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| o s ELECTRIC MOTOR/ I
(71) We, KABJ USHIKI msmﬁsu&_ mﬂmdiuskr s‘:lfrf the ocfyth’e port.ibnmd t'heo;&lche
'SEIKOSHA . ace: rotor us
4~chome, sza, g\m— T%:ylapam do . Sr of the cylindrical surface of each of the
jon smtorpolepwoesbemggwenbytheformula
S 06<Rt/8r<09
Thestamrpola ieces are preférably spaced
fromeachoﬂlerbl;adxsmnpgof&yonm
10 fex swdeofd:emtorandbyad;smnceofs,
n* -the - diametrically - opposite side ‘of the rotor,
i the - relative ‘positions: of the rotor and ‘stator
polep:ecsbemgsuch, orbelngad;usmblem
15 - An _
of stators and a sxx l Z<(81+8,)/(Sr—Rr)<2.4 .
mmmwof 1’pmd eﬁ' .~ Preferably the said rela
six’ c poles ace; erably ve pos:.mns are,
- theure prgagneuc Vil ora:eadjusmbletobe,suchthat
20 . in- o
“effic and gh the rot 13<(81+8,)/(Sr—kr)<22
in fact them:sapossibmhtyofth t Pteferab!y also -the: ratio Rr/Sr<0.8 ;
_ x-ngt!m:-ugha.nangle:q‘z'*lzoo i 'l'hevalueofﬂ:eradmsSrpmfmblydoes
25 anglecorrespmdmgm ' _notexceedlSmm.
‘due : ‘fotation " Means are" bly. provided. for’ adjust-
thermo special eachofthesmmpolepiecesmdivi'dually
so_that ‘the cylindrical sirfaces of the stator
em may be disposed”at a desired
30 ambuntof,eocenmmy both with respect ‘to
: eachotherandwithtespectmthecyhndncal
_portmn of the surfate of the rotor.
“The" whole of the penpheral surface of the
 votor tnay be cylindrical. :
35 - The ‘miotor Is prefemblyasueppmgmowr
_ adaouedforusem a timepiece. -
© ‘The’ invention- also' cotitpries a umepieoe
- eg. a wrist watch havmga quartz ‘ crystal
‘oscillator, provxded w:th elecmc motor as
40 islow." O Al _set_‘férth above,
o Accordi‘ng o the piresent’ inveriti Themvmmnxsﬂhsn'awd, merelybyway
xspmvﬂdedanelecuicmomrha__,j,, ofexamvle,intheacwmpanymg drawings,
_ . i which:—»
“Figuré 1 is 3 diagramimatic vxewofan elec-
45 mc ‘motor-according to the present invention,
- Piguré 2 Elustram the waveforms of pulses
:pplnedtoaooﬂofthemorshownmﬁgure
; )
ma ey o ‘the '~ Figure 3 is a “graph showmg the relationship
50 stator polepmces, ‘the mlatjl!onshp be-tweenvthe : 'between thié output torque (in’g-cm) measured
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‘at a minute hand of the sa umepwce,and smtorpo}epmz,3mposmonsthhrw- o
thei:rauol:r/Sr, ph ' the rels ;pecttogoseg%ftherotoroésuchthattheroﬂor T
igure 4 is a gra OWIng . um sh!,p_'_ rotates through an angle of 180°, . - Py
.. between . the - eccem & (in units of Tn Figure 3 there is shown a graph illus- =¥
5 "Olmm)ofthestatorpoleoftheumc- trating the. relationship between the output 70
. - piece and the ratio Rr/Sr corre g to ue(measuredmtg ~cm) at the minute hand  * -
. . an output torque, measured at the minute of the watch when the stator pole pieces 2,3 .
'_hand,of4g-cmormme, l are adjusted to generate the maximum output
_ Figure § is & graph showing the relati torque, and the ratio Rr/Sr where Rr is the '~
10 between the- factor (8;:+9,) (Sr—Rr) and the radius of the -cylindrical. peripheral surface 1la 75
- output: torquemeasutedat the minute hand, of the rotor 1, and Sr is the radius of the
' cylindrical surfaces 24, 3¢. In order to drive
FrgureGillustramamerhich the watch effectively it is necessary that the
may be used in an electric motor"acoordmganéput torque should not be less than 4 g-cm,. .
1S to the present invention. - ore, as will be seen frons Figure 3, g0
_ InF‘guteltherexsshownanelecmcstep- 'theratioRr/SrshouldbeO.6orm1e.Thus,
pmgmomradaptedforuse_awnstwanch as shown ‘in- Figure 3, i the ratio. Rr/Sr is
having a ‘quartz erystal oscillafor., The electric = too small, the. necessary ‘output torque. will
momrhasamtorlwhmh__'_msaper— notbeobmmedsmcemsuﬂic:entmagnmc

20 manent magnet which is magnetised to have ﬂux will be generated to drive the rotor, | g5

"~ two poles, namely the N .and S poles shown InFigura4d1emrsshownagrggwhmh

se peripheral nlh:stratmtbexela" :

i sed- between xo(sthe stator g pieces 2, 3 and the

om. 4 pair of stator tio: Rr/Sr. when; ‘output norque, as

25 le pieces 2; 3 measuredatthemimuehand,:s4 x 90

: yound. the . peri- bemgmeasumdmunnsofOlmm. Rr/Sr

. 1a, respectiv y--"bave cylm- 48 0.9 or. less, the stator pole piecés can be

Za 3a. wch.of_;whtch faces the adjusted:; compatatively -easily .to obtain_ the

!ototl 'Aco&ltl»,whu:hxs gnetically. con- outputmrqueof4g-cmormme,shcexwﬂl-

30 mnected to the stator pole 2,3'is.wound have a_value. of 2.5 or more. However, £ 95
about a yoke 5, :the yoke.5 being secured to Rt/Sn exoeeds 0.9, and especially as it
the stator pole pieces 2, 3, by means of screws 10, theoutput mrquexscon-

L stator pole pieces 2, 3,are. respectiy ' pneoee oonsequen ly it is' quite diffi- :

35 provided with elongated slots 2b, 3b in whi cultmad)ustthesmorpolepm to .the 100
are slidably mounted end pogtions of pins 7  desired position. In. fact the ratio Rr/Srof a
whose opposite end portions fire mounted in oonvennomlsueppmgmotor:s092m0.9,

a base plate (not shown) and |are eccentric to  and although it is possible to obtain the desired
the first-mentioned ‘end. portiohs -Thus wlTen output torque from a conventional motor this
40 is difficult to.achieve. 105 -
Asw:llbeseenfrqmFxgure%:fthevahe-- :
disposed ofxxsZormore,thqvalueohhemfoRr/Sr
"Acc -'y,asisilhxstranedb ' Figures 3
45 pheral to 4, the value of the ratio Rr/Sr should be 110
. mtherangeo.Guo(w '
In .__Stheresshownagratg
each o xllustramtherelanonshlp
torque (in ‘g-cm measured atthemmuuehand :
50 of the’ watch), and’ the fatcor (8,485)/ 115
(Sr—Rr),ie. the ratio.of the sum of the gaps
s,andS,betweenthesmmrpolegwoesz 3,
' xotatemmedxrecnmonly, ;_that_';_thgm_to,r and the difference. between th radit St, Rr of
1, at each- of ‘the successive posjtions to which the ‘statorpole pieces 2, 3 and .the rotor 1

55 it is stepped, is so disposed’ __tthe magneti ctively. Since, as indicated above, the 120

. poles N and S are substantially ned with  output torque should not be less than 4 g-
thenarrowestradmlwxdthsotthea:rg::g . it can be seen from Figure 5 that the. r

The coil 4 is supphed with af cuirrent: whose . (3, +3,)/(Sr—Rr). should. be in the range 1.1
voltage wavefornr is indicated i Fn re 2;the to 2.6 and prefembly in the range_ of 1.2 to

60 saxdwaveformbemg so-called 2.4, 125

. inversion pu , For example, DOS uve pulses - Thus lf (8 +82)/(Sr—Rr) is oo sma.ll, the .
and negative pulses may be lapplied. alter- magnetic flux generated by the coil 4 passes
natelyeverylseoondtocausethemmrlto .mostlythmughﬂ)egapsalandsganddoes

: rotate stepwise in one di y only, Ateach-notactadequauel on the. rotor 1. Morepver,

65 said pulse, N and S.poles are génerared in the \8,+8,)/(Sr—Rr)zstoolarge,theeﬂiamcy 130
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of the whole magnetic circuit is decreased. In
both cases the desired output torque cannot
be obtained.

The value of Sr should not be more than
1.5 mm when the motor is used in a wrist
watch since s is limited therein, More-
over, if the value of Si=Rr is 0.1 mm or less,
thebair t%:p ‘;nay beofaﬁected' ed by dus;hg‘:h ﬂg
or by egree of accuracy to
cylindrical surfaces of the rotor and stator
have been finished, or by the presence of a
burr or some other imperfection on the sur-
faces 2a, 3a. Thus it is difficult to use a dif-
ference of (Sr—Rr) of less than 0.1 mm, How-
ever, the motor illustrated in the drawings is
particularly effective when the magnetic flux
of the rotor in its open state is 600G or more.

Thus in the case of the electrical stepping
motor discussed above, if the radius Sr is
arranged to be 1.5 mm or less, the stator pole
pieces require either no adjustment or
extremely simple adjustment, Moreover, if the
hands of the watch are advanced every second,

for example, it is possible to restrict power

consumption of the stepping motor to a value
as little as 4 xW or less, and it is also possible
to drive the timepiece for about two years or
more by the use of a single button-type bat-
tery. In this case, the output torque of the
motor measured at the minute hand is 4 g-cm
or more, which is more than five times as
large as the necessary torque for the whole
gear train of the wrist watch. :

Thus the arrangement described above

enables high power to be generated with low
current consctll-mption at::fl tala:low voltagl:, while
permitting adjustment e stator pole pieces
to be eliminated or very much simplified.

Figure 6 illustrates di tically & rotor
1b which may be used in substitution for the
rotor 1 of Figure 1. In the case of the rotor
15, the peripheral surface of the rotor has
diametrically oppositely disposed cylindrical
gurﬁonslc&hoseradﬁasier,anddmmetlrg

oppositely disposed planar portions 1d.

Tht}:s the rotor of the lt:alectn'c msha of the
present invention may have any shape pro-
vided that at least a portion of the peri
surface of the rotor is cylindrical, in which
case the said Rr will be the radius of this
cylindrical portion.

WHAT WE CLAIM 1S:— .

1. An electric motor having a rotor com-
prising a permanent magnet which is mag-
neﬁsedtohavetwogols,atlastaporﬁonof
the peripherat surface of the rotor being cylin-

drical, the rotor being disposed between a pai
ofstatorpolepimeachofwbichhaspm;

cylindrical surface facing the rotor, and at

- from each other by a distance of 8,

least one coil magnetically connected to the

stator the relationship between
the radius Rr of the cylindrical portion of the

peripheral surface of the rotor and the radius
Sr of the
stator pole pieces being given by the formula

Y 0,6<Re/Sr<0.9.

2. An electric motor as claimed in claim 1
in which the stator pole pieces are spaced
ont one

a distance of 5, on

side of the rotor and
i te side of rotor,

the diametricall

cylindrical surface of each of the -

60

6

70

oppos: the .
theml.aﬁveposgﬁonsoftherowrandmmr.

pole pieces being such, or being adjustable to .

be such, that
1.2<(8,+8,)/(Sr—Re)<2.4. .
3. An electric motor as claimed in claim 2

in which the said relative positions are, or are
adjustable to be, such that

1.3<(8:+3:)/(Sr—Rr)<2.2

4. An electric motor as claimed in any
ceding claim in which the ratio Rr/Sr<0.8.

5. An electric motor as claimed in any pre-
ceding claim in which the value of the radius
Sr does not exceed 1.5 mm. ~ -

6. An electric motor as claimed in any pre-

ceding claim in which means are provided for
adjusting each of the stator pole pieces indi-
vidually so that the cylindrical surfaces of the
stator pole pieces may be disposed at a
desired amount of eccentricity both with res-
pect to each other and with respect to the
cylindrical portion of the peripheral surface
of the rotor.

7. An electric motor as claimed in any pre-
ceding claim in which the whole of the peri-
pheral surface of the rotor is cylindrical.

8. An electric motor as claimed in any pre-
ceding claim in which the motor is a stepping
motor adapted for use in a timepiece.

9. An electric motor substantially as here-
inbefore described with reference to and as

" shown in the accompanying drawings.

10. A timepiece provided with an electric
motor as claimed in any preceding claim.

11. A timepiece as claimed in claim 10
in which the timepiece is a wrist watch having
a quartz crystal oscillator.
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the peripheral surface of the rotor being cylin-

drical, the rotor being disposed between a pair

-of stator pieces each of which has a
cy,mdm"f’&m facing ‘the rotor, and at
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of the whole. magnetic circuit is decreased. In  least one coil magnetically connected to the 60
both cases the desired output torque cannot  stator pieces, the relationship between

- ™~ be obtained. - the radius Rr of the cylindrical portion of the

‘- . The value of Sr should not be more than peripheral surface of the rotor and the radius

5 1.5 mm when the motor is used in a wrist tofthe.cyﬁndricalsurfacegfyzcchfgthe-
“watch since space is limited therein. More- stator pole pieces being given mula 65

. over, if the value of Sr—~Rr is 0.1 mm or less, P . :
the air gap may be affected by dust or fluff, _0.6<Rr/Sr<0.9.
or by the degree of accuracy to which the )

10 m&gethr:mandsr&m z.hAéhelf&fricmotorp:liclaimedindaiml
. have been finished, or presence of 2  in whi stator _pieces are spaced
burr or some other on the sur- - from each other by a distance of 3, on one
-faces 2a, 3a. Thus it is difficult to use a dif- side of the rotor and by a distance of 3, on 70
ference of (Sr—Rt) of less than 0.1 mm, How-  the diametrically opposite side of the rotor,

15 ever, the motor illustrated in the drawings is .the relative positions of the rotor and stator
particularly effective when the magnetic flux g:lepu’eoesbeingsud:,orbdngadjusmblew.
of the rotor in its open state is 600G or more. . _be such, that _

Thus in the case of the electrical stepping :
motor discussed above, if the radins Sr is 1.2<(3,+3,)/(Sr—~Rp)<2.4. . 75

20 arranged to be 1.5 mm or less, the stator pole .
pieces ire either no adjustment or 3. An electric motor as claiined in claim 2
extremely stmple adjustment. Moreover, if the  in which the said relative positions are, or are
?ands of tbl:, waud:are:ivl:med every seccond,  adjustable to be, such that
or example, it is possible to restrict power '

25 consumption of the stepping motor to a value 1.3<(8: +3,)/(Sr~Rr)<2.2
as little as 4 xW or less, and it is also possible
to drive the timepiece for about two years or 4. An electric motor as claimed in any pre- 80
more by the use of a single button-type bat-  ceding claim in which the ratic Rr/Sr<0.8.
tery. In this case, the output torque of 5. An electric motor as claimed in any pre-

30 motor measured at the minute hand is 4 gcm  ceding claim in which the value of the radius
or more, which is more than five times as  Sr does not exceed 1.5 mm. )
large as the necessary torque for the whole 6. An electric motor as claimed in any 85

train of the wrist watch, _ _ cedingclaiminwhichmeahsareprwidedp}:;
Thus the arrangement described above  adjusting each of the stator pole pieces indi-

35 enables high power to be generated with low  vidually so that the cylindrical surfaces of the
current consumption and at low voltage, while  stator ‘pole pieces may be disposed at a
permitting adjustment of the stator pole pieces ~ desired amount of eccentricity both with res- 90
mé:eeﬁngnﬁwdmveqmuch: ed. pecttoc:iachother%n%mwithrespectmthe

igure 6 illustrates tically & rotor  cylindri ion o ipheral surface

40 1b which may be used in substitution for the ofﬂxerotor?m , perip
rotor 1 of Figure 1. In the case of the rotor 7. An electric motor as claimed in any pre-
1b, the peripheral surface of the rotor has  ceding claim in which the whole of the peri- 95

. diametrically itely ¢ cylindrical  pheral surface of the rotor is cylindrical.

o g:rhﬁonslc_whose.radmsxskr,anddnmmlr; 8. An d:!ecuic n;uogr ;l:claimedinany-pte-

y y disposed planar portions ceding claim in whi motor is a ing
Thus rotor of the electric motor of the motorada;medforusein_atimepiece.mpp
present invention may have any shape pro- 9. An electric motor substantially as here- 100
vided that at least a portion of the peripheral inbefore described with reference to and as
' surface of the rotor is cylindrical, in which shown in the accompanying drawings.

50 case the said Rr will be the radius of this -10. A timepiece provided with an electric

cylindrical portion. ' * motor as claimed in any preceding claim.
o 11. A timepiece as claimed in claim 10 105
WHAT WE CLAIMIS:— ' * in which the timepiece is a wiist watch having
1. An electric motor having a rotor com- a quartz crystal oscillator.
prising a permanent magnet which is_mag- _ _
55 netised to have two poles, at least-a portion of - J. MILLER & CO.,,



