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H2A 1101 1C7P (54) STEPPING MOTOR (71)   We, KABUSHIKI KAIHA SUWA  between
the shoulder on the opposite side 



SEIKOSHA, a Japanese Company of 34, 4-  of the transverse centre line of
the stator and chome, Ginza, Chuo-ku, Tokyo, Japan, do  the bearing
adjacent thereto, energisation of hereby declare the invention, for which
we  the coil causing the rotor to move 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 method by which it is to be per-  incident with that of the stator.
formed, to be particularly described in and    Thus the movement of the
rotor which by the following statement: -           occurs on the
energisation of the coil will This invention concerns a stepping motor  not
bring the rotor into a position in which  60 10 and, although the invention
is not so re-  one of the said shoulders rubs against the stricted, it is
more particularly concerned  respective bearing. with a stepping motor for
use in electronic    The distance between the bearings prefer- 



wrist watch e.g one having a quarz crystal  ably exceeds the distance
between the oscillator.                             shoulders by at least
twice the said displace- 65 15   Generally the stepping motor of a quartz
ment. crystal wrist watch has a lower output torque    The invention also
comprises an electronic than that of a mechanical watch due to  wrist watch
provided with a stepping motor. factors such as the size of its constituent
as set forth above. parts, its physical characteristics, and the    The
invention is illustrated, merely by way  70 20 capacity of its battery.
Because of this torque  of example, in the accompanying drawings, problem,
much attention has been made to  in which: - reducing the load not only in
the wheel train    Figures IA and lB are broken away cross- of the watch
movement but also in other  sectional views showing a known stepping 



members driven by the stepping motor.  motor in its static and dynamic
conditions 75 25 However, the prime need is to eliminate any  respectively,
and excessive load on the stepping motor itself,   Figures 2A and 2B are
broken-away cross- that is to say on its rotor.            sectional views
of a stepping motor accord- According to the present invention, there  ing
to the present invention in its static and is provided a stepping motor
comprising a  dynamic conditions respectively.      80 30 rotor having a
shaft provided with end por-    Terms such as "upper" and "lower" as tions
of reduced diameter which are moun-  used in the description below, are to
be ted in first and second bearings respectively,  understood to refer to
directions as seen in the shaft having a central portion which car-  the
accompanying drawings. ries a magnet; a stator which surrounds the    In
Figures 1A and 1B there is shown a  85 



35  magnet; and a coil for effecting magnetisa-  known stepping motor for
an electronic tion of the stator, the shaft having shoulders  wrist watch
comprising a rotor 3 having a which are disposed 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 from the
bearings at all times, the  tion 3d carries a magnet 4 by way of a 90 40
arrangement being such that, when the step-  bush 5. The magnet 4 is
surrounded by ping motor is positioned so that the weight  a stator 1 and
is spaced from the 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 magnetisation of the stator 1. The traction between
the stator and the magnet,  central portion 3d of the shaft 3a also 95 45
and the weight of the rotor, cause the rotor  carries a rotor pinion 6 for
the trans- 



to adopt a predetermined equilibrium posi-  mission of drive to the hands
(not shown) of tion in which the transverse centre line of  the watch by
way of a gear train (not the rotor is disposed on one side of the trans-
shown). verse centre line of the stator and is spaced    The shaft 3a has
shoulders 6a, 6b at 100 50  from the latter by a displacement which is  the
lower and upper ends respectively of the less than the space which exists
at this time  shaft 3a, the shoulders 6a, 6b being respec-    2
1,565,599                                     2 tively disposed at the
junctions between the    In Figures 2A and 2B there is therefore 



central portion 3d and the end portions 3b, shown a stepping motor for an
electronic 3c.. The end portions 3b, 3c are respectively  (e.g. quartz
crystal) wrist watch according rotatably mounted in jewel bearings 9, 10
to the present invention which is generally 5 which are themselves
respectively mounted  similar to that of Figures 1A and 1B and  70 in lower
and upper plates 7, 8 respectively. which for that reason will not be
described In the static condition shown in Figure  in detail, like
reference numerals indicating 1A, i.e. when the coil 2 is not energised,
like parts. the magnetic attraction between the stator    In the case of
the stepping motor of 10  1 and the magnet 4, and .the weight of the
Figures 2A and 2B, however, -the shoulders 75 rotor 3, cause the rotor 3 to
adopt a pre-  6a, 6b are out back from the positions shown determined
equilibrium position in which  in Figure 1A and 1B to positions in which 



the transverse centre-line [err] of the rotor  they are spaced from the
jewel bearings 9, 3 is disposed below the transverse centre-line  10 at all
times so that the rotor is at all 15 [err] of the stator 1 and is spaced
from the  times in a floating condition. Thus it is 80 latter. by a
displacement S. That is to say  arranged that the distance between the
bear- the attraction between the magnet 4 and the  ings 9, 10 exceeds the
distance between the stator 1 produces a force opposing that of  shoulders
6a, 6b, preferably by at least twice the weight of the rotor 3 itself.
(and more preferably at least three times) 20   In the known stepping motor
shown in  the displacement S. Moreover, the displace- 85 Figures 1A and 1B
however, the position of  ment S is less than the space L2 which the
shoulder 6a has been such that, in the  separates the shoulder 6b from the
jewel static condition, the shoulder 6a has engaged  bearing 10 in the
static condition of the 



the jewel bearing 9 so as to stop rotation of  motor. 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 moves  when there is no current flowing
through through the displacement S so as to bring  the coil 2, the rotor 3
is held longitudinally the. shoulder 6a into frictional engagement  in an
equilibrium position which is deter- with the bearing 9.
mined 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 magnet 4  95 between
the shoulder 6b and the jewel bear-  to the stator 1. Since therefore the
longi- ing 10. This space L, however, has pre-  tudinal position of the
rotor 3 is fixed in this viously been made smaller than the displace- way,
contact between the shoulder 6a and ment S.
the adjacent jewel bearing 9 can easily be 



35   Generally the space L is of the order of prevented by cutting back the
shoulder 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
therebetween.  Similarly, the 5/100 and 20/100 mm.
shoulder 6b is cut back so that the space Once the coil 2 is energised and
current L2 between it and the jewel bearing 10 ex- 40 flows therethrough
the dynamic attraction  ceeds the displacement S.            105 between
the stator 1 and the rotor 3 is    Consequently, in the dynamic condition,
several scores of times greater than the static  i.e. when current is
flowing through the coil magnetic attraction therebetween. Thus the  2, the
rotor 3 rises through the displacement rotor 3 rises so as to move towards
a posi-  S to the position shown in Figure 2B in 45 tion in which its
transverse centre-line [err]  which its transverse centre-line X-X1 is 110 



is coincident 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 less than
be no contact at this time between the the displacement S, the shoulder 6b
is forced  shoulder 6b and the jewel bearing 10 since 50 and held against
the jewel bearing 10 before  the space L2 is greater than the displace- 115
the said centre lines can be brought into  ment S. Thus the upward movement
of the coincidence. In the dynamic condition, there  rotor 3 which occurs
on energisation of the is thus a considerable end thrust on the  coil 2
does not cause the shoulder 6b to bearing 10 so that the resulting friction
be thrust into frictional engagement with the 55 can be equivalent to a
load of about 2g.cm  jewel bearing 10, a space L4 being provided 120
depending upon the state of the adjacent  therebetween at this time. At the
same 



surfaces of the shoulder 6b and the jewel time, there will be a space L3
between the bearing 10 and upon the degree of lubrica-  shoulder 6. and the
jewel bearing 9. Ex- tion. As will be appreciated this is a factor  cessive
load on the stepping motor is thus 60 which substantially lowers the
performance  reduced and driving torque is more effi- 125 of the stepping
motor.                  ciently transmitted. Thus in the case of the known
stepping    Thus the shoulders are spaced from the motor, one of the
shoulder portions 6a, 6b  bearings at all times irrespective of the longi-
will be in contact with its respective bearing  tudinal position of the
magnet 4 in the space 65  9. 10. at all times.                    1a Even
if the stepping motor is turned 130   



3                                     1,565,599
3 upside down by comparison with the posi-    WHAT WE CLAIM  IS: - tions
shown in the drawings, its operation    1. A  stepping  motor comprising  a
50 will be analogous to that described above,  rotor having a shaft
provided with end por- since the rest position of the rotor I will  tions
of reduced diameter which are moun- 5  then be the same as that shown in
Figure  ted in first and second bearings respectively, 2A but on the
opposite side of the trans-  the shaft having a central portion which car-
verse centre line [err] of the stator 1. ries a magnet; a stator which
surrounds the 55 Moreover, as the stepping motor is rotated  magnet; and a
coil for effecting magnetisa- from its position shown in Figure 2A, the
tion of the stator, the shaft having shoulders 



10 component 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 from the bearings at all times, the 60 net 4 and the stator 1,
diminishes, thus de-  arrangement being such that, when the step- creasing
the distance S until, when the rotor  ping motor is positioned so that the
weight 15  1 is horizontal, there is no component 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 between the stator and the magnet, 65 the rotor 3
coincides with the transverse   and the weight of the rotor, cause the
rotor centre line [err] of the stator 1. Thus the   to adopt a
predetermined equilibrium posi- 20 shoulders are spaced from the bearings
at  tion in which the transverse centre line of 



all times irrespective of the oscillation of the the rotor is disposed on
one side of the trans- orientation of the stepping motor.       verse
centre line of the stator and is spaced 70 It would theoretically be
possible to pre-  from the latter by a displacement which is vent contact
between the shoulders 6a, 6b,  less than the space which exists at this
time 25 and the bearings 9, 10 by providing each  between the shoulder on
the opposite side shoulder and its respective bearing with per-  of the
transverse centre line of the stator and manent magnets whose mutual
repulsion  the bearing adjacent thereto, energisation of 75 would keep the
rotor in a floating state.  the coil causing the rotor to move to a posi-
Thus, for instance in the case of the con-  tion in which its transverse
centre-line is co- 30  struction shown in Figure 1A, if the jewel  incident
with that of the stator. bearings 9, 10 were replaced by magnetic   2. A
stepping motor as claimed in claim 



bearings, 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
distance between the shoulders the rotor 3 would be subjected to an upward
by at least twice the said displacement. 35  force by the repulsion between
the per-   3. A  stepping motor substantially as manent magnet of the
bearing 9 and that of  hereinbefore described with reference to the rotor.
Such an arrangement is not how-  and as shown in Figures 2A and 2B of the
85 ever suitable for use in a small piece of  accompanying drawings.
apparatus such as a wrist watch movement    4. An electronic wrist watch
provided 40 for the reason that the areas of the facing  with a stepping
motor as claimed in any surfaces of these permanent magnets can-  preceding
claim. not be made sufficiently large to give an 



adequate repulsion force. As will be ap-          J. MILLER & CO.,
preciated, the arrangement shown in Figures     Agents for the Applicants,
45  2A and 2B prevent engagement between the        Chartered Patent
Agents, shoulders 6a, 6b and the jewel bearings 9,           Lincoln House,
10 without the need to employ parts such         296-302 High Holborn, as
permanent magnets.                             London, WC1V 7JH. Printed
for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1980.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from which copies may be obtained.   
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