto, when the balance
arm portion 140f is not present between the light source 150
and the light receiving portion 152, the light irradiated by
the light source 150 is incident on the iight receiving portion
152. The light receiving portion 152 is constituted by, for
example, an optical fiber, CCD, or a diode or the like.
The light receiving portion 152 is connected with a
balance with hairspring operation measuring apparatus 154.
The balance with hairspring operation measuring apparatus 154
is provided for.calculating the swing angle of the balance with

hairspring 140 by measuring operation of the balance arm
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or fromthe bal ance wheel (140b) based on a result of calculating the

- weight amobunt to be added to the bal ance wheel (140b) or to be renoved from
t he bal ance wheel (140b) and cal culating the position of the bal ance wheel

( 140b) to be added with the wei ght anobunt or to be renpved of the weight
anount in the stage (d). 2. The rate adjusting nethod according to Claiml1,
characterized in that the rates are neasured in the stage ( b ) with
respect to the four "vertical attitudes" of "attitude of 12 o' cl ock upper”
"attitude of 3 o'clock upper”, "attitude of 6 o' clock upper”, and "attitude
of 9 o~cberkiappd40f.3 . The rate adjusting nethod according to Claim 1 or
Claim2, characterized in that the stage (d) includes a stage of
calculating t hEheei bhlanaeunwith bdaddued ing t lopdratbinme whestuxidgOb) and.
cal culating the position of the bal ance wheel ( 140b) to be added with the
wei ght aapparabaselb dHistpwevbously aftaxaidwishiangelhe ionghiiplisetween t he
direction of the attitude difference vector at the stage (c); and 49

wherei n thgesic@af ldghti hatideatachtiee 18fghat kaekivdnghgoyreisht 1sgount on
a surface of the bal ance wheel ( 140b) by u5|ng an ink jet projecting

appar at ugnkafy sbﬂﬁ@daxﬁjlé BE H@Bhlaﬁ&e%tﬂﬂh&lt@ﬁriﬁ@ wergetefEBENt to be
added to the bal ancé wheel 140b) and cal cul ati ng thé position of the

bal ance lé’ﬁ?c@hlétléﬁbc):ft%{%ﬁ%ﬁ%gﬁé@‘of*\ﬁlé@'ag'&hc%”@!gx thf@ﬁrﬁ.ﬁé‘ge (d):

4h. The rate adjusting |ng|to aiml ]
v oht | abbencaboeb et P He e i Ber Bl 9?1%35?@ ﬁé?‘%%f?%oé. ti on
of the b?ba@ﬁgcgﬁgu|a%£éggb B%hgﬁ %ﬁﬂ%FHXﬁP of the wei ght anmount based on

t he resu gt and the nethod of the attltude

di i erence veogr LihihaRbieoot kne a1 4RSL A a 28081 0G) shrEhydes 2

stage of renov

state of arranging the movement in "flat attitude" set for
calculating the magnitude and the direction of the éttitude
difference vector, is constituted by a plurality of angles.
For example, the swing angle of the balance with hairspring
includes at least 150 degrees and 250 degrees.. The swing angle
of the balance with hairspring may include other angle or may
include an angle of 160 degrees, 180 degrees, 200 degrees, 220

degrees, 240 degrees or the like.

(2°3) Measurement of "rates" with regarq to four
attitudes

According to the method of the invention, before
measuring "rate", attitude of the assembled movement is moved
(stage 82 of Fig. 7).

Measurement of "rates" is carried out with regard to four

attitudes of "attitude of 12 o'clock upper", "attitude of 3
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wei ght amount fromthe bal ance wheel (140b) by using a |aser emtting
apparatus (192) based on the result of calculating the weight anmount to be
renoved fromthe bal ance wheel ( 140b) and cal culating the position of the
bal ance wheel (140b) to be renoved of the weight anount in the stage (d).
5. The rate adjusting nmethod according to any one of Claim1 through Caim
4, characterized in that the stage ( ¢ ) includes a stage of cal culating

t he magni tude and the direction of the attitude difference vector with
respect to a plurality of swing_angles of the balance with hairspring. . 6.
The rat ePa81ASki HEPRET nodabeébhdengtt 6 o aiack upper” and acdkritedein t ha
,the stage of calculating the magnitude and the direction of the attitude
di f f er en@é Yeicdpckiuppers pacihe statel in which e sasegbied revemnenke

bal ance with hairspring, includes a stage of calculating the attitude

di f ferendie arraogeldy insi"mgrtBealHalwtithisie)'Z (stalgeh s3 lefi Fig. .7).. . .
Equation ( 1 ) where UB: attitude difference vector, Hw rate of attitude

of 12 0' cl ockItipperdetdnmineat @hefthairt thedetaje 9 Omeabackngppeatestsi © rate
of attitude of 6 0'clock upper and Hni: rate of attitude of 9 o'clock

upper, abg afkanydhyncherasydnisiedmicdiEmarount ppévibes bl docermbred ( 140b)
and a position of attaching ink to the bal ance wheel (140b) by using m r r

Kb UB= | aEqueveptic¢dl ateitudss atHdd bdendihespage stesdorss 8 pigset
wei ght amount of bal ance wheel, r: position of attaching ink to bal ance

wheel (digtanggReh "oHe GHAR! o%f cRALRIRG IREMedsurdifent oifak yraserl hasi on
nunber of balance with hairspring 1Tn 24 hours, |: nmonment of inertia of

Caenee, MRScbapBTA SR AUAELERY Ralt Ll glierethoieago B sl on o
measurement of "rates" is carried out by arranging the
assembled movement in successive "vertical attitude". When

| all the stage of carrying out measurement of "rate" has been
finished, the operation proceeds to successive stage S5.
In reference to Fig. 9, there is shown an example of a
result of measuring "rates" of the assembled movement. It
tells that with a change of the swing angle of the balance with
hairspring from 100 degrees to 250 degrees, "rate" of "attitude
of 12 o'clock upper" is changed from about +87 seconds/day to
about -7 seconds/day, "rate" of "attitude of 3 o'clock upper"
is changed from about +60 seconds/day to about +15 seconds/day,
"rate" of "attitude of 6 o'clock upper" is changed from about
+52 seconds/day to about +8 seconds/day and " rate"‘ of "attitude
~of 9 o'clock upper" is changed from about +64 seconds/day to
about 0 second/day.

When such a result of measuring "rates" falls within the

standard of rate of the mechanical type timepiece, the attitude
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QWU I qC&" | wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] c<a] ca] ca] ca]ca] ca] cal] ca] c<a! "}"##$3&&))) +, F Y,

| ca] oa] oot LEFESRear BaaBaRee Y16 BERRGRER) %‘%3%%@%%@%%@% ?%g@%ca] ciles
earear Eaﬁ&afﬂ@afcé%aﬁw i EabEE! 84 rﬁ%’] ﬁfiﬁ}%%% &%%LK&L&&{Z

Lt LLLSM M RTTUU} xsni d cal calca ca caj ca ca
] ca] ca] capcaF @‘a‘]%'a]ﬁa] ca]‘c%l]‘l:%]%%aqgér@a‘%’:%} EQ ea%ﬁa‘] v
WANKLXE XXXXX. YAYpYYY" Z] ZZZ[\ 7\ E\ | \ "} xsni d_Z] ] ca] ca] ca] caj ca] ca] ca] ca] caj ca

] ca] ca] cﬁ}BaFBQFea] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]cal”
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ekgiij | kkl | nBoWbex| qwchsslt setikt A f capaapcanga]'cates]' c fxagasdy ckea] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calttvSvovvxy-ycyy

yyyy3znzethndairhd-of xated Zlhealectanical typedt teépiéce) tapcattifudecal ca) ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca! f V*F@o{RDIX} xsnid_Z]]c

a] ca] ca] daffefreateafloas cadt eﬂaiaﬂs:la] ddec ste@aldaaldc ahdagceprdinglyga] th] cal cal ¢

a] ca] ca] calca]ca]ca]ca!*0

6@f:" - 1Rbwiledril xvdd afhatcajatal cAdjjasimehtaliza] necessary and the

a]J ca] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca! RO& 4o
“{q) } xsnogeZhkdahc proekedkc &b shealesalica] ealar] &¥.cal ca] ca] ca] ca] ca]calcalc
aJ cal ca] ca]ca]ca]lca]ca]ca]ca]ca]ca]ca!)3L;

~|l "ox$/ k#_} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]ca]calcaJca]c
aJ ca] ca] ca] ca] calca]ca] ca]ca]ca] ca]calcalca!l _UWOC /" (_*PW6JF}xsnid_Z]]ca]ca

] ca] ca] ca] ca] cabcalced Ll fat £6h <P eakadl sa ﬁé‘i:xﬁéﬂa€3dnfcﬁh&ahﬁ@] &fksatcal ca] ca
] ca] ca] ca] ca] ca] caI Fy<n! &d("KgbY _f}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] Ca]n%"i]g?x%] Gabw@lcal cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal RPwN6s
D8 j

bl }xsnid_Y]] CA%}‘CZJ]— }afé%\gé] c@,] ] ca] ca‘]ﬂc%cal]actq_:] Cﬁh‘iﬁ]s‘f:ﬂl]e?ﬁ] cglca] ca] ca

]ca] ca] ca]ca] ca calca ca

b1 xS dadcaalenl eaharnealahegl ctaatcaai cleksaheusalfeLid seksatoal cal ca

] ca] ca] calca caJca
weight amount of the balance with hairspring are calculated

(stage S6 of Fig. 7).

At this stage, firstly, the offset weight amount of the
balance with hairspring is calculated by using the measurement
result of "rates". A value of the attitude difference vector
UB when the swing angle of the balance with hairspring is 150

degrees, is calculated by using Equation (1), as follows.

up= A (Htw — Hsi)® + (Hth - Hni)® .... Equation (1)

where UB: attitude difference vector, Htw: rate of attitude
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of 12 o'clock upper, Hth: rate of attitude of 3 o'clock upper,

Hsi: rate of attitude of 6 o'clock upper, Hni: rate of attitude

of 9 o'clock upper.

Further, in the mechanical type timepiéce, when a total
oscillation number of the balance with hairspring in 24 hours

is set, the value of the attitude difference vector UB is shown

by Equation (2), as follows.

m'r‘Kb

UB= I *+++ Equation (2)
where UB: attitude difference vector, m: offset weight amount
of the balance with hairspring, r: position of att’aching ink
to balance wheel (distance from center of balance wheel), Kb:
total oscillation number of balance with hairspring in 24 hours,
I: moment of inertia of balance wheel.

Here, in the mechanical type timepiece to be measured,
the value I of the moment of inertia 6f the balance wheel and
the position "r" for attaching ink to the balance wheel (for |
example, radius of a middle portion between an outer diameter
and an inner diameter of balance wheel) are previously
determined. Further, in the mechanical type timepiece to be
measured, the total oscillation number Kb of the balance with
hairspring during 24 hours is previously determined.
Therefore, by using Equation (1) and Equation (2), the offset

~weight amount "m" of the balance with hairspring can be
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s' f#109A(A(& (Nere %1%0%‘%e§:€nXef#§‘|EJ:P%% ector of 3 upper rate is

written inthe abscissa inpositive direction (right direction)
and vector of 9 upper rate is writtenon the abscissa in negative
direction (left direction). Further,. vector of 12 upper rate
is written on the ordinate in positive direction (upper
direction) and vector of 6 upper rate is written on the ordinate
in negative direction (lower direction) (these four vectors
are designated by dotted lines in Fig. 8).

Next, vector of (3 upper rate - 9 upper rate) is written
on the abscissa and vector of (12 upper rate - 6 upper rate)
is written on the ordinate (these two vectors are designated
by bold lines in Fig. 8).

The attitude difference vector UB is represented by a

'vecfor syntheSLZed with the vector of (3 upper rate - 9 upper
rate) and vector of (12 upper rate - 6 upper rate) (the attitude
difference vector UB is designated by a very bold line in Fig.
8).

Therefore, an angle DUB of the attitude difference vector
UB with regard to the abscissa is shown by Equation (3), as

follows.

DUB= Hth - Hni ++ Equation (3)

where DUB: direction of attitude difference vector (with 3
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As shown in Fig. 8, a direction of attaching ink to the
balance wheel is designated by an angle in right-hand direction
(clockwise direction) with 12 o'clock direction of the movement
of the mechanical type timepiece as a reference when an
oscillation jewel enters a sword tip of the pallet fork, that
is, the balance with hairspring is brought into a middle state
of rotation between left-hand direction and right-hand
direction.

Further, also in the case in which rates are measured
in other vertical attitudes, vectors of the rates in the
respective vertical attitudes afe illustrated in directions
directed by the attitudes and a vector synthesized with the
vectors of the respective rates is calculated, thereby, the
attitude difference vector can be calculated by a method
similar to the above-described method.

Further, when it is determined that the rate adjustment
is necessary, the total adjustment amount of the balance with
hairspring is calculated. As shown in Fig. 9, the total
adjustment amount Zc of the balance with hairspring can be
calculated based on the data of a preparatory experiment by
using "inclination" and "segment" of a straight line produced
by connecting an average value of the rates of four attitudes
when the swing angle of the balance with hairspring is 150

degrees and an average value of the rates of four attitudes
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Here, "segment" is defined by coordinate values when a
certain straight line intersects with a reference axis line
(for example, vertical axis line Y axis). "Inclination" is
defined by tangent of an angle of inclination when the certain
straight line intersects with a reference axis line (for
example, horizontal axis line X axis). For example, in the
case of a straight line y=ax+b, "a" designates "inclination"
and "b": design'ates "segment".

That is, the preparatory experiment is carried out with
regard to a sample of a kind the same as that of a mechanical
type timepiece the rate of which is to be adjusted and there
is calculated a relationship between inclination and segment
of a straight line produced by connecting an average value of
rates of four attitudes when the swing angle of the balance
with hairspring is 150 degrees and an average value of rates
of four attitudes when the swing angle of the balance with

~hairspring is 250 degrees, and the total adjustment amount of
the balance with hairspring.

That is, generally, it is known by experiment in a
mechanical type timepiece that accuracy of the timepiece
(values of rates of four attitudes in various éwing angles of

balance with hairspring) is excellent when a wind up angle of

the hairspring is 90 degrees and 270 degrees.
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defined with the rotational center of the balance with
hairspring as an original point, "wind up angle" designates
an angle in the circumferential direction to a position where
the hairspring rod is present with a position at which the
hairspring is fixed to the hairspring holder as a reference.

Therefore, by using the inclination and the segment of
the straight line calculated as described above, the wind up
angle of the hairspring is predicted. Next, in the mechanical
type timepiece, there is calculated a length of the hairspring
for constituting 90 degrees or 270 degrees of the wind up arigle
of the hairspring (adjuétment length). Next, there is
calculated a difference (length difference) between the length
of the hairspring (adjustment length) and actual length of the
hairspring in the mechanical type timepiece (actual 1envgth) .
Next, there is calculated a difference (difference of moment
of inertia) of the balance with hairs‘pring in correspondence
with the difference of length (length difference). Further,
by using the difference of moment of inertia, the total
adjustment amount of the balance with hairspring can be
calculated. |

Therefore, according to the method, previously, it is
necessary to carry out preparatory experiment with regard to
a sample of a kind the same as that of the mechanical type

timepiecje the rate of which is to be adjusted and to calculate
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values of rates of four attitudes in various swing angles of
the balance with hairspring.

According to the invention, previously, there is carried
out preparatory experiment with regard to a sample of a kind
the same as that of the mechanical type timepiece the rate of
which is to be adjusted and by using the resﬁlt, the total

adjustment amount of the balance with hairspring is determined.

(2:5) Attachnient of ink to balance wheel

Next, an explanationwill be givenof é stage of attaching
ink to the balance wheel.

In reference to Fig. 5, an ink jet projecting apparatus
156 is arranged suc-h that a front end portion of an ink jet
projecting nozzle 156n is opposed to the balance wheel 140b
in order to attach a predetermined amount of ink to a surface
of the balance wheel 140b as shown by an arrow mark 156A. The
ink jet projecting apparatus 156 is arranged such that the ink
jet projecting apparatus 156 is connected to the balance with
hairspring operation measuring apparatus 154 and can project
a predetermined amount of ink to the balance wheel 140b by
inputting anoperational signal outputted fromthe balancewith
hairspring operation measuring apparatus 154.

When rate adjustment is determined to be necessary, by

using the ink jet projecting apparatus 156, ink having weight
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in correspondence with the result of calculating the offset
weight amount, is attached at a position of the balance wheel
in correspondence with the result of calculating the direction |
of attaching the ink to the balance wheel (stage S7 of Fig.
7).

Further, as shown by the following Equation (4), in oxder
‘to adjust the total adjustment amount of the balance with
héirspring, ink in correspéndence with a calculatioh result
Wf of an amount of ink to be attached to four portions of the
balance wheel, is attached to four portions thereof spaced

apart by 90 degrees of the balance wheel.

Zc-m
we= 4 ++++ Equation (4)

where Wf: amount of ink to be attached to four portions of
balancewith hairspring, Zc: total adjustment amount, m: offset
weight amount of balance wheel.

According to the first embodiment of the rate adjusting
method of a mechanical type timepiece of the invention, there
is included the stage of attaching ink to four portions of the
balance wheel and theréfore, the balance with hairspring is
fabricated such that weight thereof is lighter than an aimed
value in view of design.

Further, according to the first embodiment of the rate

adjusting method of a mechanical type timepiece of the
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invention, in order to adjust the total adjustment amount of
the balance with hairspring‘, portions of the balance with
hairspring to be attached with ink are four portions thereof
constituting point symmetry with the center of the balance
wheel as its center, however, portions of the balance wheel
to be attached with ink may be a plurality of portions
constituting point symmetry with center of the balance wheel
as its center, for example, the portions may be two portions
constituting point symmetry with the center of the balance
wheel as its center, may be three portions constituting point
symmetry with the center of the balance wheel as its center
or the portions may be portions of 4 or more constituting point
symmetry with the center of the balance wheel as its center.
Inreference toFig. 2, ink 140kl and 140k2 having a weight
in correspondence with the calculation result of the offset
weight amount of the balance with hairspring are attached to
the balance wheel 140b. Position(s) for attaching ink having
a weight in correspondence with the calculation result of the
offset weight amount of the balance with hairspring to the
balance wheel 140b, may be one portion or may be a plurality
of portions. When the amount of attaching ink to the balance
- wheel 140b is large, it is preferable to attach ink at a
plurality of portions of the balance wheel 140b.

Further, in order to adjust the total adjustment amount

of the balance with hairspring, ink 140ml, 140m2, 140m3 and
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140m4 (designated by dotted 1ines) having a weight in
correspondence with the calculation result of an amount of ink
to be attached to four portions of the balance wheel, is adhered
at the 4 positions spaced apart by respective 90 degrees of
the balance wheel.

Fig. 1 shows the movement of the mechanical type
timepiece after the rate adjustment is carried out by the first
embodiment of the rate adjusting method of the mechanical type
timepiece according to the invention in this way.

According to an experiment using the rate adjusting
method of the mechanical type timepiece of the invention, the
bffset weight amount of the balance with hairspring is abbut
0.1 mg and the directio'n of attaching ink having a weight in
correspondence with the calculrationvresult of the offset weight
amount is about 120 degrees in the example shown in Fig. 1.
Further, the total adjustment amountv of the balance with
hairspring is 0.3 mg.

In reference to Fig. 10 and Fig. 11, there is shown an
example of a result of measuring "rates" of the movement after
the rate adjustment has been carried out by the first embodiment
of the rate adjusting method of the mechanical type timepiece
according to the invention. It tells that with change of the
swing angle of the vbalance with hairspring from 100 degrees

to 250 degrees, "12 upper rate" is changed from about +13

seconds/day to about +2 seconds/day, "3 upper rate" is changed
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from about +22 seconds/day to about +3 seconds/day, "6 upper

rate" is changed from about +20 seconds/day to about +4

seconds/day and "9 upper rate" is changed from about +8

seconds/day to about 2 seconds/day.

It is known that such a result of measuring "rates" falls

within the standard of the rate of the mechanical type

timepiece.

(3) Second embodiment

An explanation will be given as follows of a .second
embodiment of a rate adjusting method of a mechanical type
timépieée according to the in\}ention. In the following
explanation, a description will xﬁainly be given of a point in
which the second embodiment of the rate adjusting method of
a mechanical type timepiece of the invention differs from the
first embodiment of the rate adjusting method of a mechanical
type timepiece of the invention.

In reference to Fig. 12 through Fig. 14, according to
£he second embodiment of the rate adjusting method of the
mechanical type timepiece of the invention, firstly, a movement
100 of a mechanical type timepiece is assembled. An escapement
& speed control apparatus includes a balance with hairspring
190 repeating alternately right-hand direction and left-hand
direction, an escape wheel & pinion 130 rotated based on

rotation of a front train wheel and a pallet fork 142 for
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controlling rotation of the escape wheel & pinion 130 based

on operation of the balance with hairspring 190. The balance

with hairspring 190 includes a balance stem 190a, a balance

wheel 190b and a hairspring 190c.

Next, in a state in which the assembled movement is
arranged in "vertical attitude", the rate of the mechanical
type timepiece is measured by measuring a state of operating
the balance with hairspring 190 with regard to a plurality of
attitudes.

Next, when it is necessary to carry out modifying
fabrication to the balance wheel by the result of measuring
results, the magnitude and the direction of the attitude
difference vector are calculated based on the result of
measuring rates.

The method of calculating the offset weight amount of
the balance with hairspring and the method of calculating the
attitude difference vector UB are the same as those in the first
embodiment of the rate adjubsting method of a mechanical type
timepiece according to the invention.

Next, based on the result. of calculating the magnitude
and the direction of the attitude difference vector, a weight
amount to be removed from the balance wheel 190b is calculated
and a position of the balance wheel 190b to be removed of the

weight amount is calculated.

Here, the position of the balance wheel 190b to be removed
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of the weight amount based on the result of calculating the
magnitude and the direction of the attitude difference vector,
is a position different from the position of the balance wheel
190b to be added with the weight amount, mentioned above, by
180 degrees. That is, when the result of calculating the
direction of the attitude difference vector remains the same,
according to the second embodiment of the rate adjusting method
of a mechanical type timepiece of the invention, the position
of the balance wheel 190b to be removed of the weight amount
is disposed at a position constituting point symmetry with the
position of the balance wheel 190b to be added with the weight
amount .acc.ording to the first embodiment of the rate adjusting
method of a mechanical type timepiece according to the
invention, mentioned above, with the center of the balance with
hairspring as a reference.

In reference to Fig. 14, the light source 150 is arranged
to irradiate the balance arm portion 140f. The light receiving
poftion 152 is provided for receiving light of irradiating the
balance arm portion 190f. Therefore, the bal‘ance arm portion
190f is operated betwéen the light source 150 and the light

- receiving portion 152. When the balance arm portion 190f is
disposed between the light source 150 and the light receiving
portion 152, light irradiated from the light source 150 is’

blocked by the balance arm portion 190f and is not incident

on the light receiving portion 152. 1In contrast thereto, when
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the balance arm portion 190f is not present between the light
source 150 and the 1light receiving portion 152, 1light
irradiated from the light source 150 is incident on the light
receiving portion 152. The light receiving portion 152 is
constituted by, for example, an optical fiber, CCD or a diode
or the like.

The light receiving portion 152 is connected to the
balance with hairspring operation measuring apparatus 154.
The balance with hairspring operation measuring apparatus 154
is provided for calculating the swing angle of the balance with
hairspring 190 by measuring operation of the balance arm
portion 190f.

The balance with hairspring operation measuring
apparatus 154 is previously stored with the relationship
between the‘ period of light incident on the light receiving
portion 152 and the swing angle of the balance with hairspring
190. Therefore, calculation of the swing angle of the balance

- with the hairspring 190 can be carried out by using the period
of light incident on the light receiving portion 152.

In reference to Fig. 15, a laser emitting apparatus 192
is arranged such that a laser emitting portion 192n is opposed
to the balance wheel 140b to emit laser beam to the surface
of the balance wheel 190b. The laser emitting apparatus 192.

is arranged such that the laser emitting apparatus 192 is

connected to the balance with hairspring operation measuring

43



10 10 10l F= 10%&' ()- (L10%& ()-s!'n L"M 109%&' ()-3Lh;J~_=~ = 10g!
L9-110%& ()-mL9-110%& ()-m!x Ls!:110%,& ()- PLs!:!110%& ()-
| 1Ls!:110900& ()- & 10%& ()-~_= 10g!'s s%M 10%& ()-s%M 109%&' () -!
SM 10%&' ()-SM 109%&' ()- 10 10 10l =10%& ()-~5~\= 10gs! 10%& ()-& |
SI109%&' ()-!s S'10%z& ()-S'10%& ()- 10 10 10YY= ‘
apparatus 154, inputs an operational signal outputted from the
balance with hairspring operation measuring apparatus 154 and
can emit laser beam to the surface of the balance wheel 190b.

When the rate adjustment is determined to be necessary,
a weight in correspondence with the result of calculating the
offset weight amount is removed from the balance wheel 190b
by using the laser emitting apparatus 192. There is provided
a sucking apparatus 194 for sucking removed debris of the
balance wheel 190b. A sucking nozzle 196 of the sucking
apparatus 194 is arranged such that a front end portion thereof
is proximate to the balance wheel 190b.

In order to adjust the total adjustment amount of the
balance with hairspring, a weight in correspondence with the
result of calculating the weight to be removed from four
portions of the balance wheel, is removed from four portions
.of the balance wheel 190b spaced apart from each other
respectively by 90 degrees.

Here, the method of calculating the weight to be removed
from four portions of the balance wheel for adjusting the total
adjustment amount of the balance with hairspring is similar
to the method of calculating thereof by using Equation (4) in
the first embodiment of the rate adjusting method of a
mechanical type timepiece according to the invention.

According to the second embodiment of the rate adjusting

method of a mechanical type timepiece of the invention, there
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is included the stage of removing the weight from four portions
of the balahce wheel and accordingly, the movemeﬁt is
fabricated such that the weight of the balance wheel is heavier
than an aimed value in view of design.

In reference to Fig. 13, a portion of the balance with
hair spring removed of the weight in correspondence with the
result of calculating the offset weight amount of the balance
with hairspring from the balance wheel 190b is designated by
notation 190pl.

According to an experiment using the rate adjusting
method of a mechanical type timepiece of the invention, the
direction of removing the weight in correspondence with the
result of calculating the offset weight amount of the balance
with hairspring from the balance wheel is about 130 degrees
in the example shown in Fig. 13.

Further, portions removed from four portions of the
balance wheel for adjusting the total adjustment amount of the
balance with hairspring are designated by notations 190nl,
190n2, 190n3 and 190n4 (designated by dotted lines).

Fig. 12 shows the movement of the mechanical type

 timepiece after the rate adjustment hés been carried out by
the second embodiment of the rate adjusting method of the
mechanical type timepiece according to the invention in this
way . | g

Further, according to the second embodiment of the rate
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adjusting method of a mechanical type timepiece of the
invention, portions to be removed from the balance wheel for
adjusting the total adjustment amount of the balance with
hairspring are four portions constituting point symmetry with
the center of the balance wheel as its center, however, portions
to be removed from the balance wheel may be a plurality of
portions constituting point symmetry with the center of the
balance wheel as its center, for example, the portions may be
two portions constituting point symmetry with the center of
the balance wheel as its center, may be three portions
constituting point symmetry with the center of the balance
'wheel as its cenéer, or the portions may be portions of 4 or
more constituting point symmetry with the center of the balance
wheel‘as its center.

Other characteristics of the second embodiment of the
rate adjusting method of a mechanical type timepiece according
to the invention are similar to characteristics of the first
embodiment of the rate adjusting method of a mechanical type
timepiece according to the invention, mentioned above.
Therefore, with regard to the other characteristics of the
second embodiment of the rate adjusting method of a mechanical
type timepiece according to the invention, a duplicated
description will be avoided by correspondingly applying the

description with regard to the first embodiment of the rate

adjusting method of a mechanical type timepiece according to
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the invention.

Even when the second embodiment of the rate adjusting
method of a mechanical type timepiece according to the
invention is used, there is achieved an effect similar to that
in the case of using the first embod:’;ment of the rate adjusting
method of a mechanical type timepiece according to the

invention, mentioned above.

[Industrial Applicability])

The rate adjusting method of a mechanical type timepiece
according to the invention is suitable for accurately adjusting
the rate of the mechanical type timepiece by simple steps

without disassembling the movement.
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1. A rate adjusting method characterized in that in a
rate adjustingmethod of a mechanical type timepiece comprising
é movement constituted to include'a mainspring constituting
a power source of the mechanical type timepiece, a front train
wheel rotated by a rotational force in rewi.nding themainspring
and an escapement & speed control apparatus for controlling
rotation of the front train wheel, said escapement & speed
control apparatus including a balance with hairspring
alternately repeating right-hand rotation and left-hand
rotation, an escape wheel and pinion rotated based on rotation
of the front train wheel and a pallet fork for controlling
rotation of the escape wheel & pinion based on operation of
the balance with hairspring and said balance with hairspring
including a hairspring, a balance stem and a balance wheel,
said method comprising:

(a) a stage of assembling the movement of the mechanical
type timepiece;

(b) a stage of measuring rates with regard to a plurality -
of "vertical attitudes" in a state in which the assembled
movement is arranged in "vertical attitude";

(c) a stage of calculating the magnitude and the
direction of an attitude difference vector based on a result

of measuring the rates in the stage (b);

(d) a stage of calculating a weight amount to be added
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to the balance wheel (140b) or a weight amount to be removed
from the balance wheel (140b) and calculating a position of
the balance wheel (140b) to be added with the weight amount
or to be removed of the weight amount based on a result of
calculating the magnitude and the direction of the attitude
difference vector in the stage (c); and -

(e) a stage of adding or removing the weight amount to
or from the balance wheel (140b) based on a result of
calculating the weight amount to be added to the balance wheel
(140b) or to be removed from the balance wheel (140b) and
calculating the position of the balance wheel (140b) to be added
with the weight amount or to be removed of the weight amount
in the stage (d).

2. The rate adjusting methoa according to Claim 1,
characterized in fhat the rates are measured in the stage (b)
with respect to the four "vertical attitudes" of "attitude of
12 o'clock upper", "attitude of 3 o'cléck upper", "attitude
of 6 o'clock upper", and "attitude of 9 o'clock upper".

3. The rate adjusting method according to Claim 1 or Claim
2, characterized in that the stage (d) includes a stage of
calculating the weight amount to be added to the balance wheel
(140b)andcalculatingthepositﬂm1ofthebalancewheel(140b)
to be added with the weight amount based on the result of
calculating the magnitude and the direction of the attitude

difference vector at the stage (c); and
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Headi ng 8341ght amountgon a] surface of the balance wheel (140b) by using

an ink jet projecting apparatus (156) based on the result of
calculating the weight amount to be added to the balance wheel
(140b) and calculating the position of the balance wheel (140b)
to be added with the weight amount in the stage (d).

4. The rate adjusting method according to Claim 1 or Claim
2, characterized in that the stage (d) includes a stage of
calculating the weig'ht amount to be removed from the balance
wheel (140b) and the position of the balance wheel (140b) to
be removed of the weight amount based on the result of
calculating the magnitude and the method of the attitude
difference vector in the stage (c¢); and

wherein the stage (e) includes a stage of removing the
weight amount from the balance wheel (140b) by using a laser
emitting apparatus (192) based on the result of calculating
the weight amount to be removed from the balance wheel (140b)
and calculating the position of the balance wheel (140b) to
be removed of the weight amount in the stage (d).

5. The rate adjusting method according to any one of Claim
1 through Claim 4, characterized in that the stage (c¢) includes .
a stage of ca‘lculating the magnitude and the direction of the
attitude difference vector with respect to a plurality of swing
angles of the balance with hairspring.

6. The rate adjusting method according to Claim 5,
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" #8% () characterized in that the stage of calculating the magnitude
and the direction of the attitude difference vector with
respect to a plurality of swing angles of the balance with

hairspring, includes a stage of calculating the attitude

difference vector by using

Up= ¥ (Htw - Hsi)? + (Hth~Hni)> .. ... Equation (1)
where UB: attitude difference vector, Htw: rate of attitude
of 12 o'clock upper, Hth: rate of attitude of 3 o'clock upper,
Hsi: rate of attitude of 6 o'clock upper and Hni: rate of
attitude of 9 o'clock upper, and

calculating an offset weight amount of the balance wheel (140b)

and a position of attaching ink to the balance wheel (140b)

by using

m'r*Kb
UB= I ++++Equation (2)
where UB: atfitude difference vector, m: offset weight amount
of balance wheel, r: position of attaching ink to balance wheel
(distance from center of balance wheel), Kb: toﬁal oscillation
number of balance with hairspring in 24 hours, I: moment of
inertia of balance Wheel, and
calculating an attitude difference vector direction of the

attitude difference vector UB by using
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an! Htw — Hsi

DUB= Hih - Hni Equation (3).
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