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SEI'KOSHA, a Japanese Conpany of 34, 4- of the transverse centre |ine of
the stator and chone, G nza, Chuo-ku, Tokyo, Japan, do the bearing
adjacent thereto, energisation of hereby declare the invention, for which
we the coil.causing the rotor to nove to a posi- 55 5 pray that a patent
may_be granted to us, tion in which its transverse centre-line is co- and
the nethod by which it is to be per- incident with that of the stator.
formed, to be particularly described in and Thus the novenent of the
rotor which by the foll ow ng statenent: - occurs on the

energi sation of the coil wi.ll This invention concerns a stepping notor not
bring the rotor into a posjtion in which 60 .10 and, altHqgygh the invention
is not so re- one of the ders—Tups against the sfricted, it is
nore particularly concerne [ eafing. with a stWypi ng notor for
use in electronic The d ithe bearings prefer-
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w st watch e. g one having a quarz crystal ably exceeds the distance

bet ween the oscillator. shoul ders by at | east
twice the said displace- 65 IB Gbnerally the’ steppThg notor of a quartz
ment. crystal wist Wwatg v *'output t or qu * The invention al so
conprises an electro a nechanlcal &qﬁch due to wist watch

provided with a ste i ze of its constituent
as set forth above. characterl icts, and the ‘The .

inyention is illustra ( gount ) may-iﬁhiﬁheapfcrty of its battery.
Because of this torque -ofy Sin, gg-acco fyi'ng drawi ngs, probl-em
much attention has 0L - : i P é%id ifng. the load not only in
the wheel train i aggro }y cross- of the watch
movenent but al so i V| Bu¥s §gomgﬁc a known st eppi ng
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menbers driven by the stepping notor. notor in its static and dynam c
conditions 75 25 However, the prinme need is to elimnate any respectively,
and excessive | oad on t-he stepping notor itself, Figures 2A and 2B are

br oken- away cross-- that is to say on its rotor. sectional views
of a stepping motor accord- According to the present invention, there ing
to't he present invention in its static and is provided a stepping notor
conprising a dynam c conditions.respectively. 80 30 rotor having a
shaft provided with end por- Ternms such as "upper” and "lower" as tions
of reduced di aneter which are nmoun- used in the description below are to

be ted in first and secpnd bearings respectively, understood to refer to
directions as seen in the ghaf aprmg—a central portiorf¥which car- the
acconpanyi ng draw ngs. rlggx:a net; a ptator which sur¥punds the In
Fi gures 1A and 1B thereli al 85
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35 magnet; and a coil for effecting magnetisa- known stepping notor for
an electronic tion of the stator, the shaft having shoulders wist watch
conprising a rotor 3 having a which are di-sposed between the central por-
shaft 3a provided with end portions 3b, 3c tion and the end portions and
which are and a central portion 3d. The central por- spaced fromthe
bearings at all tines, the tion 3d _carries a nmagnet 4 by way of a 90 40
arrangenent bei ng such that, when the step- bush 5. The nagnet 4 is

sw rrounded by ping notor is positioned so that the weight a stator 1 and
I's spaced fromthe latter of the rotor acts along its own axis, and by a
space la a coil- 2 being provided for the coil is not energised, the

magnetic at- effecting nagnetisation of the stator 1. The traction between

the stator and the nagnet, <central portion 3d of the shaft 3a also 95 45

and the weight of the rotor, cause the rotor carries a Sgtbr pinion 6 for
t he trans- ‘N
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t he

the watch by
2

The shaft 3a has

2 tively disposed at the

m ssion of drive to the hands
In Figures 2A and 2B there is therefore

6b bei ng respec-

fromthe latter by a displacenent which is

t he shoul ders 6a

6b at 100 50

verse centre line of the stator and is spaced
shaft 3a

| ower and upper ends respectively of the |less than the space which exists

at this time

way of a gear train (not the rotor is disposed on one side of the trans-
1,565, 599

t o adopt a predetermn ned equilibkiun1posi-
(not shown) of tion-<in which the transverse centre |ine of
junctions between the

shown) .
shaul ders 6a,

utn pue) 03§ _mam:o. 10 Em
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central portion 3d and the end pbrtions 3b, shown a stepping notor for an

el ectronic 3c..

The end portions 3b, 3c are respectively

crystal) wist watch accordi'ng rotatably nounted in jewel

to the present
respectively nounted
and upper

described In the static condition shown in Figure

reference nuneral s indicating 1A,

i ke parts.
the stepping notor of 10
Fi gures 2A and 2B, however
adopt a pre- 6a, 6b are o
equi libriumposition in wh

payment of renewal fee (and additional fee if applicable) ‘}-&D
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reason wll
in detail,
i .e. when the coi
t he magnetic attraction between the stator
1 and the nagnet 4, -and

(e.g. quartz

bearings 9, 10

i nvention which is generally 5 which are thensel ves

simlar to that of Figures 1A and 1B and 70 in | ower
plates 7, 8 respectively. which for that

not be
i ke

2 is not energised,

In the case of
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the transverse centre-line [err] of the rotor they are spaced fromthe
jewel bearings 9, 3 is disposed below the transverse centre-line 10 at al
times so that the rotor is at all 15 [err] of the stator 1 and is spaced
fromthe times in a floating condition. Thus it is 80 latter. by a

di splacement S. That is to say arranged that the distance between the
bear- the attraction betwween the magnet 4 and the ings 9, 10 exceeds the
di stance between the stator 1 produces a force opposing that of shoul ders
6a, ,6b, preferably by at |east tw ce the weight of the rotor 3 itself.

(and nore preferably at least three tines) 20 In the known stepping notor
shown in the displacenentyS. Mreover, the displace- 85 Figures 1A and 1B

however, the position of fent Sis_ I an the space L2 mhlch t he
shoul der 6a has been such [ sepqrates the shouRler 6b fromthe
jewel static condition, th a hasjengaged beanlﬁ§ 10 in the
static condition of the = "
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thé jewel bearing 9 so as to stop rotation of notor. 25 the rotor 3. Thus
once the current ceases Consequently, in the static condition, i.e. 90
to.flow. in the coil 2, the rotor 3 noves when there is no current flow ng
t hrough through the displacenent S so as to bring the coil 2, the rotor 3
Is held longitudinally the. shoulder 6a into frictional engagenent in an
equi librium position which is deter- with the bearing 9.

mned in part by its own weight and in part 30 In the static condition,
there is a space L by the magnetic attraction of the nagnet 4 95 between
t he shoul der 6b and the jewel bear- to the stator 1. Since therefore the

| ongi - ing 10. This gpace L, however, has pre- tudipal position of the
rotor 3 is fixed in thi Egi@g | i Deen jmade snallerti&u1the di spl ace- way,
contact between the h@% eky§a jand mgnt S, ~
t he adj acent jewel beafT g an_easi lly be ﬂ
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35 Generally the space L is of the order of prevented by cutting back the
shoul der 6a 100 1/100 to 5/100 mm whereas the displace- to an appropriate
extent’ so as to |leave a ment S is-usually arranged to be between space L1
t herebéetween. Simlarly, the 5/ 100 and 20/ 100 mm . :

shoul der 6b is cut back so that the space Once the coil 2 is energised and
cdirrent L2 between it and the jewel bearing 10 ex- 40 flows therethrough

the dynamc attraction ceeds the dirsplacenent S ' 105 bet ween
tke,stator 1.and the rotor 3 is Consequently, in the dynam c condition,
several scores of tinmes greater than the static i.e. when current is

flowi ng through the coil magnetic attraction.therebetween. Thus the 2, the
rotor 3 rises through the displacenent rotor 3 rises so as to nove towards
a posi- S to, the position shown in Figure 2B in 45 tion in which its
transverse centre-line [eTr] ‘which its transverdgirentr®dgEne X-X1 is 110
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i sscoincident with the transverse centre-line coincident with the
transverse centre-line [err] of the stator-1. By reason of the [err] of the
stator 1. However, there will fact, however, that the space L is |ess than
be no contact at this time between the the displacenent S, the shoul der 6b
is forced shoulder 6b and the jewel bearing 10 since 50 and held agai nst
the jewel bearing 10 before the space L2 is greater than the displace- 115

the said centre lines can be brought into nent S. Thus the upward movement

of\_t/he coincidence. In the dynamc condition, there rotor 3 which occurs
on energlsatlon of the is thus a con5|derable end thrust on tQe coil 2
does not cause the shoul der 6 to bearlng 10 so that the resul®Zing friction

be thrust into frictional enga en&ut {Tﬁé‘ﬁB can be equiv@ent to a
| oad of about 2g.cm jewel be r| a space {L4 being provi@kd 120
dependi ng upon the state of t E%ggrebetmeen at this tine. At the
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suffaces of the shoulder 6b and the jewel tine, there will be a space L3
bet ween the bearing 10 and upon the degree of |ubrica- shoulder 6. and the
jewel bearing 9. Ex- tion. As will be appreciated this is a factor cessive
| oad on the stepping notor is thus 60 which substantially |owers the

per.f ormance reduced and driving torque is nore effi- 125 of the stepping
not or . ciently transmtted. Thus in the case of the known
st eppi ng Thus the shoul ders are spaced fromthe notor, one of the

shawd der portions 6a, 6b -bearings at all times irrespective of the |ongi-
will be in contact wwth its respective bearing tudinal position of the

magnet 4 in the space 65 9. 1p. at all tjnes— la Even
if the stepping nmotor is turnedg%#i . D\
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3¢ ' 1, 565, 599

3 upside down by conparison with the posi- WHAT WE CLAIM | S - tions
shown in the drawings, its operation 1. A stepping notor conprising a
50 will be anal ogous to that described above, ‘rotor having a shaft
provided with end por- since the rest position of the rotor I wll- 'tions

of reduced di aneter which are noun- 5 then be the same as that shown in
Figure ted in first and second bearings respectively, 2A but on the
ORposite side of the trans- the shaft having a central portion which car-
verse centre line [erf4=s0 hd staigr 1. ries a nmagnet; a stator which
surrounds the 55 Mor r s |the stieppi ng notor isNotated nagnet; and a

coil for effecting - |[fram it s position shogp in Figure 2A, the
tion of the stator, t et [B&==Eng shoul ders
| .
‘ —————
() ——1 !v.l
S = | 2 .. 8
3 = | |5 & g
[ m—— & e
Sl = [ lE =&
Ty ==yl {7 ¥ e
P sI==als s =2
Q g,gsssais é £ 2
R - -
S | e i

-

Certificate of payinent of renewal fee (and additio

v

gt
.. Pawrlsumber | 1555171 ' I has been renowed untl | 15 AUG 1995|
: COMPUTER PATENT ANNUITIES
' P.0.Box 778, '
Jersey.
JE1 1BL,
Channel Islands.

-

ntne 2ot rtma— ¢

oGl
O

o



10 conponent of the weight of the rotor [err] act- which are disposed
between the central por- ing along its own axis, and hence in opposi- tion
and the end portions and which are tion to the attractive force between the
mag- spaced fromthe bearings at all tines, the 60 net 4 and the stator 1,
di mi ni shes, thus de- arrangenment being such that, when the step- creasing
thée distance S until, when the rotor ping notor is positioned so that the
weight 15 1 is horizontal, there is no conponent of of the rotor acts
along its own axis, and the weight of the rotor acting along its own the
coil is not energised, the magnetic at- axis, and the transverse centre

line [err] of traction befween the stator and.the magnet, 65 the rotor 3
coincides with the transvers$ ; hé wei ght of the rotorQcause the
rotor centre line [err] of- 1. Thus$ the to adopt>a
predeterm ned equilibriump o] slare spaced fromQt he bearings
at - tion in which the trans rg e|of
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ald times irrespective of the oscillation of the the rotor is disposed on
one side of the trans- orientation of the stepping notor. verse
centre line of the stator and is spaced 70 It would theoretically be
possible to pre- fromthe latter by a displacenent which is vent contact
bet ween the shoul ders 6a, 6b, I|ess than the space which exists at this
tifre 25 and the bearings-9, 10 by providing each between the shoul der on
t he opposite side shoulder and its respective bearing with per- of the
tnansverse centre line of the stator and nanent nagnets whose nutua

repul sion the bearing adjacent thereto, energisation of 75 would keep the

rotor in a floating state. the coil causing the rotor to novg to a posi-
Thus, for instance in the caseé ofgfhh (o] sf@

= trgn in which it ransverse .
centre-line is co- 30 structijofE&ho i Figune 1A, if the | | “incident
with that of the stator. bedriin were replaced py magnetic 2. A
stepping notor as clained in ¢l ai =
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b€arings, the contact between the shoulder 1 in which the distance between
the bearings 80 6a and the bearing 9 would not occur since exceeds the
di.stance between the shoulders the rotor 3 would be subjected to an upward
by at least twice the said displacenent. 35 force by the repul sion between
t he per- 3. A stepping notor substantially as manent nagnet of the
bearing 9 and that of hereinbefore described with reference to the rotor.
Such an arrangenent is not how and as shown in Figures 2A and 2B of the
85_ever suitable for use in a snmall piece of acconpanying draw ngs.
apparatus such as a wist watch novenent 4. An electronic wist watch
provided 40 for the reason that the areas of.the facing wth a stepping

notor as clained in any suifaces of these permanent magnets can- preceding
claim not be made suffi ci né? I elto giye an E%
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adequate repul sion force. As will be ap- J. MLLER & CO,

preci ated, the arrangenent shown in Figures . Agents for the Applicants,
45 2A and 2B prevent engagenent between the ~ Chartered Patent
Agents, shoul ders 6a, 6b and the jewel bearings 9, _ Li ncol n House,
10 wi thout the need to enploy parts such 296- 302 Hi gh Hol born, as
pér manent magnets. - London, WC1V 7JH. Printed

for Her Majesty's Stationery Ofice by Burgess & Son (Abingdon), Ltd.-1980.
Publ i shed at - The Patent O fice, 25 Southanpton Buil di ngs, London, WC2A | AY,
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3- 1, 565, 599

3 upsi de down by conparison with the posi- WHAT WE CLAIM | S - tions
shown in the drawi ngs, its operation 1..A stepping notor conprising
a 50 will be analogous to that described above, rotor having a shaft
provided with end por- since the rest position of the rotor 1 will tions
of " reduced di aneter which are noun- 5 then be the sane as that shown in
Figure ted in first and second bearings respectively, 2A but on the
oppgsite side of the trans- "the shaft having a central portion which car-
verse centre line [err] of the stator 1. ries a nmagnet; a stator which

surrounds the 55 Moreover, as the stepping notor is rotated nmgnet; and a-

coil for effecting magnetisa- fromits position-shown in Figure 2A the
tion of the stator, the shaff having shoul ders :
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16 conponent of the weight of the rotor 1 act- which are di sposed between
the central por- ing along its own axis, and hence in opposi- tion and the
end portions and which are tion to the attractive force between the nmag-
spaced fromthe bearings at all tines, the 60 net 4 and the stator 1,

di m ni shes, thus de- arrangenent being such that, when the step- creasing
the distance S until, when the rotor ping notor is positioned so that the
weight 15 1 is horizontal, there is no conponent of of the rotor acts
allong its own axis, and the weight of the rotor acting along its owmn the
coil is not energised, the magnetic at- axis, and the transverse centre
~line [err] of traction between the st-ator and the nagnet,, 65 the rotor 3

. coincides with the transyerse and the weight of the rotor, cause the rotor
centre line [err] of the !stagtar e to adopt a det erm ned
equi librium posi- 20 shQu;g S fromthe beariys at tion in
whi ch the transverse centyr : | (— :
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afl times irrespective of the oscillation of the the rotor is disposed on
one side of the trans- orientation of the stepping notor. verse
centre line of the stator and is spaced 70 It would theoretically be
possible to pre- fromthe latter by a displacenent which is vent contact
bet ween the shoul ders 6a, 6b, I|ess than the space which exists at this
ti'me 25 and the bearings 9, 10 by providing each between the shoul der on
t he opposite side shoulder and its respective bearing with per- of the
txansverse centre line of the stator and manent nmgnets whose nutua

repul sion the bearing adjacent thereto, energisation of 75 .would keep the
rotor in a floating state, the coil causing the rotor to nove to a posi-

Thus, for instance in the] case of the_con-. tion in mhichnits transverse
centre-line is co- 30 styugis hojn in Figure 1A if tiRg jewel incident
with that of the stator. p ,1 10 wefe repl aced by hagnetic 2. A
steppi ng notor as clai medyin E
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beari ngs, the contact between the shoulder 1 in which the distance between
the bearings 80 6a and the bearing 9 would not occur since exceeds the

di stance between the shoulders the rotor 3 would be subjected to an upward
by at |east twice the said displacenent. 35 force by the repul sion between
t he per- 3. A stepping-notor substanti-ally as manent nagnet of the
béaring 9 and that of hereinbefore described with reference to the rotor.
Such an arrangenent is not how and as shown in Figures 2A and 2B of the
85 ever suitable for use in a small piece of acconpanying draw ngs.
apparatus such as a wist watch novenent 4. An electronic wist watch
provided 40 for the reason that the areas of the facin wth a stepping

notor as clained in any, surfpc of Thesg pernanent nag s can- preceding
claim not be made suffjci I arge tofgive an éi
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aéequate repul sion force. As will be ap-

preci at ed.

t he arrangement shown in Figures

45 2A and 2B prevent engagenent between {he
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