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TWO, E STEP MOTOR FOR TI MEPI ECE 5 TECHNI CAL FI ELD The i nvENNOW2082 at es
to t'wo- pol e step notor for an analog electronic tinmepiece. BACKSRIIND
TECHNOLOGY Since an anal og el ectronid tinepiece enploys a cell for its
power 10 source, the anal og electronic tinmepiece stops its function after
conti nuous operation for a given length of tine period dueﬂmmmmmwmumman of
its capacity. Accordingly, the repl aced perio a
new one, which has been quite Fﬁ%ﬁgﬁggﬁﬁgﬁfo users. Further, assdidde users
have to ask specialist shops to do such 15 replacenent, it has been

i npossi ble to have the cell replaced imediately if the cell runs down when
there is a needriye pegjof SIERPANMIOTCRECkORI Crivmmpege. and
consequently, this has caused a great deal of inconvenience to the users.
Si nce such exhaustion of the capacity of the cell of the analog 20

el ectronic tinepiece poses a ngjor problemto the users, efforts have been
made I'"BEEIHNIGCAdt udIRItDpr ol ongation of a service life of the cell in the
anal og el ectronic timnmepiece or to develop a tinepiece capabl e of

el i m nati ng Ehenaecenition relptesdene twoqiole step indtpr ifor anmadsg elpcaropéner at or
in the tinepiece, activated followi ng the notion of the users carrying the
ti nepittimepwiach t hem 25 or by the agency of a power generation nechani sm
such as a_solar _cell, and so forth, incorporated in the tinepiece. However,
in th@é&%ﬁﬂowgnaﬂ@cﬂw@m% timepiece with such a 2T NOV 2002 2
power gener at.i on nechaTisnlbuiIt,thereLn, the tinmepiecg |.s designed to be
driven by powBfesihranalog eleclphis tinepiece emp raycéﬁl fOTbUSIPOWﬁér ei n,

however, ther.e have been cases wher.e it has .Esg di.fficult to.generate

yﬁffi S i analog el HaRIc, fimeRigcs | stgbsd ?ﬁ@cé{%zﬁ%& FOHIEAR  ons o
5t f . . . " A ) :
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order to I'mepi ece | operdtiona out

interrtl,ggd ﬁ’ﬁﬁé@Wdu'BﬁeédﬁﬁS?ou Qrsl_\/Eaani le, if use can be nade of a cell which

is large | I ze, having a large capacity, it is possible to achieve

prol ongat i orFigthdreag ethe Ceserk f Ravdeteoisk W?@%Yﬂist %ﬁ@'ggn'tdlgd@ogﬁéﬁ aints
i nposed on a tinepiece does not permt the Cell to be excessively large in

$5ze. rdplavethditt] ¥t haé bteeal PARadsivie @ havie thecellcfeplhéd] dnnidiaedy lifi s
called for, it has been inevitable to achieving | owering 15 of power
consunthei ogll amnshdéowar wihn theret israphead foNawse afmhehanalop efecaonécal og

el ectronic tinepiece is broadly described hereinafter. It has a

const rtismepaces aod eonsequently; fus dasteapsedaogread deal wf meporeenience to
intermttently driven in accordance with a reference signal generated by a
quartﬂhéﬁﬁﬁﬂiator, and the like, and tine display is perfornmed by

Since such exhaustion of the capacity of the cell of the analog

20 electronic timepiece poses a major problem to the users, efforts have been

made lately to study on prolongation of a service life of the cell in the analog

electronic timepiece or to develop a timepiece capable of eliminating a need

for replacement of a cell by incorporating a generator in the timepiece,

activated following the motion of the users carrying the timepiece with them,

25 or by the agency of a power generation mechanism such as a solar cell, and so
forth, incorporated in the timepiece.

However, in the case of an analog electronic timepiece with such a
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20 transmtting notion of the step notor to the hands of the tinepiece via

gear It follows therefore that fromthe viewdoint of poweyy NOWR0®2Ii On,
sucﬁ;\n‘ anal og el ectronic tinmepiece can be broadly broken down into a

circuit part incorporating the quartz2 oscillator and the |like for
generating the reference signal, and a step notor part for rotating the
hands of the tinepiece. 25 However, with anal og electronic tinepieces in
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power consungtion of a tinepiece in ole. 1 J. iS a pl Vi ew show ng

a_schegifficge E+'a8 equitkd aalPﬂ{éVﬁ?{(?"r Bé@us%%ﬁ]fﬁaﬁ@é@d}ggﬂﬁ ofGhe?

ti mepi ece. The two-pol e step notor a tineplrece to hereinafter

ner el ytigfepiédesPari®y flom opeiRer $6andtherel d coil 7 provided with a conductor
7b wound around a magnetic core 7a fornmed of a high-perneability material,

and a st at or AtGoRlhghonasent owithpahet eirmepizcel ihbErpHRAUNES | @h&OPéw%ﬁt of the
field coil 7 by screws 8, 8, respectively, for nagnetic connection. The

st at or g@fidrationpmmechtadsmi thuilt rtheceinhoite ha02 béehi nrdessdogt 2ot aahl yatat t he
center thereof, and a rotor 3 is rotatably disposed inside the rotor hole
202. 1sclHevement of Aewesingr p@wies consyumptied ioforder 4o keepahedimapieaadna r ot or
axl e 3b, and the rotor nmagnet 3a is nmade of a ferromagnetic material and is
f or meda iskabde oparasiaal icondaiomnvathenidpterrapieon duongadage3b serving as a

Eﬁi o ﬁggﬁlé:tﬁ&éi“ithﬁé{” 15 can o aﬁl 1 sell Fihch s Et@fiigf@f%ﬁ{g@ggot hs 1o
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2002 Furt g torque setting neans I's provide e 1 nne
15 of power consumption on the part of the timepiece.

Now, a mechanism of an analog electronic timepiece is broadly
described hereinafter. It has a construction such that a two-pole step motor
for a timepiece is intermittently driven in accordance with a reference signal
generated by a quartz oscillator, and the like, and time display is performed by

20 transmitting motion of the step motor to the hands of the timepiece via gears.

It follows therefore that from the viewpoint of power consumption,
such an analog electronic timepiece can be broadly broken down into a circuit -
part incorporating the quartz oscillator and the like for generating the reference
signal, and a step motor part for rotating the hands of the timepiece.

25 However, with analog electronic timepieces in current use, a circuit
part is made up of a semiconductor integrated circuit wherein power

consumption is rendered small, and consequently, a greater part of power is



peri phery of the rotor hole 202, so that the magnetic poles of the rotor
mag‘{ge't 3a are positioned so as to be oriented in a constantadNOACR0O2 Of an
i nit#al phase angle 01 by the agency of the holding torque setting neans
when the step 5 motor is out of opergtion, thereby stopping and holding the
rotor 3 in that position with a predeterm ned holding torque. Wth the step
notor, by applying a driving voltage thereto, forward and reverse current
are caused to flow alternately through the field coil 7, thereby a nagnetic
fi el d afierentlec¢onsumedi foct damingrthes stepdi mgtaeo fonehandling i the dfandse 10
forward and reverse current, respectively, is generated inside the rotor

hol e Zocxasdingly: oreductionp s dpowerheonswmptiode obf thehestepspedor vieas | dwi ng
current, and the magnetic field is caused to act on the rotor, magnet 3a
magnetconstlesabler efigatl on dowesing rf pewwsr gonsumptianedl 15y tirsepigegr Hes (f or
one s%gﬁg counterclockwise in Fig. 22. 15 The notion of the step notor,
made l6ne step, is described hereinafter. If the direction of a magnetic

field produged inside the rotor hole 202 by netic fluyxes.which are
Goner at d WhAE A7 rEn@ (AR YIH SHOMIRG EhPOUGRIIRCCPREUFHA | OF 4

ot oppdn P EOpALh S HIERAIOrRY SBmgiiBees (he Girectionof o
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acti Q%r@ﬁﬁ&@%agﬁeﬁ@‘éof@gﬂ%hﬁeﬂﬁfgé mgig]tpéﬁné%"l’irty TRBAR], FhPAdtdthe Stator

201 in a state Where no current ough the' field coil 7. In this

10 at e 204hbonded rtendppesitaends dfothe maughletiouddret e ofi ledfield kol Troy 27 NOV
2002 5 such a direction as to cause the rotor 3 to rotate forward, nmagnetic

f | uxescoewsB, Boredpectivelyd foniaghetisncbmectignetic field is generated inside
the rotor hole 202, whereupon the rotor 3 is subjected to a rotational

t or que causddepstator 201 as grovigdedowvitthe rotembolec262 defingddsubistangéallmnent
magneti zed charge of the 5 rotor_nagnet 3a, starting rotation against the

r esi stahribe centemthererfiang adotere3 iggetatabbidisposed dnsiderthetiptouivle he fiel d
coil 7 for a suitable duration only, the rotor 3 stops after being rotated
throug’-r02180 up to a position of the next stop. Wth the step notor of the

constitution, as descri bed .above, po rflo consunption for a ynit of tine is
Expressed by WET,SGTRIOT o 15:CAPEER 0T 19108 HARRA ABASLEPIPB ARGy
th th il il 7 . it ati d | | | .t . i ed.
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notor, the rotational torque 1s caused to occur to the rotor 3 by causing

cur r erfirdc@ion fomhdl tolthelplahé of Phé fiburé RET8QY berinteiallijoincd figethé rotate

agai nst the resistance of the holdi'ng torque. Consequéently, the smaller the
J®! di nhetebyomagnetigingnile! ©tot hiaghet daiiaalchtPwayeasad hawatwo gobléoinay be in

proportion to the holding torque.
the diametrical direction thereof.

The rotor 3 with opposite ends of the rotor axle 3b rotatably supported -
by bearings (not shown), respectively, is positioned at the center of the rotor
hole 202. Further, the rotor 3 is constituted such that a gear is provided at

25 one end of the rotor axle 3b, and rotatory motion thereof is transmitted via the

gear to the hands of the timepiece.



Since current which is caused to flowin the field coil 7 is proportional
to t rotational torque, current flowwing in the field coil

redu{:] d ’if t he hol ding torque can be reduced. As a result, |2'? 'ggg,oin@sz
possi ble to achi eve | owering of power4consunption of the step notor for a
timepiece . 25 Now, the holding torque of the step notor for a tinepiece
has functions such that even when the tinepiece is subjected to an i npact

wh the ti i i d d forth, the hand ly held
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{1 mepi positionwithe piedemémginetl KOBERSGNaI 11 not occur [T kinetic ener gy

occurring to the hands by an inpact is snaller than a hol ding potenti al

establ i shed With ke bieipdinogort, bycapleinga deivihg violake iterefo "RFRELH Qrpot ent i al

di fference. Since kinetic energy received by the Eands when subjected to
the i nfRurse supenpara caused todlowealtematedy thrompietie fidldtdegl afitseby he

hol di ng 15 Egtﬁn%al , that is, the holding torque can be rendered snaller
by useg@gnp giborignted ansaaditentiorocenespayding tioithe difdctivac ofehepossi bl e
to set.the mnimumholding torque as required at a very small val ue

éﬁui Vafcgmargloaﬂpggspoq;p@@n% Hespestively, iviggneraséd dnsidepthenrotorflnolea

ti mepi t hereby achi evi | owerjng of power 20 consunption of the

ti nepiggg.sol@jp,ccﬁ_fﬁs@loﬂa tpgﬂﬁdﬁagm % 8f thearespeptive flovdngrewrentanod of t he
convent,.o ot f t] mepi.ece, .i s now descri bed hereinafter. As
for t@ehgﬁzk oglil%ﬁr?ofigégeﬁsseq%élisﬁg #?eafﬁ:é,o r A8 detpr magnetsdar magaetized
convengd e rf.0 t 4 NRPI tsher r ri ily two types in
25 corrg(%fr%l&}?!tl?lg% g% r@ltgsctrhrﬂ bg(()jﬂtge%l g&. r@f?gquye ﬁé@ (%gg‘?ﬁ'?rsr?f‘?fcﬂ“&ns h t hat
t he stahniterQdckivideigy Bicepomotor for a tinepiece , shown in Fig. 22, is

formed of a high-perneability material,
15 The motion of the step motor, made for one step, 1s described
hereinafter.

If the direction of a magnetic field produced inside the rotor hole 202
by magnetic fluxes which are generated when current is caused to flow
through the field coil 7 is designated as an excitation direction line 12, the

20 rotor 3 is held and stopped at a position where a line 4, which is the direction
of magnetization of the rotor magnet 3a, and which interconnects the two poles
thereof, is rotated by the initial phase angle 0, counterclockwise in Fig. 22, -
relative to the excitation direction line 12, by the agency of the holding torque
of the holding torque setting means, established by magnetic action between

25 the magnetic poles of the rotor magnet 3a and the stator 201 in a state where

no current flows through the field coil 7.

In this state, when current is caused to flow through the field coil 7 in



7 27 NOV 2002 and as shown in Fig. 23, there are provided holes 6, 6
defined close to opposite ends of the stator 201 in the | ong foV 2602
di r'e¥tion, for bonding the stator to opposite ends of the magnetic core 7a
of the field coil 7. Arotor hole 203 provided substantially at the center
of the stator 201 is 5 defined in the shape of two semcircles joined
together with the center of the respective semcircles deviated from each

other to, petmt.a holding togrque and an initial phase angle 01 (refer to
Fi g, s8§hRciiectiGh aS 1 gtlse,fhs Fata i ndotas Torwaed Maagactic IBHeR o¥Chty as t o

Coo. steghedtroal 10008 ARt feR Einll utid e opbalk 700y *are
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st at onyp A flowi}e of %ﬁdanhfcﬁigtpih@w%g@%ﬂt Y8 &f %ﬁgdmg ggu*faabﬂ%nl etting

means iI's described hereinafter- with erence to n the figure,

sone ZRe ¢omROBNGSs Hitel being evtaes tisrcd@hCr 8dredpwhed posigioRssftle Rexksi ng the
sane reference nunerals as described with reference to Fig. 22. A stator

211 itéfhis case is provided with a pair of recesses 205a, 205b forned at
symetrical positions against the center axis of the rotor hole 212 on the
i nner peri piWith #ie tskep mootar abithe2a@nstitatibnl ali Wgscrbed ealxstet, i poweeans in
25 order to provide the holding torque and the initial phase angle of a
¥t or consumpthyr fora gnitplytime isrexpressedsby the prodiugioft mstrengheof ithe centers
of the recesses 205 205b i i sposed so as to be tilted at. an, angl e of

g el sl it d 3

611 r&PEEen}&apsed to glogy, tasay edh ait /i for exeitafionand aicsll veltage12. 27
N 2 e, S 3h9kef et A At Bt oo A s b
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how to reduce current flowing in the field coil 7 while satisfying driving
15 characteristics required of the step motor.
Further, with the step motor, the rotational torque is caused to occur to
the rotor 3 by causing current to flow in the field coil 7, thereby causing the
rotor 3 to rotate against the resistance of the holding torque. Consequently,
the smaller the holding torque, the smaller the rotational torque as required
20 may be in proportion to the holding torque.
‘Since current which is caused to flow in the field coil 7 is proportional
to the rotational torque, current flowing in the field coil 7 can be reduced if the -
holding torque can be reduced. As a result, it becomes possible to achieve
lowering of power consumption of the step motor for a timepiece .
25 Now, the holding torque of the step motor for a timepiece has functions
such that even when the timepiece is subjected to an impact when the

timepiece is dropped, and so forth, the hands are securely held so as not to be



5 excitation direction of the stator 211, is designated as an installation
angle 81 z of the recesses 205a, 205b expressed in a positiyeN@V2002hen
rotated in counterclockw se direction, and the initial phase angle 6,

(refer to Fig. 22) of the rotor 3 is get by adjusting the installation
angle 812. In the case of the step notor for a tinmepiece , having the
stator 211 of to such a construction as descri bed above, the hol ding torque
of the rotor 3.is determned by the pair  of the recesses 205a, 205b. In
this cemesk foiumppdhershyt enabling cprectitine e bedasplaxedorhile seHhings
descriaﬁg ab8ve are formed inside of the r&%fr hol e 2%&:&%3the stator 21

i s destls BaBds at 3 GOrESEh HHPR POPARAR AAZaInsy: (ig: rasistanes, 05l £91qUe1 9pg. 15
A stator wherejn recesses.are formed,inside.a rotor hole thereof is

her e narUTIECEPFAIIES A0 Bedrsisilsthe BeBickeor . s described in the
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amunt (qubha &hﬁﬂ?ﬂ%ﬁﬁﬁﬁﬁaﬁftb@ ﬁxh@ﬁeﬁldéﬁlr}ettﬁﬂé%ﬁee.to 50 um 25 However, if

it is intended to further reduce the ho g torgue to a large extent in

order to achjgvdischy®ed fif Iaferaatibhalc PadlicRtion ot W@HB aM0939 nizefy be
rendered to be extrenely small, as small as about 10 Vin, and 27 NOV 2002

9 consdeaseritbed witlt réferenvestodibiel holdidg torquesperiquidedofoaisei iantimiepiecshi ch to
process the stator to establish a stable holding torque. Further, if the
dap anthatt jurspingndfrhe handsewallt netretours b kinetic énergy beduntingdp the s | eads
to resultant reduction in the initial Ehase angle 5 (refer to 61 in Fig.
22). Abaads dyulan, impaet W |smalierutharn @ helding epetentinbrestabliphedobgr the
consunBtLgn when dr}vin the rotor, so that |owering of power consunption
can noROKHENgJIATQULQL a rataryEat 15, mpgnetisdpeniakdiffedsnest or enpl oyi ng t he
gap type stator construction, it is possible tqg set the hol di tgrque to a
smal |~ val ue SYME XIDGHE, eNEIEY, Recglyeds Ry Hhe 3]3111 utViGBr WW&CE#Q%&M al
phase i i r of t oto5 _h h .. such
enl ar gﬁﬂgh& 2%1 ﬁﬁhgtt%t t‘?ﬁ}? %a‘f_i%}‘?eo‘%fg}n%ﬂg‘a{ \ﬂ&l {h_er géﬁ%’ ﬁﬁ’%@m on of
3t er agbi o etReR, dngARALS bRl BY HtrbAsifEIL By 85O0 He and
e rotor nmaghe
hands with a smaller moment.
By so doing, it becomes possible to set the minimum holding torque as
required at a very small value equivalent to a fraction of the holding torque of
a step motor for a timepiece, thereby achieving lowering of power
20 consumption of the timepiece.
Next, holding torque setting means, provided in a stator of the
conventional step motor for a timepiece, is now described hereinafter.
As for the holding torque setting means, provided in the stator of the
conventional step motor for a timepiece, there are primarily two types in
25 construction as described below.
One type has a construction such that the stator 201 of the step motor

for a timepiece , shown in Fig. 22, is formed of a high-permeability material,



That is, in this case, as el ectronechanical coupling constant decreases, 15
the rotational torque occurring to the rotor by flow of cursepoVyPoegoh the

field coil is reduced. As a result, even if the initial phase angle is set
to a proper value by |owering the holging potential established by the
hol ding torque, it will becone necessary to increase current flowng in the

field coil to conpensate 20 for a decrease in the rotational torque due to
a decrease of the el ectronechani cal q:oucEI ing constant, so that a
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ext r_engh)inﬁ{m:ﬂhﬁg?gﬁ%@@gdgﬁg&ym 3 &12? I;EI? Recepe difficult in respect of

precision wt to process tre’s or to obtain a stable holding

torque. Furt Bgrcombihing ¥het®¥ ¢ 8asidivdles $h 3heh afayels! to édusestheQzmidy e to
set the holding torqueto a small value w thout varying the sum of the

areas of thberespeetisesehyictreley gb nipvidie ffoar@iaeh othet,hewoosteppbd!partshovever,
as with the case 10 of the gap type stator, such enlargenent of the

dicanet 204af 204k havimg atgdpeamiount (Byebpedtivedy dever feaaedof With the stator

el ectronechani cal _coupling constant, so that |owering of power consunption
can noR20Beitasipassihle tassed dbe hiaddimghtorque befaodesired valuehly adiustingothet he
conventional construction as described above, if it is intended to set the
hol di ngap&meeNt Q. a 15 smal| value in an attenpt to further reduce power
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pr obl e%é@gﬂﬁ@%%%%éo%gb§§sggﬁﬁgﬁgshtg{\;tgr[ construction of a stator,

and to provi exd, thochNttu@idiPofhetheraypd df NEIRIMRE fortfiedetiing sHédmbl e for
| owering of power 11 27 NOV 2002 conSunption, and ich can be

manuf ags udesdrietinhepsinaftép withi esferéive abo¥eg.oldectn thet figupe| gsoateep not or
for a tinepiece according to the invention conprises: a rotor made up of a
raft or cegpEnentsiuaed an @ommios; isadescribed whelre nécessarybypising dbe Isame
material, having a rotor_ hole in 5 which the rotor is installed; and a
field cofierenes nemeralsassiescribedivish reference iBigtd% core nade of a

hi gh-perneabi |l ity material around which a conductor_is wound, and opposite
ends of whi ch stadornAbhdnitbis ¢aseds previded withos pair @ﬂmeweSt%ast@ﬁ» ,
wherein the stator is provided with a pjurality of holding tqrqu etting
means, [eRTBpd A SysameHdcal pesitipas jagausy t{aw qemgerr axisrolhthesroter ho e 217

on the inner periphery of the rotor hole 212, as holding torque setting means in
25 order to provide the holding torque and the initial phase angle of a rotor 3.
Further, a straight line 24 passing through the respective centers of the

recesses 205a, 205b is disposed so as to be tilted at an angle of 6, relative to



10 installation angles differing in the direction of the inner periphery.
Herein, the installation angle of the holding torque setti ngy NOW2002f ers
to'an installation angle relative to the direction orthogonal to an
excitation direction of the stator, agd the installation angle that differs
by 180 is deenmed to be an equivalent installation angle. 15 It is effective
for attaining | owering of power consunption to set the initial phase angle
6, which is_an angle forned b% the magnetic field direction line in the

di r ect %@X@taﬁom%ﬁ@@tﬂ@nﬂﬂeofd protirdwlei2igi.de the rotor hole and the
magneti zing djrection |i of the_ rotor magnet, at fhe_ standsti]l position
of the rotor%ﬁgéiae@ﬁatpéggé@ﬂw@gﬂmmzh the shwaghgline ﬁ passang|tjangh y of

degr eedhe Freiie CheRoh e urensrird 205t Fops atith acdimaRtlite 2 ne

not - be PRSP ilgbBp' & FATEL A B6ng ater nolk s and: Hiedeal 16 i it fal
or e oPRGLAORLFestRE b Ing BEANEAEE. IS METRRRCAACH BISIFE RGN fle'F oror

ot enad] B HEsSEs 208,205 Barbasa B Doififus Y1 AP LIRS ) &
pair Ofcoh'ﬂ?erPHdﬂ\ﬂ@etcﬁf‘éﬂif‘on, d%dgfngz\inﬂgi%]gﬁﬁasjelhﬁgﬁfﬁgtﬁﬁer%ap@ir 5)0on ectors,

and by insta ng two or nore que se ‘nmeans cotresponding to
the regsReebiors i¥aet Bgsﬁcﬁﬁst}ﬁﬁéﬂﬂ%ﬁﬁ%ticﬁf aﬁig f(:?elr ent installation angles and

at locations avoidin e axte hole and the hol%ds of axed pins. 5 Further,
the stator i$nphefcas@ifthertep wiotby foPadimepreck! MIsdviifaherstater R1egfe of a
hi gh-perneability material to a second stator part nade of a high 27 NOV
2MP2 13upkrareahstrucsioneasedesdribdd abghe,t the holdingewirquey off theoroter 3 éns nmade
of a |low perneability material or a nonmagnetic material. |In such a case,
t he st detarmiaeddydhespain ofithe recasses $A%a,i205s magnetical |y separated into
two portions, and consequent]ly, a magnetic field inside the rotor 5 hole

for rot aL i nng]El ﬁb{srflé%mlec_@fﬂﬁl, BRE 6PRStERGHN whﬁr@huﬁwesy?sfﬂgg%{b’ia, 200 s

can be deatibed abover @‘é‘y’hm%i;,i.%{élq%”hr ??i%og%ﬁ%%eﬁoemlﬁg#ﬁﬁp%% 1_Fiﬁ|?t her .

b onao MepBRATE fod EkapSlee Higariase Babetf e hesmRioy ishis 108 20" connect i ons
bl j i cal ired

b5 Secur e BhSTAOR PERARS e oFRE b T e PSR, a7 KIOP ol hebéfi i o °

descri l?l%gei Qﬂ\gf efe é t P4 %?{o%ﬂe)ﬂ tyﬁ%tstﬁtﬂf’ connections where the first

st at or par?k S Bongreépto{} e second*stator” part serve as at |east one of

the pluralityOHebgbb@lidi ik ﬁgregggxgge{eiﬁsé idagenggmevaaglv%nﬁbﬁﬂs di ng

torque setting neans except t ctions are sposed on the I nner

per i phenytorferhpRyifg Qhe papetype Stﬁl%fr,aiﬂeaihbgﬁitﬁﬂﬁkﬁsth‘é' Hdlding eorguemardat f or
t he connections. “In addition, the plurality of the holding torque setting
nmeans ahe ipittdlephbsey angle eshr beeadjastedr bpavagdngr dieubap angeant @fnde on the
i nner 20 periphery of the rotor hole, respectively. Further, the other
hzo di ngteppedueartefaimmed mesides thsratos boldbed above are preferably a pair of
recesses or a pair of

With the ordinary step motor for a timepiece, since the diameter of the

rotor hole is in the order of 1700 pm on average, the maximum holding torque
can be set to around 300 nNm by setting the gap amount of the stepped parts
of a stator to about 40 to 50 pm.

25 However, if it is intended to further reduce the holding torque to a
large extent in order to achieve lowering of power consumption, the gap

amount need be rendered to be extremely small, as small as about 10 pum, and



pr ot uberances fornmed on the inner periphery of the rotor hole, including
means formed in a shape asymmetrical with respect to the cegtqOovozode
rotor hole. Then, the holding torque can be adjusted by varying the

di mensions of 25 the recesses or thegprotuberances, and the initial phase
angl e can be adjusted by varying the installation position of the recesses
or the protuberances. Further, anong the holding torque setting neans, the
means forned in 27 NOV 2002 13 the shape asymmetrical with respect to the
cent ercopseqhentlytib benomesrdiffioalt in pespect ofiprecision withawhhetosprnedss

pr ot uberance facing each other, formed on the inner periphery of the rotor
hol e, th@ Sbﬁ‘i@b&@@&tagildbéi gablenloldéng trqBe. t he rotor hole, or may conprise a
recess or a_prqtuberance fornmed on the inner_ 5 periphery of the_rotor hole
only on one lEé?%rgh'“QJflft EAP AMQUH dHfren: Gﬁ%é@ngﬁe?xﬁfﬁ@e&’ B 9S of the

hol di t tti f | y. conbi natj f th f

i £ erRAETDG DG & HIh dehas Cal A Lopt. BRIRCKoT ertBer iRl BBASE ABelE on of

the | i ph he ,r ot le.differing f h other. 10 In thi
Sbne P ioh oy ot Bl fa ofisch TEBbdbl Wil feShErAD THBRETHHENDT HeZhol di ng
o e s E ot RSl AR BRGNS, S0 L SRt SE o008 1

not ch s e ,Or°>co nat'l ype as
descri ' : tched t descri bed above. Still further,
weh R R B Fs BN 2T et ece having the 15 piurality of the
hol di ng t ttj ; ' : Ay

asymmetri calt HRa: AnAReTPREof PEE WHelShdio} JTRBRARE BRoRY TREBL, ot ator
part irRtecababitisRdRsle o s&hmm@ngg fdruetoPRsiall¥Aue_vEAQL the

internediary of the connections made of a |'owperneability material or
[@nmagaeié gapehaioult, witheue omtyhizg' ahe iaitiali phass aaglé dysenbirgingy thée
plurality of the holding torque 20 setting neans. Simlarly, wth the

t wo- padienetepofivhe rofor hale; hossver esuady entrgement wfathietdianfetehef fthe di ng
torque setting neans of different types, the first stator part is

pr ef erraboly hiobt deid] rosulbeins seduation af cintgractionhbetvten tae magneticefiicddy of the
connections nmade of a |l ow perneability material or nonmagnetic material, 25
t he coneagringhinsidertheagtershele andqibe rofer BAZNAL plural ity of the hol di ng
torque setting neans, .BRI EF DESCRI PTI OF THE WINGS 27 NOV 2002 14
Fig. 1is aﬂ?aéﬁsvnbwlﬁ?éﬁﬁn@s eEHR 8l rﬂ"élt‘]gf"g‘tgi W%?H%J?%@%Fél’e step

B o shofatianl ot SRGRInY R Bret PRAGELH RO Brodef N 0 ol o
t t: ti [ in Fig. 1. 5 Fig. 31 h show th
el ot KON BaefbeRdn Nofaing torque of the oo o O oPT SIOMROERe

As a result, even if the initial phase angle is set to a proper value by
lowering the holding potential established by the holding torque, it will
become necessary to increase current flowing in the field coil to compensate

20 for a decrease in the rotational torque due to a decrease of the
electromechanical coupling constant, so that a power-saving effect resulting
from the holding torque being set to a small value will be offset, thereby
rendering it impossible to achieve lowering of power consumption.

Meanwhile, in the case of the step motor employing the notched type

25 stator construction, the initial phase angle can be set by the installation angle
of the pair of the recessés while the holding torque is adjusted by either

increasing or decreasing the sum of areas of the recesses formed on the inner



two-pol e step notor for a tinepiece in Fig. 1 and a power consunption of
the same. Fig. 4 is a graph showing the relation between a7 NOWV 2002hase
angle of the two-pole step notor for a tinmepiece in Fig. 1 and a power
consunption of 10 the sane. Fig. 5 ifya plan view showing a schematic
construction of a two-pole step notor for a tinmepiece according to a second
enbodi nent of the invention like Fig. 1. Fig. 6 is a plan view show ng the
construction of a stator of the two-pole 15 step notor for a tinepiece in
Fi g. Periplgry of theargoarholegand ndasgqugntyy dcitss imtendetk do irendeér tlse at or
serving as holding torque setting neans in Fig. 5. Fig. 8 is a graph

showi mylding tosfue consideratlyresnthan thetpreseninglue inordenpii lovdr pewesses 15e,
15f of the twp-pole step nmotor for a tinmepiece in Fig. 5, a 20 maxi num

hol di F@SBRYOTE RIS Wil Prgqugﬁatbé sumyl0é the arers ehithe pmrt tiej recassgsaph

showi n t&% relgéiocﬂ bet ween Sa h depth of %)he recess and tfge max'irrum_

hol di A8 PGEEMOKSS, (HIGNRERLE Bectechsias (o b renderepicatemalysmalls. i g,
[ h .showi ng, th | gt t i dth of .t.h 25 and

the mlst AR ehg T PARRIEr HIEUE 5 ThEPer PbPTEBR N BL P RIETY, &,

Fig. 11 i I [ how n matic construction of a step notor for
a '?i P‘é%%sa@%csg&(ﬁ)hé\gtbzalﬁva ﬂq%Pﬁe ﬁéﬂﬁﬁﬁitm& of the invention I|i Ee Fig. 1.
27 NOV 2002 | . ' Vi howi.n h 0 ACt L O st at or
of the o ep TBHIEpuf the RuEhET b gP U Welty 't FOBOHUBE PR NE

show . [ ' r r | € cordin
fo a PRI BASRR AR RRLe by o XA R sl oEuld JRRASZSE RE DTS
Vi ew | Shrhatd t i mepi ece
accor 3?%\&8? g th ??1? t hmgn%%cﬂ lrgrglr?? éro?f I&Léé‘f(ﬁ%\rlgﬁtlé’gﬁ) V?‘%fég’ g?aﬁ rﬂlgﬁé I(f‘lﬁsgjé 15pi s a
) an Wf%ﬂe%\i}g_ﬂ: stacorG @0eh rdnfllSigepieritf oftthe! diapietef of ke $6&R HBlEOKilf Or a

ti mepi ece according to a sixth enbodi nent of the invention |like Fig. 10 13.
Fig. I6suls m [ adecreass sifotheeletigonmehhnical i coupling cdrstant, ofo tthat st ep
motor for a tinepiece according to a seventh enbodi nent of the invention

| i ke Rowerig ofpgwet zohsumppiosrcan rot bhachieyedhe construction of a stator

of the step ) ) ) )
As described hereinbefore, with the stator of the conventional

construction as described above, if it is intended to set the holding torque to a

15 small value in an attempt to further reduce power consumption, it has been
necessary to render either the gap amount of the stepped parts formed in the
stator or the dimensions of the recesses formed in the stator to be extremely
small, thus posing difficulty in respect of precision with which to process the
stator. Accordingly, it has been difficult to set a stable holding torque.

20 Consequently, with the step motor for a timepiece , adopting the
conventional construction, it has been difficult to achieve lowering of power
consumption.

DISCLOSURE OF THE INVENTION
The invention has been developed against the technical background

25 described above, and it is an object of the invention to solve the problems as

described above by devising a novel construction of a stator, and to provide a

two-pole step motor for a timepiece which is suitable for lowering of power



15 notor for a timepiece according to an ei ghth enbodi nent of the invention
like Fig. 14. Fig. 18 is a plan view showi ng the constructiZmNQOV 2082 at or
of 'the step notor for a tinepiece according to a ninth enbodi nent of the
invention like Fig. 15. 20 Fig. 19 is_ a plan view showi ng the construction
of a stator of the step notor for a tilrrepi ece according to a tenth

enbodi nent of the invention like Fig. 17. Fig. 20 is a plan view show ng
the construction of a stator of the step notor for a tinmepiece according to
an el %(ﬁﬁh'ihgﬁi@ﬁ’,ddr{@%iéﬁ chii®e MUBNFAQArdd {x@tﬁﬁadag- 18. Fig. 21 is a plan
vi ew showi ng the construction of a stator of the step notor for a tinepiece

accor di ng t Te dchd theabodoreblect. 4 bRolpdieniteammbtée for 7 TihoMic2a02 16

Fig. 20. Fig. 22 is a plan view'show ng a 'schematic construction of a

converddconrding twtheoinyention cminPristora aotormade e ofa Fotdi3mhgnét Mda Vi ew
showi ng the construction of a stator of the step 5 notor for a tinepiece

| i ke Hiogor axlefiagstatdsd madeop adnghtpernseabilitgnidteriahimiving dirotordiole iat at or
having a pair of recesses serving as conventional hol ding torque setting
neans which Hig roRs. isFingtaldéd; and pifredd ioiivieh exicigtianptprevidednsiithuat i on of
a stator of a conventional step notor for a tinepiece |like Fig. 24. 10 BEST
MODE AoRgupRRypNGTade of\winghgermeabalityoniatemalsarstundhwhich, 8 ¢ondustaar e now
described in detail with reference to the acconpani ed draw ngs. First

Enbodilfetoungd; gad appesite endsigf whirh arepmagnetisallzhbondas o comostiei ¢
Comoctei BB bR b oW s byl VEBLSSHORIAG 6 BOARa?, b1 b
o or el s o, s BeSe I he b aRriphecy oot s Toluholls g1 & oiep’
L JRGIBghRRIER Btk e MDA R SR SRR o L sare,  and
of “the sarre Pagh TR e MEERRS e oreE dal BB A8IHER. Do

to si gl ¥n dnstalBtiRR Hﬁ%&r ela8We {0 Bife di c'ii%hobr&dgﬁ%l 48 & excitaiish magnet
5 ax 3b;

3 a and a rotor 2 ~a stator 1 having a rotor hole 2 in which the
rotor digedtiisit af tiedstabord aﬁdft'rl%;@'i%sfaq?la'tioﬁ Al e Al ATER by RBOYidl@demedh a

magnetic core 7a nade of a hig
to be an equivalent installation angle.

15 It is effective for attaining lowering of power consumption to set the
initial phase angle 6, which is an angle formed by the magnetic field direction
line in the direction of a magnetic field produced inside the rotor hole and the
magnetizing direction line of the rotor magnet at the standstill position of the
rotor based on respective installation angles of the plurality of the holding

20 torque setting means, in a range of 50 degrees to 70 degrees.

With the two-pole step motor for a timepiece according to the
invention, even in the case where a single holding torque setting means can not
be installed at an installation angle required for obtaining an initial phase angle
and a holding torque as intended owing to presence of the axle hole of gears or

25 holes of fixed pins which are formed around the rotor hole of the stator, the

initial phase angle and the holding torque as intended can be obtained by

breaking down a holding torque established by a pair of the holding torque



perneability material around which a conductor 7b is wound, and opposite
ends 27 NOV 2002 17 of which are magnetically bonded to @FN@®Vt2002nds of
thé stator 1. Inasnmuch as the construction of the step notor is the sane as
that of the conventional two-pole step notor for a tinmepiece as expl ai ned
with reference to Fig. 22, conponentld/mhich are the sanme as those shown in
Fig. 22 are depicted 5 by the sane reference nunerals, and the expl anati on
thereof is omtted. The stator 1 of this step notor conprises a first

stator part 1 a and ,a second stator .part..1b forned of a, hjgh-perneability
mat er PSR SPERRS VDG YarER: reﬂcg & dPRa1Yng e (Gamiareaboldle oo, | - anc
connodtiiR égé?y?oﬁ??@?oﬁlgiﬂgﬁﬁ%ﬁ g r?%ﬁ?%@éf??gﬁ%?&f hebRfn JoghT Y ©
Nk En TG0 SHTE 1B Yo 1A b iEE ELAR AR AR B NS
SPbStQRﬂE§bfﬁXﬂdﬂi _center of the stator 1 for holding the rotor 3 at a
gi ven position of*the rotating direction of the rotor 3 as shown in Fig. 1,

namely, the mashdés, Qﬂc%bﬁ i@g&éﬁaﬂw ﬂ{a(%gg;g;%ﬁ bodingla HestRARSH partpol es

whi ch are magnetized in the dianetri‘ca on of “the rotor gnet 3a is
posi t irpa@d ofta BiplRpetmeabilify histbriahesa rohd Gitorsit WilSben ighor i s not
driven so that the'rotor 3 i's not rotated, with a given hol ding torque
owing to a magnetic action between the magnetic poles of the rotor nagnet
3a and the stator 1. 20 The plurality of holding torque setting neans
conprise a pair of recesses 5a, 5b forned in the inner periphery of the
rotor hole 2 and a pair of connections Ic, 1d wherein both pairs are
positioned at the symmetrical positions with respect to the center of the
rotor hole 2, as shown in Fig. 2. The pair of recesses 5a, 5b and the pair
of connections lc, 1d are 25 different fromeach other in installation
angl es as shown in the drawing. The installation angle is an arrangenent
angle relative to a line orthogonal to a magnetic field direction line 12
in an excitation direction of the stator 1, 27 NOV 2002 18 however, the
detail thereof is explained with reference to a second enbodi nent and
subsequent enbodi ments of the invention (Fig.6 and subsequent figures).
Holes 6, 6 are fornmed on both end portions of the stator 1 in the

| ongi tudi nal direction so as to connect nmagnetically to both term nals of
the 5 magnetic core 7a of the field coil 7. In order to manufacture this
stator 1, a pilot hole being the positioning hole for the |ater press
wor ki ng, a prepared hole for the rotor hole 2, and fixing



holes 6, 6 are forned by pressing a high perneability band permall oy of 500
um, thickness, and the external shape partially remaini ngap NOVZo0Rart
(not illustrated) 10 to couple the band material is punched. Next, slits of
200 umw dth are punched on the connggtions 1 ¢, 1 d, wires of

predeterm ned | ength made of a | ow perneability or non-perneability
material are inserted in the slits, and the stator part |la and the stator
part 1b separated by the slits are joined to be -matched by the |aser

wel di pgrmeabilityrmatdrealrthroughh dhe iteamadidry ofecsrametioha made afa fpwehed by
press wor ki nﬁ‘ and finally the joint part to couple the band material is
punchpérmeabutyl reateridl orexnenmagnetiappatesiaki ng. And, the magnetic anneal i ng
is applied to the above band material that conpleted the external shape

wor ki ng to hawkechm ease, therstatonhas ateansemeponsuch. thavitDesvagneticalbxt is a
result of an_experinment which is performed for determning a_ proper

condi Sepaated sxlodmo porticrsiand sseaneniliga sragnshisriicldrniagids therrataen
formpng.the step.notor into which t Stator 1 having the fqregoing

Sonst hode ifoR Fodating e@lﬁa’é@@.r oA e IGigpHYyi prduced oY raAgnees Pekaben a

bt woBRCHAU Y e fielif a8t S Shdent s toORUrBL o CRheOH isan 8 1 on
Et: LE’Eﬁ%?@?@%ﬁéreilﬁ’é%%ﬂﬁiﬂg%?@ﬂ@@ﬁ%é#ﬁé@@i ment was per for hed by
accor ai ng + 0 Rerr ST W bafnectios HEEGL LR LA ARSI . s o

per f oL WRAS e eFBORAEEri A it}ﬁhﬁ% WHELRED O nBHhiAS Aol YT

wavef ormand an ratro of éac rivi fig wave

Afl Ushﬁﬁneé‘ﬁgng%e?ﬁ" é&%xﬁ@%@%ﬂi,?ﬂi@réﬂ?%ﬁi&n ”ﬁgﬁ%&ﬁpﬁ%@tﬁf as

performng a normal driving. rticularly, regar e stat 1 that was
used f[@quﬁe@wrb@rmmed_he portion of the recesses 5a, 5b are not formed by
press working but they are fornmed by an electric discharge machining in

accor dance \Hurtherarore} wdth the T ovpakustpentiotopifids ti timepbedeodesaribednet i ¢
annealing is applied thereto. First of all, the relation between the

hol di afpover tius paaferably thatthe consecmponsowhese thes firstistator Tast jsobvended
consunption in the step notor for a tinmepiece can be probably achi eved by
r educitadhersecepddstatpr: parg serve asieleast one eoft th@epblf@h&/ of gshe droldig t at i on
caused to flow in the field cojl 7 can be reduced, by reducing the hol di ng
Yor quéorgae: SEHing Impeans, avhite ibenhalding, dorquec seléingp MenswaseeRth&1¢iol di ng

fAE RS S T R
angles differing from that for the connections.
In addition, the plurality of the holding torque setting means are
preferably paired recesses or paired protuberances formed on the inner
20 periphery of the rotor hole, respectively. Further, the other holding torque
setting means as described above are preferably a pair of recesses or a pair of
protuberances formed on the inner periphery of the rotor hole, including means -
formed in a shape asymmetrical with respect to the center of the rotor hole.
Then, the holding torque can be adjusted by varying the dimensions of
25 the recesses or the protuberances, and the initial phase angle can be adjusted
by varying the installation position of the recesses or the protuberances.

Further, among the holding torque setting means, the means formed in



20 having different cuts of depths of the semicircular recesses 5a, 5b
provided on the inner periphery of the rotor 2 were preparegy NOVREDOZt t he
hol'di ng 't orque. The self nade nmeasuring instrunment of the rotor rotational
angl e nmeasured the angul ar velocity ai nst the displacenment angle of the
rotor 3, and fromthe neasured resultsS and , the inertia of the rotor 3,
the equation of notion was 25 sol ved, thereby cal culating the hol ding
torques as to the stator 1. And, the power consunption was cal cul ated

t hr ougthe shamr asymgndthiecabmdthicespeet te thercesnér ofitisedotor lidlewmnakrioeiah t he
coil 7 and a drive voltage 27 NOV 2002 20 applied across it when the
nmot or pais adnisisémg of a saecsstandl a puotuberancs facing bechratgrdin foemed onhthehol di ng
t or que, depends upon the di spl acenent angle, the conparison of the

measur Bmsitpertharsidel tha refor hwlaagnmppasitedsides vthacentedof the roy naxi num
hol di ng torque of the stator 1 used for the neasurenents, 5 the_ torques of
50 nNMR©les 0RGHNRBOCAMANAS @ Feeassr ea & npioteberasae sfasmethon the imear The
maasuremenb resuyl t by tgif experinent is fhovvn in Fig. 3. According to the
mBasur Bephepeel the ratae holeenlyeon pugside of te eentgrthereobso nNm the power

[ over o8 o TEBERRITHOR e i AW ise oMy hF ohoBHEE ORI b iSE10B OTRINS {18 whi ch
T
SUEst ol 1o PRI o RO G SR e 0

that i § en found that the reduction of the holding torque has a great
effect on the reduction of the power consunption. Meanwhile, as nentioned
ggove, in thp @i8RJHieRtoh¥h& chiiBiRhE6R of Ma;@erafruimﬁpt}ﬁt\sﬁgam% eis
required to prevent the hands from junping by an 2o i npact en th

ti mepi grehokling CORRE selting néeady ﬁaﬁﬁ&f@@bwwmmﬁmn afithd gapngpéandands to
be stably stopped at the standstill position against the resistance of
frictitheahotchedugpey desorebbdain theefosegoingg oacdngraison lof an owali typeerser gy

whi ch hands of a tinepiece receive due to the inpact is snmaller than the
hol di ndesuriteadt hedeihafterandthe hetchet diype descriped abovdie rotor, 25 the junping
of the hands do not occur. That is, when the nmonent of hands is adjusted to
be smal |, thdtiHofwthey, potlethe 4wocpalebstepaotentor a timepiesedhaigngothgue can
be made, snal | . 27 NOQV 2002 21 In such a nmanner, when the nmonent of hands
i1§ adj Dhwabty ef ghe hedding toxqueisaitingrmesmgiingluding dhe apeansgfomeed R be

reduced to an extrenely.gmal |
ghape asymmetncai With respect to the center of the rotor hole, the first stator

part is preferably bonded to the second stator part through the intermediary of

the connections made of a low-permeability material or nonmagnetic material,

the connections serving as at least one of the plurality of the holding torque
20 setting means.

Similarly, with the two-pole step motor for a timepiece having the
plurality of the holding torque setting means of different types, the first stator
part is preferably bonded to the second stator part through the intermediary of
the connections made of a low-permeability material or nonmagnetic material,

25 the connections serving as at least one of the plurality of the holding torque
setting means.

BRIEF DESCRIPTION OF THE DRAWINGS



hol ding torque, nanely, to a fraction of the holding torque of the ordinary
step notor for a tinmepiece . 5 As nentioned above, it has bFeNOWR002 from
t he neasurenent result shown in Fig. 3, that the reduction of the hol ding
torque is effective for the reductiog of the power consunption, and this
hol di ng torque can be reduced to an Qtrenely smal | val ue, nanely, at a
fraction of a holding toque of an ordinary step notor for a tinepiece . 10
Then, the relation between the initial phase angle and the power

consunpti on Fig deserd phth vidw smivvilngl a%héma@iwbénﬁmaM@flmtﬁwEofb shows
a phase difference between the rotary torque and the hol ding torque, and it
i's an gteglmotorfoed timepheceaaneting fo £fidstkmbotiment onthelibventibhe direction
of a maghetic field produced 15 inside the rotor hole 2 and the magneti zi ng
direction |iRgg.2 »fa plen vistwshoagngth8aonstridteors bfadsabor lofghsitwicepolsf t he
rotor 3, which is a very inportant paraneter for driving the step notor.
Wt h t stepexptor forrat timepieceain Kigads of stators 1 are used, which are set the
maxi mum hol di ng torque to a fixed value of 150 nNm and changed the 20
s6tting posiFipnkivfa graphr shewing tisa relatondvetseenna theddingntrqperofpther y of
the rotor hqgle 2, thereby changing Qn%y the initial phase angle sp . as to
check twe-nalestepmolrdess timepiecs imFighlandaaawengonuunpbosrof the
consunption. Further, the initial phase angle is cal culated by nmeasuring
the an &r velocity relative to the displacenent angle of the rotor 3 by a

| f . 25 rpt ang| ' devi ] | b [
= count or - el Eifi b 8B BB AGLRIT HERHESH A8l HGeh Phape, SIS To  of or
3 f ' Th ti [ | cul at ed..
"t egr 19 PBee s FBotc8 tor L BoRSERe i 335 T A ok EARELEDGGH ot
tlarougn}é&ﬁngi eld coil 7 and a drive voltage applied across it when the
étep notor 1S driven for one step. The initial phase angle of the stator 1

used | n the PRASIGENPBlad 4G SsHIWH’ LREHRRR &apft%ifﬁ%?sa tWd-eLmEnt s

of substantially 1 grees. 5 A medsurenent resu e experi IS
shown gmephn@tortfor & aithepitget fLcofdin@eRSAseABAd enfBddimerithef SRR ves®idILNDL I ON
is reduced sharply when the initiall phase angle ranges from 20 degrees to
40 degtikegigndl. it becones the m ni mum when the initial phase angle ranges
from 50 degrees to 60 degrees, and it is increased gently when the initial
phase angl e Fge.itnisr @ pharvidveshetving the Oosinectidn pf apstator of thelttioepgle 45
degrees are used as the optimumvalue of the initial phase angle, it has
Héen f stepdnbtamfcrta emeppecd ehig. ®her e t he maxi mum hol ding torque i s reduced
to the small_value such as 150 nNmthat the optinmum value of the initial
phase angl e Rigerkis aelpaweewelaiging isoreches previded dnrthai stator issreingras er r ed
to the, sjde of an an?Ie that |s_| arger than 45 degrees. 15 Fromthe

f or egolRiling dorque setipgdnenint Bighd-t hat the achi everent of | owering power

oot mum i it i S EEaaly showht, e b BRORC ot el G e e i g
phace. BAG SFBEESRsT7E, oL ERYE RE Arinbit FOER AEpRRE B8, Shel 50 1o

o0 ' It. Then, th
?& at | %ﬁ‘ﬁ{ﬁmgﬁqﬁ@ ﬂg)gag@ ahﬁ%ﬁfﬁﬁfiéﬁe gﬁgfétlgfmwga gsult. Then, the

r consunp e construction of the

connect i ons Pfg 96 BB dbwiny GESEIRGHbetWol N 8acR WM dfifiegeRaly uct i on

of the stator as s ere the stator a and stator

Iiaft | Bn@fthé fiﬁa)gﬁﬁhl?lr hélld@ﬁg t6RjuRest gt fwo B_SQélﬂ‘ﬁiotBY fép acimepfddecits 1 ¢,

d that are made of a |ow perneability terial” or nonmagnetic materi al,
it is ppggsi.ble to separate the stator 1 into the stator part 1 a and the
stator part 1b so that a nagnetic field necessary fox rotating the rotor 3
can be 2T K@V 1#0i¥a graph showing the relation between each width of the recess

25 and the maximum holding torque of the step motor for a timepiece in Fig. 5.
Fig. 11 is a plan view showing a schematic construction of a step motor

for a timepiece according to a third embodiment of the invention like Fig. 1.



23 produced efficiently inside the rotor hole 2. Accordingly, an
experinment for checking the relation between the connecti oy ROV Rb@2 power
consunption is performed. Wth this experinent, a case using the stator 1
shown in Fig. 2 is 5 conpared with a gase using the stator 221 having a
pair of recesses 5a, 5b used in the é nventional step notor for a tinepiece
showmn in Fig. 25. In the case of using the conventional stator 221, two

ki nds of stators are prepared, nanely, one having a connection 223a, 223b
made of a hiBiy, PEX igabplant VidwtsﬁbMﬁhévﬁ)bfbdﬁsmi@n”UfnaV\Stdtdt & die 36 Nxn
and anot her having 10 a connection 223a, 223b nade of the sane materi al

Wit h t heotot fornatmepiebe Ba dig 200, um On the other hand, the stator 1 having
the construction as explained with reference to Fig. 2 has each width W
bet ween bot hFends i a tpilan soeweshiovang 4 scheimatic £ofSruation exfpre stepvimlogor whi | e
each interval W between the stator part 1 a 15 and stator _part |Ib is 200
um r es petca tivegpiccsapporhng tiat fovrth embodiment of theamyeppontlikeEig dnpar ed

wi th each other have the same holding torque and the initial phase angle.

| 5 has been Figunk#t as a planr yiaw tshewing ghexganstmsition: pb@ statorr @E the stap not be
rotated in the case of using. the conventional statqr 221 hayving the
connecMYRE fona sungpiegenecerdingriog ﬁéﬁwrﬁgﬁamwapg the svenston ke diiguse a
suffici&nt magnetic field can not be produced inside the rotor hole 222 by
t he enﬂ oyed driving waveform On the other hand, it has been observed that

Lo produce. alfaghodt & BN,V GHOR) 8 ghe gt Riaviiafdh of kst Bach
comper PRt §61 fuEeEREE EeiEhdTn ik ARRIbeR: BTR A BN P Tie o4

tipat whgn using the stator 1, it has been observed that the power
consunption when using the stator 1 can be reduced by about 20% conpared

with the caspigisi@gs tahgla‘ixt el s%%%vingbthkhﬁfnstﬁic@ﬁﬁi bha sarsiest itl%‘%teé) c, 1d
of the stator 1 are nade of a low 5 perneability or nonnagnetic matérial,

the copnselifona timepivde AccRanf Yo hkeventk eitiRlihent®f thesiavehaondike

sufficient nechanical strength can be secured. As a result of the
experi fMgpt15.it has been observed that the stator 1 is preferable to have
the connections 1 ¢, 1 d made of a |lowperneability materi al
Fig. 17 is a plan view showing the construction of a stator of the step
15 motor for a timepiece according to an eighth embodiment of the invention like
Fig. 14.
Fig. 18 is a plan view showing the construction of a stator of the step
motor for a timepiece according to a ninth embodiment of the invention like Fig.
15.
20 Fig. 19 is a plan view showing the construction of a stator of the step
motor for a timepiece according to a tenth embodiment of the invention like Fig.
17.
Fig. 20 is a plan view showing the construction of a stator of the step
motor for a timepiece according to an eleventh embodiment of the invention like
25 Fig. 18.

Fig. 21 is a plan view showing the construction of a stator of the step

motor for a timepiece according to a twelfth embodiment of the invention like



or nonmagnetic material in view of the achievenent of |owering of power 10
consunption. In view of the result of checking the rel ati op7¢dOweryp2 he

hol di ng’' torque of the step notor fox a tinepiece and power consunption, the
rel ati on between the initial phase aggle and the power consunption, and the
rel ati on between the power consunpti and the structure of the
connections, it has been observed 15 that there are follow ng three
conditions necessary for realizing the | owering power consunption of the
step qﬁgpaotor a tinmepiece . That is, the first is that the hol ding torque
is to be the mninmumas required. The second is that an optinmuminitial
phase angl e Kigh P2 s$etai piapenibeant kyowing hokchergatior goastrittdor hof dai s t hat
the stator has a construction to be divided 20 nmagnetically into two

por t i avenventional twokpolarsdep aiaotosifdes tindemieceli ngly, if a stator that
satisfies the foregoing three conditions at the same tinme is used, the

i nt ended | oM8gi A3 Bf agganrwcmshmmg)mh@fconmusnep ofpa statoorofahei stepi ece
can be achieved., That is, mpre_in detail, as shown in Fig. 2, it is nost

pd ef er@pLRr foy asimepieseclike Hige2stator 1 such that a plurality of recesses
5a, 5b are fqQr .on the inner_ periphery of the rotor hole 2 so as to set
the hol di ng lﬁgﬁgésamapatrh@%ﬁhmn&m&é‘oaﬁgu%um of ISAENSRHING & PRI each
other, and the two. divided stator p?rl 1 a and . 27 NOV %%g§r25 tator part
1 b ar® KEREEE SCEVIRECH eomesntignal holdingderque settingemeany liggdigofSa 1 ow
pernmeabi it 1 ha

. ; tic.material. If th t at
const ruct i o?ﬁlg r@oﬂgﬁaggf?d{ 3’6&@@%@?9&3@“8 %sé%&stﬁiﬁéq{m gas ﬁiﬂﬁe()fs Bzes of

the re . | pitd . e can be 5 adjusted by
changﬁﬁgﬁﬁﬁgmgggFﬁﬁbﬁggggPﬁﬁ%gh%#ﬁ%%gﬁgégggggi'5a, 5b, so that the hol ding
tgraque adapted for the achieving |owering of power consunption and the
initial phase angle can be set independently of each other. The step notor

enbodyBES T MODE BOR A RRFINGE THE INVERTION | v manufactured, and a power
consunption thereof was nmeasured, then the effect 10 relating to the

| owering of Peyembodiswems 6f theinobrited arahich déescitrd ibedtdierwithaf ter.

Wth the experinment, a power consunption of the known two-pole step notor
for a teferpicece theaoc hést] Utwewiigs. t he stator 1 of the first enbodi ment

of the invention instead of the conventional stator is neasured. 15 The
st at orFirstuEmbddintené: Ergseditoeht enpl oys a pernal | oy having a thickness of
S00 umas a material, and the connections |Ic, 1d enploys N chrone. The
dbnensi ons dfigt Heit anplaat vievs showing ausehematicoc@uiruatiom okiadtwosgolehi | e an
interval Wb between_ the, stator gart 1 ? and stator paft 1 b )

step motor for a timepiece according to a first embodiment of the invention, Fig.

2 is a plan view showing the construction of a stator of the two-pole step motor

for a timepiece in Fig. 1, Fig. 3 is a graph showing the relation between a

holding torque of the two-pole step motor for a timepiece in Fig. 1 and a power
20 consumption of the same, and Fig. 4 is a graph showing the relation between an

initial phase angle of the two-pole step motor for a timepiece in Fig. 1 and a

power consumption of the same.

The two-pole step motor for a timepiece (hereinafter referred to simply

as a step motor) comprises: a rotor 3 made up of a rotor magnet 3a and a rotor
25 axle 3b; a stator 1 having a rotor hole 2 in which the rotor is installed; and a

field coil 7 for excitation, provided with a magnetic core 7a made of a high-

permeability material around which a conductor 7b is wound, and opposite ends



shown in Fig. 2 is set to 200 um 20 Further, the dianmeter of the rotor hole
2 formed in the stator 1 is set to 1300 um and the initial 2phNo¢ 200Q/ € 1S
set to 60 degrees by adjusting the sizes and setting positions of the
recesses 5a, 5b formed on the inner ﬁpriphery of the rotor hole 2, while
the hol ding potential is set to 100 HNm A samari um cobalt magnet having an
outer diameter of 800 um and a thickness of 400 umis used 25 as the rotor
magnet 3a. When a power consunption of the step notor for a tinepiece in
whi ch of fwhighatrermdgneti¢aiboboaded aﬂop?oﬁt@eh&ﬂof the v@sopbssi bl e to achieve a
power 27 NOV 2002 26 consunption of about 300 nJ for one step. As a
result, a pbiwesmudnasithe iconsimstiopddchd sbyp abutor 2% sampasdtanof kthe he
two-pole step notor for a timepiece incorporated therein the conventional
st at ocopRentienakiwaipede swipt matef foreatinepiete gs explaifedeaxith deferenct tent :
Figs. 5 to 10 A two-pole step notor for a tinepiece according to a second
enbodifign22 peompenentsewhiehn are thosame ssrthiose showm ineFig.ehik ara depicied 5 to
10. Fig. 5is a plan view of a twd-pole step notor for a tinepiece
accor dynigerseme ismnreamppgralsnandthe explansdon therepf peomiged) | Fig. 6 is a
| an view spowing 10 the construction of a,stator of the two-pole ste
p gt disg : ;

motor for a QAcd oh thisystep BOFCEMPLISesaa diltsh Sinew RAF didgARd & recess
provi ded i hol di n

S TR B WAL
Wi ?ﬁ?@lﬁ%@?ﬁﬁgﬁﬂ%ﬁeﬁdﬁ o S e o hAA AR SN P 8 and

otop DoRGeRd SR idier (ftoubiing HferaRABANI Coffetu B I in PReE R,
[49, , doW2BernBAiAliey wlaterl) bl fohiif TRAE SyARra lhCClVEN, | 0 e 50 b

recesses 15@ plifali9rof heldingatdttiHe deltfiNg GheliRd Grd DroVidBEE ab ¢hé iiR@iefraNs
are formed on"the inner periphery of the'rotor hole 2 at the installation

angl epenphehy af ¢heirdloztwle ¥ defimehsibstangally at tiecaget plieh@ktator e¢dbi on. One
pair of recesses 15c, 15d and another pair of recesses 15e, 15f are forned
at t hdaghdsigt thenoten Beidt @pévery positioncef the tdtatingphicdction dhéheeotoer3 a§ the 25
rotor hole 2. The stator 11 is nmade of a high-perneability material, and
one pahovaf inebissés mbuely] Sdheapasition véhenpanr Flnef4r foresonpedifeg tW&3 are
formed respectively . 27 NOV 2002 27 to set a holding torque and an initia
Phase magnatiapolesnvhagh g magaetizad by the stiamiegneal) dinection wfsthienkptonr ough
centers of the recesses _15c, 15d and a straight |ine 27 passing through the
cent edn@gnetyia ispesitigaed ap ansangle ohdgisiahphase angkgfa.ﬂwh@nftﬁ@sepmm%@f ed Iine

12 in, itati irect] f the stator .1 is 5 defj. :
st alif B0 O VeRgCcihgh (oF Foled 3 Bt dBialedc Wit v PRISKRE SaRBIsGP WG mea by

oo, T8 PaghBfia ETRL e WE R rEneRY uBich BLORCRIOF maAlter Y mid B8 2
t he |i%ﬂo?] is defined as an installation angle 63 of recesses 15e, 15f.
e

Bot h F Installation angles 92, 63 define a positive value in a 10

unt er cl ockw j ; i; } : i Rk : ween
B0 hol di ng e MUIARGES! ROIdiflg Tbfueetfibg ruls \idptiSh AYuif B8 EResetl )
degr ey, 5B fekinéd ithbhﬁnéﬁPbﬁPBéf}‘ oflfHeStbPRoRf 2 bha 4 gﬁi@ loflt@npedtioh§iey are
considered to be the sane Tnstal I'ati on angles. The reason is that if the
phase 1@, f f&rwherinfbdthe phﬁ@t atd posiRivrRAIhethef syfimetiital Positicnss wegh not or

is 180 degrees, an eleciric phase difference bécones 360 degrees which is
doubl gesprertitoshakceater of thogbtor,hadle@, heshewnhim Egne.di rected torque operates
in the two holding torque setting neans. Al the respective recesses 15c to
15f have t h&heapairsiof erecassessbapSb, antletls paihofr ecmsectihfs ds, didoarei n an
enl arged view of Fig. 7 has a substantially 20 rectangul ar shape fornmed by
2ut t i Wifferentpivori oacle otherininstallatéem angtesi atmehownaimegm degwinige rBher hol e
2 and .a circular arc 16 of a circle that is concentrjc the rotor hole 2,
and eansfallation amglents ent agangementangle telative o defingeorhogenal dena we.
Each depth D of the respect.ive recesses 15c .to 15f iis the difference

bet ve SRABIRIG dinlds ditechpnt Hacs d2oin i expitatanaditaetion eb the SHEOLils cul ar
arc 16.



25 When the stator 11 is manufactured, it is fornmed of a band materi al
having a thickness of 500 um and nmade of permalloy which i 97NOV 2002

hi ghpermeabi lity material, and press working is applied to the band
material to form 27 NOV 2002 28 a pilot hole bei ng the positioning hole
for the press working, a prepared h & for the rotor hole 2, and fixi ng
holes 6, 6, and the external shape partially remaining a joint part (not
illustrated) to coupl e t he band rrateri al is punched. Thereafter, the rotor

hol e h r Lpf are
punc héga%%égr glsds)ag%lﬂk ré&ﬁlr?d % r‘%g#&t@gﬁ tsdogﬁgﬁ?cs) b%g?l{no t he band
mat er ad slﬁ)seqﬁ@meé}nbbbﬁﬁem cmmiellﬁt/eﬁﬁoﬁ *GFlgaéSta@lﬁf’BQﬂbséﬁﬁ@@t ﬁgﬁi@sg.g of the

stator 11. Thereafter, the nmagnetic annealing is appli éd to The band

material toHolks Gp6t hee Sopmed o bbtH femds peptions @f. tlieestatopell mexheis the
result of experinment that is perfornmed for checking 10 the relation between

t he i tohgwhdphadstirenigre s8lasano dommeed|maggeticailyuo uth tenminalst af ithe i on
angl es 62 63 of the two pairs of recesses 15c, 15d and 15e, 15f are
rSespeq:mag/mdtw vard Ealof the fieldtend Tot or using the stator 11 having the
foregoing construction. The experinent is performed using a rotary

i nf or mat i onInexder tognamufactureethas stiter loepilohhole: beimg: ¢ posm@memg

Publ i cati gn .. WD 98/ 30869,. wherein a holding torque is determned by

sol vi .b@ @égrat fb}at@w Pressi Warkingea yapares holentes the ramﬁinfalﬁ sk ﬁtxyng)f t he

G A
! SEEEs 2P Sri2hnd bR oG el E i BB e a0 aBgo o
" IR BhoYEHR DY RERlAL T R, CecPt e et at or 1 as explal ned with
e Lo opl nalR kB o200 viflh At éﬁq‘?‘%Céﬁﬁ&‘%&iﬁ‘iiC’Lﬁ?’dﬁ% Tor e’
the stit® 'fé“é@%}?““%qg?gd‘ mgde N%e%qg’%@ meatlify oy HFEpEmdattios>] O

are f%@i%ﬁa‘l%r@hﬁ%ﬂé& 1ﬁ' éehaige aﬂHC@ﬂcnétﬁ&)ﬂ’\fiaﬂtel@%ﬁ&sth‘é%t'ﬁtdigpaﬁ et
applied thereto at the position where the installation . angles 62, 63 are

fS ?; Fg?gi:fiﬁg«??@f&haesﬂm@d \,\ﬂﬂﬂw t@tbﬁ&nmtbd?fy tth“éﬂasaa%bdmga plurality of

15 Thenprtﬁgarro?or ho?et eZI rz]:md ?heI rr]ffceassesa SIa?nSb are punched by press
working, and finally the joint part to couple the band material is punched to
complete the external shape working. And, the magnetic annealing is applied
to the above band material that completed the external shape working to make
up the stator 1 of the step motor.

20 Described next is a result of an experiment which is performed for
determining a proper condition necessary for achieving lowering of power
consumption when forming the step motor into which the stator 1 having the
foregoing construction is integrated.

With the experiment, the relation between a holding torque of the step

25 motor and the power consumption, the relation between an initial phase angle

and a power consumption, and the relation between a power consumption and

the construction of the connections of the step motor were checked.



5 angle 62 of one pair of recesses 15c¢, 15d is set to 15 degrees while the
installation angle A3 of the other pair of recesses 15e, 1%f7 NOVSEIOZ O a
range from 45 degrees to 90 degrees that is varied in increments of 15
degrees, and an initial phase angle 61 and a hol ding torque of the step
notor incorporating therein these stdfors 11 are neasured. 10 All the
recesses 15c to 15f of the respective stators 11 have the width W of 400
umthe depth D of 150 umA plurality of stators 211 are prepared to conpare

with a step g g@é@@%ﬂg% pERoRRY| %E}Z@g@?%@g@%gﬁéﬁ"ﬁi&ﬂﬂwgoo um

wherein each w one“pair or _ I's set to
each deplehidee $nCiwHieh 1R WRte" 11%cb?ﬁiliggljt%t k) AR legnbddiniéntSBF the range

from30 t0 75 degrees in Increnents o egrees, and the initial phase

angl e i ehridhetva OntdgratetR ko add td ferfedmdi meaduremient.of A kBoppepr dipkia
i ncorporating these stators 211 therein are neasured. According to the

meas urwaeeforne suiised as atdévsigewanvefarm iandam ONMCGIE rigo @freachepisisatofr 211
havi ng the conventional construction, the initial phase 20 angle 61 is

chnf ortleeddtivinghavavedonhl st adjustedy| ands H2termined the maasamimgcensuwmptibor t her ,

t he maxi mum hol ding torque is 250 nNmand is fixed to this value wthout
dependpogyenaapakleioispesforminga nagmal dtixingr om t hi s neasurement result, it
has been found that in the step notor having the construction using the
convent i onal Patigudarly1regardiag e ptatomiathat avap aserb fer measyeeraent, by the

installatjon angle 612 and the maxi mum hol ding torque js not dependent on
the i rB‘?IalqnaP? cﬁgealf?gpﬁgemg@, Ebs%rrei B@H%@%@ iy presssworkig g&ébéﬁﬂﬁe&f@ f or

" ccosamedt thh af EfiRirie, disPatRG BUBINANE HACRBORG T 'g%&{i@s: a o ”
o8 ur a1 PR o B BR et naBRR SRR N At Ao Bl st e *° °
e a1 er oo O $o s dstitor TebeSh Uk BRI RIGukiind BEDBYS ")

or 20Q.dHsunhliostis daésdtipegl ity of stators 211 are also prepared wherein
each depth of the respective recesses 205a, 205b is fixed to 150 um and

the w dt hs VPh@rﬁoWEffﬁrﬁﬁh%ﬁi&ﬂ in" Qe agtep aRfItBe for n@nﬁrﬁéﬁiéd@kaﬁr Beset to
100, 200, 300 or 400 um 1~ Then, each holding torque of the step notor

i ncor porodablly tachievied byeedusingt dieshdldingrerqubbecaiset 4 urmas Ufeedssaifye
nmeasurenent result is shown in Figs. 9 and 10. It has been found that the

ixi miforhed adfatiprt cauged tonflowane thes izl lcpila? candie riehtced by redwspgcthieve
recesses increases as shown in Fig. 9, and it 15 increases gently when the
dept h leldong otiguet he order of 100 um or deeper. It has been al so found that
t he maxi mum hol di ng forgque increases linearly as each )
Accordingly, the change of the power consumption when the holding
torque was changed actually was checked with experiments.
With regard to the stator 1 used for the measurements, several kinds
20 having different cuts of depths of the semicircular recesses Sa, 5Sb provided on
the inner periphery of the rotor 2 were prepared to adjust the holding torque.
The self-made measuring instrument of the rotor rotational angle measured the
angular velocity against the displacement angle of the rotor 3, and from the
measured results and . the inertia of the rotor 3, the equation of motion was
25 solved, thereby calculating the holding torques as to the stator 1.
And, the power consumption was calculated through integrating the

products of a current caused to flow through the coil 7 and a drive voltage



wi dth We of respective recesses increases as shown in Fig. 10, and it is
proportional to the width We of the recesses. Fromthis re7 NOM2002
experinment, it has been found that the maxi mum 20 hol di ng torque is not
proportional to the sumof areas of the recesses as disclosed in the
literatures and the like. That is, tH8 stator 211 used in this experi ment
has a pair of recesses 205a, 205b, and the sum of the areas of the recesses
205a, 205b becones doubl e the product of the width W and the depth D of
one of : [ h gty h t e ses is
i xed FoP D T R R At e B B e e g
9, if nitderoih thel Holdling ofoitge | e oupbANde HRpPATmEMtTaAk]Er RS of

t he re%ggges, it should beg Zg htwlgggg ggbp?%pogtional to thg depth D of
the r ec@s%asi.sotmﬁwm Ineasurenidid wagshaderasing' ¢rumaxanayn hotdihigdtorguet he

rel ati on between the maxi num hol di ng torque and each depth D of the

r ecessAnd, fontie malximear hbldiagrtepges efithestatdrel psexpfort thenakasweatérnts, Thi s
measurenent result 5 represents that the maxi mum hol ding torque is not
p6opor theoteaijues of ) sim ¢hraugh 268 asNnf webe prepared n ibatementsbef abouby
changing each depth D of each recess in the region where each recess has a
depth 30 mdi@. um or | ess, and the maxi mum hol di ng torque becones
substantially constant if the depth D exceeds, 100 Vi m_  Wien .t he_maxi mum

hol di ng tor qfﬁbei Jeasprernent (1gspl I this j expesbment 48j sBowantin &iger3or ned

Cor quoALEOfdingato, B e e RNt dogti iy benthe RHERIR ho1Ma FaREdEoXhat ¢ he
oot ool b BolEP, R ST RESIERIN" o B SER e SRR cry ™
iR, hgjaifs, OFGRE FLRGY e BRRO0HNAR (HES G S RmioR HoRhd BB oo o
the regsQmBRNf Wl:ﬁ‘gh%‘ﬂﬁb bBeh %oéﬁglttgwg?' @ﬁ%ﬁimﬁ% e set %%{hﬁwﬁ to

set the maxi num holding torque sta as shown 1 n Fig.

10 shoMbRfing h@r@ﬁﬂd the @bW@%ddsug[gﬁcﬁl? n@é‘és%a?fj fét*'&rid?% foltbRé stdifig ecess

bei ng 150 um t he maxi mum hol di ng 2 orque is bst ant |y proportional to

t he w glithstX¥eti ol yﬁgp@ﬂm&es if the depth D of the recess is about 150 um
or nore, from\l\%lch it has been found that the change of the width W is

sui t abl e forImepclsta mgnhes sinee mhorhthadholdingtargue isnreducbdaontealfiethe i t has
been found that although the maxi num hol di ng torque does not depend on the

ilast al pawieorcansymptény 1salsex ptduiceddtovhalf, rsef thaent hag heea found Mat the i s
determ ned by each of width W and depth D of the pair of recesses 205a,
205b. wshwelien of thebolding ipetienbas agreat effechen dhe pedistion of dbe pveen ng t he
27 NOV 2002 32
consumption,
Meanwhile, as mentioned above, in the step motor for a timepiece , the
minimum holding torque is required to prevent the hands from jumping by an
20 impact when the timepiece is dropped, or to indicate an exact time, and to
enable hands to be stably stopped at the standstill position against the resistance
of frictional torque produced at the bearing and gears.
If a motion energy which hands of a timepiece receive due to the impact
is smaller than the holding potential formed by the holding torque of the rotor,
25 the jumping of the hands do not occur. That is, when the moment of hands is
adjusted to be small, the holding potential can be made small, the holding torque

can be made small.



stator 11 therein as explained with reference to Fig. 6 shows that it is
different fromthe neasurenent result of the step notor i ncRy NOV2003
therein the conventional stator 211 as shown in Fig. 8. That is, the
initial phase angle 91 does neither conformto the installation 5 angle 62
of one pair of recesses 15c, 15d nor %o the installation angl e 63 of

anot her pair of recesses 15e, 15f. Further, the maxi num hol di ng torque does
not become constant at the sum val ue 500 nNm of doubl e the naxi mum hol di ng

torque 250 niynsqbk airaﬁﬁnéf,%éﬁwﬁidrﬁem?fH@ndseﬁfaaﬁgﬁga%bel afinghd he

recesses 15e, 15f eac The 10 maxi mum hol ding to ecrease f om 430

NNM t opdi APmAND hblding thhque aRgfeqRiirddreanebe ueda®ed ot an ixrdmeBs small

acconpanied with the increase of the setting angle 83 of the paired
recessholding, tokghe, fdmely,it0 & draetionsen e holtingrasjuecot tic vediarg seép t he
step notor 1 n which the conventional stator 211 and the stator 11 expl ai ned
with reistoefiopattimépicEeg. 6 were assenbled, a totally different phenonmenon
was observed in the set initial phase angle and the hol di ng torque, when

t Be step not &S nwntpnedeabowt,oit baei nfpunde fremetwemenSurementaesult med as
a plurality of holding torque setting neans was conpared with the step

not or GROWH m]Elgoﬁvégﬂt theireduction afithe halding Hosquerdaeifentivie forde t s
wer e exam ned stiLI further, in the step 20 mptor using the stator_ 11

provi dERuGtON ohdhe Bowergonyanpiéersard thisholdmg torque an, be sedeced o 15¢

being the pluralit f holdin orque, settin ns, the initial phase

angl e 81 EFI{@I@’ ?féﬁﬁrﬂﬁi\“ﬁdi Pi}”laé?(fﬁ%cw g?\a NgFOGuE A BFIBATY i on of
vectors, of the télrl th?rll qr‘Jhase angl e 91 and the maxi num hol di ng t orque

obt ai neWRMMOIORLUHA BIGHECH 0| di ng t or que setting neans, namely, the pair 25

i vi cual 1y BPeeomeRin eeiep, fishdpli oSS aflf “Rodotls ' ovetier.
si nce EBﬁs&h‘grﬁlomtsQfesEﬂbe& ti mepi ece in the second enbodi nent 27 NOV 2002
ol e ‘st

33 is a two- step notor of which displacenment angle by one step is not
360 degrees, Tiét inial Qﬂﬂge%%lgfm Sheéwh' h?leﬂigarlgbm)wé 4 Hhast ediffirkAce

becones doubl e the actual ang Accordi ngly, each of the vectors

cor r espetwedy the rotaeyitogdue dnalthbtnolﬂn? forigaedurd 4eid hnGqnmefermeddbyen by
doubling the initial phase angle 91 and the maxi num hol di ng torque obt ai ned

when etintagntiticgfieldr divectsen tinegl Zrimntie divectioh of duabgetic dicld edoducede

i nner periphery of the rotor hole 2. Further, fromthe neasurenent results
df5 t heinside thetrotornusoleg? and thermagnetizialg direction Pne 4 ofi¢he wetatl magineh
angles 62 and 63 of . the two pairs of the 10 recesses 15c, 15d and the

r ecess@d8g atg@e standsfdll posfion; of Khe wotar hgwhiehyifea sisryiimporbanisparameser used
insteaij of .the initial phase angle 81. In this manner, with the step notor
usi ng fHeddVHIGheSteRAVPIY- a plurality of hol ding torque setting nmeans, the

vector conposy,tjon of each vectors . .
TPO¥1th e experiment, several kinds of stators 1 are used, which are set

the maximum holding torque to a fixed value of 150 nNm and changed the
20 setting positions of the recesses 5a, 5b formed on the inner periphery of the
rotor hole 2, thereby changing only the initial phase angle so as to check the
relation between the initial phase angle and the power consumption.
Further, the initial phase angle is calculated by measuring the angular
velocity relative to the displacement angle of the rotor 3 by a self-prepared rotor
25 rotary angle measuring device and also by measuring a counter-electromotive
current produced in the field coil 7 when the rotor 3 performs a rotary motion.

The power consumption is calculated by integrating the product of the



obt ai ned as above allows to set the initial phase angle 61 and the maxi num
15 holding torque. And, the initial phase angle 01 and the WE%N@HﬁbBGﬁding
torque set by the vector conposition well coincided with the neasurenent
results of the experinment nmade at this tinme. That is, when the two hol di ng
torque setting neans, the pair of t he 22ecesses 15c, 15d and the pair of the
recesses 15e, 15f each are individually 20 fornmed, even when the hol di ng
torque setting neans each formthe maxi mum hol di ng torque of 250 nNm when

t he i nstatreat cakedng! Z i ot cesses 45c. 15d is 15

degr ees, tﬂe igstapﬁaﬁ?gnthgﬁgglgﬁégﬁgm ? {%lel F};;glll(; gﬁ%@?&@%@?@?%ﬁ@@?@@f is
90 degr¢eshenrtletdtep dhbf@r gnd t in q | es,82 and 83 is
75 degrees, the magzl)rmm hol diﬁggfofpg?glehgelgghe?@bgﬁglaﬁ%ﬁggﬁﬁlr?aorﬁthtehe

i nitialStptoasé wseyl énAthebmsaﬁerﬁbﬁwraﬁg’esd?ﬂﬁﬁeﬁofd%é@%”?ﬁ;dgggggﬁ& or

results shown in Fig. 8. As nentioned above, accor gto
usi ng tm@r@ngntsroﬁmlbstmia]mmm%ra&.havi ng two pairs of recesses 15c¢c, 15d
and recesses 15e, 15f of the second enbodi ment of the invention, it is

po%si bl e to shtmeasiranienit mgsulobyuhe ekperimataris sBO0S RNHid e | Rickhalinphase
adj usting the maxi num hol giang t orque whi ch cgtan beﬂlggtt)ﬁgl;}gt he

angle 61 by

hol di néot‘gpd@éaww iesulis thenpewen densusptiorecfedaced %ﬁﬁrﬁl@swﬁeﬁrtgéhe
wi dt h . and ge th D of respgctive pairs of recesses 15 c¢ to"15f and the

i nst al |19%t?’fﬂnp ‘?‘% auglpyranges: iom 29 degreessia HOndegroes exnde ipbe¢ames rtagesses
15c to 1hBf. rmed. As.a result, en respective installation angles 62,
A3 of t g{‘F@{dﬁp‘&ﬁPﬁ @‘F %H&Bﬁéselgegiﬂgwmdga@téﬁsésgmee,tol&@ degeeay)j ust ed
and th A3 n 10 these.installation angles is nade large, in
ot her \%‘9&“%@%&#?@%&%%%%&@%&?@%@ Bicreasedabiereafteti ng t or que
i fp made larg | . t e.e | i shed when formng . the two pairs
011‘5O recesses g%ﬁﬁgg%%ﬁg%@gg@glg@ %%g¥ee§oqr§| 1}86&@ ther gptinsun vwaleeentire
hol di ngft Sedlifiti t C osition of .vectors of each

ol di ne' aauRl phiage Mo, B R 4EA TG0 his Breainmeniavhgre: 466 be

r educednaxamng e I CL Xty LS resul f

conpari son obtai ned y.rgr?%ggg%??%edéﬁ tfhgfﬁig%u&%ﬂﬁﬁb&hai)(ﬁgrnﬁ% ¢on of
the st eptimmmrvdlae of theiBiiAGhass a lcf{i/h%réil?é ﬁéfdgg%pggu@‘ﬁﬁﬁ%r chgﬁI:? .

recesses is incorporated and that o he step
whi ch Sheminonunas trgnsfeerqibio thef side o a8 15 hACR RREGH i 49 dBptdast he
a

statorghavia? two pairs of recesses and the stator having one parr of

rléc ess EE0BY Bier Eptiegoing spsadt,i it dias beerafourtd eatethiehachiniémaht EEEY e_of
about 55 degrees and the maxi mum val ue of the holding torque is abo 75
nNm  APR¥CE GORSUBIDtiQR: 9 the stapr motopomaltimepices ireguizes bhe keeisg of tthO0

~t xn, E’ﬁﬁ dianeter, of the rotor_hole is 1700 um and a sanarium cobalt

nmag get DY Bitialsphaseang eaneké}asobimtﬁollmdn willdnﬂﬂmmmﬁmm dfoldfiy um :c s
. . Fi , 11 i i
- ces ol 15 aedh IO E maliilvesachas, LiGaRbs, o opintymanitiahphate ve o
h i 5f (Fig. i 400 h d h D
{her eof e’ BAFOES JARFER iR 42 doiross afld ke same pngle Emamenid K60 o
Qgcess@égr@égacéé@ihgééq&%??e%gﬁgsgg?n@gpgéﬁgel nstal l ati on angle 63 of the

other pair of recesSes 15¢, grees, thereby realizing a 5
Pol di ng.  or i Spiscfeteh KEhwpET I BO% (hsRinpliut BB OF stauBo he
st at orof2the dunticetidnl®fARBR\SeAtbf MROWcRBel, Of recesses 205a, 205b need be

set such that each width W of respective recesses 205a, 205b is in the

order of 12dnutheacubecaf ; 1 Sqi I . ofy 150 um and
the i \r/]t/lsat al | atni on angl e glgeﬁﬂﬁlqaobggﬁggfaéggrl edegsgﬁligﬁéﬂ%&ér ivﬁberlﬂesul t
of powhe statos 1@andfstitoe fGHE P, ' rél tivel
tvvopki nds of Mor snllS andpgiitin)v\,h@iﬁ:ﬂ(ie‘5 ?tﬁg@cgragé)g?{ﬂl}g%e@q?r&&gnﬁ“ﬁ?f B&as begn

Tound admaectionsrid; dar thas nepnmdecst 4 dowapdriEiviREPmaterial or nonmagnetic

material, it is possible to separate the stator 1 into the stator part 1a and the

stator part 1b so that a magnetic field necessary for rotating the rotor 3 can be



15 havi ng the maxi mum hol di ng torque of about 250 nNm shows a power
consunption of about 800 to 900 nJ for one step while the s2ENOW2002
incorporating therein the stators 11 and 211 shows a power consunption of
about 400 nJ, resulting in achieving a | ower power consunption. Further,
there is no difference in characteri i cs between the step notors 20

i ncorporating therein the stators 11 and 211. As a result of the foregoing
experinments, if the same characteristics are obtained by the step notor

i ncor p?f@&ﬁd&l éf*ff'c’i&ilﬂti'%‘i‘nﬁﬁéttﬂé r@%\‘i}fi‘)@%@,’m pairs of recesses and the step

not or tncor porating ereln a stator having one pair of recesses, with the

step notor iF\“c@de’ih%ll]y,ant *é‘ii)%ﬁ'méﬂ'tefélt alH¥ckidg hanel RElatWR Datwaeh Stheof
recesses 15c, 15d and recesses 15e, 15f, each width W of two pairs of

recessesnﬁé@tién'sé&dtﬁ@g@%xh@nﬂ@@pﬁ@n&@%@ﬁﬁm&hmh Dis set to 150 um On
t he other hand, wth the conventional step notor incorporating 27 NOV

2002 36 ther Witht thés séxgierimeit] dasasegusing (e istaibr recshosas 180beg. 20f0, each
wi dth We of the recesses 205a, 205b is set to 120 umand the depth D is set
t & 150compawed tveith iat caserusibg dhe stdter 22 irthanhing acpair ioftrecesses Jahébsusenl not or
incorporating therein the stator having two pairs of recesses. 5
Accor dimihe corentianaltstepenatdr foea timsgpecs skowadadsigs 2305a, 205b shoul d be
consi derably snall congared with the stator 11 having two pairs of
recesses. Foln thg case pEusingthe eonvantismadstdtar 2R¢, swatlkindg of skatormareone
pair of recegses in view of machining and productivity. 10 That is, since
Pwo ki BEEDAFde (MABRLY, 19116 10AVINE ds EARAECHOM 2923}3@ oaah Imcfe fQI}? ﬁeéugiy
electric dis rge Jrachi ni hg capabl e of .processi thereof to form
Fespec PeyReREH Lk dBathal Wi the BRBEnGm il BOoE 0B imiand snothet Br¥ing

eri t W t.h ision, dhere does not,ocgur, a problemi. hi ni ng
R ot HinnticliOnca . FEAH. Aol of R Gt Rt S0 Bof i Ru Rl WOUr ™ e
t he stgtfgbm ﬁllhe manuf actured actually in a factory, it is necessary that
t hey canbe Tanufactured by press working considering a productivity.

Neanuhil e, O the/ilibr Habll e Siatch Pﬂﬁb@@@tﬁn@w&%&gﬁgﬁm Water i al

havi ng a thi ckness 00 Uum and nade o sion to form

each resRsendtaly Pl D Radedtl vt 202 BEtWASh bldeth daBS bfthe EoAnEBHORs 1he 20
band material. Even if such a machining is possible, a nold to be used is

very shdris 300 gany tespekctively, crbie rachnineedvab Wbybétaeen thie Stacstugaritvid y.
Even if the stators are manufactured by el ectric discharge machi ni ng havi ng
hisgh paadissiton paitt 1b #2680 gimgerespectreedyi ni ng, resulting in very expensive
stators. 25 On the other hand, according to the stator 11 having two pairs
of recesses Sappoaﬁmwtrhbthdb@ﬁ@t@radancggﬂlag e pomipazed wiith eaeh etheice to
Fig. 6, it Is possihle to manufacture the step nptor having the initial
phase hﬁ&Péh@ial@P lszldmmorﬂ@ﬁa@%dbesmtwé@mé@ aggle-t he maxi num hol di ng

Fecasses. 1501 RADIE TONTHLAT s Tl Oh e ASHBRNE I AN 80F SBRGINYRT pai r

o LB I o 43l TaBing TAESERYELARCERRr"o51 ol nd WBnEbicns”

20 223a, 223b each having minimum width B of 200 um because a sufficient
magnetic field can not be produced inside the rotor hole 222 by the employed
driving waveform.

On the other hand, it has been observed that the rotor can be rotated in
the case of using the stator 221 that is prone to produce a magnetic saturation by

25 making the minimum width B of each interval of the connections 223a, 223b
being 100 pm.

As a result of comparison between a power consumption at that time and



5 depth D thereof is set to 150 um Al though the stator 11 according to the
second enbodi nent of the invention is exenplified to have tap NGV 2002f
recesses 15c, 15d and recesses 15e, 15f provided on the inner periphery of
the rotor hole 2 as the holding torque setting neans, the recesses serving
as the holding torque setting neans rfdy be 10 provided on the inner

peri phery of the rotor hole 2 by three or nore pairs. Particularly, in the
case where an axle hole of gears or holes of fixing pins are formed around

pi ns. ab B PBRE b Mg R, P m?e'rlie@s%éigf OIS oBer FoFu it o que
ot - bo WG ing (R Lot Bribn T PRl 202 ORpaldP v RIS Floc po "

initial, ﬂ%ﬁﬁﬁg nd the holding torque to be set. In such a case, each
hol di ngSt que egitr?b%ail'shed in the case where the pair of recesses are

formed at t Ipdigsy, ts'h%bf the® cofh&stsHL1¥ 18 (?f%ea%bﬁ)rhﬂﬁe thadedf @ Rwhol es

of fixing pins are s ected to a vector deconposition as described above,

26 and pehmesbitity Gy RoRfdehetic mACEHAECthatonAboROrE drs apRmREedsarpitotthe
positions where they do not interfere with the axle hole of gears or the

hol es tgrtrehiely Rgall, s that ahaifficient pesiianded stremioth Bahbd deeudatonposed
vectors, thereby obtaining' an intended initial phase angle and the hol di ng
torque. Althhsighréspbi ofilthy expeiranewst it has Heeseobselvedbibat thetstatot H is
reference 25 to Figs. 5 and 6 is -a case where two pairs of recesses 15c to
15f haprefgrablostoahavalthe conoestaoms dcnddsinade ofnal lowepeammedtility hagiesiahbr e
provi ded as two hol ding torque setting nmeans on the inner periphery of the
rot or B RonMagpetic wnalerzal Nowigwoof sheopchisvemeat ref dowesings 96 PIMGT have
ﬁgf; shape if they have openings relative to the rotor hole 2, and if they
e t RENEWMPUORapes and di mensions as the pairing recesses, they may be

%:_32_96‘31‘ AR B g??bﬁkﬁeﬂihiﬁﬁscm” Risiacipn L%ﬁ\%éé@%%&hﬁﬁg%?cﬁﬂe‘ A
LT BERCPE by 08 o GHERAATF B SERSHRRS R T Bl B 0=
LI mepi g initial pg?w apgkem@réggpwr'éaggﬁpﬁ)eticgnma%@ latén benfed B Vi W

show ng e Co ructron o ator € step notor or a

ti mepi ?%%vérfbdﬂs%-niléﬁ?% HhdThee SMRctues %fsth‘égcfd’fﬁié@'tiofr@[ ilahgl% HeBh &fRePbed Ne

third enbodi ment e sane as the two-pole step nbtor for a tinepiece of

tize fidedt @ivpedirBefilloWingh ehieBVestidifBngneR¥pdaynRst wédllrifgfthe daorriig. 1 to

4, except the construction of a stator, and hence the explanation of the
sanme cpowerovnsuiption bf die stEpeambter-foelactimepiecent or for a tinepi ece
according to the third 15 enbodi nent of the invention as shown in Fig. 11
has connectThatds3thecfirst is thatfthe heldingrtogqud s tu be the minamtnpasresfuired.
plurality of holding torque setting nmeans, which is the sane as the step
not or Jhewecondrdisghat anppitimgunvimtial phase angle candbefset irdepeadently afsa
explained with reference to Fi 1, but the third enbodinent is diféérent

fr om t BeldipgstoranpodiThenthird is %hﬂt dhee SERIPT hes 3 constiastionato berdivigstbd 20

Hoans BAEASIALY 18E0 O HOrDI00S it ERGTIEE APHIRE oS {1 ons. wher ot he

20f the stacaraingtyrit & Gafidbel Gt 0% JREouRE RS Habdtiofh PU  1” ©

gl o St i 15 e, dhe et Iopetifie,of Rudy’ CosHnblgn BENR o I ¢

ggttﬁ; @r?ﬂggqﬁggﬁ@% Q&ﬂe%d'manuf acturing the stator 31 is the sane
That is, more in detail, as shown in Fig. 2, it is most preferable to structure

25 the stator 1 such that a plurality of recesses 5a, Sb are formed on the inner

periphery of the rotor hole 2 so as to set the holding torque and the initial phase

angle 0, independently from each other, and the two divided stator part 1a and



39 stator 1 as explained in Fig. 2, and it is fornmed of a band materi al
havi ng a thickness of 500 um and nade of pernall oy which i S2ANOV 2002

hi gh-perneability material, and press working is applied to the band
material to forma pilot hole, a prepared hole for the rotor hole 2 and
fixing holes 6, 6, and the band material 5 is punched to forman outer
configuration of the stator 31 while | eaving a connecting portion (not
shown) for connecting to the band naterial at a part thereof. Subsequently,
a slit gfatoff pAMEG St BARIRPIS £4¢h BRI DY the SRR, IH Had8 bt adlogyf or med,
and a wire rod made of a | ow perneabillity material or 10 nonmagnetic

mat er i %bnhaalbjmﬁyrotrqﬂ)rimag)nétt@nﬁitéﬁial.then the stator part 31 a and stator
part 31 b are bonded to each other by | aser wel ding through the

i nt er nedi arly thé stdter Wi hes such aldmistaiction, thd doldingr torqiie can dedadjustaghr t s of
the recesses 35a, 35b are punched by press working, and finally the portion
to be dependington the shrsdofl thenroessesl Sa,Stpand ithd, inithd rplinge amghd eanrtye t he
external shape working of the stator 31. Thereafter, the magnetic annealing
i § apphidpisted byhehangingrthe setding posionsupf the recesses B 3, schéhatt the ot or .
Wth the stator 31 havi né:; the forgoing construction, the connections 31 c,
31d ar boldingel@rque rndapted donithe aghiaviagilpweyingaof mawenacenswenphien and press
20 wor ki ng ,anﬂeﬁ | ow- perneabi lity material or nonmagnetic material is
bonded tRmimgtighphas anglsycapdbeisefgndapenrdentheebepeh otltts function Iike the

hol di ng torgque settin rrean% | j ke ag&aitr of recesses 3%a, 35b to hold a
rotor 3 at gi%eHeBoMPHNE! yang eH1§ (LOFFLQUBAT CORSHYCHAR ¥a8p AWMLY

e PR B AL D5 5B BB AR R iU bELS
R N R e

est abl i,ghgHaftet di ng torque conforns substantially to a 27 NOV 2002 40
hol di ng torque established by the recesses of the sane di nensions. Fromthe

foregoi ng, WYRNthe) ekperiaift %P%éﬁ%ﬁtcghﬁﬁi?@tﬁﬁﬁ Prthé kdd R t%ipggleeatdﬂ)t or as

b
explained with reference to Fi hol di ng torque set

conposinidton fof avigmepiccerinddvpoidied thereie thy seitor ildbnehd figstcanbedimens 31 c,
31 d 5 solely on the inner periphery of the rotor hole 2 and vectors of

r espec oif tee tatitiom tnstepdeofdteaddn vngidnay satowisdnegsuded. pai r or recesses
35a, 35b solely on the inner periphery of the rotor hole 2 m ght becone
flisnal | y a <SkEhe istatonol dinsed t or dhe oxpari/ment egmplaysr a perazafeyi hewing a
confirmthis is explained hereinafter. 10 As the stator 31 to be used in
this efltiekngssntofi 908 ¢wat a3 aamatesial, pud the econnedfionndca1ld, empleysand a

P b R S R Himepsiors”or the SoinbSlone 12 1d'hre S oPH00 Rkt o 1
width Wa while an interval Wb between the stator part la and stator part 1b
shown in Fig. 2 is set to 200 pm.
20 Further, the diameter of the rotor hole 2 formed in the stator 1 is set to
1300 um, and the initial phase angle is set to 60 degrees by adjusting the sizes
and setting positions of the recesses 5a, Sb formed on the inner periphery of the
rotor hole 2, while the holding potential is set to 100 nNm. A samarium cobalt
magnet having an outer diameter of 800 pum and a thickness of 400 pm is used
25 as the rotor magnet 3a.

When a power consumption of the step motor for a timepiece in which the

stator 1 is incorporated is checked, it was possible to achieve a power



An installation angle 84 of the pair of recesses 35a, 35b shown in Fig. 12
and each width W of the recesses 35a, 35b are adjusted in 27 NOV 2002 where
the 15 initial phase angle 61 (Fig. 11 ) becomes about 55 degrees and the
maxi mum hol di ng torque becones about ,¢5nNm As a material of the stator 31,
a permall oy having a thickness of 50(? umis used and a dianeter of the
rotor hole 2 is set to 1700 um Further, as the rotor magnet 3a, a samarium
cobalt magnet having an outer diameter of 1000 20 um and a thi ckness of 400
pan i scoasuinpAsnafnasaitriend foesnd ttept the initial phase angle 91 and

hol di ng torque of the stator 31 forned as such and incorporated in the step
nmotor for a Asnepésdg a pescir cindumplipmivasiredpeed byf abeated3%Bsc@fipare@bb i s
set to 270 um and each depth D thereof is set to 150 um (refer to Fig. 7),
and t havitlnsthe | Garo-polanstep 2808 dbrt he timpepicoé imuepsocatedssheredtbtlies set
to 78 degrees, so that _a step nptor having the initial phase angle 61 of
about Senyewfieral Yal@ridd ansxplatnatbwithngiesngadodtigabdut 75 nNm can be

real i zgd. i] {;l% 2002 41 T£e rgsult of experiment shows that the hol ding
t & queSrond dimbediments Figs. 36 18y conposition of vector of a hol di ng
torque estaplished t he conpecti.ons .31 ¢, 31.d and the vectgr pf a

hol di ng t or J@’%E?!?ggqe?l'@&t(ﬂfy iy tiagpiees ag 1 {0 a53econd L1gPadiment on t he
enbodi REMRE SN i dsioribe Sulh sefesencs B FigtaBdoald-<i nce each width v
Che 1 i t1 il Bnads pisevieW of EulstpobosBtgnoty’ Ra dRebidie ity
Forar Kk A1o5oRa EmBdd e of iRk SRR 10 FHRTS 18 AridipiEEEaB g o ¢ e
CRNVeNthORBhsEh @IS of L stafSiCof ﬁi@ﬂbé‘g)g},@%%cﬁ% fdtor 3dr ﬁetgk\l}gﬁié&EQﬁeﬁ 2 Wi th

ease. Further, 1f the stator 31 is u re1s an a tage t each

wi dth Waddfigthis #plan Qﬁewmﬁ%ﬁﬁg IoRceSOPreAte SnWhe 80aer Bid WeERiongs each
wi dth W of "the connections 31c, 31d. 15 For exanple, although the

f or egohoddisgaboquesdettingomehms.connections 31 ¢, 31 d having a width W of
200 pm if the width is set to wider value, i. e., 400 umsizes of the
recesses 35Ehe 33vo-pedesstepy rhotors ot i agtitdepiécs tacorgdings doarniyt eséond about
55 degrees and the maxi nrum hol ding torque to about 75 nNm are preferably
that egoibadiment\is b sameras thatesf ithe Sinst teonlasdinenteef khedpyvantorcas s set
to 150 Vim, and the jnstallation angle 64 is set to 83 degrees. That is,
wien sékplaiped nath sederence toFighak &0 4neespd thecenstuating afor §asor,igndeach

wi dt h ¥1\g of .connectiqgns is w dened from 200 umtaq 480 um each width W of
the reB88SeheexplagsHopfRT the Srme FOMPORFALY AFC OMIItSda50 Vim If each width

Vb of th {ons 31c. 31d of ;Lhe spator 31 i 25 - 400 d
the i nstal | L4 oifduddie “SbomnpicR (0 12 ohieiess dictosdings g oo siectiel gg

Se0" ety s\ WP 0, 686007 TR iR S MR RN L o
be set g and two paits MetBEses, i.e. one pair of recesses 15¢, 15d and another pair
20 of recesses 15e, 15f serving as a plurality of holding torque setting means are
formed on the inner periphery of the rotor hole 2 at the installation angles which
are different from each other in the peripheral direction.
One pair of recesses 15¢, 15d and another pair of recesses 15e, 15f are
formed at the positions which are symmetrical with respect to the center of the
25 rotor hole 2.
The stator 11 is made of a high-permeability material, and one pair of

recesses 15¢, 15d and another pair of recesses 15e, 15f are formed respectively



42 50 nNm |i ke the foregoing second enbodi nent. Described next is a
measurenent result of a power consunption for one step whemt NOWROO2 N0t or
for' a tinmepiece incorporated therein the stator 31 is actually driven. 5
The neasurenent result of the power é?nsurrpti on of the step notor

i ncorporated therein the stator 31 f one step was about 350 nJ. This

val ue is considerably snmall power consunption conpared with a power
consunption of 800 to 900 nJ for one step of an ordinary step notor for a
tinepi @pgem\ndmmgh@qrqaéIaﬂarramhmalqaﬂag@.é%@fl@fe akpdtanZAf1eNSrmEd by a

Achi evenment of | owering power consunption O about 350 nJ for one Sstep of
t he st stpaight dineoR5tmssiny titoaghockinverst of shearegedsdny 156, hId conparsechight h t he
power consunption of about 400 nJ of the step notor for a tinepiece using
t he sthher27 Ipasingh¢hsmgindhentadeneft thef rotoe holeeBt and onthogondl thea same
hol ding torque is set. 15 This is considered to be caused by the function
of t hemagmetignfield dinsoted thinesl 31in, adlekditatiome direotibnuof ithe sthtarhé &t at or
31. As set forth above, if the stator 31 according to the third enbodi nent
of t hedefinedias am instalkion angleH,pftheeeessos 8¢, hbdextremel y small hol di ng
torque suitable for achieving of |oweri ngz power consunption w thout

i npai ri ng aPutharoanangle formed dyt astraightdimerpassing Heroughohe comtensi ofent of

the invention. Al though explained with reference to Figs. ;11 and 12 in the
third anPEET RAE of Jecerses vh%ér(ét eprfqrms, top m@gegté%%ﬂg@ai,llrea%d ime f or med

%2 %hiéé%%ﬂgggéf el T ﬂi%’nifen?j"fsoéﬁffyié% i %ﬁaéstﬁégﬁés%‘%@e BuREEoBpct dobes o
5 i, i 2. i
rore. P38 Bhiped, iheliaRGh, Gigl eri%gé,f ?Ebﬁ‘éﬁflﬁegfd}%smg@iyml t b Fonery "
R parercIBghaiss AsBeB8h ih Tk B cc o Shown in Flg. 12 but they My
have any S[IﬁRﬁe'ifnsfa'T idﬁaﬁﬁﬁ%geﬂé&ﬂ%nr F»L/thwlﬁ#ég) 62@% ?é{r?fn Phdars gPPose

t hey have the sanme shapes and di nensions as t ecesses. Fourth

Enbodi giférentiftomchch OtHettPIBO dddhBedpEIAlivEQD thel perRh&aP dacefibdi ol to a

ti
fourth enbodi nent of the invention™s described vmtl?] reference to Fig. 13.

Fig. 1lthd sotarMale Y &wfyl hreecthddefed f®Wenthe! §mé dhstalltilonoinglesa Ttas or  of
a two-pole step notor for a tinmepiece according to the fourth enbodi nent of

t he i nveasonas. thao iff bec phaspdiffestme obtle idsiallation rangles of dhe dwdi-pglet o t he
fourth enbodi nent of the invention is the sane as that of the second
dibodi stept motpt as ldd degreesefaar electric phasgdifferemct beecmept3thalegrees
construction of a stator, and hence the same conponents are omtted to
expl ai Whigh tisodeublg theadrstalation hangles.namd ghence thes samel dirgcrad, torqueol di ng
torque 15 settialg meapls Jjor hol di ng[ arotor 3 at given positions in the

r ot ar yOBEFaEes e iy helding torquesCtHagdnadns.or qué setting means i ncl ude

he. cont or AR BRGSBRCRVRJPEees Thik SISl RV Ahe rsaoty s h8 SEPRoor
e Y R I M AR
20 rectangular shape formed by cutting the portion encircled between the inner
diameter of the rotor hole 2 and a circular arc 16 of a circle that is concentric the
rotor hole 2, and each width of the cut or notched portions is defined as a width
Wec. Each depth D of the respective recesses 15¢ to 15f is the difference
between the radius R1 of the rotor hole 2 and a radius R2 of the circular arc 16.
25 When the stator 11 is manufactured, it is formed of a band material
having a thickness of 500 um and made of permalloy which is a high-

permeability material, and press working is applied to the band material to form



20 hol ding torque setting nmeans for establishing a holding torque and an
initial phase angle of the rotor 3. The recesses 45a, 45b 2ZENDOVVR062d
symmetrically relative to the center of the rotor hole 2. Likew se, the
recesses 45c, 45d are disposed symetggcally with respect to the center of
the rotor hole 2. 25 Although the recesses 45a, 45b hare-the sane shaper as
is evident fromFig. 13, the recesses 45c, 45d have not the sanme shape,
wherein a width W of the recess 45c is |larger than that of the recess 45d.
27 Novazoidot halefpeingdhe positieningyhele Sor dheypressiwerking papseparedhaladbrt he
center of the rotgor hole 2 and orthogonal to an excitation direction |line
(a maghie retorihalg 2yianddixiag holes 12 6, andithe exseraabishaps pantiahty rempaingag

D251 CRLeSa AREIESIELR 1ol oDk betl et pRled L, S oL e o
|00 b 2 SRRl 0o BB e e R e s SRS
he regesaga o, STk AR B AR uShES AR B RIS BB B, v e
e OB A LRl A8 i EUREREA RSP L B TR R 3R °C ©
ecese SRR PRESSAG P YRENOIRC YR AR ERATRS aflfed JE 8 ™
vect of band Maferflllioldifké BPRAESIUBr 190G BE (&P fdBr 15F have the same shapes

and 15 sane si zes, WO vectors or eacn palr 'or recesses have the sane

magni t ude, WDdseribed nhase i st of 8xpetigicht st iBpeefbriied firt Hdkinen

angl es 62, 63 of each pair of recesses. On the other hand, in the stator 41

of0 t he thewelaticanbenivearntheoinitiab phase atr%to:ne1 ane theiholding exgaseshdirahe 45b
and anot her pair of recesses 45c, 45d 20 correspond to respective vectors
each hanstafjatiohaingles) 6f,ulc of dhe twodpaivspbdsecesses diSchdbdi and 16ecdbbmase of two
pai rs of recesses 45a to 45d becones conposition of these vectors. Here,

st at or sespeaiisie)y vanedhiyithe) stepparotosfusing dbe statonrdd bavings theaforegoangai r of
recesses which are not the sane in size have been manufactured and an 25
experi ®ORSIWEHOBer f ont ed for checki ng each hol ding torque of the testers.
The stator uged in this exPeri nt %@vi ng the sane.djnensjons of the
recesses has FXREHMENfe SofPeEE@"il diBE & Holay ADPIMALQN JBERFYARZe with

t&e device as disclosed in International Patent Publication No. WO 98/30869,
wherein a holding torque is determined by solving equation of motion based on
the change of angular velocity of the rotor relative to the displacement angle of
the rotor that is directly measured.

Further, the initial phase angle 0, is determined by the displacement
20 angle of the rotor that is directly measured and a counter electromotive force
that is measured at the same time with the variation of an angular velocity
relative to the displacement angle of the rotor.
The step motor used in the measurement uses the stator 11 as explained
with reference to Fig. 6 by which the stator of known step motor for a timepiece
25 is replaced, by which the initial phase angle 6, and the holding torque are
respectively measured.

The recesses 15c, 15d and recesses 15e, 15f of the stator 11 of the step



2T NOV 2002 45 experinent that was perfornmed when obtaining the
experinental data as shown in Fig. 8 The stators having di 27 &GVi2002

di nensi ons have a conbination of the width W of recesses set to 450 um and
350 um and anot her conbi nation of theggow dth W of the recesses set to 500
um and 300 um so that the sumof the width 5 in each conbi nati on becones
800 p.m Each depth D of the recesses is set to 150 dun. An experinent of
the step nmotor incorporating these stators built therein shows that a

hol di ngater gisedatitl the measurgmasiaaie ferghed diy elhectriet dischaigeomackdamgdt her
wthin a peasurenent, error. 10_ ]t has been confirned in the experinment that
even i Whilgeprasspuonkingrs nofapplied (heapte atntherposition whergrtbedps adf?ém is
asymmetrical . if the sumof each width W of two recesses is fixed, the

hol di n8BIeEdhe Oadte m&gewsgea%@%amﬁ%g %‘%I&ﬁleélan be kept constant.

A AL TR ERR LT SN R
B Sundt, AT S P PO ERESEAL A SRS HONR e
chenge oukoh5g s B ot e 68 o PRSI 3pl by tfe bSO
20 ot hdtios o0l SATGA SRR LV labe® g e
sum of i) 3968e 2hpl", AEPASREIhY Ui of 5. 6 molorerdtbatie o

st at or {HekeRtHeistator®11 ke nBupad.r of recesses 45c, 25 45d are
differentiated-in-a size to differentiate in an area, but not.only one pair

.10 _ of recadbdse 4ecesséSdSbwo abBoftthe rekpedtivaktatefls I Edrvecthedbddtddb can
be differentiated in a size to differentiate in an area. 27 NOV 2002 46

I n sucWe offeidlepm, tthe deptloPeof 50 gpfmar eas of the pair of recesses 45c, 45d
and the selection of the installation angle 65 of the_tﬁai r of recesses 45a,
45b and i nst Al phunabty efiglatose2 bl artpreparcddd commparsewithst stepsodatar fease t he
degree of freedomfor disposing the recesses conpared with the caonventional
case wHEepiece having thel coryertieralreanstiussionawbeseiaprachawidthdWeof onte

hol di ng torque or iQjti hase ang can be set e conveniently. Fifth
b Bl of FcgSSes 2054 .endlo ReSer o dh fah, cast dentpis S6L (adar BTt o &
fifth e ient o he.invention is now.descriped with. reference.t.q Fig.
15 ' 1o aole Bimid SRR s fTgRt Ao Bo s CRECRol BCTaTeRiA Of 1o ¢ e
two po tep t . i I r.di t fift ; j of
the | nogRfEesnai B dhia ot S D BER Hoe. 220 M e olBRRE R 7,
Fig. 1 i : : n al ator 51 used in
the tudl oy SEEREEGEIbrpIRIRRTRCEEM AR PHITRER dx pBafeedli L

enbodi ment,  AReofdiapetdithé NBeaffitftent drestltdn! the 5@ hﬁfthv‘rinéﬁ?@de’faféﬂ recess

55b side anpbng the pair of recesses 55a and 55b which are for on the
i nner geirelihehy saor®l I dasingiahe comyemiinal nsitustibh, tes daftialt phase
center of the rotor hole 2 conpared with the stator 31 as explained with
raef er eanglet @, Asgcorifdrmed fhe¢hd iinstallatidnsangledo st within pameastting dfdornade of
respectively high perneability material are integrally connected to each
ot her Furibeghthéenaximeumehokling dorque e 250bnNmiand i8fixedréadhisx value
| ow- perneability material or nonmagnetic material by welding, wherein the
connecWithmitzlepending endpeingtallation wagiefip. nanner as the pairs of recesses
55a, 55b to functiqn as the holding 25 torque settjng nmeans. Accordingly,
it is consi dEFQA thigmeamuiremgntre t,HashassLhmnafnu (hatiinotheastep wotor
recesses,, so.that the maxi num hol di ng t.orque and the initial phase angle
7 NOVIBHISE the GRRSITCAPN WIRLHS SOBYealiopacrialcr 2mibe Mitipl phBse angle
ULl eSB? ?sdcliggr}n?ngd %’z' t?llqustallation angle 0,, and the maximum holding torque is

not dependent on the installation angle 0,.

Described next is a result of experiment for checking the relation



torque established by the pair of recesses 55a, 55b and a vector
corresponding to a holding torque established by the connecy7 NGOV 2002, 31
d. 'In the case the stator 51 is adopted, the restriction for nmaking the 5
recesses 55a, 55b sanme in size is remgved so that the recesses 55a, 55b can
be di sposed with ease. Further, a holding torque and an initial phase angle
of the rotor 3 can be set extrenely freely by nerely selecting an
installation angle 9., fornmed by a central |ine 63 passing through the

r ecessbetvezn theodimensaony of agair ef regeghes andhthomagamuim holdingdghqete
centers of the connections 31 ¢, 31d,. 10 Wth the stator 51 shown in Fig.
14, suppose %Jfﬁh Ahglexpepimeitt, Hie stater 41 hiwith arpaip of Seerpsen Zgh 2088 afent er s

o SSOPRTE o vl SR Sl S8 Bboar bl '
2 20 SR RATEEbY BT e pGSseS oHBR S5 o d GLBER ]l
55! o RO R ATSR RS S8 e AR BEh 3BrAE, ™ o

tilted si kA Qn. rther, a wdth Wb of the connection 31 ¢ may be
differtlaﬁgi %5%3’?%0?##'}&% dth Wb of the connection 31 d. In such a case, the

har act eri st f : | ment
o Ry TS 1) 0 6 A B A
recessgp theé réspletle rdeeRle¥ 205 QOQBeisrf?ﬁ%F@ ?ngpﬁg{’ﬂgﬁinﬂ{b WHGHsWR! are

peri phery of the hole as an extrene case o g torque setting
means dfféreatididd Aoanhre Basker, Al they afe §draof UK 200)300ab £00 [@eSSes
(a 25 case of protuberance, describéd later is the sane) According to the
nesul t of tWhenxeach twilding vermuef of hke atés notoyi idedrporatedo tieereat ehsse a

hol ding torque is set in the same manner as a holding torque is set 27
NOV 208t2aters arepsiibseqiiendyg egsassiredt has been found that one vector
representing‘the maxi mum hol di ng torque _and initial phase angle corresponds
to one recedbe mpasuremengiresut is shawn indegsdband d0f or ned, vectors
correspondi nhg thereto becope conposition of respective vectors in whole. 5
It has beenltflambeen dpnndithathsemarimum haldmng Enﬂu@ dngreases ghaplydsque

sl s I R R R
ich i i red i d he | i.bh h

13 Emzirfcﬁ%steeéipé’%{}%baviﬁ% B, dodB o rit i oo pre el OB AR br GleehPfeall ‘i:%l

w tn r Bepbsbn ARTFARENPE, 8RRl RO B e Bt ARG BTG Y

recel V@ﬁdﬂﬁ!\gcao?%&geetwgr&%s esORdrBSsext 8k O%Oﬁﬂdirquig?.lgheéﬁddﬁefs hot

produce a side pressture at the bearing side. wever, a“sidé pressure is

pr oducgghpditional iR wadth W 6Pt Rgelgisque 15 setting neans are di spl aced
to a position where they become asymetrical with respect to the center of

the hole. TReomi thes peads wfetheexpesiment, ¢nhas Ween found that ehesfatenyimg as
hol di ng torque setting neans is forned, and friction on the bearing part

i2ocr eaheRlihy tdrqusi ile nut epsoportiodak aodiheglsum aofc argasnoff the decessay dshe
motor is prone to slightly increase to oppose the production of the

fri cti discleedHowehe literatures and tharl\jrk@asﬁ'gam:grdleseﬁa&mﬂlﬂuolﬂsﬁdqglttblﬁque
setting neans are conbined with one another and disposed in a practical
use. | experdment diisea pabeofireeesses 20080 2(0b) and therswn ofathe aweas ofathaur r ent

for driving t ro oes not_ increase nmuch fjnpally, Fromt ahov

exper i FRGESSES 28 si(ﬁéégef:%ﬂ% empvﬁq%rofﬁerwﬁthsﬁmmgﬁ%aenﬁa di ng
t orque_angd ini iﬁl ghase angle is presented-rel ati ve-xa-one--recess, and
the ve Onk O the BeefSSPS-ty of sole recesses are formed without paired

b i th. f .th t NOV_2002.49. A ~hRgly, .
Bcasses T oPtEordmEResingharchariBharie of linacordres is Toed RoAIHM B que
setting Mansr ¥ 18ka%n & etx%etr)l?né)nat' L€ hohin ﬁig.a9,s ¥ the R Hum

holding torque is proportional to each sum of areas of the recesses, it should be



which is not paired fornms a basic unit of the holding torque setting neans
and such a recess may be di sposed on the inner periphery of2zt HOW2002 by
necessaty 5 nunber. Sixth Enbodinent: Fig. 15 A two-pole step notor for a
ti mepi ece according to a sixth enbodi3tent of the invention is described now
with reference to Fig. 15. Fig. 15 is a plan view show ng the construction
of a stator of the two 10 pole step notor fox a tinepiece according to the

oL SRRl AR b 8,12, nd the compenents | T
B L T T
or e LB RRTA RNl RS0 BB gy 3 AESEb R RSIG .
o0, kAU Bk B ol TABO! e AlusieRglr ccess
pgssi T‘Eeeﬁﬂééﬁ‘x@ Whhhﬁl&‘g%ﬁ%ﬁ?’rlngﬁg g@l_ﬂiggcﬁﬁc@ﬁgﬁc&Bﬁ?ﬁ‘?g@ﬂiddﬁ?tté}'t‘ggt éilﬁﬂ Ggngle 96

relative to the stral rque set e stator
61 becgieareaerafabelreosssel but \ ARty sy @ﬁmgiﬂgr@cmd@pthqb Gfhchaeasss
established by a pair of recesses 45a,” 45b and a vector corresponding to a
hol di nin the regorsylwdrei elchdecosd has & deptlr of 60 pdhor 1865, mmdt thenagxabhone, the
hol ding torque setting neans is not limted to a conbination of paired

r ecessheldingdospenbedombs ssbstantiel g constandifSthesdepthtD eaceeds 106 ppnsi ti ons,
desired characteristics can be obtained. Seventh Enbodinent: Fig. 16 A

t wo- pol e st efVlman dhef maxamuimeboldirg atorqueli isgadpsted doebehsmally ifiche2002 50
enbodi nent of the invention is described nowwth reference to Fig. 16.
Hi0g. 18djustmept as perfonmedoby rehanging dhe depth i wfdheaesess, she sthange efvopol e
step tor for a timepiece according tao the seventh enbodi nment_of the

i nvent Hgmmaximum olding torgue Ffe{aégﬁﬁ%lﬁéw@éo e §Bs¢.@n%e dspaxgloaﬁleare 5

R
e RTS8 e, e 10 S0,y R s Y ©
Syt gl B ORI, LBABRETighA e ERRY £l SHIENTBLAOOR e !0

but ea emis as t ecess. I ne passi rough the
nt er ; C itRat i L@t
3P ar Rl ng if PReRT OO IR S SRR HARALE CRUIC RDEREER ¢ he

r ecessyifrge fthe depth DASLS0 Lih idtedd Beade ftakadiffiultQot e thephgiihuld ne 27.
Wth the stator 71, a state of holding the rotor 3 is determ ned by 15

conposhbldingabrqesstabby.of respective recesses 45c, 45e for hol ding the
rotor 3. Eighth Enbodinent: Fig. 17 A two-pole step notor for a tinepiece
accor di ng t oOanthei othieh hamdpds showmin Fig 1hskowing the mEssaréient nesnlini t h
reference to Fi [ 17 is a plan view show ng the constructjon of a

st at or ibthe ase \%kfztdllz:pilflb:l;ig eof i secassrbeing i 1iéh s, ethec maximuan heldmg ei ght h
2 eSS eSS ool LSS g ™,
of *t hold B &k FereRsansPoubd o SERsteotom wdush r his beenTolganielE | mae.
o o SRR I Ll R Sl A £ 5.
31c, 31d madg, fich QHMRGAEE 3P hh! blefiFbihd hatiilORSR ¥ blakimum holding

torque does not depend on the installation angle 0,, as explained with reference

25 to Fig. 24, it is determined by each of width Wc and depth D of the pair of
recesses 205a, 205b.

Meanwhile, the measurement result of the step motor incorporating the



27 NOV 2002 51 material each having a width Wb. A sole recess 55a is forned
on the inner periphery of a rotor hole 2 and a straight |ing f§owaeezng
through'the center of the recess 55a forns an installation angle [err]7
relative to a straight line 27. 5 Alsp in the stator 81, |ikew se the
stator 51 as explained with reference to Fig. 14, the pair of connections
31lc, 31d operate |like paired recesses and have vectors for holding rotor.
Since the sole recess 55a al so has a vector, _a holding torque and an

i ni ti astaierdd thetpia as explanest svtigrefesensst tor H‘lgwe@l 8b9W@oth9t)gﬁ isi ditegent hese
vect or 10 Also in the stator, 81 shown in Fig. a straight Lin assing
t hr oug rqmet%rﬁlsagur@mqmer%%e%ﬁ itBRsSIGR &oteT qu%mmsg}g %@%a B a

straight line 27, i nst Iaglon angl e of the connections 31 c,

31 d b@@BNE@tlﬁn@eﬁ?té’é ‘%‘é{ﬁé fnBr as the stator 51 shown in Fig. 14,
Efﬁétégﬁnéﬂffihe? ‘fﬁe?@ﬁuﬁ e ABefeh, éﬁe?ﬁeﬁﬁ?r Sotloifit iﬂwﬂa%taiiﬂ{q?ﬁ ase

cén nec@ﬁgﬂes %i?»l(gfl 0§§d§ %gy(?t’bg&gqsgese\r@ﬁt §fie88¥ r£8 aqu@?%ﬁn g(]Géfif ?If’ t her,

st ai gREol TR kPR FRRREEIBERE <y, "1"20 A tvio- po post 1 oned on, Lhe sas
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of a skapPvakie SGG nNHA (Bloﬂéuﬁleetlheni’ﬁhﬁ{mﬁﬁf h@ldmg&@tcﬁiéezﬁ@ GINAY Gtaied he
ninth enbodi nent of the invention |like Fig. 15,6 “and the conponents

corr esfirondi the 8@1r§|@f tHeb recessed ld@plmcbdnbythbhﬁemm n8egeriéficeachuriiel s.
A stator 91 used in the two-pole step notor for a tlrrepl ece according

ti® t he maxintumnholding ntorqée t decreaseeh from 430milNaeso d130 aexNm wiyipies the

hol di ng 27 NOV 2002 52 torque setting nmeans, nanely, gap type and notched
type hoangagftheqmeasetement atk s . tlfnleamccempamﬁ:mewmh gheringteasetefhthal part s
94c, 94d each having a gap amount G serving as the gap type hol ding torque
set t | ngetingangled,ofghierpairedsracessassbie, 458, 45b serving as not ched type

hol ding torq setting neans are respectively provide a rotor hole 92.
Wth the ste %Hét &R qsgnagns% ofi theomeasuremer) mswétSt @g qh@ Sém NAtaL M} phase

o hot STHGBF GoaeRhBpAr Sheer BFT and GERRE tf&i?%ﬁfamd ATeReASEB Voot or
B, VRS Pty uRd pdoREy RRRot ARGl WAR, bRl EERIER et e

3 ﬁnaggr ifitial PRALE ahB1dhfd (e ol Rtqle AR GE Blp HiGt0rUsing Thé RS 1700

11 having the recesses 15¢ to 15e formed as a plurality of holding torque setting

means was compared with the step motor using the conventional stator 211.
When these measurement results were examined still further, in the step
20 motor using the stator 11 provided with two pairs of the recesses 15c, 15d and
the recesses 15e, 15f being the plurality of holding torque setting means, the
initial phase angle 0, and the maximum holding torque were found to become
composition of vectors of the initial phase angle 9, and the maximum holding
torque obtained when each of the holding torque setting means, namely, the pair
25 of the recesses 15c, 15d and the pair of the recesses 15e, 15f is individually
formed on the inner periphery of the rotor hole 2.

Further, since the step motor for a timepiece in the second embodiment



average and a gap amount Gis 40 um the maxi mrum hol ding torque of the rotor
15 becones about 300 nNm and an initial phase angl e becone7ANOVM 2062
degrees. However, as a result of experinent made by the inventors, an
optimuminitial phase angle of the rdBor (refer to 81 in Fig. 22) for
enhancing an efficiency of the step notor to | ower a power consunption is

| arger than 45 degrees, nore particularly, it ranges from50 to 60 degrees,

or act 1 5 GRepS i bRe RGP ot R BiirifoaiR. A81eCBY e bl ROEBA0N o
from aapert: A RO KRBt Thg Rledhrical ST B8 HEP TER PRI VAT ©

di rect iy @fiapagdiat or 201 as viewed in Fig. 23, the initial phase angle can
be appr oac(ﬁe% tl?)éthe foregoing ideal - _ 25- angles of 50 to 60 degrees.

However, if Abeordinjzly®abR!cl the VedteidecdriospBhanseeh tee hrlivRiiag ﬁ@ldi@;achi eve
further | owering of power consunption, the gap amunt G need be 27 NOV

2802 Sthryersemthy meahd iyaliven Wy doubling the yitial pshdser aiglat opandnie
difficult to be performed.” Meanwhile, if the stator 91 as explained with

ref er enaitmankileldikg torqueeobtained aheneeatehbldingeeorquenseding ngednsr gue and
obtain an appropriate initial 5 phase angle w thout reducing the gap anpunt
G and irdiviluatlysprovided ohlthe irnespepléry, of4hb rotmEolexd.renely smal | val ue
by appropriately selecting the installation angle 65 of the recesses 45a,
45b because Fugher,aftom othehameasueemeant trgpalthaifdithe stop qumtertusing theans
establ i shed by stepped parts 94c, 94d and the notched type hol ding_ torque

set & i n@Olﬁr\ﬁ%MﬁOQ?dtS&%ﬂOI 2dd tlﬁ«;/ instglintionfangiescs and £5:0f the h«b .plams afhhieot her
S purtl ey : o whe .
JiroigftdniesTupoaf b dudsitosd o 1 5t e nldink a7
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20 According to a result of experinent per by the inventors, it

i1 conhbldiRg forglie W Whd, hthesinitial [HHasBaxhgle 6, Md @@ Uhhx{mam hb@diﬁ&ﬁvepped
parts being 40 Stan, each width W of the recesses being 400 um each depth

D bei ngorga@ sev byetherxveown bohpositidrorweld dainclled\widnadhehmeasiuteraéntphase

angle is 55 degrees where an installation angle of the straight [ine 70

passi nesubtscfghetexpetimertappde ad thisdimed4d rel ative to the straight |ines

27 is 75 degree and an installation angle 05 of the recesses 45a, 45b is

-10 degree. Hhhatinawheal the wiven holdingntarghe seithng amghns othe mais ofpihed part s

94c, 94d is 27 NO\/ZOC?Z 54 o
recesses 15c, 15d and the pair of the recesses 15e, 15f each are individually

20 formed, even when the holding torque setting means each form the maximum
holding torque of 250 nNm, when the installation angle 6, of the pair of the
recesses 15c, 15d is 15 degrees, the installation angle 0, of the pair of the
recesses 15e, 15f is 90 degrees, and the difference between the installation
angles 6, and 0, is 75 degrees, the maximum holding torque becomes about 130

25 nNm and the initial phase angle 0, becomes about 53 degrees from the
measurement results shown in Fig. 8.

As mentioned above, according to the step motor using the stator 11



set to 63 degrees and the installation angle of the recesses 45a, 45b is
set to -25 degrees, it is confirmed that the maxi mum hol di ngy N@WVIgE0Recones
50 'nNm and the initial phase angle becones 55 degrees. Tenth Enbodi nent:
Fig. 19 5 A two-pole step notor for &4tinepiece according to a tenth

enbodi nent of the invention is described nowwth reference to Fig. 19.

Fig. 19 is a plan view show ng the construction of a stator of the two pole
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cent er §56fadens qRSANALBASarsles GL1D, forﬁgggu pOBRIGHE Whefe %Eg&ﬁf\ﬁe l'ine

27 orthogonal to an excitation di ‘ection the"stator 101 whil'e a straight

i ne 18gcazgesihatd souedh fomeedt epped parts 94e, 94f is set to a position
tilted at an installation angle [err]7 relative to the straight line 27. A
stator havi ndstdheesulwiech peypestivéans@ftatianeandilep 05,66, of tiee posipaignof o set
the installation angle [err]7 to O degrees by superinposing the straight

| i ne | eaceaSepddej hbd antrrecegsseshides tiSiare adausted and, thefdiffevemce betvveenld on
the straight line 27 so _that the stepped parts 94e, 94f are positioned to
dénf or these insiallation anges i81made3large mincother awprdy: pdreme dine | differenaeer i al
or non netic 27 002_55 material, .is already kngwn. |.n the case of
such a R‘E‘mﬁ'ﬂ phaseangles qurﬁatqhaholﬁlmg;éoransué raades targgy cadehalding fosgucon) y

che sl aeast bt e Ll Coler 45 sibetant oy syl et cee 55
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parts ositions o e connections can not achieve

such | ower | npeReiBEd 718 4Rl 1R}t oPUGH Barisafi bt b dnexsdratnent I shown
in Fig. 19, since the straight [ine 107 passing through the stepped parts

94e, 9¢bnfrMING pbweeEonbumptivil bf Phe Wy tndtbr ifér Aok &olnipdiichackw se
(positive direction) at installation angle 6, relative to the straight |ine
27 passtatgr hhvingoiwo peirsoftrecssses it iscorporatdd dndcthm ef tthe sseBimtos fok;
thereby obtaining the initial phase angle ranging from50 to 70 degrees

t hat i a tahepixtcevn whicha stiator Inayvingverel pajr of recasses ioinconporaded.of t he step
motor. The stator 101 al so can obtain the preferabl e maxi mum hol di ng torque
a0d t he ini t Bath ghestatendiaying twee paiss f recessaspard ttherstatorhating Onget i ng

on the 20 rotor by the_paired connecfions 31 ¢, 31 d and the paired stepped
parts DaH, oigmqesaseqummﬁ&ﬁmnwfm as4g lmev&bcpauealspgasw&e obr A

ti mepi egce agcoyding to, gn el event h epbodi t .qf the invention,Ls.described
now i AROREP S eberh Ay Maglimpiy vabe GLitig halding, KIRuSHEAPRGE 7RI

constrycti o & H&5eatbr b8 epér\fnballoy having a thickness of 500 um, the

)]

diameter of the rotor hole is 1700 pim, and a samarium cobalt magnet having an
25 outer diameter of 1000 pm and a thickness of 400 pm is used as the rotor
magnet.

First, as the stator 11 having the two pairs of recesses 15c¢, 15d and



25-- pole step notor, for a timepiece according_ to ,the eleventh

enbodi nent of the i nvent| on like Fig. 18, and the corrponerﬁsNgqrzmondl ng
to*Fig.' 18 are depicted by the same reference nunerals. 27 NOV 2002 56 A
stator |11 used in the two-pole stepsgotor for a tinepiece according to the
el eventh enbodi nent of the invention has two kinds of holding torque
setting means, namely, an oval type neans and a notched type means which
are different in system 5 That is, a rotor hole 112 provided in the stator
111 i sréasspesi1de, eachavidih SVt of the apspectivei necassesvidc tonbHo(Rigeh) is an
egg shape, an ellipse, an_aoblong shape, or _the like, and the rotor hole 112
per seS*Ptuttﬁ?c‘Ef(i)Q)hlén,a%aCéh‘éewh Dﬁberﬁqfds rsgt tool 50 ¢ir8 avkile ghennstallatrop angleot
recess 5a, 45b are for he i nner _periphery of the }0 rotor. hole

12 s ﬁo erécus o 5%%8253? ° ﬁaﬁ?'sﬁbgﬁﬁ e oror fol e
e JENAHR A ok R T
en' t AP, Blagpt havun 2he a0 aR Hu: by St ot eBRied and sBF kTG  or i s
ol di nEOIPEIEr A BE T L W' lher SE ator 111, a siraight Iine 64
passi ng. 1t pgh O RERYha, 9 HHICHERE TO0RT R s Raltio28 BTREL U o

angle 65 rel ati ho onal” TO an~exci

di r ect Lty iiibfalfone eyt ?eée%§e§§05562 SH'néeﬂtt?%tsé‘fkﬁ’cl?g}*%t A

installation angle [err]8 relative to t e strai I ne
not or ¥t A rebpectivd ﬁfceéaés 2058 IO3Hlinth Hey théradldm(')"rkﬁhadndpéﬁﬁﬁd epdl e are
set by conmposition of a vector correspondlng to hol di t orque established
hy a pd thextof exhstrsorter, ofAF30 ang @nd g Distaltutics mgw @11% it getdbe disShg
torque established by the oval shape of the rotor ho 2. 25 Fig. 20
shows degrggpsratingly_ an oval shape of the rotor-hole 112, but the
actual dinensions are such that a difference between t he | ong axl e and
the short axAé ias measuring) resultebt power ocomsurdptiont of tfe tdiep roradershol e
112 of ;1700 pan on 27 NOV 2002 57 average. Twelfth Enbodi ment: Fig. 21 A
t wo- poiRcapepating thereir respectveglydse kinsdsrafi sigtars 1d and:R1 1 whiletwshare of

H‘Sn' Pea BodriNghc Rebasheeh Joundr il a8 GRlbeR Slen HotohboR al GHEpiFaDt or
bf%rg :zé' Vil 156 AR nhERlibE T LeHBRaPhGh e?n‘gﬂg:?&?mnfgmahﬁ ey'@”vefri}oé%% ct o
motor PORSEnpRE, SECE-STHA B PoB' B *forc Sheo S, st ok

| nvent {00388 i eI thi Blaflrs 1P oI DRDs O pEARACCYLBAfodn Cof 31

made O OW p y material or nonmagnetl terl an OV8.|

type rﬁbﬁﬁtmwlﬂe%,ultx%inhéhlefviﬁ El@%rgy a%o?fsﬁ tigigrts 12la, 121b nade

of a highperneability materr al pectiv re integrated with each other
by wel di ng 1Buftheputibre ixend raﬁﬁ’ef@weamycma@@ﬂm@s ibebwedd the 8fp ARROrhavi ng
a wdth W) thereby maki ng up the stator |121. The oval rotor hole 112 is
f20r nedingorpbeatiigtimreiilthe stitors Ihearsk 2 br 121, al though a straight line
passing through the centers of the connectlons 31 ¢, 31 d is superinposed
on a strai ghAsld resud of the) fgregaing experiaventscift thei samel charzdtenisticsnarey al
long axle 113 is positioned at an installation angle 98 relative to the

st r ai ghbtained tyy7 thenstep metos tincorparating tthereinna statoo having dwepaitstefve t he
sane effect as a pair of recesses as set forth in other enbodi nents of the
i nvent rmsscémandh@lesst@pomoim incorporafing therein ra atatpuibavingoae pairzofi nd of

combi nati on of a% qval ty and
recesses, with the step motor incorporating therein the stator 11 having two

25 pairs of recesses 15¢, 15d and recesses 15¢, 15f, each width Wc of two pairs of
recesses 15c¢ to 151 is set to 400 pm and each depth D is set to 150 pm.

On the other hand, with the conventional step motor incorporating



25 a notched tyke holding torgue setting neans.__ __ _ Accordingly, the
hol ding torque and initial phase angle of the rotor are seta7oMOV200Zi tion
of "a vettor corresponding to the holding torque established 27 NOV 2002
58 by the pair of connections 31 ¢, 3k d and a vector corresponding to a

hol di ng torque established by the oval rotor hole 112. O her Mdifications
Al t hough the two-pole step notor for a tinepiece according to various 5

enbodi ments of the invention has been, descri bed_herei nbefore, the recesses

are fothesemn ts sfater 21 hhaving pnaglagr ob recasgen208nc0ih, dach vithuWcset t i ng

means anong the odi enfs of t i nvention. Protuyberanc may be_ fornmed
i nsi de?hmeqe@s%ﬁ f&&émﬁeﬁa t@fl%ﬁémr ﬁseeét?ptkdé 1§ ﬁ@&tq@o 1 60ithat as
hol ding torque.seftin ans. to If such protuberances are farned, a

ol di it 3t R dha SABI HEACISISSS RN R HIDIOR CHBPGHING fhgike the
protubeéastmc S while it.is determ ned by each wwdth (W in Fig. 7) of the
r ecessSQIPRNFINELNQ PBITS (I dEFesSESses. However, when prot uberances are

f dinsid he .. hol e, .a,di [ [ ' | di

tor que becaubs BB sA%h “widn NERCHE 88 pfsdfkBVE iReBRAA05E 0% Fongly
when nangeEL b8 BBl Shisf) LBhpArtd PR IGe Shaf LT AR MG R Lo 1
preferg&!e%séé)'r setting a holding torque with precision conpared with the
enpl oynment of the protuberances in view of the precision of dinensions of
mol ds. 20 Wpgr ARy, et Rchey ‘ﬁ;’gro‘{ﬁéﬁi ﬁgtﬁe%iﬁtdrszfpwﬁlog)fodee giSep, the

installation angl e of the hol di torque setting neans and the direction of

t he nageeiskes iPviRey of racldhiig sRdpebdudrevityt is in a standstill are
different fromeach other. However, when the hol ding torque setting neans

i® formed of Thaviy)stnemors kindeof sttats bl iaad 2iighsedin thecexydriinegt ang que
setti n‘% means and the 25 direction of the nmagnetic poles of a rotor- magnet
when i foimed rbyaekicaridsdisthargenhachining eapable b€ mprocéssinglthersiof ttp feirm

pr ot uberances serving as_hol ding torque setting neans 27 NOV 2002 59 are
f or medrespectiyetngsessssovithoigh priestsion mecan o obfaindhpl resylt freXparimentr eases
in propartion to the sum of each wdth of t pr.ot uber ances, suppose t hat
each h&ighil p@ﬁ@smtt%@r daes ot 9C¢ﬂ&éd2fog(f€mﬂé ackinipg a6 SHALORY (o

coupl i copstant ingrease, .if | ssible to 5 obtain the sane holdin
torgue?%yngﬁﬁﬁ%‘?sséﬁﬁ}aé'rﬁa g’éd&\/?ﬁéﬁg WRom an expression showing a rel atgi on
bet ween an elgectronechani cal upling congtant (n[errl).and.a drivjn
t'orque. As a FEQY &L "2*‘%3%? S@gﬂ@uﬂr& W@?&Pﬁgﬁ @&ﬁ‘%&l 8 Qt@ﬁtqgt dt 1?or a
ti mepi b e o T I ' ' t ti Qn: en the
e: eclto Ir §§§%§%§ﬂ¥ C%art 1@*@%&% ﬂg @ﬁ#g@ﬁ@%fﬁ?%@gn%@@ rdlo\%gh%ﬁrgqﬁe IS
repres d=Rri.si 8%1 i yi L
nuﬁber?)g(?&?%tmt ‘of Rgé%%\?ﬁﬁé,[ letalrS ] %alfﬁr%%?&én&r%zr?gg Isséaﬁiggng F]k%gflfﬂhgﬁl ng
T h el b o h

di pl abihctial habfnga HIcGiks OFSDPHuLd AlddCOE parnkNGy Woith précision to,
an i ni foih ddehsrecesghavingd ehd @lidth of 12€ paeantbesdspthiofeB8H \h &b tled a
plurality of protuberances and the el ectronechani cal coupling constant is
rapr esdahddnhtertzdnc Byen ifmehi £ maghusing 8 possibie; & meldetot bel ubed ¢sivdey shows

at what ratio the el ectromechani cal o .
short in service life, causing an extremely inferior productivity.

is

Even if the stators are manufactured by electric discharge machining'
having high precision, it takes time for machining, resulting in very expensive
stators.

25 : On the other hand, according to the stator 11 having two pairs of
recesses 15¢, 15d and recesses 15e, 15f as explained with reference to Fig. 6, it

is possible to manufacture the step motor having the initial phase angle 6, of 55



20 coupling constant increases as the sumof each wdth of the
protuberances increase suppose that an el ectromechani cal cogpNOwW26@2St ant
(n[ferr]) is 1 in the case of formation of only the recesses serving as
hol di ng torque setting neans. 27 N@¢ 2002 60 Sum of each Wdth of

Pr ot uberances (~,mIncrease Ratio of Electronmechanical Coupling

Const ant 01. 004001. 026001. 038001. 0412001. 06 As nenti oned above, if the

prot uberance are forned inside the rotor hole serving as hol.ding torque

set t i ngegEass angn the emaxsmaan ahplding c bogsuen 9ic Ss i dah adjusténg eththen

enlargin ach width of the protuberances, thereb btainjng 5 an infended
dri vi niPYeHafien vingiea sl 10T B OF AGERSoH 1536, Tadptonerd hegeaniansh of

e Sl SRR il e AR SEeeReReL S of R B,
LS S oL B o B L Lo O SeE I SRR T
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rotor tih B eﬁcrﬁ??iﬂ{é}zd%q{h% th?irﬁg}f%c&’éE Ilgﬁ, ﬁ(ﬁ%ﬁﬂ r8&c8ef1 58, hi gh

perneability materia aving a rot eln e rotor 1s installed;

and a 35fimbeided bnf e Mifer{FrighbryPsP hel eotod hdlea2 MBARL! h6ldesy Rofdee of a
hi gh perneability material around Which a conductor is wound, and Opposite

ends ofettitigcineans, thegredesses sorviagnde dhe holdipgsidrquendttimt nidanisshaydse
wherein the stator is provided with a plurality of holding torque setting
nans preyidsddmthe mmer peeiphpite of theé rotoe hode @rbyhtliree ar moret pditsat i on angl es
10 differing_in a direction of the inner periphery, and an initial_ phase
angl e 8, whi Barticnlarlyamgthe faaserasthene anmgmén'l@ ofi gdags dirrkeedes of fikingin a
direction of a magnetic field produced inside the rotor hole and a

magnet P arelfoned gwound dhefrotorehels: of thegtator,assuch axlgrlei of gearsi o1 on of

the ro oi based on the respective i,nstr?l | at i_(i_ln ngles of the, plurality of
t he oles of fixing pins are prone to interfere with the Trecesses serving as the

holding torque setting means, resulting in arising a possibility that the recesses
15 can not be provided at the intended installation angles so as to obtain the initial
phase angle and the holding torque to be set.

In such a case, each holding torque established in the case where the pair
of recesses are formed at the positions to interfere with the axle hole of gears or
holes of fixing pins are subjected to a vector decomposition as described above,

20 and three or more pairs of recesses are disposed separately at the positions
where they do not interfere with the axle hole of gears or the holes for fixing
pins so that the positions conform to the decomposed vectors, thereby obtaining’
an intended initial phase angle and the holding torque.

Although typically explained in the second embodiment with reference

25  to Figs. 5 and 6 is a case where two pairs of recesses 15c to 15f having
substantially the same dimensions and rectangular shapes are provided as two

holding torque setting means on the inner periphery of the rotor hole 2, the two



15 hol ding torque setting nmeans is in a range of 50 degrees to 70 degrees.
2. Atwo-pole step notor for a tinmepiece conprising: a rotoyr Noe20020f a
rotor magnet and a rotor axle; a stator nade of a high-perneability
material, having a rotor hole in whicdg the rotor is installed; and a field
coil fox excitation, provided with a magnetic core made of a

hi gh-perneability 20 material around which a conductor is wound, and
opposite ends of &gjch are magnetical |y, bond t o, opposite ends of the

st at or OTAREFEPALIS ¥ KCAEISS WAY Jiane ¥k Shapt 1 ﬂ’tﬂ)’uh&‘t’@ ppe@mgﬁd]eiath‘ge tor que

setting neans .di.sposed Qqn, i nner ri phery of th otor .hole at installation
ool oo T Fo R e it taey Bk BRE sRia Sheies 40 GRusTision, & B¢ PREIAE n or

mac or pORoh BEYGRAY LB alinedin YodhetBRa iR nsesn PRl aeurdsal

h ' | . [ d f I bi li 27 NOV
:2068“352@947_&3@?@%?“ 588, (oOREERe "ot or 5l - 3 The Lvio-pol e Stop mot or

| ehst one.of 2 RUOSFEIEHEH o R RGeS bR R AR ARUBR RS, hes
hol di ' chd di d h
ner | S5RE fFeriior I o REEASHN R rnCO IO BT Ml £20 S Phes” " "¢
connect | ons. Fi. Thds POy b MERBLOIRTsiBp thRR! 86 9 AARPCHBE e O ai m

1, wherein the plurali torq setting nmeans are paired
r ecessehir@r eﬁi’dd(ﬁﬁldiftolilltléffﬁlg.geﬁ, ﬁﬁ@r Pesl g tifeai pRAr view RABWIng! thée
y

rotor hole, 10 respectively. 5. The two-pole step notor for a tinmepiece

accor dicogstractibaiof B3stavéresfethe tetdrpolestegimatdrdonaaimepidcednBignglare a pair
of recesses or a pair of protuberances, formed on the inner periphery of

tte rotor hollihe tvesipade istey motor 23r Admepiree6sf the fhirl embodinens tieheot or
for a tinepiece according to Claiml, wherein the plurality of the hol ding
t or que sgmet ah therbaaspolecitep anatearfor factimepicoe ef the fisstaemhndimentapfl whe h
PR LA LSRRy o Nt Tt
whi ch SHEORtti heiacs fhe SralafatiGR oF IR e cBRPOREALS i BRHBE on, pr ovi ded |
conduct or 1 < it S BRE opfbsraloBnf oF Uhnepides eckhyfioe @) Be biifta" o
opPos b sititndHt 3t theSindeflion as shown in Fig. 11 has connections 31c, 31d of a
stator 31 forming at least one of a plurality of holding torque setting means,
which is the same as the step motor shown in Fig. 1 having connections 1c, 1d
of the stator 1 as explained with reference to Fig. 1, but the third embodiment is
different from the first embodiment in that one pair of recesses 35a, 35b formed
20 of substantially rectangular notches serving as holding torque setting means are
formed at positions different from the positions where the connections 31c, 31d
are provided on the inner periphery of a rotor hole 2 of the stator 31.
The recesses 35a, 35b are formed symmetrically with respect to the
center of the rotor hole 2.
25 ~ Although the installation angle of the connections 31c, 31d shown in Fig.
11 1s O degrees, it is not always 0 degrees.

The method of manufacturing the stator 31 is the same as that of the



10 wherein the stator is provided wwth a plurality of holding torque
setting neans di sposed on inner periphery of the rotor hol @EaNOW2062! ati on
angles differing in a direction of tFﬁ i nner periphery, the plurality of

t he hol ding torque setting neans incftde neans forned in a shape
asymmetrical wth respect to a center of the rotor hole, and 15 the neans
formed in the asymmetrical shape is a pair of recesses or a pair of

pr ot ubgagiCPSs Egslafife @t Figt PeTand o eforeRed I 4 AR ﬁfarteﬂﬂethﬁigThhe
rotor hole, on opposite sides of the center of the rotor hole. 8. "The

t wo- pahéclaiesp oDt500 fian andi nadeect prearlbynavihiehCieiamhégh-Peemeabiliagyong t he
plurality of the holding torque setting neans, the means 20 formed in a
shape mafermd; and giress erk'mg)'fsca%pldned tetleebind mdtetiad to dorm ahﬁilet bohmri ses a
recess of a protuberance, forned on the inner periphery of the rotor hole,
only anpuepared dwloffor Hee retordole Reamdfixifg holes6ebedhd the baadendtedjal A
two-pole step notor for a timepiece conprising: a 2S rotor nmade up of a

rbt or isepwachethdo sform an axter, canfigurationmadethef statoi g peribe dpavingy a
material, having a rotor hole in which the rotor is installed; and a field
coi | famuecHingapeBion fretisbewn)i for eonneghiag to the danddmaserial At ghpart27 Nov
2002 621 1 perneability material around which a conductor is wound, and
opposi reds of which are magneti cal ly bonded to opposite ends of the

tator, wh i,n the stator. i ,ded, with .a pl | it f hol di t
setting mearsitiegBEali a-lit inEPmed orbe,postion-ubets Bie sopmectionsnti | at i on

angl e differingyi direction, of the inngr_ periphery. and.the plurality
of th?ﬁq}l an&mﬁgc&ugngetat i%e n%og’hsmf‘a%l easelg\&}égcr: ﬁgl?ﬁ%yl Wfat?fl@aﬁrt ype

| di : ' i S i ng

ans i aREHES Shase ¥ Bve-Rint 36} SHE b Be s il 31 aRASTO 0 s
10 11. t f i | L Shng: r ot or
made DPLD 5 bohdudeach SR B er PEIdE (IRRIAF S TBEMEARRy of
hi ghpehgBgielrby material, having a rotor hole in which the rotor is
installed; and a field coil for excitation, provided with a magnetic core
made of a hiTiweafreabihlel fotofdiote iRlandrthienpartdiofthe eGSRt 954 358airad, and
opposite ends 15 of which are magnetically bonded to opposite ends of the
st at orpundhedeby press svetkingj angdrbnallp dhei pdrtimnptaibel coypletl tootht bgndor que
setting neans disposed on inner periphery of the rotor hole at installation
ahgl esdtdariaris pynched, thereby compléeting ¢hé¢ axternpeshapeewprkimgoof the gtatoral i ty
of the holding torque setting neans, i ncludes a 20 conbj nati on of a_oval
type hbl.di dgerepftarethromagngticeannealing is applicdde thedandomaterdal tormakeset t i ng

means which are 3di sPosed at installation angles differing fromeach other.
up the stator 31 of the step motor.

With the stator 31 having the forgoing construction, the connections 31c,

31d are formed such that a high permeability material are notched by press

20 working and a low-permeability material or nonmagnetic material is bonded
onto the notch by welding, hence these portions function like the holding torque
setting means like a pair of recesses 35a, 35b to hold a rotor 3 at given positions.

As a result of confirming the step motor incorporating therein the stator

31, it has been found that the initial phase angle of the holding torque

25 established by the connections 31c, 31d conforms substantially to an installation

angle of the connections 31c, 31d like the pair of recesses 35a, 35b, and the

magnitude of the thus established holding torque conforms substantially to a



12. (Amended) The two-pole step notor for a tinepiece according to Caim 2,
27 NOV 2002 63 the connections serve as at |east one of theypNowhody of
the hol ding torque setting nmeans in the stator. 13. (Anended) A two-pole
step notor for a tinmepiece conprisingl0a rotor nade up of a rotor nagnet
and a rotor axle; a stator nade of a high 5 perneability material, having a
rotor hole in which the rotor is installed; and a field coil for

Sl R B T e T I

mat er i _ oppositée énds of which are

magnetical |y ljggﬂpﬁ%t @&ggBﬁ%% ER/%nelHQEC %n&tli‘l?(f‘ﬁéﬁb? (rshe WhR6LS Y lﬂ&echgisg%lf ; tion

conprises a plura I ng torque settlng neans wth in

angl es rhHgjreas éxg)l ineld’ ¥t Gef&entener FE%.L%PE%W, thém?$%9 ud'®et b
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An installation angle 0, of the pair of recesses 35a, 35b shown in Fig. 12
and each width Wc of the recesses 35a, 35b are adjusted in a position where the
15 initial phase angle 0, (Fig. 11) becomes about 55 degrees and the maximum
holding torque becomes about 75nNm.
As a material of the stator 31, a permalloy having a thickness of 500 um
is used and a diameter of the rotor hole 2 is set to 1700 um. Further, as the
rotor magnet 3a, a samarium cobalt magnet having an outer diameter of 1000
20 pm and a thickness of 400 pm is used.
As a measurement result of the initial phase angle 0, and holding torque
of the stator 31 formed as such and incorporated in the step motor for a
timepiece , each width Wc of the pair of recesses 35a, 35b is set to 270 um and
each depth D thereof is set to 150 um (refer to Fig. 7), and the installation angle
259, of the pair of recesses 35a, 35b is set to 78 degrees, so that a step motor
having the initial phase angle 8, of about 55 degrees and the maximum holding

torque of about 75 nNm can be realized.
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step when the step motor for a timepiece incorporated therein the stator 31 is
actually driven.

5 The measurement result of the power consumption of the step motor
incorporated therein the stator 31 for one step was about 350 nJ. This value is
considerably small power consumption compared with a power consumption of
800 to 900 nJ for one step of an ordinary step motor for a timepiece having the
maximum holding torque of about 250 nNm.

10 Achievement of lowering power consumption of about 350 nJ for one
step of the step motor of the third embodiment is aimed by 50 nJ compared with
the power consumption of about 400 nJ of the step motor for a timepiece using
the stator 11 of the second embodiment of the invention in which the same
holding torque is set.

15 This is considered to be caused by the function of the nonmagnetic
connections 31c, 31d in the construction of the stator 31.

As set forth above, if the stator 31 according to the third embodiment of
the invention is used, it is possible to set an extremely small holding torque
suitable for achieving of lowering power consumption without impairing a

20 productivity like the stator 11 of the second embodiment of the invention.

Although explained with reference to Figs. 11 and 12 in the third
embodiment is the case where the pair of recesses 35a, 35b are formed on the
inner periphery of the rotor hole 2 other than the connections 31c, 31d serving
as the holding torque setting means, the number of recess to be formed on the

25 inner periphery of the rotor hole 2 may be two pairs or more, =

The shapes of the recesses 35a, 35b formed on the inner periphery of the

rotor hole 2 are not limited to substantially rectangular shapes of the pair of
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Fourth Embodiment: Fig. 13
5 A two-pole step motor for a timepiece according to a fourth embodiment
of the invention is described with reference to Fig. 13.
Fig. 13 is a plan view like Fig. 6 showing the construction of a stator of
a two-pole step motor for a timepiece according to the fourth embodiment of the
invention.

10 The two-pole step motor for a timepiece according to the fourth
embodiment of the invention is the same as that of the second embodiment
explained with reference to Figs. 5 and 6 except the construction of a stator, and
hence the same components are omitted to explain.

Although a stator 41 shown in Fig. 13 has a plurality of holding torque

15 setting means for holding a rotor 3 at given positions in the rotary direction, the
plurality of holding torque setting means include holding torque setting means
having an asymmetrical shape with respect to the center of the rotor hole 2.

That is, in the stator 41, one pair of recesses 45a, 45b and another pair of
recesses 45c¢, 45d are formed on an inner periphery of the rotor hole 2 serving as

20 holding torque setting means for establishing a holding torque and an initial
phase angle of the rotor 3.

The recesses 45a, 45b are disposed symmetrically relative to the center:
of the rotor hole 2. Likewise, the recesses 45¢c, 45d are disposed symmetrically
with respect to the center of the rotor hole 2.
25 Although the recesses 45a, 45b have the same shape. as is evident from - -

Fig. 13, the recesses 45¢, 45d have not the same shape, wherein a width Wc of

the recess 45c is larger than that of the recess 45d.
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U () -45a, 45806 Likewise, an angle formed by a straight line 62 passing through the
centers of the recesses 45c, 45d and the straight line 27 is defined as a
installation angle 64 of the recesses 45¢, 45d. The installation angles 0, O
have a positive value in counterclockwise direction.
Meanwhile, in the stator 11 shown in Fig. 6, the holding torque setting
10 means comprises two pairs of recesses 15¢ to 15f, and the holding torque and
initial phase angle formed by the paired recesses are represented by vectors
every paired recesses, and the maximum holding torque that is set as a
consequence becomes the sum of these vectors.
Since all the respective recesses 15¢ to 15f have the same shapes and
15 same sizes, two vectors of each pair of recesses have the same magnitude, while
the phase angles are determined based on installation angles 6,, 0, of each pair
of recesses.
On the other hand, in the stator 41 of the fourth embodiment of the
invention, one pair of recesses 45a, 45b and another pair of recesses 45¢, 45d
20 correspond to respective vectors each having a holding function, and
composition of holding functions of two pairs of recesses 45a to 45d becomes
composition of these vectors.
Here, stators, namely, one having a pair of recesses, and others having a
pair of recesses which are not the same in size have been manufactured and an
25  experiment was perfomred for checking each holding torque of the testers. S

The stator used in this experiment having the same dimensions of the

recesses has each width Wc of the recesses set to 400 ym in accordance with the
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experiment that was performed when obtaining the experimental data as shown

in Fig. 8. The stators having different dimensions have a combination of the

width Wc of recesses set to 450 pum and 350 pm and another combination of the

width Wc of the recesses set to 500 jim and 300 pm so that the sum of the width
5 in each combination becomes 800 pm.

Each depth D of the recesses is set to 150 um. An experiment of the
step motor incorporating these stators built therein shows that a holding torque
and an initial phase angle of the rotor conform each other within a measurement
error.

10 It has been confirmed in the experiment that even if the shape of the
recesses (same in the case of protuberances) is asymmetrical, if the sum of each
width Wc of two recesses is fixed, the holding torque and initial phase angle of
the rotor can be kept constant.

Accordingly, although there is a difference in size between respective

15 areas of the pair of recesses 45c, 45d in the case of the stator 41 shown in Fig.
13, when the areas of the recesses are changed under the condition that each
depth D of the recess is fixed and each width Wc thereof is changed, if the sum
of the areas of a pair of recesses is fixed, a vector is basically the same, and
asymmetrical recesses do not affect the vector.

20 Accordingly, by adjusting the sum of areas of a plurality of paired
recesses, the vectors can be adjusted, while when the vectors, i.e., the sum of the
areas of the recesses, is fixed, the areas of a plurality of paired recesses can be
allotted to adjust thereof.

In the case of the stator 41 shown in Fig. 13, one pair of recesses 45c,

25  45d are differentiated in a size to differentiate in an area, but not only one pair ____

of recesses 45c, 45d but also the other pair of recesses 45a, 45b can be

differentiated in a size to differentiate in an area.
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Fifth Embodiment: Fig. 14
A two-pole step motor for a timepiece according to a fifth embodiment
of the invention is now described with reference to Fig. 14.

10 Fig. 14 is a plan view showing the construction of a stator of the two-
pole step motor for a timepiece according to the fifth embodiment of the
invention like Fig. 12, and the components corresponding to those in Fig. 12 are
depicted by the same reference numerals.

In a stator 51 used in the two-pole step motor for a timepiece according

15 to the fifth embodiment, the shape of the recess 55a side is made larger than the
recess 55b side among the pair of recesses 55a and 55b which are formed on the
inner periphery on the rotor hole 2 symmetrically with respect to the center of
the rotor hole 2 compared with the stator 31 as explained with reference to Fig.
12.

20 The first and second stator parts 51a, 51b made of respectively high-
permeability material are integrally connected to each other through the
intermediary of connections 31c, 31d made of low-permeability material or
nonmagnetic material by welding, wherein the connections 31c, 31d operate in
the same manner as the pairs of recesses 55a, 55b to function as the holding

25 torque setting means. .

Accordingly, it is considered that the stator 51 has substantially two

pairs of recesses, so that the maximum holding torque and the initial phase angle
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10B, 99t06@& Cpn be set extremely freely by merely selecting an installation angle 0,
formed by a central line 63 passing through the recesses 55a, 55b relative to a
straight line 27 passing through the centers of the connections 31c, 31d.

10 With the stator 51 shown in Fig. 14, suppose an angle formed by a
straight line passing through the centers of the connections - 31ic, 31d
(conforming to the straight line 27 in this case) and the straight line 27 passing
through the center of the rotor hole 2 and orthogonal to a straight line in the
excitation direction of the stator 51 is an installation angle of the connections

15 31c, 31d, the installation angle becomes 0 degree. However, the installation
angle may be other than 0 degree and the connections 31c, 31d may be formed
in a tilted position.

Further, a width Wb of the connection 31c may be differentiated from a
width Wb of the connection 31d. In such a case, the characteristics of the step

20 motor can be more freely set.

An experiment is performed for checking a holding torque in the case
where one of paired recesses is formed, namely, only one recess is formed on
the inner periphery of the hole as an extreme case of the holding torque setting
means having different shapes from those of the foregoing paired recesses (a

25 case of protuberance, described later, isthe same).

According to the result of the experiment, even if there is provided only

one recess, a holding torque is set in the same manner as a holding torque is set
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composition of respective vectors in whole.

x5

5 It has been found from this experiment that as a base of holding torque
setting means, it does not necessarily follow that the holding torque setting
means is provided on the paired recesses, but even if a sole recess which is not
paired may be disposed on the inner periphery of the rotor hole at a desired
poéition, desired characteristics can be obtained.

10 Meanwhile, if two holding torque setting means are provided
symmetrically with respect to the center of the rotor hole, theoretically the rotor
receives only a holding torque from the stator, and hence there does not produce
a side pressure at the bearing side.

However, a side pressure is produced in the rotor as two holding torque

15 setting means are displaced to a position where they become asymmetrical with
respect to the center of the hole. The side pressure is most intense when a sole
recess serving as holding torque setting means is formed, and friction on the
bearing part increases by the side pressure. Accordingly, a current for driving
the motor is prone to slightly increase to oppose the production of the friction.

20 However, there are many cases where several holding torque setting means are
combined with one another and disposed in a practical use. In such a case, the
side pressure will be offset, and hence a current for driving the rotor does not
increase much finally.

From the above experiment, it has been found that one vector

25 representing the holding torque and initial phase angle is present relative toone - — ——
recess, and the vector when a plurality of sole recesses are formed without

paired becomes composition of these vectors.
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Sixth Embodiment: Fig. 15

A two-pole step motor for a timepiece according to a sixth embodiment
of the invention is described now with reference to Fig. 15.
Fig. 15 is a plan view showing the construction of a stator of the two-
10 pole step motor for a timepiece according to the sixth embodiment of the
invention like Fig. 13, and the components corresponding to Fig. 13 are
depicted by the same reference numerals.
With a stator 61 used by the two-pole step motor for a timepiece
according to the sixth embodiment of the invention, a pair of recesses 45a, 45b
15 are formed on the inner periphery of a rotor hole 2 at a position where a straight
line 64 passing through the centers of the recesses 45a, 45b forms an installation
angle 0, relative to a straight line 27, and a sole recess 45¢ which is not paired is
formed at a position where a straight line 65 passing through the center of the
recess 45¢ forms an installation angle 6 relative to the straight line 27.
20 The holding torque set by the stator 61 becomes composition of a vector
corresponding to a holding torque established by a pair of recesses 45a, 45b and
a vector corresponding to a holding torque established in the sole recess 45c.
As mentioned above, the holding torque setting means is not limited to a
combination of paired recesses, and even if the sole recess is disposed at various

25 positions, desired characteristics can be obtained.

Seventh Embodiment: Fig. 16

A two-pole step motor for a timepiece according to a seventh



-#10%6G& ()- 10%G& ()- 3 ! 10%6G& ()- S #1098 ()- 10958 ()-!f
Y0%& ()- 7% dEYNC 10F109G& ()- f#10%G& ()- ' $109%3& ()- #10YBRNOM 200268 () -
1 109%6G& ()- 7 dEYNC 10$- #10%G& ()-"&10%G&' ()- S10%GE ()- #1098 () -

#1098 ()- ,910%6& ()- f gdEYNC 1058810%G& ()-, 310%&' ()- 1109%3& () -

| #109G8& () - -, #10%G& ()- , @L0%& ()- EFGHTWC 10S@L0% U& () - 3F10%

U& ()-"S10% U& ()- 10G 10G 10Gs9S10%3&' ()- 7, #109%& ()- /{<dEbC 10f 10%

U ) chifibint AR ges BB RRRAE Qg 908 O
#10% U& () - FighdfPSs a plan view showing the construction of a stator of the two-
pole step motor for a timepiece according to the seventh embodiment of the
invention like Fig. 15, and the components corresponding to Fig. 15 are
5 depicted by the same reference numerals.

A stator 71 used in the two-pole step motor for a timepiece according to
the seventh embodiment of the invention has recesses 45c, 45e at two positions
on the inner periphery of the rotor hole 2 and these recesses 45c, 45¢ are neither
paired nor symmetrically provided with respect to the center of the rotor hole 2

10 but each of them is a sole recess. A straight line 65 passing through the center
of the recess 45¢ forms an installation angle 0, relative to a straight line 27
while a straight line 64 passing through the center of the recess 45¢ forms an
installation angle 6, relative to the straight line 27.

With the stator 71, a state of holding the rotor 3 is determined by

15 composition of vectors of respective recesses 45¢c, 45¢e for holding the rotor 3.
Eighth Embodiment: Fig. 17

A two-pole step motor for a timepiece according to an eighth
embodiment of the invention is described now with reference to Fig. 17.

Fig. 17 is a plan view showing the construction of a stator of the two-

20 pole step motor for a timepiece according to the eighth embodiment of the
invention like Fig. 14, and the components corresponding to Fig. 14 are
depicted by the same reference numerals.

A stator 81 used in the two-pole step motor for a timepiece according to

the eighth embodiment of the invention comprises first and second stator parts

25 8la, 81b made of high-permeability material respectively which integrally

connected to each other by welding through the intermediary of a pair of

connections 31c, 31d made of low-permeability material or nonmagnetic
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straight line 63 passing through the center of the recess 55a forms an installation
angle 6, relative to a straight line 27.

’ Also in the stator 81, likewise the stator 51 as explained with reference
to Fig. 14, the pair of connections 31c, 31d operate like paired recesses and have
vectors for holding rotor.  Since the sole recess 55a also has a vector, a holding
torque and an initial phase angle of the rotor 3 are determined by composition of
these vectors.

Also in the stator 81 shown in Fig. 17, a straight line passing through the
centers of the connections 31c, 31d is superimposed on a straight line 27, so that
the installation angle of the connections 31c, 31d becomes 0 degree in the same
manner as the stator 51 shown in Fig. 14, but the installation angle may be set to
an angle other than O degree and the connections 31c, 31d may be tilted in the
same manner as the case of the stator 51 as explained above.

Further, the width Wb of the connections 31c, 31d may be differentiated
from each other. Still further, the centers of the connections 31c, 31d may not
be positioned on the same straight line.

Ninth Embodiment; Fig. 18

A two-pole step motor for a timepiece according to a ninth embodiment
of the invention is described now with reference to Fig. 18.

Fig. 18 is a plan view showing the construction of a stator of the two-
pole step motor for a timepiece according to the ninth embodiment of the
invention like Fig. 15, and the components corresponding to Fig. 15 are

depicted by the same reference numerals.
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A stator 91 used in the two-pole step motor for a timepiece according to

the ninth embodiment of the invention comprises different types of holding
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respectively provided in a rotor hole 92.

With the step motor using the stator 91, a holding torque and initial
phase angle of the rotor are determined by composition of a vector
corresponding to holding torque established by the stepped parts 94c, 94d and a
vector corresponding to holding torque established by the pair of recesses 45a,
45b.

Meanwhile, in a simple gap type stator as shown in the conventional
stator 201 shown in Fig. 23, suppose a diameter of the hole is about 1700 pm on
average and a gap amount G is 40 um, the maximum holding torque of the rotor
becomes about 300 nNm and an initial phase angle becomes about 45 degrees.

However, as a result of experiment made by the inventors, an optimum
initial phase angle of the rotor (refer to 0, in Fig. 22) for enhancing an efficiency
of the step motor to lower a power consumption is larger than 45 degrees, more
particularly, it ranges from 50 to 60 degrees, but it may be up to 70 degrees
which does not cause any problem in practical use.

Whereupon if the stepped parts 204a, 204b are provided at the position
where they are, e. g., rotated 20 degrees counterclockwise from a position on the
straight line 27 orthogonal to its longitudinal direction of a stator 201 as viewed
in Fig. 23, the initial phase angle can be approached to the foregoing ideal

angles of 50 to 60 degrees. o

However, if the maximum holding torque is intended to be reduced to

achieve further lowering of power consumption, the gap amount G need be
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it can reduce the maximum holding torque and obtain an appropriate initial
phase angle without reducing the gap amount G and the dimensions of the
recesses 45a, 45b to an extremely small value by appropriately selecting the
installation angle 05 of the recesses 45a, 45b because the stator 91 has the gap

type holding torque setting means established by stepped parts 94c, 94d and the
notched type holding torque setting means established by a pair of recesses 45a,

45b.

On the other hand, with the stator 91 shown in Fig. 18, since a straight
line 70 passing through the stepped parts 94c¢, 94d is superimposed on a straight
line 27 orthogonal to an excitation direction of the stator 91, the installation
angles of the stepped parts 94c, 94d are 0 degree while the pair of recesses 45a,
45b form an installation angle 0. between a straight line 64 passing through the
centers thereof relative to the straight line 27, but the stepped parts 94c, 94d
may be provided at an installation angle other than 0 degree in a position where
the straight line 70 passing through the stepped parts 94c, 94d is tilted relative to
the straight line 27.

According to a result of experiment performed by the inventors, it is
confirmed that with the stator 91 having a gap amount G of the stepped parts
being 40 um, each width Wc of the recesses being 400 pm, each depth D being
150 pm, the maximum holding torque is 75 nNm and the initial phase angle is

55 degrees where an installation angle of the straight line 70 passing through the

__stepped parts 94c, 94d relative to the straight line 27 is 75 degree-and-an— —————

installation angle 0, of the recesses 45a, 45b is -10 degree.

Alternatively, when the installation angle of the stepped parts 94c, 94d is
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Fig. 19 is a plan view showing the construction of a stator of the two-
pole step motor for a timepiece according to the tenth embodiment of the
invention like Fig. 17, and the components corresponding to Fig. 17 are

10 depicted by the same reference numerals.

A stator 101 used in the two-pole step motor for a timepiece according
to the tenth embodiment of the invention has a construction comprising first and
second stator parts 10la, 101b made of a high-permeability material
respectively and integrated with each other by welding through the intermediary

15 of connections 31c¢, 31d made of a low-permeability material or nonmagnetic
material each having a width Wb.

A gap type rotor hole 102 is defined in the stator 101 and it has stepped
parts 94e, 94f.

A straight line passing through the centers of the connections 31c, 31d is

20 superimposed on a straight line 27 orthogonal to an excitation direction of the
stator 101 while a straight line 107 passing through the stepped parts 94e, 94f is
set to a position tilted at an installation angle 0, relative to the straight line 27.

A stator having the stepped parts 94e, 94f are disposed at a position to

set the installation angle 8, to 0 degrees by superimposing the straight line 107
25 passing through the stepped parts 94e, 94f shown in Fig. 19 on the straight line
27 so that the stepped parts 94e, 94f are positioned to conform to the

connections 31c, 31d made of a low-permeability material or nonmagnetic
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5 as a pair of recesses renders the initial phase angle of the rotor determined by
composition of vectors (refer to 0, in Fig. 22) to reduce to 30 to 40 degrees.

It is preferable that the initial phase angle ranges from 50 to 60 degrees,
as mentioned above, to achieve lowering of power consumption, but with the
conventional construction having the stepped parts which conform to the

10 positions of the connections can not achieve such lowering power consumption.

However, according to the stator 101 shown in Fig. 19, since the straight
line 107 passing through the stepped parts 94e, 94f are positioned at a position
where it is rotated counterclockwise (positive direction) at installation angle 6,
relative to the straight line 27 passing through the centers of the paired

15 connections 31c, 31d, thereby obtaining the initial phase angle ranging from 50
to 70 degrees that is effective for achieving lowering of power consumption of
the step motor.

The stator 101 also can obtain the preferable maximum holding torque
and the initial phase angle of the rotor by composition of vectors acting on the

20 rotor by the paired connections 31c, 31d and the paired stepped parts 94e, 94{.
Eleventh Embodiment: Fig. 20
A two-pole step motor for a timepiece according to an eleventh

embodiment of the invention is described now with reference to Fig. 20.

Fig. 20 is a plan view showing the construction of a stator of the two-

~ 25  pole step motor for a timepiece according to the eleventh embodiment of the = =

invention like Fig. 18, and the components corresponding to Fig. 18 are

depicted by the same reference numerals.
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circular shape but in an oval shape such as an egg shape, an ellipse, an oblong
shape, or the like, and the rotor hole 112 per se functions as one of the holding
torque setting means.

A pair of recesses 45a, 45b are formed on the inner periphery of the

10 rotor hole 112 that serve as notched type holding torque setting means.

The rotor hole 112 is not true circular as set forth above. Accordingly,
when the rotor hole 112 is true circular, the rotor disposed inside the rotor hole
112 is not fixed at its stopping position when the step motor is not operated but
when the rotor hole 112 is oval, a holding torque for stopping the rotor is

15 established. Accordingly, the oval rotor hole 112 functions as one of holding
torque setting means.

With the stator 111, a straight line 64 passing through the centers of the
recesses; 45a, 45b has an installation angle @ relative to a straight line 27
orthogonal to an excitation direction while a long axle 113 of the oval rotor hole

20 112 has an installation angle 0, relative to the straight line 27.

With the step motor using the stator 111, the holding torque and initial
phase angle are set by composition of a vector corresponding to holding torque
established by a pair of recesses 45a, 45b and a vector corresponding to a
holding torque established by the oval shape of the rotor hole 112.

25 Fig. 20 shows exaggeratingly an oval shape of the rotor hole 112, but the

actual dimensions are such that a difference between the long axle and the short

axle is about 40 pm relative to the diameter of the rotor hole 112 of 1700 pm on
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5 Fig. 21 is a plan view showing the construction of a stator of the two-
pole step motor for a timepiece according to the twelfth embodiment of the
invention like Fig. 20, and the components corresponding to Figs. 19 and 20 are
depicted by the same reference numerals.
A stator 121 used in the two-pole step motor for a timepiece according
10 to the twelfth embodiment of the invention has a construction of the
combination of connections 31c, 31d made of a low-permeability material or
nonmagnetic material and an oval type rotor hole 112.
That is, first and second stator parts 121a, 121b made of a high-
permeability material respectively are integrated with each other by welding
15 through the intermediary of connections 31c, 31d each having a width Wb,
thereby making up the stator 121. The oval rotor hole 112 is formed in the
stator 121.
With the stator 121, although a straight line passing through the centers
of the connections 31c, 31d is superimposed on a straight line 27 orthogonal to
20 an excitation direction, an oval long axle 113 is positioned at an installation
angle 6, relative to the straight line 27.
With the stator 121, the connections 31c, 31d have the same effect as a

pair of recesses as set forth in other embodiments of the invention, and the stator

121 is considered, in a wider sense, as a kind of combination of an oval type and

Accordingly, the holding torque and initial phase angle of the rotor are

set by composition of a vector corresponding to the holding torque established
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& 10 Hong the embodsments of the invention. © Protuberancés may be forméd ingide.
the rotor hole instead of the recesses, and they may function as holding torque
setting means.

10 If such protuberances are formed, a holding torque is determined by
each width and each height of the protuberances while it is determined by each
width (Wc in Fig. 7) of the recesses in the case of the recesses.

However, when protuberances are formed inside the rotor hole, a
dispersion is prone to occur in a holding torque because particularly each height

15 of the protuberances is strongly susceptible to precision with which to process
the stator. Accordingly, when manufacturing a stator by press working, the
employment of recesses is preferable for setting a holding torque with precision
compared with the employment of the protuberances in view of the precision of
dimensions of molds.

20 When the holding torque setting means is formed of recesses, the
installation angle of the holding torque setting means and the direction of the
magnetic poles of a rotor magnet when it is in a standstill are different from
each other. However, when the holding torque setting means is formed of
protuberances, the installation angle of the holding torque setting means and the

25 direction of the magnetic poles of a rotor magnet when it is in a standstill
conform to each other.

If a plurality of protuberances serving as holding torque setting means
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- #10%gk@wihgda @‘lhﬁ%nulget(v)eed—aﬁ%@%tl’&n&hamcal coupling constant (n®) and a
driving torque. As a result, a power consumption of the two-pole step motor
for a timepiece can be reduced.

The expression showing the relation between the electromechanical

10 coupling constant (n®) and the driving torque is represented by

Td=n-® +i-5sin(0+86,)

where Td is a dirving torque, n is the number of turns of a coil, P is a
maximum magnetic flux interlinking with a coil, 1 is a current caused to flow
through the coil, 0 is displacement angle from a standstill position of the rotor,

15 and 6, is an initial phase angle.

The relation between the sum of each width of a plurality of
protuberances and the electromechanical coupling constant is represented by
concrete numeric values.

A table represented hereunder shows at what ratio the electromechanical

20 coupling constant increases as the sum of each width of the protuberances
increase suppose that an electromechanical coupling constant (n®) is 1 in the

case of formation of only the recesses serving as holding torque setting means.
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As mentioned above, if the protuberance are formed inside the rotor hole
serving as holding torque setting means, an electromechanical coupling constant
can increase when enlarging each width of the protuberances, thereby obtaining

5 an intended driving torque with a small current. Accordingly, a power

consumption of the two-pole step motor for a timepiece can be reduced.

INDUSTRIAL APPLICABILITY
As mentioned in detail above, the two-pole step motor for a timepiece of
10 the invention can achieve lowering of power consumption by reducing a current
caused to flow through a coil wound around a magnetic core and can be
manufactured with ease, and hence it is expected to be utilized in a wider range
as a motor for operating hands of an analog electronic timepiece such as a wrist

watch or a table clock.
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means disposed on inner periphery of the rotor hole at installation angles
10 differing in a direction of the inner periphery, and

an initial phase angle 6, which is an angle formed by a magnetic field
direction line in a direction of a magnetic field produced inside the rotor hole
and a magnetizing direction line of the rotor magnet at a standstill position of
the rotor based on the respective installation angles of the plurality of the

15 holding torque setting means is in a range of 50 degrees to 70 degrees.

2. A two-pole step motor for a timepiece comprising: a rotor made up
of a rotor magnet and a rotor axle; a stator made of a high-permeability
material, having a rotor hole in which the rotor is installed; and a field coil for
excitation, provided with a magnetic core made of a high-permeability

20 material around which a conductor is wound, and opposite ends of which are
magnetically bonded to opposite ends of the stator,

wherein the stator is provided with a plurality of holding torque setting -
means disposed on inner periphery of the rotor hole at installation angles
differing in a direction of the inner periphery, and

25 the stator is made up by bonding a first stator part made of a high-
permeability material to a second stator part made of a high-permeability

material through an intermediary of connections made of a low-permeability
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4. The two-pole step motor for a timepiece according to Claim 1,

wherein the plurality of the holding torque setting means are paired recesses or
paired protuberances, formed on the inner periphery of the rotor hole,

10 respectively.
5. The two-pole step motor for a timepiece according to Claim 3,
wherein other holding torque setting means are a pair of recesses or a pair of

protuberances, formed on the inner periphery of the rotor hole, respectively.
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-@ field co(il 1Jor é))cmtatlon, plrovéizad \%t% a| ma(g)netl% core made yof a hcl&glg—)
permeability material around which a conductor is wound, and opposite ends
of which are magnetically bonded to opposite ends of the stator,
10 wherein the stator is provided with a plurality of holding torque setting
means disposed on inner periphery of the rotor hole at installation angles
differing in a direction of the inner periphery,
the plurality of the holding torque setting means include means formed
in a shape asymmetrical with respect to a center of the rotor hole, and
15 the means formed in the asymmetrical shape is a pair of recesses or a
pair of protuberances, facing each other, formed on the inner periphery of the
rotor hole, on opposite sides of the center of the rotor hole.
8. The two-pole step motor for a timepiece according to Claim 6,
wherein among the plurality of the holding torque setting means, the means
20 formed in a shape asymmetrical with respect to the center of the rotor hole
comprises a recess or a protuberance, formed on the inner periphery of the
rotor hole, only on one side of the center thereof.
9. (Canceled)
10. (Amended) A two-pole step motor for a timepiece comprising: a
25 rotor made up of a rotor magnet and a rotor axle; a stator made of a high-
permeability material, having a rotor hole in which the rotor is installed; and a

field coil for excitation, provided with a magnetic core made of a high-
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of which are magnetically bonded to opposite ends of the stator,

wherein the stator is provided with a plurality of holding torque setting
means disposed on inner periphery of the rotor hole at installation angles

5 differing in a direction of the inner periphery, and

the plurality of the holding torque setting means includes a
combination of a gap type holding torque setting means and a notched type
holding torque setting means which are disposed at installation angles
differing from each other.

10 11. (Amended) A two-pole step motor for a timepiece comprising: a
rotor made up of a rotor magnet and a rotor axle; a stator made of a high-
permeability material, having a rotor hole in which the rotor is installed; and a
field coil for excitation, provided with a magnetic core made of a high-
permeability material around which a conductor is wound, and opposite ends

15 of which are magnetically bonded to opposite ends of the stator,

wherein the stator is provided with a plurality of holding torque setting
means disposed on inner periphery of the rotor hole at installation angles
differing in a direction of the inner periphery, and

the plurality of the holding torque setting means includes a

20 combination of a oval type holding torque setting means and a notched type
holding torque setting means which are disposed at installation angles
differing from each other.

12. (Amended) The two-pole step motor for a timepiece according to
Claim 2,
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° (c) stat&r }s madec up( %)y bonding a first stator part made of a high-

permeability material to a second stator part made of a high-permeability

15 material through an intermediary of connections made of a low-permeability
material or a nonmagnetic material, and the connections serve as at least one
of the plurality of the holding torque setting means.

14. (Added) The two-pole step motor for a timepiece according to
Claim 1,

20 wherein the stator is made up by bonding a first stator part made of a
high-permeability material to a second stator part made of a high-permeability
material through an intermediary of connections made of a low-permeability
material or a nonmagnetic material.

15. (Added) The two-pole step motor for a timepiece according to

25 Claim 1,

wherein the stator comprises a plurality of holding torque setting

means with installation angles thereof in a direction of inner periphery of the
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