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at a· mimu:e· hand .of- the ilinepiere, anc1 stator pole' P~ i, 3· in Positknis With res-
the ratio Rr/Sr, pectto those of"the.rotor 1 such that the rotor 
_ figure 4 is a graph .sh _ • the re]ationship rotates through an ai:ig1e of 1800. . . - _ . 

. betWeen the .eccentricity (in· Units of In Figure 3 there:"is shoWn. ~ graph illus-
5 ·0.1 mm) Of the stator pole of the time- tmtiog the reJationship between the output 70 
-~ al:id the ratio Rr/Sr ;cOl'JteSJ>ond:'m·: g ._to torq_ue.(measured in· g-cni) at the minute hand 

._ . 8D outpUt tori)ue, lneasu . at the minute of the watch when ·the: stator pole p~ 2, ·3 
· haild; of 4 g-CJP or more, I are adjusted to genera~ the maXimum Otit:Put 
.. _F~ ~ is &:graph sh " the relationship tot:'JUC, and the .ratio Rr/$1: where Rr is the 

10 ~ the· factor (~1 +.82) S11-Rr) and the mdius of the cyliildrik:al ~pheral ~rfaoe la 75 
outi?Ut · torque measured at e minute hand, of the roror 1, and Sr 1s the radius of the 
and - · ' · cylindriCal surfaces 2a, · 3a. In order 1D drive 

Figure 6 illustrates a rotor which the watch effectively it is-~ that the 
may be used in an elec::tric motor --according : OU:tpuqotque should not be less thlln 4 g-cm, 

l S to the nrese:nt ·invention. · and therefoi:e, as will be seen from Figure 3, · 80 
Jn Figure. I ~-.is; shown.. an~ steP- · ~e ratiQ Rr/Sr :sh~ be _0.6 or more. Thus, 

pmg, motor adaptecl for. ~ a wnst watCh as sh°'"1 i~- Figure ~.if the ratio Rr/Sr is 
haVing a · uartz ~~- · _ · · .... The eICCtric · - -~ the - - · · · - · - · - will 
Diotor hai·a-i-otot iwljich.: 'mies.a.Pa-- !:·~--~~~~~~~ 

20 miment magnet whiclt is ' • to have ~~ wilt be ~a1J:d, .to_ dnve the rotor~ . . 85 
two poles, namely -~ N and S poles shown. :. In -~igµ_ro 4 there is .shQW. .a ~h- which 

· The rotor l, the whole· Of --- peripheral illustta~ ~ i'da~ ~- die eceeii-
surfac:e la ia cylind~ Js between tiicify x of the suitor ®le pieces ~ 3-_. ~d me ~d spaced l>y ail alr gi'p· : . - · ;a,p8h' 9f $taror ratio. Rr/S~--- when1 __ g: .·outpUt :i'Oiqne, iS 

25 poJe • .2, ·3~·Tbe,'stator ~- le' • ' 3 ~ "it_,the ~te bamt m_,.4' g-c:m; x 90 
. !~_.f;L~_-:·-1•- .. -re· .. s ___ f:~: ·-~:.:ve;.~ .~)nellSiired .. ~ •-Of"O~l Ji1Qi. _If Rr/Sr 

d~~-·-ou~ _.;,;,.;-·-"111·~-uu -acesa.u;;: ~..;.- a,_ 3a_ .- ~--;.-~-"•• w.·~,;.-: ._wi..,__ 1:aces· cyuthen·. .Js J~~?- ~- less, .a;he ~tatar p<>le -P.iec»s -~ be nuu liiUUi ~ "' ua;u" &c:r0si:ed-: .... ,. tivel- .easn to Obtain. the 
rotor· t. A Coil·..:· WJiiCb. .is ' ·--etbll-. cOJi. mfti>ut t0r(J~4:g_J;.. ()t_-~ since x. will 

30 nected to the stator pole pi 2;; 3 is ~ have_ a. -~ue ~ ~~~S :or. ·mote. ~er, I 95 
about a yoke 5,_ tlle yokeS _ • $CCllJed to Rr/S~ 'eJ:a::edS-. 0.9 arid eSpeci_ill;- _ :as it 
the stator pole pieces 2, 3, by -of screws -~~to, the~ putput_ torque 

1iS con.; 
6• ....... ;.: s··ia·.·_tor _____ _. . ..:.;._·,,.;,; : ... ".·:, .. ·,:_....._·--,. ·

2
-- 3.,,~---·-. _- -.· -.~,. sidePtbliaff«ted by-tfiei>(>1~itipris of.t:JJ;e stator 

&IKl ~ - - _.., .vgi, -p:e · and -· ·· uentl ·it is • difti .. 
3S provided with eion:atEct skJis'··-,,~J~~ cltlt QU!lt nror~~ ~tO the 

slidabl 1-ed end • of • 7 &$ifed poiititin. Ji'}. fati: ~: ratii.Rr/Sr ~.a ;;ehose ~~ portions , · ~in c00Venu-om1..·s - - ~ · motor is o.g2 10 o.97 
a base 'pJar;e (not ~).-!Uld:are-~ to andatthOugh·i:.?~&Ieti>obtain ~aesked 

100 

the mst-meni:iOiiCCreiirlii-·r-. --- "I'Jius~w'lieii ou.tput torqile fiVD> a-·~veo.~ jnotor this 
40 the ·screws -6 m-e · sl&clrened oft. i.nd .the Pins 7 is difticult t0 8chieve. · · ·, . . l os 

are rotated, the cylindric:al su • ~- 3a rA ·Ai; will ~,seen frqin .Figure f, jf, the: vabie -
.. the &1atrif pole~ t, l DJS:~ :be 'disposed at ti x.iS ·2 o;i: ~me Vilue Of the ratfo.Rr/Sr 

a dCsirCd atnounfOf CcCeil • · x with: .. ~ Willn0i~~9. ·. "· . _.- - .-
Peet to Cach other ·am' mav ty be ~ _ 4~y, _as -js ,ilusn-atecl by FigureS 3 

4S wiface·ti{_-
1
res __ a _ofpect:th_eto_ro_:·

1
cs_ .• ;:~.· ·_ ~_,,.:_·'1 ~.--_riP_.~eml-· --__ wr-_.- · to 4, tlte':Value of~ .ratio Rr/Sr shOuld be 

. in the rarige 0.601:0 0.9.. : .. . · 
·_As Will.be ·seen 'fit)tri:Fi __ · l~-:the·:stator mulnst~teS-:~ ·. ;s..-!_~_~,:..~~~!11~w-eena gt:ilj;houw_htputicb 

"" -" · · ' e (in :8-cZ:i meu.urea at the minute J:i&nd 

no 

b;- lea_pdisieces. tan·-.--~_ of3_a8~_re1 ___ .onsPa<:Cd __ ---,one·_·-__ -·-· ____ f.', ____ '._,~_--.--_:..1:-__ ·_.--~----the-_.c_ h- othe_._IOIX>l''_-____ t ~.. WI; 1.~UUU5LUP UQ: die 
" • -LI torquof th ... · .. ...:..S..), .;._,,s -· 'the -- I! . - -· t,a ·+· ·e )/ 50 l, _iµid by a <Us~ 02 «_m • --~'-.ae _ -· e, m,u.;u i;wu., . _ .1..toor. ~ 1 o~ US 

ofto. a~al~uoetowhichr · 1: Th_.ens' e ~.-tha:triat ... ,;:;rotor)~S:c--act:-.'j111~ (Sr-Rr); i.e. .. the ra~,Of tlie ·i!iµn of the gaps 
• ,,..,_ W.11& 81 and" 32 betweeJJi .thCf.statW pole nifori!s_ 2, 3, 

~te in one, di~ ~y, : ·~~ ~-· roto~ arid" the diff~. betWem 'th ra<urs~~-Rr Of 
1; at ~ of'the 8uca:ssive _ • · to wbich tlie . · · · ~ ~ iCiCeS 2, 3 and .the futor 1 

55 !,, __ -~.· _s_iepN--·-._~_ISS·_ S08~--disposed_s·u:bs_.,------~·b; .. ,i;,-'.t~----.l~.'.-~'~_-.. --~.t ~~ .. -·s.J'~ as indbtCd aoovt,'.tiie 
r~Ell iWIU - -tt~tpucan __ t_be~_auseene shouldfrom :oc ___ . -,, -bere._,_-_-s··· __ tbathtanthe,.._ 4_· _____ g-cm,r 
the ~Dlll'1'0We$t ~-Widths of, the.·BJ.1' gap. ...."D,.. factor 

120 

· The Coil 4 is supplied With ·, ¢rreQt::wb~ (31 +.aJ/(Sf~Rr):~oUlit-~.in ~ ra__nge.1.l 
v~mge V!aV~rm··?s ~~ ·, ·t:r~ to Z6 _a,na··~erably.ig ffie "[qe rl. _1.2 to 

60 ::mw:ri~z~· =:': '..1 ~~\re pu~ 2
·tnus ·if (81 +.a2)/(SJ:-~ihj li :100 -~ me 

12
s 

~- negativ:e pulses may be ~pplieid al~- magnetic_ flux gen~b;4. by the .coil J piss~ 
nately every 1 second to cause the rotor 1 to -mastlY · tlm>ugh the. gap$ 3,1.and B2. ·and·_ dQes 

65 
!°.u.· ~-tep. uJse,.s~-N· _ :.._i~-' _- 8one_. __ -_polesdi_rectfonla' re-- .. _. onlonl_ -~ y ........ • ·_A ______ Lea_ ..... _- ch_ not ict _adequately; on thei. t()tor 1. J4.~, 

UJ.\4 ~ are Pilm ~ •11.K; if '(8~+82)/(Sr-:-:- lb') is tilQ Jarge, the diaency 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 
S 1.S mm when the motor is used in a wrist 

watch since space is limited therein. More­
over, if the value of St.~Rr is 0.1 mm or less, 
the air gap may be aftected by dust or flui, 
ar by the degree of accUracy to which the 

11> cylindrical sudaces of the rotor and statm 
have been finished, or by the prese:oo:i ol 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-

15 ever, the motor illustrated in the drawings is 
particularly effective when the magnelic flux 
Of the rotor in its open state is 600G or more. 

Thus in the case of. the electrical stepping 
mom discussed above, if the radius Sr is 

20 arranged to be 1.S mm or less, the statm pole 
pieces require either no adjustment or 
extremely simple adjustment. Moreover, if the 
hands of the watch are a4vanced every second, 
. for example, it is possible to restrict pmyer 

25 consumption of the. stepping motor to a value 
as little as 4 p.W or lesS, and it is also possible 
to drive the timepiece for about two years or 
more by the use of. a single buttOD-type bat­
tery. In this case, the output torque of the 

30 motor measured at the minute band is 4 g-cm 
or more, which is more than· five times as 
large as the necessary torque for the whole 
~ train of the Wrist watch. . . _ _ -· _ . 

· ~ the arrangement ~ a&We 
35 enables high power to be generated with 1ow 

current consumption and at low voltage, while 
permitting adjustment of the stator pole pieces 
to be eliminated or very much simplified. 

Figure 6 illustrates ~tiailly a rotor 
40 lb which may be used m substitution for the 

rotor 1 of Figure 1. In the case of the rotor 
lb, the pc=ripheral surface of the rotor has 
diametrkally oppositely disposed cylindrical 
portions le whose radius is Rr, and diameb> 

45 Cally oppositely disposed planar~ ld. 
Thus the rotor of the electric motor of the 
present inveotion may have any shape pro­
vided that at least a portion rJ. the ~ 
surface «. the rotor is cylindri~ in Which 

50 case the said Rr wm · be the radius of this 
cylindrical portion. 

WHAT WB CLAIM IS:-
1. An electric motor having a rotor com­

prising a permanent magnet which is mag-
55 netised to have twO pok:s, at least a portion Of 

the peripheral surface of the rotor being cylin..: 
drical, the rotor belllg disposed between a pair 
of stator pole pieces eaCh of which has a 
cylindrical surfa.ce facing the rotor,. and at 

least one coil magnetically amnected to rhe 60 
stator pole ~ the relationship between 
the radius Rr of the cylindrical portion of the 
peripheral swface of the rotor and the radius 
Sr Of the cylindrical sudace cX. each of the -
stator pole pieces being given by· the formula 65 

0.6<Rr/Sr<0.9. 

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

- from each other by a distanee of 81 on one 
side rJ. the rotor and "1 a distance of 82 on 70 
the cliametricallf oppomte side of the rocor, 
the relative positions of the romr and stator 
pole pieces being such, or being adjustable to . 
be suCb, that . - -

1.2<(81 ·H2)/(Sr-Rr)<ii;2.4. _ 15 

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<(81 +82)/(Sr-Rr)<ii;2.2 

4. An electric motor as claimed in any pre- 80 
ceding claim in which the ratio Rr/Sr<ii;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.S mm. 

6. An elCctric motor as claimed in any pre- 85 
ceding claim in which means are provided for · 
~justing each of the s.ta~ 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- 90 
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- 95 
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. f~ use in a timepiece. 

9. An electric motor substantially as here- 100 
inbefore descn'bed 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 10 105 
m which the timepiece is a wrist watch having 
a quartZ crystal oscillator. 

J. MILLER & CO., 
Agents for the Applicants, 
Chartered Patent Agents, 
296-302 High Holborn, 

London, WC1 V 7JH. 
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of the whole.; magnetic circuit i.s decreasect In least one c:oi1 magnetically connected to the 60 
both cases the desired output: torque cannot sbltor pole pieces, the relationship between 
be obtained. the radius Rr of. the cylindrical portion of. !he 

~ ·· The value of Sr should not be more than peripheral surface of d:te rotor and the radius 
5 1.S mm when the motor is used in: a wrist "Sr Of the cylindrical sui:face ci each ci the · 

· watch since space is limited therein.: Mme- •tator pole pieces beiiDg given by the formula 65 
over, if the value of Sr-Rr is 0.1 nm or Jess, 
the air gap may be affected by dust or fluff, 0.6<E;;Rr/Sr<E;;0.9. 
or by the degree of accuracy to which the 

00 cylindrkal surfaces of the rotor and Stator 
. have been finished, or by the ~ of a 
· burr or some other impe.tfection co the sur­
. faces 2o, · 3o. Thus it is difficult to use a dif-
fe.tence of (Sr-Rr) of less than 0.1 mm. How-

15 ever, . the motor illustrated in the drawings is 
particuJarly eBective when the magnetic flux 
Of the rotor m its open state is 600G or ~re. 

Thus in the case of the electrical stepping 
motoll discussed above, if the radius Sr is 

20 arranged to be 1.S mm or less, the stator pole 
pieces ~ either no adjustment or 
extremely simple adjustment. Moreover, if the 
hands of. the watch are advanced every semnd, 
for example, it is possible to ftStritt power 

25 consumption of the stepping motor to a value 
as little as 4 p. W or less, and it is also :possible 
to drive the timepm for about two years or 
more by the use of. a single buttoo~type bat­
tery. In this case, the output torque ci the 

30 motor measured at the minute hand is 4 g-cm 
or more, which is m.o.i:e than five times as 
large . as the necessary torque for the whole 

-· F-rhU11' iJetbear=· desamcir-aiioW-
35 enables high power to be generated with low 

current consumption and at low ~tage, while 
permitting adjustment of the stator pole pieces 
to be elimrnat-ed or very much simplified. 

Fjgore 6 illustrates diagrammatically a rotor 
40 tb Which may be used in substitution for the 

rotor 1 of Figure t. In the case ci the rotor 
lb, the peripheral sudace of the rotor. has 
diamettblly oppositely disposed cylia,drical 
portions le whOse radius is Rr, and ~ 

45 cally oPPQSitety disposed planar ~ td. 
Thus the rotOr of the eiecttk motor .of the 
present invmtion may have my shape pro­
vided that at least a portion af the ~ 
swface rl the rotor is cyliodrix:al, in Which 

50 case the said Rr will be the radius af this 
cylindrical portion. 

WHAT WB CLAIM IS:-

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

- from each other by a distance of ~i on one 
side of. the rotor and by a distanee of 82 on 70 
the diametrk:allv oppoette skie of the l'Ob>r, 
. the relative positions of the rotor and stator 
pole pieces being such, or being adjustable to . 
be such, that . . 

1.2-<;(81 ·Hz)/(Sr-Rr)-<;2.4 .. 

3. An dectric motor as claimed in claim 2 
in which the said relative positions are, or are 
adjustable to be, such that 

75 

4. An electric motor as _claimed in any pre- 80 
ceding claim in which the ratio Rr/Sr<:;;0.8. 

S. An electric motor as claimed in any pre­
ceding claim in which the value of the radius 
Sr does not exceed 1.S mm. · 

6. An electric motor as claimed in any pre- 85 
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- 90 
pect to each other and with respect to the 
cylindrical portion of the peripheral surface 
of the rotor. . 

1. An electric motor as claimed in any pre­
c:eding claim in which the whole of the peri- 95 
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- 100 
inbefore deScribed with reference to and as 
shown in the acconipanying drawings. 

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

lL A timepiece as claimed in claim 10 105 
in which the timepi«e is a wrist watch having 
a quartz crystal oscillator. 1. An electric motor having a 1"tor am­

prising a permanent magnet which is •. mag-
55 netisedth • .to'-~~ twrfo ~of.-~'t. l~t-~Iinii_ · J. MILLER & CO., 

e penpw;i-~ su ace we: rotor """"'"6 cy - Agents for the Applicants, 
dricaJ, the rotor being disposed between a pair Chartered Patent Agents, 
of stator pole ~ eaCh af .which haS a 296-302 High Holbom, 
cylindrical swface facing ·the rotor, and at . London, WClV ~JH. 
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