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- 1 - MOTOR BACKGROUND OF THE | NVENTION Field of the Invention The present
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enhanced workability. Related Background Art Anpbng conventional conpact
nmotors, there is, for exanple, a conpact, -cyl indrical stepCHOt 3R4&$ SBOWME
in Fig. 13., A stator cbil 105 is concentrically wound on each of bobbins
101, and each bobbin 101 is fixed as
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5 The present invention relates to a motor that can

Field of the Invention

be constructed in microstructure with enhanced

workability.

Related Background Art

Among conventional compact motors, there is, for

f 10 example, a compact, cylindrical step motor as shown in

Fig. 13. A stator coil 105 is concentrically wound on
b each of bobbins 101, and each bobbin 101 is fixed as

being axially sandwiched between two stator yokes 106.

The stator yoke 106 have stator teeth 106a and stator

15 teeth 106b arranged in alternating fashion along the
circumferential direction of the bore surface of bobbin
101. The stator yokes 106 integral with the stator
teeth 106a or 106b are fixed to cases 103, thus
composing stators 102.

20 Flange 115 and bearing 108 are fixed to one of two
sets of cases 103 and another bearing 108 is fixed to
the other case 103. Rotor 109 is comprised of a rotor
magnet 111 fixed to rotor shaft 110, and the rotor
magnet 111 and the stator yoke 106 of stator 102 form

25 radial gap portions. The rotor shaft 110 is rotatably
supported between the two bearings 108.

The conventional compact step motor described
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bei ng axially sandw ched between two stator yokes 106. The stator yoke 106

have stator teeth 106a and stator teeth 106b arranged 1 n alternating

fashion along the circunferential direction of the bor ) e,of _b bgin
e

101. The stator yokes 106 integral with thestator teet N o
fixed to cases 103, thus conposing stators 102. Fl ange lﬂ‘ aﬂ H 108
are fixed to one of two sets of cases 103 and anot her be | xed
to the other case 103. Rotor 109 is conprised of a rotor magnet 111 fi xed
to rotor shaft 110, and the rotor magnet 111 and the stator yoke 106 of
stator 102 formbove, however, had the drawback that the outside

dimensions of motor were large, because the cases 103,
bobbins 101, stator coils 105, stator yokes 1086, etc.
were concentrically located outside the rotor. In
5 addition, it has another drawback that the output of
motor is not high, because the magnetic flux generated
by energizing the stator coils 105 mainly passes end
faces 1l06al of the stator teeth 106a and end faces
106bl of the stator teeth 106b, as shown in Fig. 14,
10 and does not effectively act on the rotor magnet 111.
The applicant proposed a motor solving such
problems in United States Patent Application No.
08/831,863 (filed April 2, 1997).
This proposed motor is constructed in such
15 structure that the rotor of permanent magnet
partitioned and magnetized in the alternately different
poles at equal intervals in the circumferential
direction is formed in a c¢ylindrical shape, that a
first coil, the rotor, and a second coil are located in
20 order along the axial direction of the rotor, that the
first outside pole and first inside pole excited by the
first coil are opposed to outside and inside peripheral
surfaces of the rotor, and that the second outside pole
and second inside pole excited by the second coil are
25 opposed to the outside and inside peripheral surfaces
of the rotor.

The motor of this structure was able to provide




radial gap portions. The rotor shaft 110 is rotatably supported bet ween
the two bearings 108. The conventional conpact step nDt 0§y 086 frh#eh Replaced 2

- above, however, had the drawback that the outside dlnen
were | arge, because the cases 103, bobbins 401, stator llMﬁ mﬂlﬂmﬂﬂ
yokes 106, etc. were concentrically | ocated outside the r I on,
It has another drawback that the output of

high output and had small outside dimensions of motor,
but the radial dimension of the first inside pole and
gecond inside pole which comprise a pair of magnetic
tooth with separated tip ends was also small. When

5 these pole teeth were processed by press working, there
were problems of strength of mold, emission of chip,
and so on. Therefore, the processing was not easy and
it was rather difficult to achieve high strength of the
teeth. There were desires for readily processing the

10 first outside pole and second outside pole, too.

SUMMARY OF THE INVENTION

An object of the present invention is to overcome

the above drawbacks and to provide a motor that can be
15 constructed in microstructure wherein the inside poles
are formed in a shape with high workability.

Another object of the present invention is to
provide a motor that can be constructed in
microstructure wherein processing of the outside poles

20 is easy.

Other objects of the present invention will become

more apparent by specific embodiments which wiil be

described below.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an exploded, perspective view of a motor

of the first embodiment according to the present



nmotor is not high, because the magnetic flux generated by energizing the

stator coils 105 mainly passes end faces 106al of the

end faces 106bl of the stator teeth 106b, as shown in Fig. 14, and

sol ving such problens in United States Patent Applicatio

effectively act on the rotor magnet 111. ¥hé applicant _ ! ﬂ%

(filed April

2, 1997). This proposed notor is constructe

that the rotor of pernmanent nagnet partitioned and magnetized in the
alternately different poles at equal intervals in the circunferenti al
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invention:

Fig. 2 is a cross-sectional view of the assembled
state of the motor shown in Fig. 1;

Figs. 3A, 3B, 3C, 3D, 3E, 3F, 3G, and 3H are
drawings for explaining the rotor rotation operation of
the motor shown in Fig. 2;

Fig. 4 is an enlarged view of the yoke as an
inside pole in the motor shown in Fig. 2;

Fig. 5 is a drawing to show another example of the
voke as an inside pole in the motor shown in Fig. 2;

Fig. 6 is a cross-sectional view of the yoke shown
in Fig. 5;

Fig. 7 is an exploded, perspective view of a motor
of the second embodiment according to the present
invention:

Fig. 8 is a cross-sectional view of the assembled
gstate of the motor shown in Fig. 7;

Figs. 9A, 9B, 9C, 9D, 9E, 9F, 9G, and 9H are
drawings for explaining the rotor rotation operation of
the motor shown in Fig. 7;

Fig. 10 is a plan view of the motor shown in Fig.

Fig. 11 is an exploded, perspective view to show
another example of the motor shown in Fig. 7;

Fig. 12 is a plan view of the assembled state of
the motor shown in Fig. 11;

Fig. 13 is a cross-sectional view to show a
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direction is formed in a cylindrical shape, that a first—eett——theToOtO0r,
and a second coil are located in order along the axial direction of thed

first coil are opposed to outside and inside peripheral
rotor, and that the second outside pole and second insid &
the second coil are opposed to the outside and inside perip eral surfaces

of the rotor.

rotor, that the first outside pole and first inside pol Ehisl Hascpe
b

10

15

20

25

The notor of this structure was able to provide
conventional step motor; and

Fig. 14 is an explanatory drawing to show the
magnetic flux in the conventional step motor shown in

Fig. 13.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments of the present invention will be
described by reference to the drawings.
(Embodiment 1)

Fig. 1 to Fig. 4 are drawings to show Embodiment
1. Reference numeral 1 designates a permanent magnet
of a cylindrical shape, which is composed of a first
magnetic layer having four portions la, 1lb, 1lc, 1d
obtained by quartering the circumference and
alternately magnetized in the S and N poles, and a
second magnetic layer having four portions le, 1f, lg,
1h obtained similarly by quartering the circumference
and alternately magnetized in the S and N poles. The
first magnetic layer and the second magnetic layer are
magnetized in respective phases shifted by 45° from
each other.

The outside peripheral surfaces of the portions
la, lc of the first magnetic layer and the portions le,
lg of the second magnetic layer are magnetized in the S
pole and the inside peripheral surfaces thereof in the
N pole; the outside peripheral surfaces of the portions

1b, 14 of the first magnetic layer and the portions 1f,
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-3- high output and had small outside di mensions of ut the rad|
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1h of the second magnetic layer are magnetized in the N
pole and the inside peripheral surfaces thereof in the
S pole.

Numeral 2 denotes a rotational shaft, to which the
permanent magnet 1 is fixed. The rotational shaft 2
and permanent magnet 1 compose a rotor. Numerals 3, 4
are coils which are located so as to be concentric with
the permanent magnet 1 and to sandwich the permanent
magnet 1 in the axial direction. Numeral 5 represents
a first yoke made of a soft magnetic material, which
has a portion 5d set in a bore portion 3a of the coil 3
and a pole section opposed to a bore portion of the
first magnetic layer of the permanent magnet 1.

In the pole section, as shown in Fig. 4, portions
Sb, 5¢c with a large outside diameter and portions 5e,
5f with a small outside diameter are alternately formed
in the cross section taken in the direction
perpendicular to the axis. The portions 5b, 5¢ are
formed in the same phase, relative to the poles of the
first magnetic layer. Namely, the portion 5b and the
portion 5¢ are located as shifted by 180° from each
other. A portion 2a of the rotational shaft 2 is
fitted in a hole 5a of the first yoke so as to be
rotatable.

Numeral 6 denotes a second yoke made of a soft
magnetic material, which has a portion 64 set in a bore

portion 4a of the coil 4 and a pole section opposed to

@&“& ngth
and so on. Therefore, the proc not

readily processing the first outside pole and second




SUMVARY COF THE | NVENTI ON An obj ect of the present inventi
t he above drawbacks and to provide a notor that can be constructed in

m crostructure wherein the inside poles are formed in a éﬂ@aﬂhﬂﬁmﬂk@hmd
wor kabi l'ity. Another object of the present_ipvention is t

that can be constructed in mcrostructure wherein processi mu B‘Eﬁ‘mg I de
poles is easy. O her objects of the present invention wl|l

apparent by specific enbodi nents which will be described bel ow.

a bore porion of the second magnetic layer of the
permanent magnet 1. In the pole section, portions 6b,
6c with a large outside diameter and portions 6e, 6f
with a small outside diameter are alternately formed,

5 as in the first yoke 5. The portions 6b, 6c are formed
in the same phase, relative to the poles of the second
magnetic layer. Namely, the portion 6b and the portion
6c are located as shifted by 180° ffom each other. A
portion 2b of the rotational shaft 2 is fitted in a

10 hole 6a of the second yoke so as to be rotatable. The
large diameter portions 5b, 5c of the first yoke 5 and
the large diameter portions 6b, 6c of the second yoke 6
are located in the same phase, i.e., opposed to each
other with respect to the axial direction.

15 Numeral 8 stands for a third yoke made of a soft
magnetic material, in which teeth 8a, 8b are formed at
positions where they sandwich the portions 5b, 5c of
the first yoke 5 and the first magnetic layer of the

. permanent magnet 1. Numeral 9 stands for a fourth

20 outer yoke made of a soft magnetic material, in which
teeth %9a, 9b are formed at positions where they
sandwich the portions 6b, 6c of the second yoke 6 and
the second magnetic layer of the permanent magnet 1.

Numeral 10 designates a coupling ring made of a

25 non-magnetic material, which has grooves 10a, 10b

engaged with the teeth 8a, 8b of the third yoke 8 and

grooves 10c¢, 104 engaged with the teeth 9%a, 9b of the
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BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is an expl oded; VCIapUbtiVE Vi €W
of a notor of the first enbodi nent according to the present
invention; Fig. 2 is a cross-sectional view of the a

not or shomn in Fig. 1; Figs. 3A 3B, 3C 3D 3E, 3F, BG
drawi ngs for explalnlng the rotor rotation operatlon of

fourth yoke. The third yoke 8 and the fourth yoke 9
are fixed to the coupling ring 10 by a conventional
method, for example, by bonding or the like. The third
yoke 8 and the fourth yoke 9 are fixed with a
5 predetermined space through portions 10e, 10f of the
coupling ring 10. The teeth 8a, 8b of the third yoke 8
are so arranged as to face the teeth %a, 9b of the
fourth yoke 9.
The third yoke 8 is so arranged, as shown in Fig.

10 2, that one end thereof is connected to the first yoke
5 and covers the outside-diameter portion of coil 3 and
that the teeth 8a, 8b at the other end are opposed with
a predetermined gap to the outside peripheral portion
of the permanent magnet 1. The fourth yoke 9 is so

15 arranged, as shown in Fig. 2, that one end thereof is
connected to the second yoke 6 and covers the outside-
diameter portion of coil 4 and that the teeth 9a, 9b at
the other end are opposed with a predetermined gap to
the outside peripheral portion of the permanent magnet

20 1.

Fig. 2 is a cross-sectional view of the assembled
state, Figs. 3A, 3B, 3C, and 3D are cross-sectional
views along A-A in Fig. 2, and Figs. 3E, 3F, 3G, and 3H
are cross-sectional views along B-B in Fig. 2. Figs.

25 3A and 3E are cross-sectional views at a moment, Figs.
3B and 3F those at another moment, Figs. 3C and 3G

those at still another moment, and Figs. 3D and 3H
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the motor shown in Fig. 2; Fig. 4 is an enlarged view of—+t+he—yokeas an

inside pole in the notor shown in Fig. 2; Fig. 5is a drawing to show
anot her exanpl e of the yoke as an inside pole in the notofhise

Fig. 6 is a cross-sectional view of the yol_<egs_hown in Fig. wﬁm
expl oded, perspective view of a notor of the”second enbodi
I nvention; Fig. 8 is a cross-sectional view of the assenbl ed

t he present

il

state of the notor shown in Fig. 7;
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those at yet still another moment. When from the state
of Figs. 3A and 3E the coil 3 and coil 4 are energized
to excite the pole portions 5b, 5¢, 5e, 5f of the first
yoke 5 to the S pole, the portions 8a, 8b of the third
yoke opposed to the portions 5b, 5c¢ to the N pole, the
pole portions 6b, 6c, 6e, 6f of the second yoke 6 to
the S pole, and the portions 9a, 9b of the fourth yoke
9 opposed to the portions 6b, 6¢ to the N pole, the
permanent magnet 1 rotates 45° counterclockwise so as
to go into the state shown in Figs. 3B and 3F.

Since the small-diameter portions Se, 5f in the
pole section of the first yoke 5 are more distant from
the inside peripheral surface of the first magnetic
layer than the portions 5b, 5¢, the pole occurring in
the small-diameter portions Se, 5f little acts on the
first magnetic layer and thus little affects the
driving force generated. Accordingly, the first yoke 5
can function in the same manner as in the case of
applicant's prior application No. 08/831,863 (filed
April 2, 1997) which comprises inner magnetic pole with
a pair of separated magnetic teeth. The shape of the
first yoke 5 forms no chip when produced by press
working. Therefore, no consideration is necessary for
emission of chip and the production is thus easy.

Since the portions 5b, 5e, 5c, 5f are joined throughout
the entire circumference, the strength is high and

there is no possibility of deformation during assembly.
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Figs. 9A, 9B, 9C, 9D, 9E, 9F, 9G and 9H are draw ngs tgi:@gﬂjﬂjﬂl@pi¢my_
rotor rotation operation of the notor shown in Fig. 7; Fig. 10 is a plan
view of the motor shown in Fig. 7; Fig. 11 is an expl odeg,. : SRk Replacel ew
to show anot her exanple of the notor shown '& Fig. 7, Fig.y skt

view of the assenbled state of the nmotor shown in Fig. 11;“ m‘mﬁ\\mm\
cross-sectional viewto show a

The above is alsoc the case for the second yoke 6.

Since the small-diameter portions 6e, 6f in the pole
section of the second yoke 6 are more distant from the
inside peripheral surface of the second magnetic layer

5 than the portions 6b, 6c¢, the pole occurring in the
small-diameter portions 6e, 6f£f little acts on the
second magnetic layer and thus little affects the
driving force generated. Accordingly, the second yoke
6 can function in the same manner as in the case of

10 above-mentioned application No. 08/831,863. The shape
of the second yoke 6 forms no chip when produced by
press working. Therefore, no consideration is
necessary for emission of chip and the production is
thus easy. Since the portions 6b, 6e, 6c, 6f are

15 joined throughout the entire circumference, the
strength is high and there is no possibility of
deformation éuring assembly.

Then the power supply to the coil 3 is inverted to

excite the pole portions 5b, 5c¢, 5e, 5f of the first

20 yoke 5 to the N pole, the portions 8a, 8b of the third
yoke opposed to the portions 5b, 5¢ to the § pole, the
pole portions 6b, 6c, 6e, 6f of the second yoke 6 to
the S pole, and the portions 9a, 9b of the fourth yoke
opposed to the portions 6b, 6c to the N pole, whereupon

25 the permanent magnet 1 is rotated further 45°
counterclockwise to go into the state shown in Figs. 3C

and 3G.

Tri11e SHEET HAS BEEN
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conventional step notor; and Fig. 14 is an explanatory dr aw ShOM/the
magnetic flux in the conventional step notor shown in Fig. 13

OF THE PREFERRED EMBODI MENTS The enbodi nents of the presggtshee II
be described by reference to the draw ngs. (Enmbodi nent 1) m

are drawi ngs to show Enbodi nrent 1. Reference nuneral 1 de
per manent magnet of a cylindrical shape, mhlch I S conposed a first

Then the power supply to the coil 4 is inverted to
excite the pole portions 6b, 6¢, 6e, 6f of the second
yvoke 6 to the N pole and the portions 9a, Sb of the
fourth yoke opposed to the 6b, 6c to the § pole,

5 whereupon the permanent magnet 1 is rotated further 45°
counterclockwise. By successively switching the
directions of power supply to the coil 3 and coil 4 in
this manner, the rotor composed of the permanent magnet
1 and rotational shaft 2 rotates to the positions

10 according to the phases of power supply.

Described below is the reason why the step motor
of the above structure is optimum for
microminiaturization of motor.

Features of the fundamental structure of the step

15 motor are as follows.

First, the magnet is formed in the hollow cylinder
shape.

Second, the outside peripheral surface of the
magnet is divided circumferentially into n portions and

20 the n portions are magnetized alternately in the
different poles.

Third, the first coil, the magnet, and the second
coil are located in order in the axial direction of the
magnet.

25 Fourth, the outside pole and the inside pole of
the first and second stators excited by the first and

gecond coils are opposed to the cutside peripheral
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magnetic | ayer having four portions la, 1b, 1c, 1d Obt@Lﬂﬁd_by—QHﬁTTFWTTET
the circunference and alternately nmagnetized in the S and N pol es ap m%d
second nagnetic | ayer having four portions le, 1f, 1g, 1imhio¥ed en SCh
simlarly by quartering the circunference aqﬁhqjternately “ the
S and N poles. The first magnetic |ayer and e second na

magneti zed in respective phases shifted by 45/ err] from each other. The
out si de peripheral surfaces of the portions la, 1c of the first magnetic

| ayer and the portions le, 1g of the second nagnetic |ayer are magnetized
in the S surface and to the inside peripheral surface,

respectively, of the magnet.
Accordingly, a necessary diameter of this step
motor is a size enough to oppose the poles of the
5 stators to the diameter of the magnet; and a necessary
axial length of the step motor is the sum of the length
of the magnet and the lengths of the first and second
coils. Therefore, the dimensions of the step motor are
determined by the diameters and lengths of the magnet
10 and coils, and the step motor can be microminiaturized
by decreasing the diameters and lengths of the magnet
and coils to very small values.
When the diameters and lengths of the magnet and
coils are made very small, it becomes difficult to
15 maintain the output accuracy of the step motor. This
problem of the output accuracy of the step motor is
solved by the simple structure wherein the magnet is
formed in the hollow cylinder shape and the outside
pole and inside pole of the first and second stators
20 are opposed to the outside peripheral surface and to
the inside peripheral surface of the magnet formed in
the hollow cylinder shape.
Next described is another example in which the
shape of the first and second yokes is modified.
25 Fig. 5 and Fig. 6 are drawings to show another
example of the first embodiment.

Fig. 5 is a perspective view of the first yoke, in
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;

pol e and the inside peripheral surfaces thereof in the_N_pole; the outstde
peri pheral surfaces of the portions Ib, 1d of the first magnetic |ayer and
the portions 1f, -6- 1h of the second magnetic | ayer Tssh Bten Replacdh
the N pole and the inside peripheral surfac thereof in t|B

Nuneral 2 denotes a rotational shaft, to whi t he perman

fixed. The rotational shaft 2

which the pole section opposed to the inside peripheral
surface of the first magnetic layer is formed in the
shape of an ellipse 5g (A > B where A is the major axis
and B is the minor axis) in the cross section

5 perpendicular to the axis. Fig. 6 is a lateral, cross-
sectional view of the motor in which the first yoke 5
is incorporated. The first yoke 5 is located so that
the major axis A is directed toward the positions
opposed to the teeth 8a, 8b of the third yoke 8.

i0 Similarly, though not illustrated, the second yoke is
also formed in the elliptic shape with the major axis A
and the minor axis B (A > B) at least in the outside
peripheral surface of the pole section, and the major
axis is arranged so as to be directed toward the

15 positions opposed to the teeth 9a, 9b of the fourth
yoke.

The outside peripheral surfaces of the first yoke

5 and second yoke 6 in the minor-axis direction are
apart from the circumferential surfaces of the first

20 magnetic layer and the second magnetic layer,
respectively, and thus they do not negatively affect
the output of motor, similar to the portions Se, 5f,
6e, 6f in the first example. Since the pole section of
the first yoke and second yoke is continuous throughout

25 the entire circumference, the strength is high and no
chip is produced during press working, thus achieving

high workability.
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and permanent magnet 1 conpose a rotor. Nunerals 3, 4 are coi | i re
| ocated so as to be concentric with the permnent 1 and to sandw ch

t he permanent magnet 1 in the axial direction. Nuneral phEReieplacedf i r st
yoke made of a soft magnetic material, mhicg4has a po ﬂa a bore
portion 3a of the coil 3 and a pole sectlon opposed to ‘\Eﬁ\!

the first magnetic | ayer of the pernmanent nmagnet 1. |on

shown in Fig. 4, portions 5b, 5¢c with a | arge outside dlaneter and portlons
5e, 5f with a small outside diameter are alternately forned in the cross
section taken in thergd reet ifafrst embodiment described above the first

to fourth yokes 5, 6, 8, 9 were separate members, but
they may be formed in such structure that the first and
third yokes 5, 8 are integrated into a first stator

5 yoke and that the second and fourth yokes 6, 9 are
integrated into a second stator yoke.

The first magnet 1 was constructed in the double
layer structure consisting of the first magnetic layer
and the second magnetic layer the phases of which were

10 shifted by 180/n degrees (n is the number of magnetic
poles of the permanent magnet), i.e., 45°, but, without
having to be limited to this, the present invention can
also be applied to the single layer structure of a
magnetic layer in the permanent magnet 1 wherein the

15 phase of the second and fourth yokes 6, 9 is shifted by
180/n degrees, i.e., 45°, relative to that of the first
and third yokes 5, 8.

The second embodiment of the present invention
will be described below.

26 (Embodiment 2)

Fig. 7 to Fig. 10 are drawings to show Embodiment
2 of the present invention. In Fig. 7 to Fig. 10,
reference numeral 1 designates a magnet ring of a
cylindrical shape made of a permanent magnet, which is

25 composed of a first magnetic layer having portions la,
1b, 1lc, 1d obtained by dividing the circumference into

n (4 in the present embodiment) and alternately

THIS SHEET HAS BEEN
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perpendi cular to the axis. The portions 5b, 5c are forned in the

phase, relative to the poles of the first nmagnetic Iayer’”ﬁﬁﬁﬁT?ﬂsaﬂerﬂﬂ,

portion 5b and the portion 5¢c are |located as shifted by 180 f Sordplaced
th

other. A portion 2a of the rotational shaft ;2 is flttedmﬁ e

first yoke so as to be rotatable. Nuneral 6 denotes a sec a

soft magnetic material, which has a portion 6d set in a b
the coil 4 and a pol e section opposed to

magnetized in the S and N poles, and a second magnetic
layer having portions le, 1f, lg, lh obtained similarly
by diwviding the circumference into 4 and alternately
magnetized in the S and N poles. The phases of the
5 first magnetic layer and the second magnetic layer are
shifted by 180/n degrees, i.e., 45° from each other.
In the present embodiment, the outside peripheral
surfaces of the portions la, lc of the first magnetic
layer and the portions le, 1g of the second magnetic
10 layer are magnetized in the S pole and the inside
peripheral surfaces thereof in the N pole; the outside
peripheral surfaces of the portions 1lb, 1ld of the first
magnetic layer and the portions 1f, 1h of the second
magnetic layer are magnetized in the N pole and the
15 inside peripheral surfaces thereof in the S pole.
Numeral 2 denotes a rotational shaft to which the
permanent magnet 1 is fixed. The rotational shaft 2
and permanent magnet 1 compose a rotor. Numerals 3, 4
are coils which are located so as to be concentric with
20 the permanent magnet 1 and to sandwich the permanent
magnet 1 in the axial direction. Numeral 5 represents
a first yoke made of a soft magnetic material, which
has a portion 54 set in the bore portion 3a of coil 3
and teeth 5b, 5c¢ opposed to the bore portion of the
25 first magnetic layer of the permanent magnet 1. The
teeth 5b, 5¢ are formed as shifted by 360/(n/2)

degrees, i.e., 180° from each other so as to be in the
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-7- a bore porion of the second nmagnetic |ayer of the pernanent nagnet 1.
In the pole section, portions 6b, 6c with a | arge out side—diameter and

portions 6e, G6f with a small outside diameter are al ternat el v £ OF MERentad® i N
the first yoke 5. The portions 6b, 6¢c are fqyned in the
relative to the poles of the second magnetlcsl ayer. ﬁmﬁl \m 6b
and the portion 6¢c are |ocated as shifted by 180[err] fro
portion 2b of the rotational shaft 2 is fitted in a hole 6a of the second
yoke so as to be rotatable. The
same phase, relative to the poles of the first magnetic
layer. A portion 2a of the rotational shaft 2 is
fitted in a hole 5a of the first yoke so as to be
rotatable.
5 Numeral 6 stands for a second yoke made of a soft
magnetic material, which has a portion 6d set in the
bore portion 4a of coil 4, and teeth 6b, 6c opposed to
the bore portion of the second magnetic layer of the
permanent magnet 1. The teeth 6b, 6c are formed as
10 shifted by 360/(n/2) degrees, i.e., 180° from each
other so as to be in the same phase, relative to the
poles of the second magnetic layer. A portion 2b of
the rotational shaft 2 is fitted in a hole 6a of the
second yoke 6 so as to be rotatable. The teeth 5b, 5c
15 of the first yoke 5 and the teeth 6b, 6c of the second
yoke 6 are located in the same phase, i.e., at
positions where they are opposed to each other with
respect to the axial direction.
: Numeral 7 denotes a third yoke made of a soft
20 magnetic material. The third yoke is of a barrel
shape, which is constructed so as to cover the outside
peripheral surfaces of the coil 3, coil 4, and
permanent magnet 1. The third yoke 7 is connected at
the portion 7e to the portion 5h of the first yoke 5
25 and at the portion 7f to the portion 6h of the second
yoke 6. The third yoke 7 has portions 7a, 7b at

positions opposite to the teeth 5b, 5¢ of the first
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| arge di aneter portions 5b, 5c of the first yoke 5 and the | arge dianeter
portions 6b, 6¢ of the second yoke 6 are located in the sane phase, 1.e.,
opposed to each other with respect to the axi al directi%&. uQQFr J opi t ands
for a third yoke nade of a soft nmagnetic natgrLaI, i n whi :
are formed at positions where they sandw chihé portionsJ E h mﬂ
first yoke 5 and the first magnetic |ayer of the pernmane

Nuneral 9 stands for a fourth outer yoke made of a soft magnetic material,
in which teeth 9a, 9b are forned at positions where they sandw ch the
portions 6b, 6c yefkd e SRCaME KR 6¥)d6c of the second yoke 6 on

either side of the permanent magnet 1 and holes 7c¢, 7d
formed in the other portions than the portions 7a, 7b.
Since the teeth 5b, Sc of the first yoke 5 and the

5 teeth 6b, 6c of the second yoke 6 are in the same
phase, the pole portions 7a, 7b of the third yoke 7 to
be faced to those teeth have the simple shape
consisting of continuous parts of the pole portions 7a,
7b as shown in Fig. 7, and the production thereof by

10 press or the like is thus easy. In the pole teeth 7a,
7b forming the continuous parts of the third yoke 7,
holes 7g, 7h are formed at positions opposite to each
other near the border between the first magnetic layer
and the second magnetic layer of the magnet ring 1.

15 This makes the reluctance high near the third yoke
7, so that the magnetic flux generated from the coil 3
becomes reluctant to act on the coil 4, the second
magnetic layer of the magnet ring 1, the second yoke 6,
and so on and so that the magnetic flux generated from

20 the coil 4 becomes reluctant to act on the coil 3, the
first magnetic layer of the magnet ring 1, the first
yoke 5, and so on. Thus, the rotor becomes smoothly
rotatable according to the operation described below,
thereby increasing the output of motor.

25 Fig. 8 is a cross-sectional view of the assembled
state, Figs. 9A, 9B, 9C, and 9D are cross-sectional

views along A-A in Fig. 8, and Figs. 9E, 9F, 9G, and 9H
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the second magnetic |ayer of the permanent nmagnet 1. Norerat—t0—designates

a coupling ring nade of a non-magnetic material, which has grooves 10a 10b

engaged with the teeth 8a, 8b of the third yoke 8 and &

engaged with the teeth 9a, 9b of the - 8 18fourth yo
and the fourth yoke 9 are fixed to the coupling ring 10
met hod, for exanple, by bonding or the like. The third

are cross-sectional views along B-B in Fig. 8.

9A and 9E are cross-sectional views at a

9B and 9F those at another moment, Figs.

those at still another moment, and Figs.
5 those at yet still another moment.

When from the state of Figs. 9A and

—_——

W

Figs.

moment, Figs.

9C and 9G

9D and 9H

9E the coil 3

and coil 4 are energized to excite the teeth 5b, 5¢ of

the first yoke 5 to the S pole, the portions 7a,

7b of

the third yoke 7 opposed to the teeth 5b, 5¢ to the N

10 pole, the teeth 6b, 6c of the second yoke 6 to the S

pole, and the portions 7a, 7b of the third yoke 7

opposed to the teeth 6b, 6c to the N pole, the magnet

ring 1 is rotated 45° leftward {(counterclockwise) to go

into the state shown in Figs. 9B and 9F.

15 Then the power supply to the coil 3 is inverted to

excite the teeth 5b, S5c of the first yoke 5 to the N

pole, the portions 7a, 7b of the third yoke 7 opposed

to the teeth 5b, 5c to the S pole, the teeth 6b, 6c of

the second yoke 6 to the S pole, and the portions 7a,

20 7b of the third yoke 7 opposed toc the teeth 6b, 6c to

the N pole, whereupon the magnet ring 1 is rotated

further 45° counterclockwise to go into the state shown

in Figs. 9C and 9G.

Then the power supply to the coil 4 is inverted to

25 excite the teeth 6b, 6c of the second yoke 6 to the N

pole and the portions 7a, 7b of the third yoke 7

opposed to the teeth 6b, 6c to the S pole, whereupon
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yoke 8 and the fourth yoke 9 are fixed with a predeterm ned space through

portions 10e,

10f of the coupling ring 10. The teet h8a—8b—-eof—thethird

yoke 8 are so arranged as to face the teeth 9a, 9b of the fourth yoke 9.
The third yoke 8 is so arranged, as shown ip Fi g. 2, This8keeidhreBen8eridodr eof
is connected to the first yoke 5 and covers fhe outsid tion of
coil 3 and that the teeth 8a, 8b at the other end are

e

predeterm ned gap to the outside peripheral portion of

per manent magnet

1. The fourth yoke 9 is so arranged, as shown in Fig. 2, that one end

t her eof

S

10

15

20

25

the permanent magnet 1 is rotated further 45°
counterclockwise. By successively switching the
directions of power supply to the coil 3 and coil 4 in
this way, the rotor comprised of the magnet ring 1 and
rotational shaft 2 rotates to the positions according
to the phases of power supply. Fig. 10 is a top plan
view of this motor.

Next described is another example in which the
shape of the third yoke is modified.

Fig. 11 and Fig. 12 are drawings to show another
example of the second embodiment.

In Fig. 11 and Fig. 12, numeral 1 designates a
magnet ring of a cylindrical shape made from a
permanent magnet, which is composed of a first magnetic
layer having portions la, 1b, -lc¢, 1d obtained by
dividing the circumference into n (4 in this example)
and alternately magnetized in the S and N poles, and a
second magnetic layer having portions le, 1£, 1lg, 1lh
obtained similarly by dividing the circumference into 4
and alternately magnetized in the S and N poles. The
phases of the first magnetic layer and second magnetic
layer are shifted by 180/n degrees, i.e., 45° from each
other. In the present example, the outside peripheral
surfaces of the portions la, lc of the first magnetic
layer and the portions le, 1g of the second magnetic
layer are magnetized in the S pole and the inside

peripheral surfaces thereof in the N pole; the outside
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connected to the second yoke 6 and covers the outside- diameter portion of
coil 4 and that the teeth 9a, 9b at the other end are oppoSed wth a
predeterm ned gap to the outside peripheral portion of yi;hg.n ne tlac ghet
1. Fig. 2 is a cross-sectional view of the gssenbled st gymu g B
3C, and 3D are cross-sectional views al ong A-A in Fig. gmﬂbk ’ JM%E 3F,
3G and 3H are cross-sectional views along B-B in Fig. g 3E
are cross-sectional views at a nonment, Figs. 3B and 3F those at anot her
monment, Figs. 3C and 3G those at still another nonent, and Figs. 3D and 3H
peripheral surfaces of the portions lb, 1d of the first
magnetic layer and the portions 1f, 1lh of the second
magnetic layer are magnetized in the N pole and the
inside peripheral surfaces thereof in the S pole.
5 Numeral 2 represents a rotational shaft to which
the permanent magnet 1 is fixed. The rotational shaft
2 and permanent magnet 1 compose the claimed rotor.
Numerals 3, 4 are coils which are located so as to be
concentric with the permanent magnet 1 and to sandwich
10 the permanent magnet 1 in the axial direction. Numeral
5 designates a first yoke made of a soft magnetic
material, which has a portion 5d set in the bore
portion 3a of the coil 3 and teeth 5b, 5¢ opposed to
the bore portion of the first magnetic layer of the
15 permanent magnet 1. The teeth 5b, 5¢ are formed as
shifted by 360/(n/2) degrees, i.e., 180° from each
other so as to be in the same phase, relative to the
poles of the first magnetic layer, and a portion 2a of
the rotational shaft 2 is fitted in a hole 5a of the
20 first yoke so as to be rotatable.
Numeral & denotes a second yoke made of a soft
magnetic material, which has a portion 6d set in the
bore portion 4a of coil 4 and teeth 6b, 6c opposed to
the bore portion of the second magnetic layer of the
25 permanent magnet 1. The teeth 6b, 6c are formed as
shifted by 360/(n/2) degrees, i.e., 180° from each

other so as to be in the same phase, relative to the
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-9- those at yet still another nonment. Wen fromthe st Fi gs 3A an
3E the coil 3 and coil 4 are energized to excite the pole

5e, 5f of the first yoke 5 to the S pole, the portions 8a bt
yoke opposed to the portions 5b, 5¢c to the N poI e, the poI %g
6¢c, 6e, 6f of the second yoke 6 to the S pofé, ~and the por

the fourth yoke 9 opposed to the portions 6b, 6c to the N pole, the

poles of the second magnetic layer. A portion 2b of
the rotational shaft 2 is fitted in a hole 6a of the
second yoke 6 sO as to be rotatable. The teeth 5b, 5c
of the first yoke 5 and the teeth 6b, 6c of the second
5 yoke 6 are located in the same phase, i.e., at
positions opposite to each other with respect to the
axial direction.
Numeral 7 stands for a third yoke made of a soft

magnetic material. The third yoke is formed in a

10 barrel shape so as to cover the outside peripheral
surfaces of the coil 3, coil 4, and permanent magnet 1.
The third yoke 7 is connected at the portion 7e to the
portion 5e of the first yoke 5 and at the portion 7f to
the portion 6e of the second yoke 6. The third yoke 7

15 has portions 7a, 7b at the positions opposite to the
teeth 5b, 5¢ of the first yoke 5 and to the teeth 6b,
6c of the second yoke 6 on either side of the permanent
magnet 1, and holes 7¢, 74 are formed in the portions
other than the portions 7a, 7b. The teeth 5b, 5c of

20 the first yoke 5 and the teeth 6b, 6c of the second
yoke 6 are in the same phase, and the pole portions 7a,
7b of the third yoke 7 to be opposed to those teeth are
of the simple shape of continuous parts of the magnetic
portions as shown in Fig. 11. The production thereof

25 by press or the like is thus easy. In the pole teeth
7a, 7b forming the continuous parts of the third yoke

7, notch portions 7i, 7j with a narrower width than
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per manent magnet 1 rotates 45 countercl ockw se so a;ﬁ;gygg,LnLe—fﬁé’§féte
shown in Figs. 3B and 3F. Since the small-dianeter ions 5e L 0dl t he
pol e section of the first yoke 5 are nore distant fron11 ﬁwgggBdeKW

peri pheral surface of the first magnetic Iaﬁﬁr than t H& “L

the pole occurring in the small-di amet er porti ons 5e, n the
first magnetic layer and thus little affects the dr|V|n generated
Accordingly, the first yoke 5 can function in the sane nanner as in the

case of applicant's prior application No. 08/831,863 (filed April 2, 1997)
which conpri sesthaReatMRaBebkBeROLBsWtiBns are formed at positions

opposite near the border between the first magnetic
layer and the second magnetic layer of the magnet ring
1.

5 This makes the reluctance high near the third yoke
7. so that the magnetic flux generated from the coil 3
becomes reluctant to act on the coil 4, the second
magnetic layer of the magnet ring 1, the second yoke 6,
and so on and so that the magnetic flux generated from

10 the coil 4 becomes reluctant to act on the coil 3, the
first magnetic layer of the magnet ring 1, the first
yoke 5, and so on. Thus, the rotor becomes smoothly
rotatable according to the operation already described
in the first embodiment, thereby increasing the output

15 of motor.

As described above, the present invention can
provide the cheap motors, because the yokes are formed
in the shape with good workability and with high
strength. The present invention can also provide the

20 high-output motor that can be produced readily, that
has a small diameter, and that rotates on a smooth
basis.

In the above embodiments, the permanent magnet
forming the rotor was one obtained by dividing the

25 outside peripheral surface circumferentially into n and
magnetizing the n portions in the S and N poles and by

also dividing the inside peripheral surface
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a pair of separated magnetic teeth. The shape of the flrs forms no
chip when produced by press working. Therefore, no c nS|derat|on .S, ya
iﬁﬂlth

necessary for em ssion of chip and the production is t
portions 5b, 5e, 5c, 5f are joined throughout the enti
strength i s high and there is no p055|blllt%? of defornat

assenbl y. -10- The above is also the case for the sec 0

circumferentially into n and magnetizing the n portions
in the S and N poles so that the inside peripheral
surface was magnetized in the poles different from
those of the adjacent outside peripheral surface. The

5 present invention, however, is not limited to this, but
the permanent magnet may be one obtained by dividing
only the outside peripheral surface circumferentially
into n and magnetizing the n portions in the § and N
poles.

10 In the above embodiments the number of poles of
the permanent magnet was 4, but, without having to be
limited to this, the present invention may be applied
to the cases wherein the number of poles of the
permanent magnet is not less than 4. In the case

15 wherein the number of poles of the permanent magnet is
not less than 4, the number of the outside and inside

poles is also increased according thereto.
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Since the small-dianmeter portions 6e, 6f in the pole section of the second
yoke 6 are nore distant fromthe inside peripheral surface of the second
magnetic | ayer than the portions 6b, 6c¢, the pole occurring in the
smal | -di anmeter portions 6e, 6f little acts ég\the secong_ﬂggggL%g_Lgxg%dggd
thus little affects the driving force gener ed. Accordingly, the sec

yoke 6 can function in the sane nmanner as in the case OfT&bgﬁafﬁgm%ﬂﬁ E}

application No. 08/831, 863. The shape of the second yoke e
when produced by press working. Therefore, no considerati ﬂ# [ o

for em ssion ofygkt prancrAhesmproguction is

1. A motor comprising:

a magnet formed in a cylindrical shape, said
magnet being magnetized so that at least an outside

5 peripheral surface thereof is divided circumferentially
into n portions and said n portions are magnetized in
alternately different poles;

a first coil and a second coil disgposed in an
axial direction of said magnet, said first coil and

10 second coil being located on either side of said
magnet;

a first outside pole excited by said first coil,
said first outside pole being opposed to the outside
peripheral surface of said magnet on the side of one

15 end thereof;

a first inside pole excited by said first coil,
said first inside pole being formed as a first yoke
opposed to an inside peripheral surface of said magnet
on the side of the one end thereof, said first yoke

20 having such a shape that a cross section thereof in a
direction perpendicular to the axis of said magnet
comprises alternately formed regions with a large
outside dimension and with a small outside dimension;

a second outside pole excited by said second coil,

25 said second outside pole being opposed to the outside
peripheral surface of said magnet on the side of the

other end therecf; and

-
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t hus easy. Since the portions 6b, 6e, 6c, 6f are joined throughout the
entire circunference, the strength is hlgh and there~+fr7ﬂrjﬂﬁﬁﬁTTTTT§77ﬁ—
def ormati on during assenbly. Then the power supply to the ¢

inverted to excite the pole portions 5b, 5c,_5e, e 5to
the N pole, the portions 8a, 8b of the thlra yoke oppo tions
5b, 5c to the S pole, the pole portions 6b, 6c, 6e, yoke 6
to the S pole, and the portions 9a, 9b of the fourth yoke opposed to the

portions 6b, 6¢c to the N pole, whereupon the permanent nmagnet 1 is rotated
further 45 a second inside pole excited by said second coil,

said second inside pole being formed as a second yoke
opposed to the inside peripheral surface of said magnet
on the side of the other end thereof, said second yoke
5 having such a shape that a cross section thereof in the
direction perpendicular to the axis of said magnet
comprises alternately formed regions with a large

outside dimension and with a small outside dimension.

10 2. A motor according to Claim 1, wherein said
magnet is magnetized so that the inside peripheral
surface thereof is divided circumferentially into n
portions and said n portions are magnetized in
alternately different poles that are also different

15 from those in the outside peripheral surface adjacent

thereto.

3. A motor according to Claim 1, wherein said
first outside pole is formed as a third yoke, said
20 second outside pole is formed as a fourth yoke, said
first yoke and said third yoke form a first stator, and
said second yoke and said fourth yoke form a second

stator.

25 4. A motor according to Claim 3, wherein said
third yoke and said fourth yoke are connected by a

connecting member of a cylindrical shape.

- _
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countercl ockwi se to go into the state shown in Figs. 3C and 3G —It—
Then the power supply to the coil 4 is inverted to excit%mg e s
6b, 6c, 6e, 6f of the second yoke 6 to the N pole and theée ai:
of the fourth yoke opposed to the 6b, 6¢c to the S pole, md fi]
permanent magnet 1 is rotated further 45 7T t'ercl ockw se.
switching the

5. A motor according to Claim 3, wherein said
first yoke or/and said second yoke are formed so that a
cross-sectional shape thereof in the direction
perpendicular to the axis of said magnet is an elliptic
5 shape with the major axis A and the minor axis B (A >
B), wherein the major axis A is arranged so as to be
located opposite to the poles of the third yoke and the

fourth yoke.

10 6. A motor comprising:

a magnet formed in a cylindrical shape, said
magnet being magnetized so that at least an outside
peripheral surface thereof is divided circumferentially
into n portions and said n portions are magnetized in

15 alternately different poles;

a first coll and a second coil disposed in an
axial direction of said magnet, said first coil and
second coil being located on either side of said
magnet;

20 a first outside pole excited by said first coil,
said first outside pole being opposed to the outside
peripheral surface of said magnet on the side of one
end thereof:;

a first inside pole excited by said first coil,

25 said first inside pole being formed as a first yoke
opposed to an inside peripheral surface of said magnet

on the side of the one end thereof, said first yoke

I
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directions of power supply to the coil 3 and coil 4 inmthrs—+ranner,_the

rotor conposed of the permanent magnet 1 and rotati onal

shaft 2 rotates to

t he positions according to the phases of power supply.7@@§@wﬂh&@«ﬁgﬁg&&is

the reason why the step notor of the above structure is

m cromni aturi zati on of notor. Features of 4he fundanentgﬂjgmlpﬂgm)f t he
in

step notor are as follows. First, the nmagnet is forned
cylinder shape. Second, the outside peripheral surface

having such a shape that a cross section

of the

thereof in a

direction perpendicular to the axis of said magnet

comprises alternately formed regions with a large

outside dimension and with a small outside dimension;

5 a second inside pole excited by said second coil,

said second inside pole being formed as a second yocke

opposed to the inside peripheral surface

of said magnet

on the side of the other end thereof, said second yoke

having such a shape that a cross section

therecof in the

10 direction perpendicular to the axis of said magnet

comprises alternately formed regions with a large

outside dimension and with a small outside dimension;

and

a second outside pole excited by said second coil,

15 said second outside pole being opposed to the outside

peripheral surface of said magnet on the

side of the

other end thereof, said second outside pole and said

first outside pole forming a third yoke,

said third

yoke being formed in a barrel shape having a hole

20 portion and a continuous portion forming

pole portions

of the first and second outside poles, wherein a

"further hole portion is also provided substantially in

the center of the continuous portion.

25 7. A motor according to Claim 6, wherein said

magnet has a first magnetic layer in which at least an

outside peripheral surface thereof is divided
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magnet is divided circunferentially into n portions and the n portions are
magneti zed alternately in the different poles. Third, thefirst—cort;—the

magnet, and the second coil are located in order in theTﬁx'au H{e i on  of
the magnet. Fourth, the outside pole and the inside poleé : ¢ lacef]
second stators excited by the first and secdBd-coils are H ”_' I'
out si de peri pheral

circumferentially into n portions and said n portions
are magnetized in alternately different poles, and a
second magnetic layer in which at least an outside
peripheral surface thereof is divided circumferentially
5 into n portions and said n portions are magnetized in
alternately different poles, said second magnetic layer
being formed in a phase shifted by 180/n degrees from
that of the first magnetic layer and at a position
adjacent thereto in the axial direction.
10
8. A motor according to Claim 7, wherein said
magnet is magnetized so that the inside peripheral
surface thereof is divided circumferentially into n
portions and said n portions are magnetized in
15 alternately different poles that are also different
from those in the outside peripheral surface adjacent

thereto.

9. A motor comprising:

20 a magnet formed in a cylindrical shape, said
magnet being magnetized so that at least an outside
peripheral surface thereof is divided circumferentially
into n portions and said n portions are magnetized in
alternately different poles;

25 a first coil and a second coil disposed in an
axial direction of said magnet, said first coil and

second coil being located on either side of said
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- 12 - surface and to the inside peripheral surface, respectively, of the
magnet. Accordingly, a necessary dianeter of this step nmotor is—a size
enough to oppose the poles of the stators to the dianet t eBna net ;
and a necessary axial length of the step nn&gr_is the s r~
ec f;
)

[E 3qedof
the magnet and the lengths of the first and ond coils. H e
di nensi ons of the step notor are determ ned by the di anet ; s of

the magnet and coils, and the step notor can be mcromniaturized by
decreasing the dianmeters and | engths of the magnet
magnet;

u led

a first outside pole excited by said first coil,
said first outside pole being opposed to the outside
peripheral surface of said magnet on the side of one

5 end thereof;

a first inside pole excited by said first coil,
said first inside pole being formed as a first yoke
opposed to an inside peripheral surface of said magnet
on the side of the one end thereof, said first yoke

10 having such a shape that a cross section thereof in a
direction perpendicular to the axis of said magnet
comprises alternately formed regions with a large
outside dimension and with a small outside dimension;

a second inside pole excited by said second coil,

i5 said second inside pole being formed as a second yoke
opposed to the inside peripheral surface of said magnet
on the side of the other end thereof, said second yoke
having such a shape that a cross section thereof in the
direction perpendicular to the axis of said magnet

20- comprises alternately formed regions with a large
outside dimension and with a small outside dimension;
and

a second outside pole excited by said second coil,
said second outside pole being opposed to the outside

25 peripheral surface of said magnet on the side of the
other end thereof, said second outside pole and said

first outside pole forming a third yoke, said third

__ﬂ—————*"'““fﬂﬂ_ﬁ
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and coils to very small values. Wen the dianmeters an i _
magnet and coils are nade very small, it beconmes difficult to maintain the
out put accuracy of the step motor. This problemof the HBE 16N f

the step notor is solved by the sinple st_rLgpéuIe wherein

formed in the hollow cylinder shape and t he outside pole ﬁHMBWHMI e of
the first and second stators are opposed to the outside perip face
and to the inside peripheral surface of the magnet forned in the hol | ow
cylinder shape. Next described is another exanple in which the

yoke being formed in a barrel shape having a hole

portion and a continuocus portion forming pole portions
of the first and second outside poles, wherein a notch
portion continuous from said hole portion is provided

5 substantially in the center of the continuous portion.

10. A motor according to Claim 9, wherein said
magnet has a first magnetic layer in which at least an
outside peripheral surface thereof is divided

10 circumferentially into n portions and said n portions
are magnetized in alternately different poles, and a
second magnetic layer in which at least an outside
peripheral surface thereof is divided circumferentially
into n portions and said n portions are magnetized in

15 alternately different poles, said second magnetic layer
being formed in a phase shifted by 180/n degrees from
that of the first magnetic layer and at a position

adjacent thereto in the axial direction.

20- 11. A motor according to Claim 9, wherein said
magnet is magnetized so that the inside peripheral
surface thereof is divided circumferentially into n
portions and said n portions are magnetized in
alternately different poles that are also different

25 from those in the outside peripheral surface adjacent

thereto.
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shape of the first and second yokes is nodified. Fig. 5 and Fig. 6 are

drawi ngs to show another exanple of the first enbodinent. Fig. 5is a
perspective view of the first yoke, in -13- which the pole sectlon

opposed to the inside peripheral surface of gthe firstragaes)
formed in the shape of an ellipse 59 (A > B3where Ais kﬁm §dand B
Is the mnor axis) in the cross section m ﬂ”m" ”

12. A motor comprising:

a magnet formed in a cylindrical shape, said
magnet having a first magnetic layer in which at least
an outside peripheral surface thereof is divided

5 circumferentially into n portions and said n portions
are magnetized in alternately different poles, and a
second magnetic layer in which at least an outside
peripheral surface thereof is divided circumferentially
into n portions and said n portions are magnetized in

10 alternately different poles, said second magnetic layer
being located at a position adjacent to said first
magnetic layer in the axial direction and having a
phase shifted by 180/n degrees from that of the first
magnetic layer;

15 a first coil and a second coil disposed in an
aiial direction of said magnet, said first coil and
second coil being located on either side of said
magnet;

a first yoke of a barrel shape set inside of said

20 first coil and opposed with a gap to an inside face of
the first magnetic layer of said magnet, said first
yoke forming a pole section in which a cross section
thereof in a direction perpendicular to the axis of
said magnet comprises alternately formed regions with a

25 large outside dimension and with a small outside
dimension;

a second yoke of a barrel shape set inside of said

"rnaT SHEET HAS BEEN

[TUL T




perpendicular to the axis. Fig. 6 is a lateral, cross- sectional view of

the notor in which the first yoke 5 is incorporated.

| ocated so that the najor axis Ais directed toward the &ﬂs og < g

to the teeth 8a, 8b of the third yoke 8. Slgblarly, t houg i d

the second yoke is also formed in the elliptic shape mnth

and the mnor axis B (A > B) at least in the outside peri of

the pole section, and the major axis is arranged so as to be dlrected

toward the positions opposed to the teeth 9a, 9b of the fourth yoke.
second coill and opposed with a gap to an inside face of

the second magnetic layer of said magnet, said second
yoke forming a pole section in which a cross section
thereof in the direction perpendicular to the axis of
5 said magnet comprises alternately formed regions with a
large outside dimension and with a small outside
'aimension;
a third yoke comprising one end connected to said
first yoke and covering an outside face of said first
10 coil and another end having a pole portion opposed to
the outside peripheral surface of the first magnetic
layer of said magnet;
a fourth yoke comprising one end connected to said
second yoke and covering an outside face of said second
15 colil and another end having a pole portion opposed to
the outside peripheral surface of the second magnetic
layer of said magnet; and
a connecting member for holding said third yoke

and said fourth yoke concentric with each other.
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The outside peripheral surfaces of the first yoke 5 and second yoke 6 in ,

the mnor-axis direction are apart fromthe circunferentra—surfaces—of the '

first magnetic layer and the second nagnetic |ayer, respectively, .and thus

they do not negatively affect the output of gmotor, siml She A Beplacedn s

5e, 5f, 6e, 6f in the first exanple. Since the pole sect :m | - st

yoke and second yoke is continuous throughout the entire 1 t he

strength is high and no chip is produced during press working, thus

achi eving high workability. -
ABSTRACT OF THE DISCLOSURE |

A motor is formed in such structure that a rotor
of permanent magnet, equally divided in the
circumferential direction and magnetized in alternately

5 different poles, is formed in a cylindrical shape, that
a first coil, the rotor, and a second colil are located
in order in the axial direction, that first outside and
first inside poles excited by the first coil are
opposed to outside and inside peripheral surfaces of

10 the rotor, and that second outside and second inside
poles excited by the second coil are opposed to the
outside and inside peripheral surfaces of the rotor,
wherein yokes forming the first and second inside poles
of this motor are formed so that a cross section

15 thereof in a direction perpendicular to the axis of the
rotor has alternately formed regions with a large
outside dimension and with a small outside dimension,
thereby being formed in the shape with good
workability. In addition, the working of a yoke for

20 forming the outside poles is also made easy.

vy ACED



-14- In the first enbodi nent described above the first to fourth yokes 5,
but they may be forned in such structure
that the first and third yokes 5, 8 are integrated into a first stator yoke
and that the second and fourth yokes 6, 9 are integrated into a second
tructed in the double |ayer

ic |layer and the second nagnetic

6, 8, 9 were separate nenbers,

stator yoke.

The first magnet 1 was
structure consisting of the first ma

| ayer the phases of which were
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shifted by 180/ n degrees (n is the nunber of nmagnetic poles of the

per manent nmagnet), i.e., 45[err], but, wthout having to be limted to
this, the present invention can also be applied to the single |ayer
structure of a magnetic layer in the permanent nagnet 1 wherein the phase
of the second and fourth yokes 6, 9 '? shifted by 180/ n degrees, i.e.,
45[err], relative to that of the fir 9and third yokes 5, 8. The second
enbodi ment of the present invention will be described bel ow. (Enbodi nent 2)

Fig. 7 to Fig. 10 are draw ngs to show Enbodi nent o

-~
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2 of the present invention. In Fig. 7 to Fig. 10, reference nuneral 1

desi gnates a nmagnet ring of a cylindrical shape made of a pernmanent nagnet,
whi ch is conposed of a first magnetic |ayer having portions la, 1b, 1c, 1d
obt ai ned by dividing the circunference into n (4 in the present enbodi nment)
and alternately - 15 - magnetized in the S and N poles, and a second
magnetic | ayer having portions le, Jﬁi/ag, 1lh obtained simlarly




by dividing the circunference into 4 and alternately magnetized in the S
and N poles. The phases of the first magnetic |ayer and the second nagnetic
| ayer are shifted by 180/ n degrees, i.e., 45 err] fromeach other. In the
present enbodi nent, the outside peripheral surfaces of the portions la, 1c
of the first magnetic layer and the Hpr ions le, 1g of the second magnetic
| ayer are magnetized in the S pole a d 9 he insi de peri pheral surfaces
thereof in the N pole; the outside peripheral surfaces of the portions 1b,
1d of the first magnetic layer and the portions 1f, 1h of the second
magnetic | ayer are magnetized in the N pole and the




I nsi de peripheral surfaces thereof in the S pole. Nuneral 2 denotes a
rotational shaft to which the pernmanent magnet 1 is fixed. The rotational
shaft 2 and permanent magnet 1 conpose a rotor. Nunerals 3, 4 are coils
which are | ocated so as to be concentric with the permanent nmagnet 1 and to
sandwi ch the permanent magnet 1 in t xial direction. Numeral 5
represents a first yoke nade of a sof / gnetic material, which has a
portion 5d set in the bore portion 3a of coil 3 and teeth 5b, 5c opposed to
the bore portion of the first nagnetic |ayer of the permanent nmagnet 1. The
teeth 5b, 5c are fornmed as shifted by 360/ (n/2)
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degrees, i.e., 180[err] fromeach other so as to be in the -16- sane
phase, relative to the poles of the first magnetic |l ayer. A portion 2a of
the rotational shaft 2 is fitted in a hole Sa of the first yoke so as to be
rotatable. Nuneral 6 stands for a second yoke nade of a soft magnetic
material, which has a portion 6d set irbthe bore portion 4a of coil 4, and
teeth 6b, 6c opposed to 6/
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the bore portion of the second nmagnetic |ayer of the permanent nagnet 1.
The teeth 6b, 6¢c are fornmed as shifted by 360/ (n/2) degrees, i.e., 1800
fromeach other so as to be in the sane phase, relative to the poles of the
second magnetic layer. A portion 2b of the rotational shaft 2 is fitted in
a hole 6a of the second yoke 6 so asé}E be rotatable. The teeth 5b, 5c of
the first yoke 5 and the teeth 6b, 6 ® the second yoke 6 are |ocated in

t he sane phase, i.e., at positions where they are opposed to each other
with respect to the axial direction. Nunmeral 7 denotes a third yoke nmade of
a soft
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magnetic material. The third yoke is of a barrel shape, which is
constructed so as to cover the outside peripheral surfaces of the coil 3,
coil 4, and permanent magnet 1. The third yoke 7 is connected at the
portion 7e to the portion 5h of the first yoke 5 and at the portion 7f to
the portion 6h of the second yoke 6. The third yoke 7 has portions 7a, 7b
at positions opposite to the teeth 508/8c of the first - 17 -
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yoke 5 and the teeth 6b, 6c of the second yoke 6 on either side of the

per manent nagnet 1 and holes 7c, 7d formed in the other portions than the
portion§ 7a, 7b. Since the teeth 5b, 5c of the first yoke 5 and the teeth
6b, 6¢c of the second yoke 6 are in the sane phase, the pole portions 7a, 7b
of the third yoke 7 to be faced to thsse teeth have the sinple shape

consi sting gﬁ continuous parts of the déﬁe portions 7a, 7b as shown in Fig.
7, and the production thereof by press or the like is thus easy. In the

pole teeth 7a, 7b form ng the continuous parts of the third yoke 7, holes

79, 7h are forned at position.s o;?i'G.to 7@1
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ot het rear the border between the first magnetic |ayer and the second

magnetic | ayer of the magnet ring 1. This makes the reluctq
the third yoke 7, so that the nmagnetic flux generated from
becones reljuctant to act on the coil 4, the second magneti g
magnet ring 1, the second yoke 6, and_sq an and so that the

—

generated fromthe coil 4 becones reluctant to act on the cpi

llayer

MER

of twhem
ohé FEB 198%
3, the first

SHEET

magnetic | ayer of the nagnet ring 1, the first yoke 5, and jso~0n. Thus,

rotor becones snoothly rotatable according to the operation

described

t he

bel ow, thereby increasing the output of notor.
MOTOR

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a motor that can

be constructed in microstructure with enhanced
workability.

Related Background Art

Among conventional compact motors, there is, for

example, a compact, cylindrical step motor as shown in

Fig. 13. A stator coil 105 is concentrically wound on

each of bobbins 101, and each bobbin 101 is fixed as

being axially sandwiched between two stator yokes 106.

The stator yoke 106 have stator teeth 1l06a and stator

teeth 106b arranged in alternating fashion along the

circumferential direction of the bore surface of bobbin

101. The stator yokes 106 integral with the stator

teeth 106a or 106b are fixed to cases 103, thus

composing stators 102.

Flange 115 and bearing 108 are fixed to one of two

sets of cases 103 and another bearing 108 is fized to

the other case 103. Rotor 109 is comprised of a rotor

magnet 111 fixed to rotor shaft 110, and the rotor

magnet 111 and the stator yoke 106 of stator 102 form

radial gap portions. The rotor shaft 110 is rotatably

supported between the two bearings 108.

The conventional compact step motor described




Fig. 8 i's ‘a cross-sectional view of the assenbl ed state, Figs. 9A, 9B, 9C

and 9D are cross-sectional views along AA-Ain Fig. 8 and Figs. 9E,_ 9F _9G
and 9H - 18 - are cross-sectional views along B-B in Fig.{f:mhrgss

and 9E are cross-sectional views at a nonent, Figs. 9B and 9F'
anot her nonent, Figs. 9C and 9G t hose atr%ijl anot her nonen
and 9H those at yet still another nonment”

EET

P

above, however, had the drawback that the outside
dimensions of motor were large, because the cases 103,
bobbins 101, stator coils 105, stator yokes 106, etc.
were concentrically located outside the rotor. In
addition, it has another drawback that the output of
motor is not high, because the magnetic flux generated
by energizing the stator coils 105 mainly passes end
faces 106al of the stator teeth 106a and end faces
106bl of the stator teeth 106b, as shown in Fig. 14,
and does not effectively act on the rotor magnet 111.

The applicant proposed a motor solving such
problems in United States Patent Application No.
08/831,863 (filed April 2, 1997).

This proposed motor is constructed in such
structure that the fotor of permanent magnet
partitioned and magnetized in the alternately different
poles at equal intervals in the circumferential
direction is formed in a cylindrical shape, that a
first coil, the rotor, and a second coil are located in
order along the axial direction of the rotor, that the
first outside pole and first inside pole excited by the
first coil are opposed to outside and inside peripheral
surfaces of the rotor, and that the second outside pole
and second inside pole excited by the second coil are
opposed to the outside and inside peripheral surfaces
of the rotor.

The motor of this structure was able to provide



When fromthe state of Figs. 9A and 9E the coil 3 and-coil 4
to excite the teeth 5b, 5c of the first yoke 5 to the S polg

are energi zed

Lhe. . posti-ens

1

7a, 7b of the third yoke 7 opposed to the teeth 5b, 5c to t?E?@AQENENT§§BEE¥
.Mr“ o)

teeth 6b, 6¢c of the second yoke 6 to the S pole, and the pa
the third yoke 7 opposed to the teeth gbg Gc to the N pole,

1is rotated 45 leftward (counterclockw se) to go into the ist
Figs. 9B and 9F. Then the power supply to the coil 3 is invier]

—

e R

the teeth 5b, 5c of the first yoke 5 to the N pole, the portions 7a, 7b of

the third yoke 7 opposed

high output and had small outside dimensions of motor,

but the radial dimension of the first inside pole and

second inside pole which comprise a pair of magnetic

tooth with separated tip ends was also small. Wheh

these pole teeth were processed by press working, there

were problems of strength of mold, emission of chip,

and so on. Therefore, the processing was not easy and

it was rather difficult to achieve high strength of the

teeth. There were desires for readily processing the

first outside pole and second outside pole, too.

SUMMARY OF THE INVENTION

An object of the present invention is to overcome

the above drawbacks and to provide a motor that can be

constructed in microstructure wherein the inside poles

are formed in a shape with high workability.

Another object of the present invention is to

provide a motor that can be constructed in

microstructure wherein processing of the outside poles

is easy.

Other objects of the present invention will become

more apparent by specific embodiments which will be

described below.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded, perspective view of a motor

of the first embodiment according to the present




to the teeth 5b, 5¢c to the S pole, the teeth 6b, 6¢c of the second yoke 6 to

the S pole, and the portions 7a, 7b of the third yoke 7 oppoged—te—the

teeth 6b, 6c to the N pole, whereupon the magnet ring 1 is rcﬁﬁf@ACENEmﬁéSﬁEET
45[err] counterclockwi se to go into the state shown in Figs. |9¢ and™9G
Then the power supply to the coil 4 is-igverted to excite thsg ef@ ?E égs
of the second yoke 6 to the N pole and the portions 7a, 7b off tihe' Th g
yoke 7 opposed to the teeth 6b, 6¢c to the S pole, whereupon

~ —+

invention;

Fig. 2 is a cross-sectional view of the assembled
state of the ﬁotor shown in Fig. 1;

Figs. 3A, 3B, 3C, 3D, 3E, 3F, 3G, and 3H are
drawings for explaining the rotor rotation operation of
the motor shown in Fig. 2; |

Fig. 4 is an enlarged view of the yoke as an
inside pole in the motor shown in Fig. 2;

Fig. 5 is a drawing to show another example of the

. yoke as an inside pole in the motor shown in Fig. 2;

Fig. 6 is a cross-sectional view of the yoke shown
in Fig. 5;

Fig. 7 is an exploded, perspective view of a motor
of the second embodiment according to the present
invention;

Fig. 8 is a cross-sectional view of the assembled
state of the motor shown in Fig. 7;

Figs. 9A, 9B, 9C, 9D, 9E, 9F, 9G, and 9H are
drawings for explaining the rotor rotation operation of
the motor shown in Fig. 7;

Fig. 10 is a plan view of the motor shown in Fig.

Fig. 1l is an exploded, perspective view to show
another example of the motor shown in Fig. 7:

Fig. 12 is a plan view of the assembled state of
the motor shown in Fig. 11;

Fig. 13 is a cross-sectional view to show a



the permanent magnet 1 is rotated further 45 counterclockw se. By

successively switching the directions of power supply to the coiI 3 and .

shaft 2 rotates to the positions according to the phases
Fig. 10 is a top plan view of this notorg Next described
in which the shape of the third yoke is nodified. Fig. 11}ahdj}
drawi ngs to show anot her exanple of the second enbodi nent.

coil 4 in this way, the rotor conprised of the nagnet rin R
)
an

ur.ll

PNy

magﬁﬁﬁ

| €

conventional step motor; and
Fig. 14 is an explanatory drawing to show the
magnetic flux in the conventional step motor shown in

Fig. 13.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments of the present invention will be
described by reference to the drawings.
(Embodiment 1)

Fig. 1 to Fig. 4 are drawings to show Embodiment
1. Reference numeral 1 designates a permanent magnet
of a cylindrical shapé, which is composed of a first
magnetic layer having four portions la, 1b, 1lc, 14
obtained by quartering the circumference and
alternately magnetized in the S and N poles, and a
second magnetic layer having four portions le, 1£f, 1g,
1h obtained similarly by quartering the circumference
and alternately magnetized in the S§ and N poles. The
first magnetic layer and the second magnetic layer are
magnetized in respective phases shifted by 45° from
each other.

The outside peripheral surfaces of the portions
la, 1lc of the first magnetic layer and the portions le,
1g of the second magnetic layer are magnetized in the S
pole and the inside peripheral'surfaces thereof in the
N pole; the outside peripheral surfaces of the portions

1b, 14 of the first magnetic layer and the portions 1f,



In Fig. 11 and Fig. 12, nuneral 1 desi gnates ‘a magnet ring of a cyllndrlcal
shape made from a permanent magnet, which is conposed of .a.first

| ayer having portions la, 1lb, 1c, 1d obtained by dividin M{EMWW{@%

inton (4 inthis exanple) and alternately magnetized injt -arre-Npotieq,
and a second magnetic |ayer having portiogs_le, 1f, 1g, ih OQ Aagﬂ 3
simlarly by dividing the circunference into 4 and alterhpa J? gﬁ
in the S and N poles. The phases of the first nagnetic | ay and .secon
magnetic | ayer are shifted by 180/ n degrees, i.e., 45 fr n1each other. In
t he present exanple, the outside peripheral By

1h of the second magnetic layer are magnetized in the N

pole and the inside peripheral surfaces thereof in the
S pole.

Numeral 2 denotes a rotational shaft, to which the
permanent magnet 1 is fixed. The rotational shaft 2
and permanent magnet 1 compose a rotor. Numerals 3, 4
are coils which are located so as to be concentric with
the permanent magnet 1 and to sandwich the permanent
magnet 1 in the axial direction. Numeral S represents
a first yoke made of a soft magnetic material, which
has a portion 54 set in a bore portion 3a of the coil 3
and a pole section opposed to a bore portion of the
first magnetic layer of the permanent magnet 1.

In the pole section, as shown in Fig. 4, portions
5b, 5c with a 1argé outside diameter and portions 5e,
5f with a small outside diameter are alternately formed
in the cross section taken in the direction
perpendicular to the axis. The portions 5b, 5c¢ are
formed in the same phase, relative to the.poles of the
first magnetic layer. Namely, the portion 5b and the
portion 5c are located as shifted by 180° from each
other. A portion 2a of the rotational shaft 2 is
fitted in a hole 5a of the first yoke so as to be
rotatable.

Numeral 6 denotes a second yoke made of a soft
magnetic material, which has a portion 64 set in a bore

portion 4a of the coil 4 and a pole section opposed to



surfaces of the portions la, 1c of the first magnetic:
portions le,
and the inside peripheral surfaces thereof in the N pol €
-20- peripheral surfaces of the portions |b, Id of the f{rist
and the portions 1f, 1h of the second nagnetic | ayer are

N pole and the inside peripheral surface

1g of the second nmagnetic | ayer are nagneti$ﬁ?hﬁ@ﬁwg%

thereof in theg

yer and.the

\UT\D

a bore porion of the second magnetic layer of the
permanent magnet 1. In the pole section, portions 6b,
6c with a large outside diameter and portions 6e, 6f
with a small outside diameter are alternately formed,
as in the first yoke 5. The portions 6b, 6¢ are formed
in the same phase, relative to the poles of the second
magnetic layer. Namely, the portion 6b and the portion
6c are located as shifted by 180° from each other. A
portion 2b of the rotational shaft 2 is fitted in a
hole 6a of the second yoke so as to be rotatable. The
large diameter portions 5b, 5¢ of the first yoke 5 and
the large diameter portions 6b, 6c of the second yoke 6
are located in the same phase, i.e., opposed to each
other with respect to the axial direction.

Numeral 8 stanés for a third yoke made of a soft
magnetic material, in which teeth 8a, 8b are formed at
positions where they sandwich the portions 5b, 5c of
the first yoke 5 and the first magnetic layer of the
permanent magnet 1. Numeral 9 stands for a fourth
outer yoke made of a soft magnetic material, in which
teeth 9a, 9b are formed at positions where they
sandwich the portions 6b, 6c of the second yoke 6 and
the second magnetic layer of the permanent magnet 1.

Numeral 10 designates a coupling ring made of a
non-magnetic material, which has grooves 10a, 10b
engaged with the teeth 8a, 8b of the third yoke 8 and

grooves 10c, 104 engaged with the teeth 9a, 9b of the



Nuneral 2 represents a rotational shaft to which the permanent magnet 1.is

fixed. The rotational shaft 2 and pernmanent nagnet 1 conp)%_

rotor. Nunerals 3, 4 are coils which are |ocated so as to
wi th the permanent magnet 1 and to sandw ch the permanent
axial direction. Nunmeral 5 designates a g§itst yoke nade of

e

material, which has a portion 5d set in the bore portion J

ACEMERT MEET

“”;~npr|c

a‘of the c0|I 2}

and teeth 5b, 5c opposed to the bore portion of the first
t he permanent magnet 1. The teeth 5b, 5c are forned as shi
degrees, i.e., 180[err] from each

b

magnetic | ayer of

ed h\l

Y~ Y AP,

|
fourth yoke. The third yoke 8 and the fourth yoke 9

are fixed to the coupling ring 10 by a conventional

oo ya

method, for example, by bonding or the like. The third

yoke 8 and the fourth yoke 9 are fixed with a

predetermined space through portions 10e, 10f of the

coupling ring 10. The teeth 8a, 8b of the third yoke 8

are so arranged as to face the teeth 9a, 9b of the

fourth yoke 9.

The third yoke 8 is so arranged, as shown in Fig.

2, that one end thereof is connected to the first yoke

5 and covers the outside-~diameter portion of coil 3 and

that the teeth 8a, 8b at the other end are opposed with

a predetermined gap to the outside peripheral portion

of the permanent magnet 1. The fourth yoke 9 is so

arranged, as shown in Fig. 2, that one end thereof is

connected to the second yoke 6 and covers the outside-

diameter portion of coil 4 and that the teeth 9a, 9b at

the other end are opposed with a predetermined gap to

the outside peripheral portion of the permanent magnet

1'

Fig. 2 is a cross-sectional view of the assembled

state, Figs. 3A, 3B, 3C, and 3D are cross-sectional

views along A-A in Fig. 2, and Figs. 3E, 3F, 3G, and 3H

are cross-sectional views along B-B in Fig. 2.

Figs.

3A and 3E are cross-sectional views at a moment, Figs.

3B and 3F those at another moment, Figs. 3C and 3G

those at still another moment, and Figs. 3D and 3H




other so as to be in the sane phase, relative to the poles of-the first

magnetic |ayer, and a portion 2a of the rotational shaft :ﬁﬁ%ﬂﬁﬂ%ﬁﬁﬁ
hol e 5a of the first yoke so as to be rotatable. Nuneral not-es—a-

yoke made of a soft magnetic material, which has a portio déﬁ t kn t he
bore portion 4a of coil 4 and teeth 6b, Hc opposed to thejbgr EOF Bdﬁg%fl
t he second magnetic |ayer of the permanent nagnet 1. The tieath.6b. 6¢c are
formed as shifted by 360/ (n/2) degrees, i.e., 180 fron1eaéh other so as toj}

be in the sane phase, relative to the &

those at yet still another moment. When from the state
of Figs. 3A and 3E the coil 3 and coil 4 are energized
to excite the pole portions 5b, 5¢, 5e, 5f of the first
yoke 5 to the S pole, the portions 8a, 8b of the third
yoke opposed to the portions 5b, 5¢ to the N pole, the
pole portions 6b, 6c, 6e, 6f of the second yoke 6 to
the S pole, and the portions 9a, 9b of the fourth yoke
9 opposed to the portions 6b, 6c to the N pole, the
permanent magnet 1 rotates 45° counterclockwise so as
to go into the state shown in Figs. 3B and 3F.

Since the small-diameter portions 5e, 5f in the
pole section of the first yoke 5 are more distant from
the inside peripheral surface of the first magnetic
layer than the portions 5b, 5c, the pole occurring in
the small-diameter portions S5e, 5f little acts on the
first magnetic layer and thus little affects the
driving force generated. Accordingly, the first yoke 5
can function in the same manner as in the case of
applicant's prior application No. 08/831,863 (filed
April 2, 1997) which comprises inner magnetic pole with
a pair of separated magnetic teeth. The shape of the
first yoke 5 forms no chip when produced by press
working. Therefore, no consideration is necessary for
emission of chip and the production is thus easy.

Sinée the portions 5b, Se, 5¢, 5f are joined throughout
the entire circumference, the strength is high and

there is no possibility of deformation during assembly.



-21- poles of the second magnetic layer. A portion 2b of the rotational

shaft 2 is fitted in a hole 6a of the second yoke 6 so as to
The teeth 5b, 5c of the first yoke 5 and the teeth 6b, 6c of it
yoke 6 are located in the sane phase, i

yoke nade of a soft namgnetic material. T

TEBLACENRRT SHEET,

., at positions oppgsifte to each

e
other with respect to the axial directi_oEO Nuneral 7 stands flor a{ﬁhFE@ 1398
e third yoke is forned in a

The above is also the case for the second yoke 6.

Since the small-diameter portions 6e, 6f in the pole

section of the second yoke 6 are more distant from

the

inside peripheral surface of the second magnetic lhayer

than the portions 6b, 6c, the pole occurring in the

small-diameter portions 6e, 6f little acts on the

second magnetic layer and thus little affects the

driving force generated. Accordingly, the second yoke

6 can function in the same manner as in the case of

above-mentioned application No. 08/831,863. The shape

of the second yoke 6 forms no chip when produced by

press working. Therefore, no consideration is

necessary for emission of chip and the production is

thus easy. Since the portions 6b, 6e, 6c, 6f are
joined throughout the entire circumference, the
strength is high and there is no possibility of

deformation during assembly.

Then the power supply to the coil 3 is inverted to

excite the pole portions 5b, 5¢, 5e, 5f of the first

yoke 5 to the N pole, the portions 8a, 8b of the third

yoke opposed to the portions 5b, 5c to the S pole,

the

pole portions 6b, 6c, 6e, 6f of the second yoke 6 to

the § pole, and the portions 9a, 9b of the fourth yoke

opposed to the portions 6b, 6c to the N pole, whereupon

the permanent magnet 1 is rotated further 45°

counterclockwise to go into the state shown in Figs. 3C

and 3G.



1"[\]
T

barrel shape so as to cover the outside peripheral surfaces o
coil 4, and permanent magnet 1. The third yoke 7 is connected
portion 7e to the portion 5e of the first yoke 5 and at the ppryiomn
the portion 6e of the second yoke 6. The third yoke 7 has por
at the positions opposite to the teeth G, -5¢ of the first y
the teeth 6b, 6¢ of the second yoke 6 on either side of the

r nent

REPHAGENE \rr" SHEET
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magnet 1, and holes 7c, 7d are formed in the portions other t
portions 7a, 7b. The teeth 5b, 5c of the first yoke 5 and th
of the second yoke 6 are in the sane phase, and the pole portions 7a,

Then the power supply to the coil 4 is inverted to
excite the pole portions 6b, 6c, 6e, 6f of the second
yoke 6 to the N pole and the portions 9a, 9b of the
fourth yoke opposed to the 6b, 6c¢c to the S pole,
whereupon the permanent magnet 1 is rotated further 45°
counterclockwise. By successively switching the
directions of power supply to the coil 3 and coil 4 in
this manner, the rotor composed of the permanent magnet
1 and rotational shaft 2 rotates to the positions
according to the phases of power supply.

Described below is the reason why the step motor
of the above structure is optimum for
microminiaturization of motor.

Features of the fundamental structure of the step
motor are as follows.

First, the magnet is formed in the hollow cylinder
shape.

Second, the outside peripheral surface of the
magnet is divided circumferentially into n portions and
the n portions are magnetized alternately in the
different poles.

Third, the first coil, the magnet, and the second
coil are located in order in the axial direction of the
magnet.

Fourth, the outside pole and the inside pole of
the first and second stators excited by the first and

second coils are opposed to the outside peripheral




7b of the third yoke 7 to be opposed to those teeth are of the sinple shape
of continuous parts of the magnetic portions as shown in Fig. 11. The

production thereof by press or the like is thus easy. In the pﬁwiqrwwf
7b forning the continuous parts of the third yoke 7, notch poREPDASEMENT 7BHEE]
with a narrower wi dth than - 22 - that.,at the other positio formeEd™

at positions opposite near the border be &eén the first

surface and to the inside peripheral surface,

respectively, of the magnet.

MgN§tic « § FER 1958

Accordingly, a necessary diameter of this step

motor is a size enough to oppose the poles of the

stators to the diameter of the magnet; and a necessary

axial length of the step motor is the sum of the length

of the magnet and the lengths of the first and second

coils. Therefore, the dimensions of the step motor are

determined by the diameters and lengths of the magnet

and coils, and the step motor can be microminiaturized

by decreasing the diameters and lengths of the magnet

and coils to very small values.

When the diameters and lengths of the magnet and

coils are made very small, it becomes difficult to

maintain the output accuracy of the step motor. This

problem of the output accuracy of the step motor is

solved by the simple structure wherein the magnet is

formed in the hollow cylinder shape and the outside

pole and inside pole of the first and second stators

are opposed to the outside peripheral surface and to

the inside peripheral surface of the magnet formed in

the hollow cylinder shape.

Next described is another example in which the

shape of the first and second yokes is modified.

Fig. 5 and Fig. 6 are drawings to show another

example of the first embodiment.

Fig. 5 is a perspective view of the first yoke, in



layér and the second magnetic |ayer of the magnet ring 1. This makes the

| ayer of the magnet ring 1, the second yoke 6, and so on
3 R
and so on. Thus, the rotor becomes snoothly rotatable accpri

reluctance high near the third yoke 7, so that the nagnet eri-eeh
bkl
magnetic flux generated fromthe coil _4.Qecones reluctant}t

operation already described in the first enbodi nent, therkby increasing th
out put s . —

fromthe coil 3 becones reluctant to act on the coil 4, t FRON
so~ttrattie
coil 3, the first magnetic |layer of the magnet ring 1, th
which the pole section opposed to the inside peripheral

surface of the first magnetic layer is formed in the
shape of an ellipse 5g (A > B where A is the major axis
and B is the minor axis) in the cross section
perpendicular to the axis. Fig. 6 is a lateral, cross-
sectional view of the motor in which the first yoke 5
is incorporated. The first yoke 5 is located so that
the major axis A is directed toward the positions
opposed to the teeth 8a, 8b of the third yoke 8.
Similarly, though not illustrated, the second yoke is
also formed in the elliptic shape with the major axis A
and the minor axis B (A > B) at least in the outside
peripheral surface of the pole section, and the major
axis is arranged so as to be directed toward the
positions opposed té the teeth 9a, 9b of the fourth
yoke.

The outside peripheral surfaces of the first yoke
5 and second yoke 6 in the minor-axis direction are
apart from the circumferential surfaces of the first
magnetic layer and the second magnetic layer,
respectively, and thus they do not negatively affect
the output of motor, similar to the portions 5e, 5f,
6e, 6f in the first example. Since the pole section of
the first yoke and second yoke is continuous throughout
the entire circumference, the strength is high and no
chip is produced during press working, thus achieving

high workability.



of rotor. As described above, the present invention can provide the cheap
not ors, because the yokes are forned in the shape with goo ég{ |+fty ?E¥%
with high strength. The present invention can al so provide B "ﬁig t e
notor that can be produced readily, that has a small dianmetef, and that
rotates on a snooth basis. In the abovejgnbodi nents, the perfrajehtFEmdsns
p
[

formng the rotor was one obtained by dividing the outsidej}peéripheral
surface circunferentially into n and nmagneti zing the n por{i onms—tmthe
and N pol es and by

In the first embodiment described above the first
to fourth yokes 5, 6, 8, 9 were separate members, but
they may be formed in such structure that the first and
third yokes 5, 8 are integrated into a first stator
yoke and that the second and fourth yokes 6, 9 are
integrated into a second stator yoke.

The first magnet 1 was constructed in the double
layer structure consisting of the first magnetic layer
and the second magnetic layer the phases of which were
shifted by 180/n degrees (n is the number of magnetic
poles of the permanent magnet), i.e., 45°, but, without
having to be limited to this, the present invention can
also be applied to the single layer structure of a
magnetic layer in the permanent magnet 1 wherein the
phase of the second and fourth yokes 6, 9 is shifted by
180/n degrees, i.e., 45°, relative to that of the first
and third yokes 5, 8.

The second embodiment of the present invention
will be described below.

{ Embodiment 2)

Fig. 7 to Fig. 10 are drawings to show Embodiment
2 of the present invention. In Fig. 7 to Fig. 10,
reference numeral 1 designates a magnet ring of a
cylindrical shape made of a permanent magnet, which is
composed of a first magnetic layer having portions la,
1b, 1lc, 1d obtained by dividing the circumference into

n (4 in the present embodiment) and alternately



al so dividing the inside peripheral surface 23 circunferentially into n
and magnetizing the n portions in the S and N poles so that the inside

peri pheral surface was magnetized in the poles different fromthose_of .t

adj acent outside peripheral surface. The present invention,jy E: ENWSSHEET
not limted to this, but the permanent fggnet may be one ob* “i%wmw
dividing only the outside peripheral surface circunferenti al

magnetized in the S and N poles, and a second magnetic
layer having portions le, 1f, 1g, 1lh obtained similarly.
by dividing the circumference into 4 and alternately
magnetized in the S and N poles. The phases of the
first magnetic layer and the second magnetic layer are
shifted by 180/n degrees, i.e., 45° from each other.
In the present embodiment, the outside peripheral
surfaces of the portions la, 1lc of the first magnetic
layer and the portions le, 1lg of the second magnetic
layer are magnetized in the S pole and the inside
peripheral surfaces thereof in the N pole; the outside
peripheral surfaces of the portions 1lb, 1d of the first
magnetic layer and the portions 1f, lh of the second
magnetic layer are magnetized in the N pole and the
inside peripheral sﬁrfaces thereof in the S pole.
Numeral 2 denotes a rotational shaft to which the
permanent magnet 1 is fixed. The rotational shaft 2 |
and permanent magnet 1 compose a rotor. Numerals 3, 4
are coils which are located so as to be concentric with
the permanent magnet 1 and to sandwich the permanent
magnet 1 in the axial direction. Numeral 5 represents
a first yoke made of a soft magnetic material, which
has a portion 5d set in the bore portion 3a of coil 3
and teeth 5b, 5c opposed to the bore portion of the
first magnetic layer of the permanent magnet 1. The
teeth 5b, 5c¢ are formed as shifted by 360/(n/2)

degrees, i.e., 180° from each other so as to be in the



into n and magnetizing the n portions in the S and N poles. In the above

enbodi nents the nunber of poles of the permanent nmagnet was 4 Wt hout. ...

having to be linited to this, the present invention may be appRERpAtidithe .~

cases wherein the nunber of poles of the permanent nagnet is ko “THan
gnets pSePptgas
o] iﬂcge ggJ

4. In the case wherein the nunber of poles of the per manent
| ess than 4, the nunber of the out si de "aft@ Tnsi de poles is al
accordi ng thereto.

Npee=

same phase, relative to the poles of the first magnetic
layer. A portion 2a of the rotational shaft 2 is
fitted in a hole 5a of the first yoke so as to be
rotatable.

Numeral 6 stands for a second yoke made of a soft
magnetic material, which has a portion 6d set in the
bore portion 4a of coil 4, and teeth 6b, 6c opposed to
the bore portion of the second magnetic layer of the
permanent magnet 1. The teeth 6b, 6c are formed as
shifted by 360/(n/2) degrees, i.e., 180° from each
other so as to be in the same phase, relative to the
poles of the second magnetic layer. A portion 2b of
the rotational shaft 2 is fitted in a hole 6a of the
second yoke 6 so as to be rotatable. The teeth 5b, 5c
of the first yoke 5 and the teeth 6b, 6c of the second
yoke 6 are located in the same phase, i.e., at
positions where they are opposed to each other with
respect to the axial direction.

Numeral 7 denotes a third yoke made of a soft
magnetic material. The third yoke is of a barrel
shape, which is constructed so as to cover the outside
peripheral surfaces of the coil 3, coil 4, and
permanent magnet 1. The third yoke 7 is connected at
the portion 7e to the portion 5h of the first yoke 5
and at the portion 7f to the portion 6h of the second
yoke 6. The third yoke 7 has portions 7a, 7b at

positions opposite to the teeth 5b, 5c of the first



-24 - WHAT IS CLAIMED IS: 1. A notor conprising: a nmagnet forned in a

cylindrical

5 peri pheral surface thereof is divided circunferentialﬁﬁp'n

and said n
coil and a
first coil

shape, said magnet being nmagnetized so that at | easi..an

QLS i-¢

portions are magnetized in alternately differe

second coil disposed in an axjal direction of isgid 1
and 10 sai d second coil'bé?nﬁ | ocated on eiit er§g$gg§

I

o882l g

L

)

mm——

yoke 5 and the teeth 6b, 6c of the second yomewﬁ-on
either side of the permanent magnet 1 and holes 7c, 74
formed in the other portions than the portions 7a, 7b.
Since the teeth 5b, 5c of the first yoke 5 and the
teeth 6b, 6c of the second yoke 6 are in the same
phase, the pole portions 7a, 7b of the third yoke 7 to
be faced to those teeth have the simple shape
consisting of continuous parts of the pole portions 7a,
7b as shown in Fig. 7, and the production thereof by
press or the like is thus easy. In the pole teeth 7a,
7b forming the continuous parts of the third yoke 7,
holes 7g, 7h are formed at positions opposite to each
other near the border between the first magnetic layer
and the second magnetic layer of the magnet ring 1.

This makes the'reluctance high near the third yoke
7, so that the magnetic flux generated from the coil 3
becomes reluctant to act on the coil 4, the second
magnetic layer of the magnet ring 1, the second yoke 6,
and so on and so that the magnetic flux generated from
the coil 4 becomes reluctant to act on the coil 3, the
first magnetic layer of the magnet ring 1, the first
yoke 5, and so on. Thus, the rotor becomes smoothly
rotatable according to the operation described below,
thereby increasing the output of motor.

Fig. 8 is a cross-sectional view of the assembled
state, Figs. 9A, 9B, 9C, and 9D are cross-sectional

views along A-A in Fig. 8, and Figs. 9E, 9F, 9G, and 9H



magnet; a first outside pole excited by said first coil, said first outside
pol e bei ng opposed to the outside peripheral- surface of said nagnet on a

side of one end 15 thereof; a first inside pole excitgéd-by QﬁéﬂJhﬁﬁtT

coil, said first inside pole being formed as a first yokeR

i nsi de peripheral surface of said magnejgon the side of th@ one end

thereof, said first yoke 20 havi ng such a shape that g

thereof in a direction perpendicular to an axis of said jmj 2t conprlse

alternately fornmed regions with a | arge

are cross-sectional views along B-B in Fig. Q::fflgs.
9A and 9E are cross-sectional views at a moment, Figs.
9B and 9F.those at another moment, Figs. 9C and 9G
those at still another moment, and Figs. 9D and 9H
those at yet still another moment.

When from the state of Figs. 9A and 9E the coil 3
and coil 4 are energized to excite the teeth 5b, 5c of
the first yoke 5 to the S pole, the portions 7a, 7b of
the third yoke 7 opposed to the teeth 5b, 5c to the N
pole, the teeth 6b, 6c of the second yoke 6 to the S
pole, and the portions 7a, 7b of the third yoke 7
opposed to the teeth 6b, 6c to the N pole, the magnet
ring 1 is rotated 45° leftward (counterclockwise) to go
into the state shown in Figs. 9B and 9F.

Then the power-supply to the coil 3 is inverted to
excite the teeth 5b, 5c of the first yoke 5 to the N
pole, the portions 7a, 7b of the third yoke 7 opposed
to the teeth 5b, 5¢c to the S pole, the teeth 6b, 6c¢c of
the second yoke 6 to the S pole, and the portions 7a,
7b of the third yoke 7 opposed to the teeth 6b, 6c to
the N pole, whereupon the magnet ring 1 is rotated
further 45° counterclockwise to go into the state shown
in Figs. 9C and 9G.

Then the power supply to the coil 4 is inverted to
excite the teeth 6b, 6c of the second yoke 6 to the N
pole and the portions 7a, 7b of the third yoke 7

opposed to the teeth 6b, 6¢c to the S pole, whereupon



excited by said second coil, 25 sai d second outside pol e bd
to the outside peripheral surface of said magnet on a side of

t hereof ; and -25 - a second inside pole excited by said sedon

said second inside pole being forned as ggsecond yoke opposed it
peri pheral surface of said nmagnet

e e A AT 20

out side dinmension and with a small outside dinmension: a second!ﬁ
i
an

ot her end
d t& FER 1998

t he inside
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the permanent magnet 1 is rotated further 45°

counterclockwise. By successively switching the

directions of power supply to the coil 3 and coil 4 in

this way, the rotor comprised of the magnet ring 1 and

rotational shaft 2 rotates to the positions according

to the phases of power supply. Fig. 10 is a top plan

view of this motor.
Next described is another example in which the

shape of the third yoke is modified.

Fig. 11 and Fig. 12 are drawings to show another

example of the second embodiment.
In Fig. 11 and Fig. 12, numeral i designates a

magnet ring of a cylindrical shape made from a

permanent magnet, which is composed of a first magnetic

layer having portiohs la, 1b, 1lc, 14 obtained by

dividing the circumference into n (4 in this example)

and alternately magnetized in the S and N poles, and a

second magnetic layer having portions le, 1f, 1g, 1lh

obtained similarly by dividing the circumference into 4

and alternately magnetized in the S and N poles. The

phases of the first magnetic layer and second magnetic

layer are shifted by 180/n degrees, i.e., 45° from each

other. In the present example, the outside peripheral

surfaces of the portions la, 1lc of the first magnetic

layer and the portions le, 1lg of the second magnetic

layer are magnetized in the S pole and the inside

peripheral surfaces thereof in the N pole; the outside



on the side of the other end thereof, said second yoke 5 ?Etgwim:l’gﬁﬁ

shape that a cross section thereof in the direction perpeng

axis of said magnet conprises alternately forned regi ons wiit
out side dinmension and with a small outside dinension. 10
notor according to Claim1, wherein saig,nmagnet is magneti zed

alar

4 GoFE£BA8
so that th

I nsi de peripheral surface thereof is also divided circunferien

rally Iinto

said n portions and said n portions are nmagnetized in alterpately. diff.erenrt

poles that are also different 15 fromthose in the outside
surface adj acent.thereto.

peri pher al

peripheral surfaces of the portions 1lb, 1d of the first

magnetic layer and the portions 1f, lh of the second

magnetic layer are magnetized in the N pole and the

inside peripheral surfaces thereof in the S pole.

Numeral 2 represents a rotational shaft to which

the permanent magnet 1 is fixed. The rotational shaft

2 and permanent magnet 1 compose the claimed rotor.

Numerals 3, 4 are coils which are located so as to be

concentric with the permanent magnet 1 and to sandwich

the permanent magnet 1 in the axial direction. Numeral

5 designates a first yoke made of a soft magnetic

material, which has a portion 5d set in the bore

portion 3a of the coil 3 and teeth 5b, 5c opposed to

the bore portion of the first magnetic layer of the
permanent magnet 1. The teeth 5b, 5¢ are formed as

shifted by 360/(n/2) degrees, i.e., 180° from each

other so as to be in the same phase, relative to the

poles of the first magnetic layer, and a portion 2a

of

the rotational shaft 2 is fitted in a hole 5a of the

first yoke so as to be rotatable.

Numeral 6 denotes a second yoke made of a soft

magnetic material, which has a portion 64 set in the

bore portion 4a of coil 4 and teeth 6b, 6c opposed to

the bore portion of the second magnetic layer of the

permanent magnet 1. The teeth 6b, 6c are formed as

shifted by 360/(n/2) degrees, i.e., 180° from each

other so as to be in the same phase, relative to the




3. A notor according to Claim1, wherein said first outside pole is forned
as a third yoke, said 20 second outside pole is forned as_a fourth yoke,
said first yoke and said third yoke forma first stator, anEEEF“KCEM¥Mﬁ“$HEE¥
yoke and said fourth yoke forma second stator. 25 R Y G
according to Claim3, wherein said third xoke and said fourt h] y?kbe [?Erfﬁﬁs
connected by a connecting nenber of a cylindrical shape.

poles of the second magnetic layer. A portionhib.of
the rotational shaft 2 is fitted in a hole 6a of the
second yoke 6 so as to be rotatable. The ;eeth 5b, Sc
of the first yoke 5 and the teeth 6b, 6c of the sec¢ond
yoke 6 are located in the same phase, i.e., at
positions opposite to each other with respect to the
axial direction.

Numeral 7 stands for a third yoke made of a soft
magnetic material. The third yoke is formed in a
barrel shape so as to cover the outside peripheral
surfaces of the coil 3, coil 4, and permanent magnet 1.
The third yoke 7 is connected at the portion 7e to the
portion 5e qf the first yoke 5 and at the portion 7f to
the portion 6e of the second yoke 6. The third yoke 7
has portions 7a, 75 at the positions opposite to the
teeth 5b, 5¢ of the first yoke 5 and to the teeth 6b,
6c of the second yoke 6 on either side of the permanent
magnet 1, and holes 7c, 7d are formed in the portions
other than the portions 7a, 7b. The teeth 5b, 5c of
the first yoke 5 and the teeth 6b, 6c of the second
yoke 6 are in the same phase, and the pole portions 7a,
7b of the third yoke 7 to be opposed to those teeth are
of the simple shape of continuous parts of the magnetic
portions as shown in Fig. 11. The production thereof
by press or the like is thus easy. In the pole teeth
7a, 7b forming the continuous parts of the third yoke

7, notch portions 7i, 7j with a narrower width than



-26-'5. A notor according to Claim3, wherein said first yok%EQ#AQWMEﬁin&ﬁbti
second yoke are forned so that said cross-sectional shape thereof in the
direction perpendicular to the axis of said magnet is an ellipt{d FEB 1998
shape with a major axis A and a mnor axis B (A > B), where t he maj or
axis Ais arranged so as to be Iocategzﬁfgpsite to the pol es ofr The ThiTd
yoke and the fourth yoke. 10 6.7 A notor conprising.__a mgnet

formed in a cylindrical shape, said magnet bei ng magneti zed so that at
| east an outside

that at the other positions are formed at positions
opposite near the border between the first magnetic
layer and the second magnetic layer of the magnet ring
1.

This makes the reluctance high near the third yoke
7, so that the magnetic flux generated from the coil 3
becomes reluctant to act on the coil 4, the second

- magnetic layer of the magnet ring 1, the second yoke 6,
and so on and so that the magnetic flux generated from
the coil 4 becomes reluctant to act on the coil 3, the
first magnetic layer of the magnet rxring 1, the first
yoke 5, and so on. Thus, the rotor becomes smoothly
rotatable according to the operation already described
in the first embodiment, thereby increasing the output
of motor.

As described above, the present invention can
provide the cheap motors, because the yokes are formed
in the shape with good workability and with high
strength. The present invention can also provide the
high—output motor that can be produced readily, that
has a small diameter, and that rotates on a smooth
basis.

In the above embodiments, the permanent magnet
forming the rotor was one obtained by dividing the
outside peripheral surface circumferentially into n and
magnetizing the n portions in the S and N poles and by

also dividing the inside peripheral surface



peri pheral surface thereof is divided circunferentialtly into
said n portions are magnetized in 15 alternately different

SR

first coil and a second coil disposed in an axial direction 01_ ai.d nagnet, i

said first coil and said second coil being |ocated on either

magnet; 20 a first outside pole,gxcited by said first
first outside pole being opposed to the outside peripheral su
magnet on a side of one end thereof; a first inside pole exci

first coil, —

elob & 4109 |
cpbil, said
rface of said

¥4

T

i-ec-by..sal.d

circumferentially into n and magnetizing the n portions

in the § and N poles so that the inside peripheral
surface was magnetized in the poles different from

those of the adjacent outside peripheral surface.

present invention, however, is not limited to this,

The

but

the permanent magnet may be one obtained by dividing

only the outside peripheral surface circumferentially

into n and magnetizing the n portions in the S and

poles.

N

In the above embodiments the number of poles of

the permanent magnet was 4, but, without having to

be

limited to this, the present invention may be applied

to the cases wherein the number of poles of the

permanent magnet is not less than 4. In the case

wherein the number of poles of the permanent magnet is

not less than 4, the number of the outside and inside

poles is also increased according thereto.



25  said fi inside pole being formed as a first yoke opposed to an
I nsi de peripheral surface © magnet on the side of the_one. end

t hereof, said ﬁm& k REPLACENENT SHEET -27- having § }ﬂ%ﬁ
a Cross sectlon e}’ﬁ B¢ ection perpendi cular to an gF?%ﬁ%&”?gFug
magnet conpri ses g or ned regaons with a | arge oyt $i ciesdéggr%gé&on

and with a smal | si on;

WHAT IS CLAIMED IS:

1. A motor comprising:

a magnet formed in a cylindrical shape, said
magnet being magnetized so that at least an outside
peripheral surface thereof is divided circumferentially
into n portions and said n portions are magnetized in
alternately different poles;

a first coil and a second coil disposed in an
axial direction of said magnet, said first coil and
second coil being located on either side of said
magnet;

a first outside pole excited by said first coil,
said first outside pole being opposed to the outside
peripheral surface of said magnet on the side of one
end thereof:; |

a first inside pole excited by said first coil,
said first inside pole being formed as a first yoke
opposed to an inside peripheral surface of said magnet
on the side of the one end thereof, said first yoke
having such a shape that a cross section thereof in a
direction perpendicular to the axis of said magnet
comprises alternately formed regions with a large.
outside dimension and with a small outside dimension;

a second outside pole excited by said second coil,
said second outside pole being opposed to the outside

peripheral surface of said magnet on the side of the

other end thereof;gfff_ﬂf_*_ﬂ____ﬂ————

[ LD




5 a second—inside-—pole excited by said second coil, said second

I nside pole being formed as a second yoke opposed to the inside peripheral

surface of said WEgSed Ha Bean Rdpl@q0f an other end thereof, SaﬂEPWM@}X%ET

havi ng such a shag ”@Elﬁeﬂu g5 section thereof in the 10 [Erreetren
erpendicular to ! 1/l d magnet,conprises alternatply _
Iroeggoons wth ala i nmensi on a % with a small outgi de.1£ %%gﬁ%ﬁg;
and a second outside pole excited by said second coil, 15 sai d_second

out si de pol e bei ng opposed to the outside peripheral surfacg of said magnet

on the side of the
a second inside pole excited by said second coil,

said second inside pole being formed as a second yoke
opposed to the inside peripheral surface of said magnet
on the side of the other end thereof, said second yoke
having such a shape that a cross section thereof in the
direction perpendicular to the axis of said magnet
comprises alternately formed regions with a large

outside dimension and with a small outside dimension.

2. A motor according to Claim 1, wherein said
magnet is magnetized so that the inside peripheral
surface thereof is divided circumferentially into n
portions and said n portions are magnetized in
alternately differént poles that are also different
from those in the oﬁtside peripheral surface adjacent

thereto.

3. A motor according to Claim 1, wherein said
first outside pole is forméd as a third yoke, said
second outside pole is formed as a fourth yoke, said
first yoke and said third yoke form a first stator, and
said second yoke and said fourth yoke form a second

 stator.

4. A motor according to Claim 3, wherein said

third yoke and said fourth yoke are connected by a

connecting member of a cylindrical shape.
- THIS SHEET HAS BEEN

B




other end thereof, said second outside pole and said first outside pole

formng a thi+d-yoke, said third yoke being formed in a bar
a hole 20 portion and a'EﬁﬁTTnuous portion formng pole|¥mﬁﬁhﬁﬁ‘

al’'so

.ﬁg t?*] FEB 10087 .

etic

A not or accordl wherei n sard_ magnet has a first
| ayer in which t5|de peri pheral surface theredf
di vi ded

first and secomﬁsgg wherein a further hole portjo
provi ded substa W %At er of th conti nuous porti oh.

5. A motor according to Claim 3, wherein said
first yoke or/and said second yoke are formed so that a
cross-sectional shape thereof in the direction
perpendicular to the axis of said magnet is an ellibtic
shape with the major axis A and the minor axis B (A >
B), wherein the major axis A is arranged so as to be
located opposite to the poles of the third yoke and the

fourth yoke.

6. A motor comprising:

a magnet formed in a cylindrical shape, said
magnet being magnetized so that at least an outside
peripheral surface thereof is divided circumferentially
into n portions and said n portions are magnetized in
alternately differeﬁt poles;

a first coil and a second coil disposed in an
axial direction of said magnet, said first coil and
second coil being located on either side of said
magnet;

a first outside pole excited by said first coil,
said first outside pole being opposed to the outside
peripheral surface of said magnet on the side of one
end thereof;

a first inside pole excited by said first coil,
said first inside pole being formed as a first yoke
opposed to an inside peripheral surface of said magnet

on the side of the one end thereof, said first yoke

(T




28 - circunferentially into said n portions-and said n portions are

magneti zed in*af%e%naLeL¥‘gLLLg%ent pol es, and a second nagnetic | ayer in
whi ch at | east .an outside peripheral surface thereof is diy
circunferenti al ﬂg&}bsmepmpﬁabgns and said n portions are W bﬁéﬁ%ﬁ"‘? 3&%

3
alternately diff ai d segopeg gagnetic |ayer bei formed in a
fromthat of the first nagngt (:f gyFEaapgg

er n 1

phase shifted b
a position adjacent t the axial 10 di rection.

having such a shape that a cross secfion thereof Ii"a
direction perpendicular to the axis of said magnet
comprises alternately formed regions with a large
outside dimension and with a small outside dimension;

a second inside pole excited by said second coil,
said second inside pole being formed as a second yoke
opposed to the inside peripheral surface of said magnet
on the side of the other end thereof, said second yoke
having such a shape that a cross section thereof in the
direction perpendicular to the axis of said magnet
comprises alternately formed regions with a large
outside dimension and with a small outside dimension;
and

a second outside pole excited by said second coil,
said second outside bole being opposed to the outside
peripheral surface of said magnet on the side of the
other end thereof, sald second outside pole and said
first outside pole forming a third yoke, said third
yoke being formed in a barrel shape having a hole
portion and a continuous portion forming pole portions
of the first and second outside poles, wherein a
further hole portion is also provided substantially in

the center of the continuous portion.

7. A motor according to Claim 6, wherein said

magnet has a first magnetic layer in which at least an

outside peripheral surface thereof is divided THIS SHEET HAS BEEN
_ REPLACED

A A
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8. A motor according to Claim7, wherein said magnet is nmagreti-zed-se H¥L

the inside pep+ﬁheraf—§UTT§E§—fﬁéreof is also divided circ ﬁFEL&@EmEN

into 15 sai d .n oném gﬁald n portions are nagnetitze

i
alternately diff I t are also different fromthose 0
; ﬂﬁmcent thezgto. 20 9. An?o’im? %

out si de peri pher
conprising: a ey a cylindrical shape, said g

magneti zed so that at |east -an outside peri pheral surface thereof is

divided circunferentially into n portions and said n porti oms—are

magneti zed in
circumferentially into n portions and said n portions
are magnetized in alternately different poles, and a
second magnetic layer in which at least an outside
peripheral surface thereof is divided circumferentjally
into n portions and said n portions are magnetized in
alternately different poles, said second magnetic layer
being formed in a phase shiftéd by 180/n degrees from

that of the first magnetic layer and at a position

adjacent thereto in the axial direction.

8. A motor according to Claim 7, wherein said
magnet is magnetized so that the inside peripheral
surface thereof is divided circumferentially into n
portions and said n portions are magnetized in
alternately different poles that are also different
from those in the outside peripheral surface adjacent

thereto.

9. A motor comprising:

a magnet formed in a cylindrical shape, said
magnet being magnetized so that at least an outside
peripheral surface thereof is divided circumferentially
into n portions and said n portions are magnetized in
alternately different poles;

a first coil and a second coil disposed in an
axial direction of said magnet, said first coil and

second coil being located on either side of said
THIS SHEET HAS BEEN
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25 alternately different poles; a first coil and a-second coil disposed
I n an axi al dfFE%TTBﬁ‘ﬁT—sard—ﬁagnet said first coil and -29 - said
second coi l be| ocated on either side of said nagnet; a f out-shde.....
pol e excited by &mh&d said first outside pole belﬁgﬁg&ﬁ

the outside 5 ﬂ"h(gce of_ g@cinagnet on a sidg

magnet:;

a first outside pole excited by said first coil,
said first outside pole being opposed to the outside
peripheral surface of said'magnet on the side of one
end thereof;

a first inside pole excited by said first coil,
said first inside pole being formed as a first yoke
opposed to an inside peripheral surface of said magnet
on the side of the one end thereof, said first yoke
having such a shape that a cross section thereof in a
direction perpendicular to the axis of said magnet
comprises alternately formed regions with a large
outside dimension and with a small outside dimension;

a second inside pole excited by said second coil,
said second inside pole being formed as a second yoke
opposed to the inside peripheral surface of said magnet
on the side of the other end thereof, said second yoke
having such a shape that a cross section theréof in the
direction perpendicular to the axis of said magnet
comprises alternately formed regions with a large
outside dimension and with a small outside dimension;
and

a second outside pole excited by said second coil,
said second outside pole being opposed to the outside
peripheral surface of said magnet on the side of the
other end thereof, said second outside pole and said

first outside pole forming a third yoke, said third

(LU L
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thereof; a first inside pole excited by said first coil, sa
pol e being formed as a TIrst yoke opposed to an inside peri

ERNE AR

of said magnet ks cpee:®

havi ng such a sh
per pendi cul ar toj u
regions with a

15

| i fornmed
| ele—dTENSi ON;
sai d secand

4L§u£§§ de of the one end thereof, sgdid first yoke
4 lﬂmﬁ section thereof in a diregtijorg G FED 1988
j1 nmension and with a small out

d magneggcanpri ses al ternat
a second inside pole excited by said second coil

#2"

i nside pole being formed as a second yoke opposed to the |n Tde peri pheral
surface of said nagnet e

yoke being formed in a barrel shape having a hole

portion and a continuous portion forming pole portions
of the first and second outside poles, wherein a notch
portion continuous from said hole portion is provided

substantially in the center of the continuous portion.

10. A motor according to Claim 9, wherein said
magnet has a first magnetic layer in which at least an
outside peripheral surface thereof is divided
circumferentially into n portions and said n portions
are magnetized in alternately different pbles, and a
second magnetic layer in which at least an outside
peripheral surface thereof is divided circumferentially
into n portions and said n portions are magnetized in
alternately differeﬁt poles, said second magnetic layer
being formed in a phase shifted by 180/n degrees from
that of the first magnetic layer and at a position

adjacent thereto in the axial direction.

11. A motor according to Claim 9, wherein said
magnet is magnetized so that the inside peripheral

surface thereof is divided circumferentially into n

- portions and said n portions are magnetized in

alternately different poles that are also different
from those in the outside peripheral surface adjacent

thereto.

O



on a side of an other end thereefs~—sai d second yoke having such a shape
that a cross section thereof in the 20 direction perpe + iy
axis of said nagneﬁMQQapﬂaﬂa&R@ﬂmé¥nately formed regions w

out si de di nensi on a outS|de di mensi on; and ja |
- $@aid second outsid
opposed to the outS| surface of said magnet o

pol e excited by sai
ot her end thereof, said second out5|de pol e and said

12. A motor comprising:

a magnet formed in a cylindrical shape, said
magnet having a first magnetic layer in which at least
an outside peripheral surface thereof is divided
circumferentially into n portions and said n portions
are magnetized in alternately different poles, and a
second magnetic layer in whicﬁ at least an outside
peripheral surface thereof is divided circumferentially
into n portions and said n portions are magnetized in
alternately different poles, said second magnetic layer
being located at a position adjacent to said first
magnetic layer in the axial direction and having a
phase shifted by 180/n degrees from that of the first
magnetic layer;

a first coil aﬁd a second coil disposed in an
axial direction of said magnet, said first coil and
second coil being located on either side of said
magnet;

a first yoke of a barrel shape set inside of said
first coil and opposed with a gap to an inside face of
the first magnetic layer of said magnet, said first
yoke forming a pole section in which a cross section
thereof in a direction perpendicular to the axis of
said magnet comprises alternately formed regions with a
large outside dimension and with a small outside
dimension;

a second yoke of a barrel shape set inside of said
T T
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-30- first outside fming a third yoke, said third yoke—berng—fur
in a barrel s aving a holweportion and a continuous pc§ﬁ§@ﬁ§ﬁ§ﬁ%ﬁngﬁgtr
pol e portions of the dkissan@second outsi de pol es, whereijn A~ AGTCH 5

portion continuo
center of the Cegijip
sai d magnet has aYi

peri pher al

said n portions

Aol on. 10. A potor according to |C

e portion is provided substlantialg yeirnioas
ajﬁﬁgfgﬁhﬁ?ei1
0

nﬁgnetic | ayeT $% Which at |east an

ot > (X
OUutTST U

surface thereof is divided circunferentially intjo n portions and

second coil and opposed with a gap to an inside face of
the second magnetic layer of said magnet, said second
yoke forming a pole section in which a cross section
thereof in the direction perpendicular to the axis of
said magnet comprises alternately formed regions with a
large outside dimension and with a small outside
dimension;

a third yoke comprising one end connected to said
first yoke and covering an outside face of said first
coil and another end having a pole portion opposed to
the outside peripheral surface of the first magnetic
layer of said magnet;

a fourth yoke comprising one end connected to said
second yoke and cdvering an outside face of said second
coll and another end having a pole portion opposed to
the outside peripheral surface of the second magnetic
layer of said magnet; and

a connecting member for holding said third yoke

and said fourth yoke concentric with each other.
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aré magnetized in alternately different poles, and a second magnetic |ayer
.in.which at | east an outside peripheral surface thereof 'is also divided.l

~ citrcunferentially into said n portions and said n portiong gﬁ%ﬂl ET
4n alternately different poles, said second nagnetic | ayer %?E HE
/ a phase shifted by 180/n degr ees fron1that of the first (% l%ﬁbg gn
at a position adjacent thereto in 20~ 33the axial directioh. Sg

according to Caim9, wherein said magnet i s magneti zed so}t at t he insid
peri pheral surface thereof is also d&géggd circunferentially into

ABSTRACT OF THE DISCLOSURE
A motor is formed in such structure that a rotor

of permanent magnet, equally divided in the
circumferential direction and magnetized in alternately
different poles, is formed in a cylindrical shape, that
a first coil, the rotor, and a second coil are located
in order in the axiﬁl direction, that firsf outside and
first inside poles excited by the first coil are
opposed to outside and inside peripheral surfaces of
the rotor, and that second ocutside and second inside
poles excited by the second coil are opposed to the
outside and inside peripheral surfaces of the rotor,
wherein yokes forming the first and second inside poles
of this motor are formed so that a cross section

- thereof in a direction perpendicular to the axzis of the
rotor has alternately formed regions with a large
outside dimension and with a small outside dimension,
ﬁhereby bagng, formed in'yhg shape with good
workabiliey.s* In é&difiéﬁ, tha working of a yoke for

forming the outside poles is also made easy.

Figure 1



25" sai-d n portions and said n portions are nmagnetized in alternately
differept poles that are also different fromthose in the outside

periphgfal surface adjacent -31 - thereto. 12. A nplOLe-GCOMNRFi-Si-REG a
magnet formed in a cylindrical shape, said 5 magnet RE@LAQE&ENTISHEET

magnetic | ayer
di vi ded
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in which at | east an outside peripheral purface e
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WHAT IS CLAIMED IS}

1. A motor comprising:

a magnet formed in a cylindrical shape, saild
magnet being magnetized so that at least an outside
peripheral surface thereof is divided cilrcumferentially
into n portions and sald n portions are magnetized in
alternately different poles;

a first coil and a second coil disposed 1in an
axial direction of said magnet, said first coil and

said second coll being located on either side of said

magnet;

a first outside pole excited by said first coil,
said first outside pole being opposed to the outside
peripheral surface of sald magnet on g side of one end
thereof; .

a first inside pole excited by said first coll,
said first inside pole being formed as a first yoke
opposed to an inside peripheral surface of said magnet
on the side of the one end thereof, sald first yoke
having such a shape that a cross section thereof in a
direction perpendicular to an axis of sald magnet
comprises alternately formed regions with a large
outside dimension and with a small outside dimension;

a second outside pole excited by said second coil,
said second outside pole being opposed to the outside

peripheral surface of said magnet on a side of an other

end thereof: and

NER I
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circunferentially into n portions and said n portions are_
alternately different poles, and a second magnetic |ayer
an out gf de 10 peri pheral surface thereof is also d|V|oe
circunferentially into said n portions and said n portions
in alternately different poles. said second nagnetic | ayey
a position adjacent to said first magnetic layer in an axj

first magnetic layer; a first coil and a.ggcond coil di spesec

direction of said magnet, said first coil and

TEPVACENE %ng"’

;E,‘La? 7g.JA8 ééséd?m

a second inside pole excited by said second coil,

said second inside pole being formed as a second yoke

opposed to the inside peripheral surface of said magnet

on the side of the other end thereof, said

second yoke

5 having such a shape that a cross section thereof in the

direction perpendicular to the axis of said magnet

comprises alternately formed regions with a large

outside dimension and with a small outside

dimension.

10 2. A motor according to Claim 1, wherein said

magnet is magnetized so that the inside peripheral

surface thereof 1s glgg divided circumferentially into

said n portions and said n portions are magnetized in

alternately different poles that are also different

15 from those in the outside peripheral surface adjacent

thereto.

3. A motor according to Claim 1, wherein saild

first outside pole is formed as a third yoke, said

20 second outside pole 1s formed as a fourth yoke, sald

first yoke and said third yoke form a first stator, and

said second yoke and said fourth yoke form a second
stator.
25 4. A motor according to Claim 3, wherein said

third yoke and said fourth yoke are connected by a

connecting member of a cylindrical shape.

I



sai d second coil being |ocated on either side of said 20 {; '
yoke of a barrel shape set inside of said first coil and é%“ ' 4& hSHEEE
to an inside face of the first magnetic |ayer of said nagne , sald TTTst
yoke form ng a pole section in which a cross section 25 ? g@f
direction perpendicular to the axis of said nmagnet conpris?s al terna
formed regions with a large outside dinension and with ajs

e t—ett S i~te.-

2. :

5. A motor according to Claim 3, wherein said
first yoke or/and sald second yoke are formed so that
,8a1d cross-sectional shape thereof in the direction
perpendicular to the axis of sald magnet is an elliptic

5 shape with a major axis A and g minor axis B (A > B),
wherein the major axis A is arranged so as to be
located opposite to the poles of the third yoke and the

fourth yoke.

10 6. A motor comprising:3
| a mﬁgnet formed in a cylindrical shape, said
magnet being magnetized so that at least an outside
peripheral surface thereof is divided circumferentially
iﬁto n portions and said n portions are magnetized in

15 alternately different poles;

a first coil and a second coil disposed in an
axial direction of said magnet, said first coil and
satd second coll being located on either side of said
magnet;

20 a first outside pole excited by said first coil,
said first outside pole being opposed to the outside
peripheral surface of sald magnet on a side of one end
thereof;

a first inside pole excited by said first coil,

25 sald first inside pole being formed as a first yoke
opposed to an inside peripheral surface of said magnet

on the side of the one end thereof, sald filrst yoke

R i
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32-" di nensi on;

coil and opposed with a gap to an inside face of the secong-ragrete—4
of said magnet, Gﬁ 5HE

a second yoke of a barrel shape set inside of said second

CEMENT SHEET

said second 5 yoke form ng a pol e secti

cross section thereof in the direction perpendicular to th aX|s orsaid

magnet conprises alternately fornmed regions with a | arge outjs

and with a small outside dinension; 10 a third yok ¢ﬁ? ggﬁgﬁg

end connected to said first yoke and covering an outsi de facle—~efsaid-
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having such a shape that a cross section thereof in a
direction perpendicular to an axis of said magnet
comprises alternately formed regions with a large
outside dimension and with a small outside dimension;

a second inside pole excited by said second colil,
sald second inside pole being formed as a second yoke
opposed to the inside peripheral surface of said magnet
on 2 side of ag other eﬁd thereof, said second yoke
having such a shape that a cross section thereof in the
direction perpendicular.to the axis of sald magnet
comprises alternately formed regions with a large
outside dimension and with a small outside dimension;
and

| a second outside pole excited by said second coil,
said second outside pole being opposed to the outside
peripheral surface of sald magnet on the side of the
other end thereof, said second outside pole and said
first outside pole forming a third yoke, said third
Yoke being formed in a barrel shape having a hole
portion and a continuous portion forming pole portions
of the first and second outside poles, wherein a
further hole portion is also provided substantially in

a center of the continuous portion.

7. A motor according to Claim 6, wherein said
-‘magnet has a first magnetic layer in which at least an

outside peripheral surface thereof is also divided
s

T



coi'l and anot her end having a pole portion opposed to the

out.side

peri pheral surface of the first magnetic |ayer of said mag
fourth yoke conprising one end connected to said second yo
an outside face of said second coil and another end having

'REPLACEMENT SHEER
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gisaid third yoke

3.

opposed to the outside peripheral surface of the second n¥g
sai d magnet; and 20 a connecting nenber for hol din
and said fourth yoke concentric with each other.

-28-

circumferentially into gaid n portions and said n

portions are magnetized in alternately dlfferent poles,

and a second magnetic layer in which at least an

outside peripheral surface thereof is divided

5 circumferentially into n portions and said n portioms

are magnetized in alternately different poles, said

second magnetic layer being formed in a phase shifted

by 180/n degrees from that of the first magnetic layer

and at a position adjacent thereto in the

10 direction.

axial

8. A motor according to Claim 7, wherein said

. magnet is magnetized so that the inside peripheral

surface thereof is alsg divided circumferentially into

15 said n portions and said n portions are magnetized in

alternately different poles that are also

different

from those in the outside peripheral surface adjacent

thereto.

20 9. A motor comprising:

a magnet formed in a cylindrical shape, said

magnet being magnetized so that at least an outside

peripheral surface thereof is divided circumferentlally

into n portions and said n portions are magnetized in

25 alternately different poles;

a first coil and a second coll disposed in an

axial direction of said magnet, sald first coil and
S
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sald second coil being located on either side of said
magnet;

a first outside pole excited by said first coil,
said first outside pole being opposed to the outside
peripheral surface of said magnet on a side of one end
thereof;

a first inside pole excited by said first coil,
sald first inside pole being formed as a first yoke

opposed to an inside peripheral surface of sald magnet

_on the side of the one end thereof, sald first yoke

ha?ing such a shape that a cross section thereof in a
direction perpendicular to an axis of said magnet
comprises alternately formed regions with a large
cutside dimension and with a small outside dimension;

a second inside pole excited by sald second coil,
sald second inside pole being formed as a second yoke
opposed to the inside peripheral surface of said magnet
on—a side of ap other end thereof, said second yoke

having such a shape that a cross section thereof in the

. direction perpendicular to the axis of said magnet

comprises alternately formed regions with a large
outside dimension and with a small outside dimension;
and

a second outside pole excited by said second coil,
sald second outside pole being opposed to the outside
peripheral surface of said magnet on the side of the

other end thereof, said second outside pole and said

R AT
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first outside pole forming a third yoke, said third
yoke being formed in a barrel shape having a hole
portiﬁn and a continuous portion forming pole portions
of the first and second outside poles, wherein a notch
portion continuous from said hole portion 1s provided

substantially in a center of the continuous portion.

10.‘ A motor according to Claim 9, wherein said
magnet has a first magnetic layer in which at least an
outside peripheral surface'thereof is divided
ciicumferentially into n portions and said n portions
are magnetized in alternately different poles, and a
second magnetic layer in which at least an outsidse
péripheral surface thereof is alsg divided
circumferentially into said n portions and said n
portions are magnetized in alternately different poles,
sald second magnetic layer being formed in a phase
shifted by 180/n degrees from that of the first

magnetic layer and at a position adjacent thereto in

the axial direction.

11. A motor according to Claim 9, wherein said
magnet is magnetized so that the inside peripheral
surface thereof is also divided circumferentially into
said n portions and said n portions are magnetized in
alternately different poles that are also different

from those in the outside peripheral surface adjacent

e
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thereto.

12. A motor comprising:

a magnet formed in a cylindrical shape, said
magnet having a first magnetic layer in which at least
an outside peripheral surface thereof is divided
circumferentially into n portions and said n portions
are magnetized in alternately different poles, and a
second magﬁetic layer in which at least an outside
peripheral surface thereof is also divided
circumferentially into said n portions and said n
portions are magnetized in alternately different poles,
said second magnetic layer being located at a position
adjacent to said first magnetic layer in an axlal
direction and having a phase shifted by 180/n degrees
from that of the first magnetic layer:; |

a first coll and a second coil disposed in said
axtal direction of said magnet, said first coil and

sald second coil being located on either side of said

_ magnet;

a first yoke of a barrel shape set inside of said
first coil and opposed with a gap to an inside face of
the first magnetic layer of said magnet, said first
yoke forming a pole section in which a cross section
thereof in a direction perpendicular to the axis of
sald magnet comprises alternately formed regions with a

large outside dimension and with a small outside
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dimension;

a second yoke of a barrel shape set inside of said
second coll and opposed with a gap to an inside face of
the second magnetic layer of said magnet, said second
yoke forming a pole section in which a cross sectioﬁ
thereof in the direction perpendicular to the axis of
sald magnet comprises alternately formed regions with a
large ocutside dimension and with a small outside
dimension;

a third yoke comprising one end connected to said
first yoke and covering an outside face of said first

coil and another end having a pole portion opposed to

the outside peripheral surface of the first magnetic

15yer of said magnet;

a fourth yoke comprising one end connected to said
second yoke and covering an outside face of said second
coll and another end having a pole portion opposed to
the outside peripheral surface of the second magnetic
layer of said magnet; and

a connecting member for holding said third yoke

and sald fourth yoke concentric with each other.

RO A




