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BACKGROUND OF THE INVENTION
Field 6f the Invenfign.

This invention relates to a motoi constructed
super-compactly.
Related Background Art

Heretofore, as a motor formed as a compact motor,
theré is, for exémple, a compact cylindrically shaped
step motor as shown in Fig. 24 of the accompanying
drawings.

In Fig. 24, this motor is provided with two
stators 102 arranged axially of the motor, and each of
the stators.lOZ has two statér yokes ;06 disposed so as
to be axially opposed to each othei. In each stator
102, a stator coil 105 is concentrically wound on a
bobbin 101 held by the two stator yokes 106. Each
bobbin 101 having the stator coil 105 wound thereon is
axially sandwiched and fixéd by and between. the two
stator yokes 106. Each of the stator yokes 106, 106 is
.formed with stator teeth 106a and 106b alternately
dispdsed circumferentially of the inner diametral
surface of the bobbin 101. On the other hand, the pair
of stator yokes 106 and 106 having the stator teeth
106a and 106b are fixed to the case 103 of each sfator
102. Thus, the stators 102 are constructed.

A flange 115 and a bearing 108 are fixed to one
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{the left one as viewed in Fig. 24) of the two sets of
case 103, and a bearing 108 on the opposite side is
fixed to.the other.(the right one as viewed in Fig. 24)
case 103. A rotor 109 is of such structure that a.
rotor magnet 111 is fixed to a rotor shaft 110. An air
gap is formed between the outer peripheral surface of
the rotor magnet 111 and the inner diametral surface of
the stator yoke 106 of the stator 102. The rotor shaft
110 is rotatably supported by the two bearings 108
fizxed to each case 103.

Fig. 26 of the accompanying drawings is a plan
view exemplifying a step motor driven by a coil which
is used in a timepiece or the like. 1In Fig. 26, the
reference numeral 201 designates a rotor comprising a
permanent magnet, the reference numerals 202 and 203
denote stators, and the reference numeral 204
designates a coil. |

However, in the prior art compact step motor shown
in Fig. 24, the case 103, the bobbin 101, the stator
coil 105 and the stator yoke 106 are concentrically
disposed around the rotor, and this leads to the
inconvenience that the outside dimension of the motor
becomes large. Also, a magnetic flux created by the
electrical enérgization of the stator coils 105 passes
chiefly through theé end surface 106a, of the stator
tooth 106a and the end surface 106b, of the stator tooth

106b, as shown in Fig. 25 of the accompanying drawings
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and therefore does not effectively act on the rotor
magnet 111, and there is the problem left to be solved
that the output of the motor does not become high.
Also, in the motor shown in Fig. 26, there is the
problem left to be solved that a magnetic flux created
by the electrical energization of the coil 204
concentrates in the portion of small gap between the
rotor 201 and the stator 202 and does not effectively
act on the magnet 201.

The applicant of the basic application in Japan
has proposed as U.S. Patent No. 5,831,356 a motor which
has solved such problems.

This proposed motor is designed such that a rotor
comprising a permanent magnet circumferentially
equidistantly divided and alternately magnetized to
different poles is fogmed into a cylindrical shape, a
first coil, the rotor and a second coil are disposed

axially of the rotor in the named order, a first outer

- magnetic pole and a first inner magnetic pole excited

by the first coil are opposed to the outer peripheral
surface and inner peripheral surface, respectively, of
the rotor, and a second outer magnetic pole and a
second inner magnetichpole excited by the second coil
are opposed to the outer peripheral surface and inner
peripheral surface, respectively, of the rotor, and a
rotary shaft which is a rotor shaft is taken out of the

cylindrically shaped permanent magnet.
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The motor of such a construction is high in output
and can have its outside dimension made small, but the
working of its magnetic pole teeth is difficult because
the diametral dimensibn of its inner magnetic poles is
small, and it has been desired that a stable output
free of fluctuation be obtained from a motor of a small
diametral dimension.

Therefore, the applicant of the basic application
filed in Japan has recently proposed a motor in which
the shape of inner magnetic poles is made readily
workable as U.S. Patent Applicétion No. 08/994,994, and
a rotor in which output transmitting means such as
gears and pulleys are easily mounted on a rotary shaft
of small diametral dimension to thereby obtain a stable
output free of fluctuation has been proposed as U.S.
Patent Application No. 09/022,474.

Recently, it has been desired that a motor having

-a high output and which can be constructed

super-compactly be obtained.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above-noted circumstances and an object thereof is to
provide a motor which is high in output and is
constructed more super-compactly.

Another object of the present invention is to

stabilize the positioning of a rotor when a motor is
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made into a one-phase motor.
Further objects of the present invention will
become apparent from the following description of some

specific embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of a motor
according to Embodiment 1 of the present invention.

Fig. 2 is a cross-sectional view of the motor
shown in Fig. 1 during the assembly thereof.

Fig. 3 shows the positional relation between the
rotor and stator of the motor shown in Fig. 2, and
shows the state of the rotor when a coil is not
electrically energized.

Fig. 4 shows the state of the roter when the coil
is electrically energized from the state of Fig. 3.

Fig. 5 shows the state of the rotor when the
electrical energization of the coil has been cut off in
the state of Fig. 4. |

Fig. 6 shows the'state'of the rotor.when the
electrical energization of the coil has been reversed
in the state of Fig. 5.

Fig. 7 is an exploded perspective view of a motor
according to Embodiment 2 of the present invention.

Fig. 8 is a cross-sectional view of the motor
shown in Fig. 7 during the assembly tﬁereof.

Fig. 9 shows the positional relation between the
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rotor and stator of the motor shown in Fig. 8, and
shows the state of the rotor when a coil is not
electrically energized.

Fig. 10 shows the state of the rotor when the coil
has been electrically energized from the state of Fig.
9.

Fig. 11 shows the state of the rotor when the
electrical energization of the coil has been cut off in
the state of Fig. 10.

Fig. 12 shows the state of the rotor when the
electrical energization of the coil has been reversed
in the state of Fig. 11.

Fig. 13 is an exploded perspective view of a motor
according to Embodiment 3 of the present invention.

Fig. 14 is a cross-sectional view of the motor
shown in Fig. 13 during the assembly thereof.

Fig. 15 is a cross-sectional view showing the
state of the magnetic flux of a magnet shown in Fig.
14.

Fig. 16 shows the positional relation between the
rotor and stator of the motor shown in Fig. 14, and
shows the state of the rotor when a coil is not
electrically energized.

Fig. 17 shows the intermediate state of the rotor
when the coil is electrically energized from the state
of Fig. 16.

Fig. 18 shows the final state of the rotor when
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the coil is electrically energizedlfrom the state of
Fig. 16.

Fig. 19 shows a first intermediate state of the
rotor when the electrical energization of the coil has
been reversed in the state of Fig. 18.

Fig. 20 shows a second intermediate state of the
rotor when the electrical energization of the coil has
been reversed in the state of Fig. 18.

Fig. 21 shows the final state of the rotor when
the electrical energization of the coil has been
reversed in the state of Fig. 18.

Fig. 22 shows the positional relation between the
rotor and stator of a motor to which the countermeasure
of the present invention is not taken, and shows a
first stable state of the rotor when the coil is not
electricaliy energized.

Fig. 23 shows a second stable state of the rotor
when the coil is not electrically energized in Fig. 22.

Fig. 24 is a cross-sectional view showing a step
motor according fo the prior art.

Fig. 25 is an illustration of the magnetic flux of
the step motor according to the prior art shown in Fig.
24.

Fig. 26 is a plan view showing a one-phase motor

according to the prior art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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Some embodiments of the present invention will
hereinafter be described with reference to the
drawings.

Before Embodiment 1 of the present invention is
described, the basic construction of a step motor
according to the present invention will first be
described with reference to Figs. 1 and 2. Fig. 1 is
an exploded perspective view of the step motor, and
Fig. 2 is e cross-sectional view of the motor shown in
Fig. 1 during the assembly thereof.

In Figs. 1 and 2, the motor according to the
present invention is provided with a rotatable rotor
magnet 1 circumferentially alternately magnetized to
different poles, a cylindrical stetor 18 opposed to the
rotor magnet 1 with a clearance therebetween, and a
coil 2 mounted in the interior of the stator 18, the
coil 2 is disposed axially of the rotor magnet 1, the
outer magnetic poles 18a and 18b of the stator 18
excited by the coil 2 are opposed to the outer
peripheral surface of the magnet 1, the inner magnetic
poles 18c and lSd of the stator 18 are opposed to the
inner peripheral surface of the magnet 1, and provision
is made of holding means for holding the magnet at a
location whereat the center of the poles of the magnet
deviates from a straight line linking the center of the
outer magnetic poies'and the center of rotation of the

maghet together. In the ensuing description, the
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present invention will be described with respect to a
case where the motor is a step motor.

In Figs. 1 and 2, the magnet (rotor magnet) 1
constituting a rotor has its outer peripheral surface
circumferentially divided into a plurality of portions
(in the present embodiment, four portions) and
alternately magnetized to S poles and N poles. Of the
magnetized portions la, 1b, 1lc and 1d, the magnetized
portions la and lc are magnetized to S poles and the
magnetized portions 1lb and 1d are magnetized to N
poles. The centers of the poles of the magnetized
portions la, 1b, 1c and 1ld are shown as K;, K,, K, and K,
in Fig. 3. Also, the magnet 1 is made of a plastic
magnet material formed by injection molding. By the
magnet 1 being thus made of a plastic magnet material,
the thickness.thereof with respect to the radial |
direction of the cylindrical shape of the rotor magnet
1l can be made very small.

The central portion of the rotor magnet 1 is
formed with an axial through-hole, and a fitting
portion le having its inner diameter made small is
formed on the axially intermediate porfion of this
through-hole. An output shaft 7 which is a rotor shaft
is forced into the fitting portion le of the rotor
magnet 1 and is secured to the magnet 1. The magnet 1
comprises a plastic magnet molded by injection molding

and therefore, it is not broken even by an assembling
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method such as forcing the rotor shaft 7 into the
fitting portion. Also, even though the magnet 1 is of
a complicated shape having the fitting poftion le of a
small inner diameter in the axially central pdrtion of
the through-hole thereof, it can be manufactured
easily. Also, the output shaft 7 and the magnet 1 are
assembled together and secured by being forced in and
therefore, the assembly becomes easy and it becomes
possible to manufacture the mptor inexpensively. The
rotor (magnet rotor) 1 is constituted by the outﬁut
shaft 7 and the magnet 1.

As the material of the magnet 1, use is made of a
plastic magnet formed by injection-molding a mixturé,
for example, of Nd-Fe-B rare earth magnetic powder and
a thermoplastic resin binder material such as
polyamide. Thus, the bending strength of a
compression-molded magnet is of the order of
500 kgf/cm?, whereas when-for example, polyamide resin
is used as the binder material, bending strength of
800 kgf/cm? or greater can be obtained and accordingly,
such a thin-walled cylindrical shape that cannot be
realized by compression molding can be provided. As
will be described later, it enhances the performance of
the motor to make the magnet into a thin-walled
cyiindrical shape. Also, by using the aforedescribed
plastic magnet, the shape of the magnet can be freely

chosen and an effect which cannot be provided by



10

15

20

25

compression moldipg, that is, integrating the shape for
securing the rotor shaft 7, can be realized, and
sufficient rotor shaft securing strength can be
obtained. Also, the magnet is excellent in strength
and therefore, the rotor shaft 7 will not be damaged
(broken) even if use is made of a method of forcing in
the rotor shaft 7.

At the same time, the secured portion of the rotor
shaft 7 is integrally molded, whereby the coaxial
accuracy of the magnet portion to the rotor shaft
portion is improved and it becomes possible to reduce
vibration and it also becomes possible to reduce the
clearance distance between the magnet 1 and the stator
portion, and the sufficient output torQue of the motor
can be obtained although the magnetic characteristic of
a compression-molded magnet is 8 MGOe or greater,
whereas the magnetic characteristic of an -
injection-molded magnet is of the order of 5 to 7 MGOe.
Also, the injection-molded magnet has a thin resin
coating formed on its surface and therefore, as
compared with the compression-molded magnet, thé
creation of rust is greatly decreased and a rust
preventing process such as coating can be eliminated.
Also, there is not the adherence of magnetic powder
which poses a problem in a compression magnet, and
there is hor the swelling of the surface which is

liable to occur during the rust preventing coating and
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thus, the qualitylcan be improved.

In Figs. 1 and 2, the cylindrically shaped coil 2
is disposed concentrically with and axially of the
magnet 1. The outer diameter of the coil 2 is
substantially equal to the outer diameter of the magnet
1. The stator 18 is formed of a soft magnetic
material, and comprises an outer cylinder portion and
an inner cylinder portion. The coil 2 is mounted
between the outer cyiinder portion and inner cylinder
portion of the stator 18. By electrically energizing
this coil 2, the stator 18 is excited. The fore end
portion of the outer cylinder portion of the stator 18
forms outer magnetic poles 18a and 18b, and the fore
end portion of the inner cylinder portion of the stator
18 forms inner magnetic poles 18c and 18d. The inner
magnetic pole 18c and the inner magnetic pole 184 are
formed with a deviation of 360/0.5 n degrees, i.e., 180
degrees when as in the present embodiment, the number
of magnetic poles is four, so that they may be in phase
with each other. The outer magnetic pole 18a is
disposed in opposed relationship with the inner
magnetic pole 18c, and the outer magnetic pole 18b is
disposed in opposed relationship with the inner
magnetic pole 18d.

The outer magnetic poles 18a and 18b of the stator
18 are formed by cut-away apertures and teeth extending

out in a direction parallel to the shaft. By this
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construction, it becomes possible to form the magnetic
poles while minimizing the diameter of the motbr. That
is, if fhe outer magnetic poles are formed by radially
extending unevenness, the diameter of the motor will be
correspondingly larger, but in the present embodiment,
the outer magnetic poles are formed by cut-away
apertures and teeth extending out in a direction
parallel to the shaft and therefore, the diameter of
the motor can be minimized.

The outer magnetic poles 18a, 18b and inner
magnetic poles 18c, 18d of the stator 18 are provided
in opposed relationship with the outer peripheral
surface and inner peripheral surface of one end of the
rotor magnet 1 and so as to sandwich one end of the
rotor magnet 1 therebetween. Also, one end portion 7b
of the output shaft 7 is rotatably fitted in the
aperture 18e of the stator 18. Accordingly, a mégnetic
flux created by the coil 2 crosses the magnet 1 which
is the rotor between the outer magnetic poles 18a, 18b
and the inner magnetic poles 18c, 184 and therefore,
effectively acts on the magnet which is the rotor, and
enhances the output of the-motor. Also, as previously
descfibed, thé'haggét 1 is formed of a plastic magnet

material.formed by injection molding, whereby the

thickness of the cylindrical shape with respect to the

radial direction thereof can be made very small.

Therefore, the distance between the outer magnetic
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poles 18a, 18b and inner magnetic poles 18c, 18d of the
stator 18 can be made very small, and the magnetic
resistance of a magnetic circuit formed by the coil 2
and the first stator can be made small. Thereby, a
great deal of magnetic flux can be created by a small
electric current and thus, the increased output and
lower power consumption of the motor and the downsizing
of the coil are achieved.

The reference numeral 20 designates a cover as a
cylindrical member formed of a non-magnetic material,
and the outer diametral portion (the portion on which
the outer magnetic poles 18a and 18b are formed) of the
stator 18 is fitted and adhesively or otherwise fixed
to the inner diametral portion 20a of this cover 20.
The fitting portion 7a of the output shaft 7 is
rotatably fitted in the fitting hole 20b of the cover
20, and one end portion 7b of the output shaft 7 is
rotatably fitted in the fitting aperture 18e of the
stator 18.

Figs. 3 to 6 are illustrations successively
showing the operation of the motor of Fig. 2 by the use
of a cross-sectional view taken along the line 3-3 of
Fig. 2. 1In Figs. 3 to 6, Q, designates the center of
the outer magnetic péle 18a of the stator 18, Q, denotes
the center of the outer magnetic pole 18b of the stator
18, and Q, designate the center of rotation of the rotor

magnet 1. The reference numerals 21 and 22 denote
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positioning stators formed of a soft magnetic material.
These positioning stators 21 and 22 are secured to the
inner diametral portion 20a (Fig. 2) of the cover 20.

The positioning stators 21 and 22 are opposed to
the outer peripheral surface of the rotor magnet 1.

One positioning stator 21, as shown in Fig. 3, is
located between the outer magnetic poles 18a and 18b of
the stator 18 and near the outer magnetic pole 18a.

The other positioning stator 22, as shown in Fig. 3, is
located between the outer magnetic poles 18a and 18b of
the stator 18 and near the outer magnetic pole 18b.
These positioning stators 21 and 22 are not in contact
with the stator 18 and are not opposed to the inner
magnetic poles 18c and 184 or.are sufficiently spaced
apart from the inner magnetic poles 18c and 184,
whereby even if the coil 2 is electrically energized,
they are hardly magnetized as compared with the outer
magnetic poles 18a and 18b, and accordingly do not
contribute to rotatively driving the rotor magnet 1.

By providing the positioning stators 21 and 22,
the stopped position of the magnet when the coil 2 is
not electrically energized is set to a position shown
in Fig. 3. That is, the magnet 1 is set so as to be
stopped at a position (a position shown in Fig. 3) in
which the centers K,, K?, K, and K, of the poles of the
magnetized portion of the magnet 1 deviate from a

straight line L, linking the centers of the outer
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magnetic poles 18a and 18b of the stator 18 and the
center of rotation of the magnet 1 together. Speaking
regarding Kz, the magnet is stopped at a position
deviating by an angie e{ When the coil 2 is
electrically energized from this position, the
positioning stators 21 and 22 are not excited as
previously described, but the outer magnetic poles 18a,
18b and the inner magnetic poles 18c; 184 are excited,
and the force with which the excited outer magnetic
poles 18a, 18b act on the magnetized portion of the
magnet 1 is directed in the direction of rotation of
the magnet 1 without fail. Therefore, the magnet
(rotor magnet) 1 is actuated smoothly.

In the case of a motor which does not have the
positioning stators 21 and 22, the position at which
the magnet 1 is stably stopped when the coil 2 is not
electrically energized is that shown in Fig. 22 or 23.
Figs. 22 and 23 are typical cross-sectional views
showing these two positions at which the magnet 1 is
stably stopped. In the position of Fig. 22, the
centers K;, K;, K; and K, of the poles of the magnetized
portion of the magnet 1 are on a straight line linking
the centers Q, and Q, of the outer magnetic poles and
the center of rotation Q, of the magnet 1 together and
therefore, even if the coil 2 is electrically
energized, an electromagnetic force does not act in a

direction to rotate the magnet 1.
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In the position of Fig. 23, the actuation of the
magnet 1 is possible by the electrical energization of
the ‘-coil 2, but unless the electrical energization is
changed at a certain timing, the magnet 1 cannot'bé
rotated in its stéble state. That is, when from the
state of Fig. 23, the outer magnetic poles 18a and 18b
are excited, for e#ample, into N poles, even if the
electrical energization of the coil 2 is changed over
to the opposite direction after the magnet 1 is stopped
at the same position as that of Fig. 22, and the outer
magnetic poles 1l8a and 18b are excited into S poles,
the electromagnetic force does not act in the direction
to rotate the magnet 1, as described in connection with
Fig. 22. The positioning stators 21 and 21 cooperate
with the rotor magnet 1 to”consfitute holding means for
holding the magnet 1. Also, the positioning stators 21
and 22 are located between the outer magnetic poles 18a
and 18b.of the stator 18 and therefore, can be
constructed without making the size of the motor
larger.

The operation of the step motor according to the
above-described Embodiment 1 of the present invention
will now be described with reference to Figs. 3 to 6.
When from the state of Fig. 3, the coil 2 is
electrically energized to thereby excite the outer
magnetic poles and 18a, 18b of the stator 18 into N

poles and excite the inner magnetic poles 18c, 184 of
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the stator 18 into S poles, the magnet 1 which is the
rotor is rotated in a counter-clockwise direction as
viewed in Fig. 3, and assumes a state shown in Fig. 4.
Since the positioning stators 21 and 22 are hardly
excited by the coil 2, the position of the magnet 1 is
determined substantially by the excited state of the
magnetized portion of the magnet 1 and the outer
magnetic poles 18a, 18b and inner magnetic poles 18c,
184 of the stator 18 by the coil 2, and the magnet
assumes the state shown in Fig. 4. When from this
state, the coil 2 is electrically deenergized, a state
stabilized by the magnetic force of the magnet 1 (the
position of Fig. 5) is brought about.

Next, when the electrical energization of the coil
2 is reversed to thereby excite the outer magnetic
poles 18a and 18b of the stator 18 into S poles and the
inner magnetic poles 18c and 184 of the stator 18 into
N poles, the magnet 1 which is the rotor is further
rotated in the counter-clockwise direction and assumes
a state shown in Fig. 6. Thereafter, the direction of
electrical energization of the coil 2 is sequentially
changed over, whereby the magnet 1 which is the rotor
is rotated to a position conforming to the phase of
electrical energization. That is, the motor is
rotated. When the electrical energization of the coil
2 is cut off from the state in which the motor is

rotated, the motor is stopped at the position of Fig. 3



10

15

20

25

- 19 -

in which it is stabilized by the magnetic force of the
rotor magnet 1.

Adcording to Embodiment 1 described above, the
diameter of the motor can be a size enough to oppose
the magnetic poles of the stator 18 to the outer
peripheral surface of the magnet 1, and the length of
the motor can be the length of the magnet 1 plus the
length of the coil 2. Thus, the size of the motor is
determined by the diameters and lengths of the magnet 1
and the coil 2, and by making the diameters and lengths
of the magnet 1 and the coil 2 very small, the motor
can be made super-compact. That is, the diameter of
the motor is substantiélly determined by the outer
magnetic poles 18a and 18b opposed to the outer
peripheral surface of the rotor magnet_l, and the axial
length of the motor is determined by the coil 2 and the
rotor magnet 1 being arranged (disposed) axially’
thereof, and the motor can be made very compact.

Also, a magnetic flux created by the coil 2
crosses the magnet between the outer magnetic poles and
the inner magnetic poles and therefore acts
effectively. Further, provision is made of the holding
means constituted by the rotor magnet 1 and the
positioning stators 21 and 22 opposed to the outer
peripheral surface of the magnet 1 and therefore,
during the non-energization of the coil 2, the magnet 1

can be held at a position whereat the centers of the
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pole of the magnet 1 deviate from a straight line
linking the centefs of the outer magnetic poles and the
center of rotation Q; of the magnet together.
Accordingly, during the stoppage of the motor to the
first electrical energization of the coil 2, the force
with which the magnetic flux created by the coil 2 acts
on the magnet 1 does not go toward the center of
rotation of the magnet 1 and accordingly, it becomes
possible to effect the smooth and stable actuation of
the motor.

Also, the motor can be constituted by a very small
number of parts such as the rotor magnet 1, the coil 2,
the stator 18 and the output shaft 7 and thus, the cost
can be reduced. Also, the rotor magnet 1 is formed
into a hollow cylindrical shape, and the outer magnetic
poles 18a, 18b and the inner magnetic poles 18c, 18d
are opposed to the outer peripheral surface and inner
peripheral surface, res?ectively, of this rotor magnet
1 formed into the hollow cylindrical shape, whereby an
effective output can be obtained as the motor. The
output shaft (rotor shaft) 7 is secured to the fitting
portion le of the central hole of the magnet 1 which is
the rotor by press-in. Since the rotor magnet 1
comprises a plastic magnet formed by injection molding,
the rotor magnet 1 is not broken even by the assembly
by press-in, and also, even a complicated shape in

which the fitting portion le of a small inner diameter
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is provided in the axially central portion can be
manufactured easiiy. Also, the output shaft 7 and the
magnet 1 are assembled and secﬁred by press-in and
therefore, the assembly is easy and ihexpensive
manufacture becomes possible.

Description will now be made of the fact that the
step motor of the construction described above in
Embodiment 1 is of a construction best suited for
making the motor super-compact. That is, the fact
includes that in the basic construction of the step
motor, firstly, the rotor magnet 1 is made into a
hollow cylindrical shape, thaf secondly, the outer
peripheral surface of the rotor magnet 1 is
circumferentially divided into a plurality and
alternately magnetized to different poles, that.
thirdly, the coil 2 is disposed axially of the rotor
magnet 1, that fourthly, the outer magnetic poles and
inner magnetic poles of the stator 18 excited by the
coil 2 are opposed to the outer.peripheral surface and
inner peripheral surface, respectively, of the rotor
magnet 1, that fifthly, the outer magnetic poles 18a
and 18b are formed by cut-away apertures and teeth
extending out in a direction parallel to the shaft, and
that sixthly, provision is made of holding means for
holding the rotor magnet 1 at a position whereat the
centers of the poles of the rotor magnet 1 deviate from

a8 straight line linking the centers of the outer
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magnetic poles 18a, 18b and the center of rotation Q, of
the magnet 1 together when the coil 2 is not
electrically energiéed.

The diameter of this step motor (motor) can be the
size enough to oppose the magnetic poles of the stator
18 to the diameter of the rotor magnet 1, and the
length of this step motor can be the length of the
rotor magnet 1 plus the length of the coil 2. Thus,
the size of the step motor is determined by the
diameters and lengthslof the rotor magnet 1 ‘and the
coil 2, and if the diameters and lengths of the rotor
magnet 1 and the coil 2 are made very small, the step
motor can be made super-compact.

If at this time, the diameters and lengths of the
rotor magnet 1 and the coil 2 are made very small, it
will become difficult to maintain the accuracy as the
step motor, but in the aforedescribed embodiment, the
problem of the accuracy of the step motor is solved by
a simple construction in which the rotor magnet 1 is
formed into a hollow cylindrical shape and the outer
magnetic poles and inner magnetic poles of the stator
18 are opposed to the outer peripheral surface and
inner peripheral surface, respectively, of the rotor
magnet 1 formed into the hollow cylindrical shape.

If in that case, not only the outer peripheral surface
of the rotor magnet 1, but also the inner peripheral

surface of the rotor magnet 1 is circumferentially



10

15

20

25

- 23 -

divided into a plurality and magnetized, the output of
the motor can be further enhanced. Also, provision is
made of the holding means for holding the rotor magnet
1 at.the deviated position and therefore, when the coil
2 is electrically energized (first electrical
energization) from during the stoppage of the motor,
the force ﬁith which the magnetic flux from the coil 2
acts on the magnet 1 does not go toward the center of
rotation of the magnet 1 and therefore, the smooth and
stable actuation of the motor can be effected.

Also, the rotor magnet 1 is formed of a plastic
magnet material formed by injection molding, as
previously described, whereby the thickness thereof
with respect to the radial direction of the cylindrical
shape can be made very small. Therefore, the distance
between the outer magnetic poles 18a, 18b and-inner
magnetic poies léc, 18d of the stator 18 can be
made very small, and the magnetic resistance of a
magnetic circuit formed by the coil 2 and the stator 18
can be made small. Thereby, a great deal of magnetic
flux can be created by a small électric current, and it
becomes possible to achieve the increased output and
lower power consumption of the motor and the downsizing
of the coil.

Embodiment 2 of the present invention will now be
described with reference to Figs. 7 to 12, and the saﬁe

portions of Embodiment 2 as those of Embodiment 1 are
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given the same reference characters and need not be
described specifically.
Fig. 7 is an exploded perspective view of a motor

according to Embodiment 2 of the present invention,

Fig. 8 is a cross-sectional view of the motor shown in

Fig. 7 during the assembly thereof, and Figs. 9 to 12
are illustrations sequentially showing the operation of
the motor of Figs. 7 and 8 by the use of a cross-
sectional view taken along the line 9-9 of Fig. 8.

This embodiment 2 also shows a case where the motor isl
a step motor. In this embodiment 2, holding means is
constructed by further extending the outer magnetic
poles 18a and 18b of the stator 18. The outer magnetic
poles 18a and 18b comprisé portions 18a, and 18b,
opposed to the inner magnetic poles 18c and 184, and
extended ﬁortions 18a, and 18b,. These extended
portions 18a, and 18b, are not opposed to the inner
magnetic poles 18c and 184 and therefore, even if the
coil 2 is electrically energized, they are hardly
magnetized as compared with the opposed portions 18a,
and 18b,;, and accordingly do not produce a driving
force.

The rotor magnet 1, as shown in Fig. 7, is made to
differ in magnetization phase between a portion E
opposed to the portions 18a, and 18b; of the outer
magnetic poles 18a and 18b and a portion D opposed to

the extended portions 18a, and 18b,. Thereby, as shown
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in Fig. 9, when the coil 2 is not electrically
energized, the portion E of the magnet 1 is held at a
position deviating from a straight line linking the
centers of the magnetized portions 18a, and 18b, of the
outer magnetic poles 18a and 18b magnetized by the coil
2 and the center of rotation Q, of the magnét 1
together. On the other hand, the extended portions 18a,
and 18b, are not opposed to the inner magnetic poles 18c
and 184 and therefore, are hardly magnetized as
compared with the magnetized portions 18a, and 18b, even
if the coil 2 is electrically energized, and do not
produce a driving force. Accordingly, the magnetic
flux created from the coil 2 by the electrical
energiZation of the coil 2 substantially passes through
the magnetized portions 18a,, 18b, and the inner
magnetic poles 18c, 18d and therefore, a force acting
on the rotor magnet 1 does not go toward the center of
rotation of the rotor magnet. Therefore, the motor can
be actuated stably and smoothly.

The extended portions 18a, and 18b, are hardly
magnetized as compared with the magnetized portions 18a,
and 18b, even if the coil 2 is electrically ehergized,
and hardly affect the driving force created by the
electrical energization of the coil 2. Therefore, a
sufficient and stable output can be taken out of fhe“
motor. In this Embodiment 2, the holding means for

holding the magnet 1 at a position whereat the centers
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of the poles of the magnet 1 deviate from a straight
line_linking the centers of the outer magnetic poles
18a and 18b and the center of rotation Q, of the magnet
i together is constituted by the magnet 1 and the
extended portions 18a, and 18b, opposed to the outer
peripheral surface of the magnet 1. These extended
portions 18a, and 18b, correspond to the aforedescribed
positioning étators 21 and 22, and form positioning
stators formed integrally with the outer magnetic poles
18a and 18b.

The operation of the motor (step motor) according
to this Embodiment 2 will now be described with
reference to Figs. 9 to 12. When from the state of
Fig. 9, the coil 2 is electrically energized to thereby
excite the outer magnetic poles 18a and 18b of the
stator 18 into N poles and the inner magnetic poles 18c
and 18d of the stator 18 into S poles, the magnet 1
which is the rotor is rotatéd in a counter-clockwise
direction as viewed in Fig. 9 and assumes a state shown
in Fig. 10. The extendéd portions 18a, and 18b,
corresponding to the aforedescribed positioning stators
21 and 22 are hardly excited by the coil 2 and
therefore, the position of the magnet 1 is determined
substantially by the excited states of the magnetized
portions of the magnet 1 and the outer magnetic poles
18a, 18b and inner magnetic poles 18c, 18d of the

stator 18 by the coil 2 and the magnet assumes a
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position shown in Fig. 10. When from this state, the
electrical energization of the coil. 2 is cut off, the
state of Fig. 11 which is a state stabilized by the
magnetic force of the magnet 1 is brought about.

Next, when the electrical energization of the coil
2 is reversed to thereby excite the outer magnetic
poles 18a and 18b of the stator 18 into S poles and the
inner magnetic poles 18c and 18d of the stator 18 into
N poles, the magnet 1 which is the rotor is further
rotated in the counter-clockwise direction, and assumes
a state shown in Fig. 12. Thereafter, by sequentially
changing over the direction of electrical energization
of the coil 2, the magnet 1 which is the rotor is
rotated to a position conforming to the phase of
electrical energization. That is, the motor is
rotated. When the electrical energization of the coil
2 is cut off from the state in thch the motor is
rotated, the motor is stopped at the position of Fig. 9
which is a state stabilized by the magnetic force of
the rotor magnet 1.

Embodiment 2 of Figs. 7 to 12 differs in the
above-described points from Embodiment 1 of Figs. 1 to
6. Thﬁs, according to Embodiment 2 of Figs. 7 to 12,
an effect similar to that of Embodiment 1 of Figs. 1 to
6 is obtained and in addition, the following effects
can be achieved. Acéording to Embodiment 2 of Figs. 7

to 12, the holding means is constituted by the extended
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portions 18a, and 18b, formed integrally with the outer
magnetic poles of the stator 18 and the magnet 1 and
therefore, the number of parts becomes smaller and
assembly becomes easy, and qost can also be reduced.
Also, as in the aforedescribed Embodiment 1, the
diameter of this step motor can be a size enough to
oppose the magnetic poles of the stator 18 to the outer
peripheral surface of the magnet 1, and the length of
the motor can be the lenéth of the magnet 1 plus the
length of the coil.z. Thus, the size of the motor is
determined by the diameters and lengths of the magnet 1
and the coil 2, and by making the diameters and lengths
of the magnet 1 and the coil 2 very small, the motor
can be made super-compact.

If at this time, the diameters and lengths of the
magnet 1 and the coil 2 are made very small, it becomes
difficult to maintain the accuracy as the step motor,
but the problem of the accurady of the step motor can
be solved by simple structure in which the magnet 1 is
formed into a hollow cylindrical shape and the outer
magnetic poles 18a, 18b and inner magnetic poles 18c,
184 of the stator 18 are opposed to the outer
peripheral surface and inner peripheral surface,
respectively, of the magnet 1 formed into the hollow
cylindrical shape. If in that case, not only the outer
peripheral surface of the magnet 1, but also the inner

peripheral surface of the magnet is circumferentially
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divided into a plurality and magnetized, the output of
the motor can be further enhanced.

Embodiment 3 of the present invention will now be
described with reference to Figs. 13 to 21, and the
same portions as those of Embodiment 1 are given the
same reference characters and need not be described
specifically.

Fig. 13 is an exploded perspective view of a motor
according to Embodiment 3 of the present invention, and
Fig. 14 is a cross-sectional view of the motor shown in
Fig. 13 during the assembly thereof. In Figs. 13 and
14, a cylinder member 11 formed.of a soft magnetic
material is secured to the inner peripheral surface of
the rotor mégnet 1, the coil 2 is disposed axially of
the rotor magnet 1, the outer magnetic poles 18& and
18b of the stator 18 excited by the coil 2 are opposed
to the outer peripheral surface of the magnet 1, ‘and
the inner magnetic¢ poles 18c and 18d of the statoi 18
are opposed to the inner peripheral surface of the
cylinder member 11. The cylinder member 11 is formed
of a soft magnetic material such as electromagnetic
soft iron or pure iron. Therefore, it never happens
that the magnetic flux of the magnet 1 leaks to the
inner diametral portion of the cylinder member 11.

Fig. 15 shows the state of the magnetic flux of the
magnet 1 to which the cylinder member 11 is secured.

Figs. 16 to 21 are illustrations sequentially
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showing the operation of the motor of Figs. 13 to 15 by
the use of a crosé—sectional view taken along the line
4-4 of Fig. 14. 1In Figs. 16 to 21, Q, designates the
center of the outer magnetic pole 18a of the stator 18,
Q, denotes the center of the outer magnetic pole 18b of
the stator 18, and Q, designates the center of rotation
of the rotor magnet 1. 1In Figs. 13 to 21, the cylinder
member 11 formed of a soft magnetic material is secured
to the inner diametral portion of the rotor magnet 1
and therefore, it never happens that the magnetic flux
of the rotor magnet 1 leaks to the inner diametral
portion of the cylinder member 11 and the inner
magnetic poles 18c and 18d. Therefore, the stopped
position of the rotor magnet 1 during the
non-energization of the coil 2, as shown in Fig. 16, is
a position at which the center of each pole of the
magnetized portion deviates from a straight line’
linking the centers Q, and Q, of the outer magnetic
poles 18a and 18b of the stator 18 and the center of
rotation Q; of the magnet 1 together. When from this
position, the coil 2 is electrically energized, the
force with which the excited outer magnetic poles 18a
and 18b act on the magnetized portion of the magnet 1
turns to the direction of rotation of the magnet 1
without fail. Therefore, the magnet (rotor magnet) 1
is actuated smoothly.

In a motor which is not provided with the cylinder
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member 11, the position at which the magnet 1 is stably
stopped when the éoil 2 is not électrically energized
is a position shown in Fig. 22 or a position shown in
Fig. 23. Figs. 22 aﬁd 23 are typical cross-sectional
views showing those two positions. Accordingly, if the
step motor déscribed with reference to Figs. 13 to 21
is not provided with the cylinder member 11, the
position at which the magnet 1 is stably stopped when
the coil 2 is not electrically energized is the
position shown in Fig. 22 or 23. If the magnet 1 is
stably stopped as shown in Fig. 22, the centers of the
magnetic poles of the magnetized portion are on a
straighf line linking the center Q, of the outer
magpetic poles and the center of rotation Q; of the
magnet 1 together and therefore, even if the coil 2 is
electrically energized, an electromagnetic force does
not act in a direction to rotate the magnet 1 and
therefore, the magnet cannot be actuated.

The operation of the step motor according to
Embodiment 3 of the present invention described in
connection with Figs. 13 to 15 will now be described
with reference to Figs. 16 to 21. When from the state
of Fig. 16, the coil 2 is electrically energized to
thereby excite the outer magnetic poles 18a and 18b of
the stator 18 into N poles and the inner magnetic poles
18c and 184 of the.stator 18 into S poles, the magnet 1

which is the rotor is rotated by 45° in a
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counter-clockwise direction as viewed in Fig. 16 and
assumes a state shown in Fig. 17, and is further

rotated to a position shown in Fig. 18 by inertia.

In the state of Fig. 18, the centers of the poles of

the magnetized portion are not on the straight line
linking the centers of the outer magnetic poles and the
center of rotation of the magnet 1 together and
therefore, the eléctrical energization of the coil 2 is
changed over at the timing of Fig. 18 to thereby excite
the outer magnetic poles 18a and 18b of the stator 18
into S poles and tﬁe inner magnetic poles 18c and 18d
of the stator 18 into N poles, whereby the rotor magnet
1 receives a rotatively driving force and is rotated.
Thereby, the magnet 1 passes the state of Fig. 19
and-is further rotated in the counter-clockwise
direction, and momentarily passes the stable state in
the electrically energized state shown in Fig. 20, and

is further rotated by inertia and rotated to a position

.shown in Fig. 21. In the state of Fig. 21, the centers

qf the poles of the magnetized portion are not on the
straight line linking the centers of the outer magnetic
poles and the center of rotation of the magnet 1
together and therefore, the electrical energization of
the coil 2 is changed over at the timing of Fig. 21 to
thereby excite the outer magnetic poles 18a and 18b of
the stator 18 into N poles and the inner magnetic poles

18c and 184 of the stator 18 into S poles, whereby the
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rotor magnet 1 receives a rotatively driving force and
is rotated. Thereafter, the electrical energization as
described in connection with Figs. 16 to 21 is
repetitively effected, whereby the rotor magnet 1 is
rotated. That is, the motor is rotated. When the
electrical energization of the coil 2 is cut off from
the state in which the motor is rotated, there is
brought about the stable state of Fig. 16 or 19 which
is a state in which the motor is stabilized by the
magnetic force of the rotor magnet 1. In this state,
as previously described, when the coil 2 is
electrically energized, the electromagnetic force acts
in a direction to rotate the magnet 1 and therefore,
the magnet can be smoothly actuated when it is to be
actuated again.

According to Embodiment 3 described above, the
diameter of the motor is substantially determined by
the outer magnetic poles 18a and 185 opposed to the
outer peripheral surface of the rotor magnet 1, and the
axial length of the motor is determined by axially
arranging (disposing) the coil 2 and the rotor magnet
1, and the motor can be made very compact. Also, a
magnetic flux created by the coil 2 crosses the magnet
between the outer magnetic poles and the inner magnetic
poles and therefore, effectively acts. Further, the
cylinder member 11 prevents a magnetic flux created

from the inner diametral portion of the rotor mégnet 1
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from going round to the inner magnetic poles 18c and
18d, and during the non-energization of the coil 2, it
holds the rotor magnet 1 at a position deviating from

the straight line linking the centers of the outer

magnetic poles and the center of rotation of the magnet

together and therefore, dufing the stoppage of the
motor to the first electrical energization of the coil
2, the force with which the magnetic flux created from
the coil 2 acts on the magnet does not go toward the
center of rotation of the magnet and accordingly, it
becomes possible to effect the starting of smooth and
stable rotation.

Also, the motor can be constructed éf a very small
number of parts such as the rotor magnet 1, the coil 2,
the stator 18, the output shaft 7 and the cylinder
member 11 and thus, the cost can be made low. Also,
the rotor magnet 1 is formed into a hollow cylindrical
shape, and the outer magnetic poles 18a, 18b and the
inner magnetic poles 18c, 18d are opposed to the outer
peripheral surface and inner peripheral surfade,
respectively, of the rotor magnet 1 formed into the
hollow cylindrical shape, whereby an effective output
can be obtained as a motor. The output shaft (rotor
shaft 7) is secured to the fitting portion le of the
central hole of the magnet 1 which is the rotor by
press-in. The rotor magnet 1 comprises a plasfic

magnet formed by injection molding and therefore, the
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rotor magnét 1 is not broken even by the assembly by
press-in, and eveﬁ a complicated shape in which the
fitting portion le of a small inner diameter is
provided iﬁ the axially central portion can be
manufactured easily. Also, the output shaft 7 and the
magnet 1 are assembled and secured by press-in and
therefore, the assembly is easy and easy manufacture
becomes possible.

It will now be described in detail that the step
motor of the construction described above in Embodiment
3 is of a construction best suited for making the motor

super-compact. That is, the fact includes that in the

basic construction of the step motor, firstly, the

rotor magnet 1 is made into a hollow cylindrical shape,
that secondly, the outer peripheral surface of the
rotor magnet 1 is circumferentially divided into a
plurality and alternately magnetized to different
poles, that thirdly, the coil 2 is disposéd axially of
the rotor magnet 1, that fourthly, the outer magnetic
poles and inner magnetic poles of the stator 18 excited
by the coil 2 are opposed to the outer peripheral
surface and inner peripheral surface, respectively, of
the rotor magnet 1, that fifthly, the outer magnetic
poles 18a and 18b are formed by cut-away apertures and
teeth extending in parallelism to the shaft, and that
sixthly, the cylinder member 11 formed of a soft

magnetic material is secured to the inner diametral



10

15

20

25

- 36 -

portion of the rotor magnet 1.

The diameter of this step métor (motor) can be a
size enough to oppose the magnetic poles of the stator
18 to the diameter of the rotor magnet 1, and the
length of this step motor cah be the length of the
rotor magnet 1 plus the length of the coil 2. Thus,
the size of the step motor is determined by the
diameters and lengths of the rotor magnet 1 and the
coil 2, and if the diameters and lengths of the rotor
magnet 1 and the coil 2 are made very small, the step
motor can be made super-compact.

If at this time, the diameters and lengths of the
rotor magnet 1 and the coil 2 are made very small, it
will become difficult to maintain the accuracy as the
step motor, but in the aforedescribed embodiment, the
problem of the accuracy of the step motor is solved by
a simple construction in which the rotor magnet is
formed into a hollow cylindrical shape and the outer
magnetic poles and inner magnetic poles of the stator
18 are opposed to the outer peripheral surface and
inner peripheral surface, respectively, of the rotor
magnet 1 formed into the hollow cylindrical shape.

If in that case, not only the outer peripheral surface

. 0of the rotor magnet 1, but also the inner peripheral

surface of the rotor magnet 1 is circumferentially
divided into a plurality and magnetized, the output of

the motor can be further enhanced.
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Also, the magnetic flux of the rotor magnet 1 can
be prevented from-leaking to the inner diametral
portion of the cylinder member 11 and the inner
magnetic poles 18c and 18d by the cylinder member 11.
Therefore, the stopped position of the magnet 1 when
the coil 2 is not eléctrically energized is set to a
position at which the center of each pole of the
magnetized portion of the magnet deviates_from a
straight line linking the centers Q, and Q, of the outer
magnetic poles 18a and 18b of the stator 18 and the
center of :otation Q, of the magnet 1 together, as shown
in Fig. 16. When from this position (deviated
position), the coil 2 is electrically energized, the
force with which the excited outer magnetic poles 18a
and 18b act on the magnetized portion of the magnet 1
turns to the direction of rotation of the magnet 1.
Therefore, the magnet 1 is actuated smoothly.

Also, thelrotor magnet 1, as previously described,
is formed of a plastic magnet material formed by
injection molding, whereby the thickness thereof with '
respect to the diametral direction of the cylindrical
shape can be made very small. Therefore, the distance
between the outer magnetic poles 18a, 18b and inner
magnetic poles 18c, 18d of the stator 18 can be made
very small, and the magnetic resistance of a magnetic
circuit formed by the coil 2 and the stator 18 can be

made small. Thereby, a great deal of magnetic flux can
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be created by a small électric current, and it becomes
possible to achie&e the increased output and lower
power consumption of the motor and the downsizing of
the coil.

Further, the mechanical strength of the magnet 1
can be increased by the cylinder member 11 and
accordingly, the magnet 1 can be made thinner. If the
magnet 1 is made thinner, the gap between the outer
magnetic poles and inner magnetic poles of the stator
18 can be made narrow and correspondingly, magnetic
resistance can be reduced. Thereby, it becomes
possible to drive the magnet by a small electric
current.

In each of the above-described embodiments, the
outer peripheral surface of the magnet is
circumferentially divided into n, which are alternately
magnetized to S poles and N poles, and the inner’
peripheral surface of the magnet is also
circumferentially divided into n, which are alternately
magnetized to S poles and N poles so as to differ from
the adjacent outer peripheral surface, but only the
outer peripheral surface of the magnet may be
circumferentially divided into n, which may be
alternately magnetized to S poles and N poles.

As is apparent from the above description,
according to the present invention, the motor is of é

construction which is provided with a rotatable rotor
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magnet circumferentially alternately mégnetized to
different poles, é cylindrical stator opposed to the
rotor magnet with a clearance therebetween, and a coil
mounted in the interior of the stator, and in which
said coil is disposed axially of said rotor magnet, the
outer magnetic poles of said stator excited by said
coil are opposed to the outer peripheral surface of
said magnet, the inner magnetic poles of said stator
are opposed to the inner peripheral surface of said
mégnet, and provision is made of holding means for
holding said magnet at a position whereat the centers
of the poles of said magnet deviate from a straight
line linking the centers of said outer magnetic poles
and the center of rotation of said magnet together, and
therefore the diameter of the motor can be of a size
enough to oppose the magnetic poles of the stator to
the diameter of said rotor magnet, and the length of
the motor can be the length of said rotor magnet plus
the length of said coil and thus, the diameters and
lengths of the rotor ﬁagnet and the coil can be made
very small to thereby make the motor super-compact, and

by providing said holding means, the stopped position

of the rotor magnet when said coil is not electrically

energized is a position at which the center of each
pole of the magnetized portion of said rotor magnet
deviates from the straight line linking the centers of

said outer magnetic poles and the center of rotation of
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said rotor magnet together, and from this position, the
coil is electrically energized, whereby the force with
which the excited outer magnetic poles act on the
magnetized portion of the rotor magnet turns to the
direction of rotation of the rotor magnet without fail,
whereby it becomes possible to actuate the rotor magnet
smoothly.

Also, according to the present invention, there is
provided a motor which is provided with a rotatable
rotor magnet circumferentially alternately magnetized
to different poles, a cylindrical_stator opposed to the
rotor magnet with a clearance therebetween, and a coil
mounted in.the interior of the stator, and in which a
cylinder member formed of a soft magnetic material is
secured to the inner diametral portion of said rotor
magnet, said coil is disposed axially of said rotor
magnet, the outer magnetic poles of said stator éxcited
by said coil are opposed to the outer peripheral
éurface of said magnét, and the inner magnetic poles of
said stator are opposed to the inner peripheral surface
of said cylinder member, and therefore the diameter of
the motor can be a size enough to oppose the magnetic
poles of said stator to the diameter of said rotor
magnet, and the length of the motor can be the length

of said rotor magnet plus the length of said coil and

. therefore, the diameters and lengths of the rotor

magnet and the coil can be made very small to thereby
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make the motor super-compact, and the magnetic flux of
said rotor magnet.can be provided from leaking to the
inner diametral portion of said cylinder member and the
inner magnetic poles of said stator by said cylinder
member, whereby the stopped position of the rotor .
magnet when said coil is not electrically energized is
a position at which the center of each pole of the
magnetized portion of said rotor magnet deviates from a
straight line linking the centers of.said outer
magnetic poles and the center of rotation of the rotor
magnet together, and from this position, the coil is
electrically energized, whereby the force with which
the excited outer magnetic poles act on the magnetized
portion of the rotor magnet turns to the direction of
rotation of the rotor magnet, whereby the rotor magnet

can be actuated smoothly.
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WHAT IS CLAIMED 1IS:
1. A motor comprising:

a magnet formed into a cylindrical shape and

- having at least its outer peripheral surface

circumferentially alternately magnetized to different

‘poles;

a coil provided axially of said magnet;

outer magnetic poles excited by said coil, said
outer magnetic poles being opposed to the outer |
peripheral surface of said magnet:;

inner magnetic poles excited by said coil, said
inner magnetic poles being opposed to the inner
peripheral surface of said magnet; and

| holding means for holding said magnet at a

position whereat the centers of the poles of said
magnet deviate from a line linking the centers of said
outer magnetic poles and the center of rotation said
magnet together when said outer magnetic poles and said

inner magnetic poles are not excited by said coil.

2. A motor according to Claim 1, wherein said
outer magnetic poles and said inner magnetic poles
together form a state, and said holding means has a
positioning stator provided adjacent to said outer

magnetic poles of said stator.

3. A motor according to Claim 2, wherein the
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outer magnetic poles of said stator are fixed to the
inner side of a cylindrical cover, and a rotary shaft

fixed to said magnet is taken out of said cover.

4. A motor according to Claim 3, wherein said
positioning stator is fixed to the inner side of said
cover so as not to contact with the outer magnetic

poles of said stator.

5. A motor according to Claim 1, wherein said
magnet has its inner peripheral surface
circumferentially alternately magnetized to different
poles and also magnetized to poles differing from the

adjacent outer peripheral surface.

6. A motor according to Claim 1, wherein said
holding means has a cylinder member formed of a soft
magnetic material and provided on the inner peripheral

surface of said magnet.

7. A motor according to Claim 1, wherein said
magnet has a magnetized layer having its outer
peripheral surface circumferentially alternately
magnetized to different poles, and another magnetized
layer out of phase with said magnetized layer and
having at least its outer peripheral surface

circumferentially alternately magnetized to different
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poles, and said holding means has an extending-out
portion extending out from said outer magnetic poles
and opposed to the outer peripheral surface of said

another magnetized layer of said magnet.

8. A mbtor provided wiﬁ% a rotatable rotor magnet
ciréumferentially alternately magnetized to different
poles, a cylindrical stator opposed to said rotor
magnet with a clearance therebetween, and a coil
mounted in the interior of said stator, characterized
in that said coil is disposed axially of said rotor
magnet, the outer magnetic poles of said stator excited
by said coil are opposed to the outer peripheral
surface of said magnet, the inner magnetic poles of
said stator are opposed to the inner peripheral surface
of said magnet, and provision is made of holding means
for holding said magnet at a positioﬁ wﬁereat the
ceriters of the poles of said magnet deviate from a
straight line linking the centers of said outer
magnetic poles and the center of rotation of said

magnet together.

9. A motor according to Claim 8, characterized in
that said holding means comprises said magnet and a
positioning stator opposed to the outer periphéral-

surface of said magnet.
-_

This Sheet Has Been Rep

HIMII T



10

15

20

25

~as - TADEARCARL

10. A motor according to Claim 9, characterized
in that said positioning stator is formed integrally

with said outer magnetic poles.

11. A motor comprising:

a magnet formed into a cylindrical shape, said
magnet having a first magnetized layer having at least
the outer peripheral surface thereof circumferentially
alternately magnetized to different poles, and a second
magnetized layer having at least the outer peripheral
surface thereof circumferentially alternately
magnetized to different poles;

a coil provided axially of said magnet;

outer magnetic poles excited by said coil, said
outer magnetic poles being opposed to the outer
peripheral surface of the first magnetized layer of
said magnet; >

inner magnetic poles excited by said coil, said
inner magnetic.poles being opposed to the inner
peripheral surface of the first magnetizedllayer of
said magnet; and

holding means for holding said magnet at a
position whereat the centers of the poles of said
magnet deviate from a line linking the centers of said
outer magnetic poles and the center of rotation of said
magnet together when said outer magnetic poles and said

inner magnetic poles are not excited by said coil, said
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holding means having an extending-out portion extending
out from said outer magnetic poles and opposed to the
outer peripheral surface of the second magnetized layer

of said magnet.

12. A motor provided with a rotatable rotor
magnet circumferentially alternately magnetized to
different poles, a cylindrical stator opposed to said
rotor magnet with a clearance therebetween, and a coil
mounted in the interior of said stator, characterized
in that a cylinder member formed of a soft magnetic
matérial is secured to the inner diametral portion of
said rotor magnet, said coil is disposed axially ofl
said rotor magnet, the outer magnetic poles of said
stator excited by said coil are opposed to the outer
periphergl_surface of said magnet, and the inner
mégnetic poles of said stator are opposed to the inner

peripheral surface of said cylinder member.
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