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VOLTAGE OUTPUT WINDING AND MOTOR SYSTEM

(57) [PROBLEM]

The invention provides a unidirectionally-energized
brushless DC motorincluding an AC voltage output wind-
ing, and the brushless DC motor simultaneously exerts
a motor function of being able to continuously obtain a
constant torque and a power generation function of being
able to obtain a continuous electromotive force.

[SOLVING MEANS]

The brushless DC motor includes a disk 5 that is
attached to a frame 3, a plurality of plate-like permanent
magnets 6 that are disposed on the disk 5 at equal inter-
vals around the disk 5, magnetic cores 70 (A) that are
fixed to the frame 3 according to the plurality of perma-
nent magnets 6, windings 71(A) each of which is wound
around the magnetic core 70(A) and to which DC power
is supplied, a predetermined number of magnetic cores
70(B) that are fixed to the frame 3, and windings 71(B)
each of which is wound around the magnetic core 70(B)
and connected to a power consumption device. The per-
manent magnets 6 are located such that an angle formed
by a straight line passing through the center of the disk
5 and the center of the permanent magnet 6 and a normal
line in the center of a magnetic pole plane of the perma-

nent magnet 6 ranges from 0° to 60°.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a unidirection-
ally-energized brushless DC motor including an AC volt-
age output winding and a motor system, particularly to a
unidirectionally-energized brushless DC motor including
an AC voltage output winding, the brushless DC motor
rotating a rotating body to act as a motor and directly
generating electric power by the rotation of the rotating
body, and a motor system including the brushless DC
motor.

BACKGROUND ART

[0002] Conventionally a motor and a power generator
are mechanically coupled when electric power is gener-
ated by rotating the motor. Originally the motor and the
power generator have the same structure, those are
called the motor when a rotating body is rotated to obtain
a driving force by supplying the electric power, and those
are called the power generator when the rotating body
is rotated by the driving force to generate an electromo-
tive force in a winding. Therefore, a trial in which the
power generation is performed by the rotation of the ro-
tating body while the motor function is exerted by rotating
the rotating body, that is, the trial in which the motor func-
tion and the power generator function are simultaneously
exerted using the same rotating body has been made.
As a result of the trial, for example, Patent Document 1
discloses a magnetic rotation motor power generator.
[0003] Inthe magnetic rotation motor power generator
of Patent Document 1, the motor function and the power
generator function are exerted by an electromagnet and
the rotating body in which a permanent magnet is pro-
vided. More specifically, a rotating mode is realized when
the permanent magnet of the rotating body comes close
to the electromagnet, the rotating body is rotated by ac-
tion and reaction of a magnetic force between the per-
manent magnet and the electromagnet, a power gener-
ation mode is realized until the permanent magnet comes
close to the adjacent electromagnet since the permanent
magnet passes by the electromagnet, and the permanent
magnet changes a magnetic field around a winding of
the electromagnet, whereby an electromotive force is
generated by electromagnetic induction.

Patent Document 1:Japanese Unexamined Patent
Publication No. 2005-245079

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INENTION
[0004] However, in the magnetic rotation motor power

generator of Patent Document 1, the one electromagnet
switches between the rotating mode and the power gen-

10

15

20

25

30

35

40

45

50

55

eration mode to realize the motor function and the power
generator function in a time-division fashion. According-
ly, in the magnetic rotation motor power generator, un-
fortunately the electromotive force cannot continuously
be obtained.

[0005] Inview ofthe foregoing, an object of the present
inventionis to provide a unidirectionally-energized brush-
less DC motor including an AC voltage output winding,
the brushless DC motor being able to exert the power
generation function of being able to obtain the continuous
electromotive force using the same rotating body, and a
motor system including the brushless DC motor.

MEANS FOR SOLVING THE PROBLEMS

[0006] To achieve the above object, a unidirectionally-
energized brushless DC motor including an AC voltage
output winding according to claim 1 includes: a frame; a
disk that is rotatably attached to the frame; a plurality of
plate-like permanent magnets that are disposed on the
disk at equal intervals around the disk, magnetic poles
being formed in a surface and a back side of the perma-
nent magnet; a predetermined number of first magnetic
cores that are fixed to the frame according to the plurality
of permanent magnets; a first winding that is wound
around each of the first magnetic cores, DC power being
supplied to the first winding; a predetermined number of
second magnetic cores that are fixed to the frame; and
a second winding that is wound around the second mag-
netic core and connected to a power consumption device,
wherein the permanent magnet is located such that an
angle formed by a straight line passing through a center
of the disk and a center of the permanent magnet and a
normal line in a center of a magnetic pole plane of the
permanent magnetranges from 0° to 60°, whereby, when
constant DC current is continuously supplied to the first
winding, a large-value narrow-angle torque in which a
rotation angle range where the disk is rotated in areverse
direction is narrowed while a torque value is large and a
small-value wide-angle torque in which a rotation angle
range where the disk is rotated in a normal direction is
spread while the torque value is small are generated in
acharacteristic curve of a rotation angle of the permanent
magnet and an electromagnetictorque, the rotation angle
of the permanent magnet being measured with respect
to the permanent magnet in a stable equilibrium operat-
ing state based on the first magnetic core, a detenttorque
becoming zero in the stable equilibrium operating state,
the detent torque being generated by an attractive force
between the first magnetic core and the permanent mag-
net during non-power feeding to the first winding, the
electromagnetic torque being generated by current of the
first winding and the permanent magnet, and the power
feeding is performed to the first winding only when the
large-value narrow-angle torque is generated, or only
when the small-value wide-angle torque is generated.

[0007] A unidirectionally-energized brushless DC mo-
tor including an AC voltage output winding according to
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claim 2 provides the unidirectionally-energized brushless
DC motor including an AC voltage output winding accord-
ing to claim 1 including the two disks that are coaxially
fixed to each other, wherein a polarity of the permanent
magnet disposed in one of the disks and a polarity of the
permanent magnet disposed in the other disk are differ-
ent from each other, and the first magnetic core is fixed
such that one of end portions corresponds to the perma-
nent magnet disposed in one of the disks while the other
end portion corresponds to the permanent magnet dis-
posed in the other disk.

[0008] A unidirectionally-energized brushless DC mo-
tor including an AC voltage output winding according to
claim 3 provides the unidirectionally-energized brushless
DC motor including an AC voltage output winding accord-
ing to claim 1 or 2 wherein the even-numbered first mag-
netic cores exist, the first magnetic cores are fixed in a
certain position of the disk and a position that is separated
from the position by 180°, and identical current is passed
through the two first windings that are wound around the
first magnetic cores, the first windings being opposite
each other, and the even-numbered second magnetic
cores exist, the second magnetic cores are fixed in a
certain position of the disk and a position that is separated
from the position by 180°, and identical current is passed
through the two second windings that are wound around
the second magnetic cores, the second windings being
opposite each other.

[0009] A unidirectionally-energized brushless DC mo-
tor including an AC voltage output winding according to
claim 4 provides the unidirectionally-energized brushless
DC motor including an AC voltage output winding accord-
ing to one of claims 1 to 3, wherein the frame and the
disk are made of a non-metallic material.

[0010] A unidirectionally-energized brushless DC mo-
tor including an AC voltage output winding according to
claim 5 provides the unidirectionally-energized brushless
DC motor including an AC voltage output winding accord-
ing to one of claims 1 to 4, wherein, when the disk is
stopped in the stable equilibrium state having the detent
torque of zero because electric power is not supplied to
the first winding, the second magnetic core is located
with respect to the permanent magnet such that a posi-
tional relationship between the first winding and the per-
manent magnet becomes a positional relationship in
which the torque in the normal direction of the disk or the
torque in the reverse direction of the disk is continuously
generated at a predetermined rotation angle of the disk
when the supply of the electric power to the first winding
is started.

[0011] To achieve the above object, a motor system
according to claim 6 includes: a unidirectionally-ener-
gized brushless DC motor including an AC voltage output
winding according to one of claims 1 to 4; and a feeding
mechanism that supplies electric power of a DC power
supply to the first winding at the time a torque is obtained
in the normal direction of the unidirectionally-energized
brushless DC motor including the AC voltage output
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winding, temporarily rotates the disk in the reverse direc-
tion in starting up the unidirectionally-energized brush-
less DC motor including the AC voltage output winding,
and supplies the electric power of the DC power supply
to the first winding such that the permanent magnet lo-
cated in a reverse rotation region where the torque is
generated in the reverse direction during the stopping is
moved to a normal rotation region where the torque is
generated in the normal direction and such that the disk
is turned to the normal rotation while the permanent mag-
net does not reach the reverse rotation region in the re-
verse rotation direction.

[0012] A motor system according to claim 7 provides
the motor system according to claim 6, wherein the uni-
directionally-energized brushless DC motor including an
AC voltage output winding further includes: a position
detecting disk that is rotated in coaxial with the disk, a
marker for determining a feeding region or a non-feeding
region being disposed according to a rotation angle of
the disk in the position detecting disk; and a sensor that
detects the marker disposed in the position detecting
disk, and the feeding mechanism includes a switch that
switches whether power feeding is performed to the first
winding according to the marker detection result of the
sensor.

EFFECTS OF THE INVENTION

[0013] According to the invention of claim 1, the unidi-
rectionally-energized brushless DC motor includes: the
electromagnet that includes the first magnetic core and
the first winding to rotate the disk so as to correspond to
the permanent magnet provided on the disk; and the elec-
tromagnet that includes the second magnetic core and
the second winding to generate the electromotive force
by the change in magnetic field of the permanent magnet
provided in the rotating disk. Accordingly, the motor func-
tion of being able supply the electric power to the first
winding to obtain the predetermined torque and the pow-
er generation function of being able to continuously ob-
tain the electromotive force in the second winding can
simultaneously be exerted using the disk that is of the
same rotating body.

[0014] The large-value narrow-angle torque in which
the electromagnetic torque has the large value and the
small-value wide-angle torque in which the generated
rotation angle has the large width are generated. Accord-
ingly, the large torque is obtained with the small electric
power when the electric power is supplied to the first
winding at the time the large-value narrow-angle torque
is generated. The feeding time can be lengthened when
the electric power is supplied to the first winding at the
time the small-value wide-angle torque is generated.
Therefore, the current passed through the first winding
can be increased, even if the time necessary to the in-
crease and decrease in current passed through the first
winding is lengthened due to self-inductance of the elec-
tromagnet including the first magnetic core and the first
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winding.

[0015] According to the invention of claim 2, the unidi-
rectionally-energized brushless DC motor includes the
two disks, the polarity of the permanent magnet disposed
in one of the disks and the polarity of the permanent mag-
net disposed in the other disk are different from each
other, and the first magnetic core is fixed such that one
of end portions corresponds to the permanent magnet
disposed in one of the disks while the other end portion
corresponds to the permanent magnet disposed in the
other disk. Accordingly, because both the electromag-
netic forces generated in the two end portions of the first
magnetic core can be utilized to rotate the disk, the elec-
tric power-mechanical power energy conversion efficien-
¢y can be enhanced.

[0016] According to the invention of claim 3, the first
magnetic cores are fixed in a certain position of the disk
and a position that is separated from the position by 180°
so as to be opposite each other, and the second magnetic
cores are fixed in a certain position of the disk and a
position that is separated from the position by 180° so
as to be opposite each other, and the identical current is
passed through the two windings that are opposite each
other. Therefore, the electromagnetic force in the radial
direction is cancelled, so that a vibration can be de-
creased to reduce a noise.

[0017] According to the invention of claim 4, the frame
and the disk are made of the non-metallic material, so
that an iron loss can be reduced.

[0018] According to the invention of claim 5, when the
disk is stopped because the electric power is not supplied
to the first winding, the second magnetic core is located
with respect to the permanent magnet such that the po-
sitional relationship between the first winding and the per-
manent magnet becomes the positional relationship in
which the torque in the normal direction of the disk or the
torque in the reverse direction of the disk is continuously
generated at the predetermined rotation angle of the disk
when the supply of the electric power to the first winding
is started. Accordingly, when the power feeding to the
first winding is started in the stable equilibrium state in
which the disk is stopped, the disk can immediately be
rotated in the normal direction or the reverse direction.
[0019] According to the invention of claim 6, the motor
systemincludes the unidirectionally-energized brushless
DC motor including the AC voltage output winding ac-
cording to one of claims 1 to5 and the feeding mecha-
nism, so that the unidirectionally-energized brushless DC
motor including the AC voltage output winding can be
operated to act as not only the motor but also the power
generator.

[0020] The feeding mechanismtemporarily rotates the
disk in the reverse direction in starting up the unidirec-
tionally-energized brushless DC motor including the AC
voltage output winding, and the feeding mechanism sup-
plies the electric power of the DC power supply to the
first winding such that the permanent magnet located in
the reverse rotation region where the torque is generated
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in the reverse direction is moved to the normal rotation
region where the torque is generated in the normal di-
rection and such that the disk is turned to the normal
rotation while the permanent magnet does not reach the
reverse rotation region in the reverse rotation direction.
Accordingly, even if the permanent magnet is located in
the reverse rotation region during the non-power feeding,
the disk can normally be rotated, that is, the unidirection-
ally-energized brushless DC motor including the AC volt-
age output winding can normally be rotated.

[0021] According to the invention of claim 7, the unidi-
rectionally-energized brushless DC motor including the
AC voltage output winding further includes: a position
detecting disk that is rotated in coaxial with the disk, a
marker for determining a feeding region or a non-feeding
region being disposed according to a rotation angle of
the permanent magnet on the disk in the position detect-
ing disk; and a sensor that detects the marker disposed
in the position detecting disk, and the feeding mechanism
includes a switch that switches whether the power feed-
ingis performed to the first winding according to the mark-
er detection result of the sensor. Accordingly, the motor
system according to claim 6 can be implemented by the
simple method.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] A unidirectionally-energized brushless DC mo-
tor 1 (hereinafter referred to as "brushless DC motor")
including an AC voltage output winding according to the
present invention will be described below with reference
to the drawings. As illustrated in FIGS. 1 to 3, the brush-
less DC motor 1 of the present invention includes a ro-
tating body 2 and a frame 3 that supports the rotating
body 2. The rotating body 2 has a structure in which two
disks 5 and 5, one disk 51, and one position detecting
disk 8 are fixed at predetermined intervals to a shaft 4
that constitutes a rotation axis while a spacer 40 is inter-
posed therebetween. In one of surfaces of each of the
disks 5 and 5’, four permanent magnets 6 and 6 are
provided at equal intervals in a periphery of the disks 5
and 5. On the other hand, in the frame 3, four electro-
magnets 7 are fixed by a support member 3a according
to four sets of permanent magnets 6 in which one set
includes two permanent magnets 6. Although described
later, one of magnetic poles of a electromagnet 7 corre-
sponds to the permanent magnet 6 (one of the two sets
of permanent magnets 6 in which one set includes two
permanent magnets 6) of the disk 5, and the other mag-
netic pole of the electromagnet 7 corresponds to the per-
manent magnet 6’ (the other set of permanent magnets
6 in which one set includes two permanent magnets 6)
of the disks 5’.

[0023] In the four electromagnets 7, a set of electro-
magnets 7(A) that are located opposite each other in a
radial direction of the rotating body 2 is used as the motor
that rotates the rotating body 2, and the remaining set of
electromagnets 7(B) is used to generate the electricpow-
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er. Although the electromagnet 7(B) does not act as the
electromagnet, the electromagnet 7(B) is called "electro-
magnet" because the electromagnet 7(B) has the same
configuration as the electromagnet 7(A) for the motor.
[0024] The permanent magnet 6 is formed into a plate
shape in which the magnetic poles are formed in a sur-
face and a back side, and specifically the permanent
magnet 6 is a rare-earth magnet such as a neodymium
magnet. The use of the permanent magnet 6 in which an
N pole and an S pole are formed in the surface and the
back side extends each magnetic pole plane, which al-
lows enhancement of a rotating torque of the rotating
body 2 that is of the motor.

[0025] As illustrated in FIG. 2, the permanentmagnet
6 is embedded in the disk 5 to several millimeters. There
is no particular limitation to a method for fixing the per-
manent magnet 6 to the disk 5, but the permanent magnet
6 may appropriately be fixed to the disk 5 by mounting
hardware.

[0026] Asillustratedin FIG. 3, the permanent magnets
6 and 6’ are fixed such thatan angle ¢, at which a straight
line L1 passing through a center O of the disks 5 and 5’
(rotating body 2) and a center 6a of the permanent mag-
nets 6 and 6’ and a straight line L2 in a magnetic pole
direction of the permanent magnets 6 and 6’, that is, nor-
mal to the surface or back side of the permanent magnets
6 and 6’ intersect each other is set to a range of 0° < ¢4
< 60° when viewed from the center O of the disks 5 and
5’. In the permanent magnets 6 and 6’, a polarity of the
magnetic pole plane in an outside direction of the disks
5and 5’ is identical to a polarity of the magnetic pole that
is opposite the permanent magnets 6 and 6’ of the elec-
tromagnet 7(A).

[0027] The polarity of the magnetic pole plane in the
outside direction (or inside direction) of each of the four
permanent magnets 6 provided in the disk 5 and the po-
larity of the magnetic pole plane in the outside direction
(or inside direction) of each of the four permanent mag-
nets 6’ provided in the disk 5" are inverted. Specifically,
the magnetic pole plane of the N pole is orientated toward
the outside of the disk 5 in the permanent magnet 6 pro-
vided in the disk 5, and the magnetic pole plane of the S
pole is orientated toward the outside of the disk 5 in the
permanent magnet 6’ provided in the disk 5'. This is be-
cause the polarities of the two magnetic poles of the elec-
tromagnet 7(A) are different from each other. One of the
magnetic poles of the electromagnet 7(A) is opposite the
magnetic pole plane outside the permanent magnet 6 of
the disk 5, and the other magnetic pole of the electro-
magnet 7(A) is opposite the magnetic pole plane outside
the permanent magnet 6’ of the disk 5. Accordingly, the
polarity of the magnetic pole plane of the permanent mag-
net 6 of the disk 5 that is opposite to one of the magnetic
poles of the electromagnet 7(A) is different from the po-
larity of the magnetic pole plane of the permanent magnet
6’ of the disk 5’ that is opposite to the other magnetic pole
of the electromagnet 7(A). The two disks 5 and 5’ are
overlapped and fixed by the spacer 40 such that positions
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in a circumferential direction of the permanent magnets
6 and 6’ included in the disks 5 and 5’ become identical
to each other. Accordingly, the brushless DC motor 1
wholly includes the four sets of permanent magnets 6
and 6’ in which one setincludes two permanent magnets,
that is, a total of eight permanent magnets 6 and 6’. On
the other hand, the brushless DC motor 1 wholly includes
the four electromagnets 7, thatis, the two electromagnets
7(A) for the motor and the two electromagnets 7(B) for
the power generator.

[0028] As described above, the one disk 5, the one
disk 5’, and the one disk 51 are fixed in this order in the
axial direction of the brushless DC motor 1 by the spacer
40. The position detecting disk 8 is fixed to the central
disk 5’ so as to be coaxial with the disk 5’. The position
detecting disk 8 is used to detect rotational positions (ro-
tation angles) of the permanent magnets 6 and 6. The
position detecting disk 8 has a diameter that is slightly
larger than those of the disks 5 and 5’ and a disk 51, and
the position detecting disk 8 is made of a transparent
synthetic resin. A predetermined region of the large di-
ameter portion projected from the peripheral edge of the
disk 5 (A) of the position detecting disk 8 includes a mark-
er that is blackened to specify the rotational positions of
the permanent magnets 6 and 6’. A position detecting
sensor 9 is attached to the frame 3 by a support member
9a. The position detecting sensor 9 detects the colored
region (marker) of the position detecting disk 8 to specify
the rotational positions (rotation angles) of the permanent
magnets 6 and 6'. Therefore, the time for the electromag-
net 7(A) to be energized is determined by specifying the
rotational positions (rotation angles) of the permanent
magnets 6 and 6'. The frame 3, the support member 3a,
the spacer 40, and the support member 9a are made of
a non-metallic material such as a synthetic resin.
[0029] The centers of the disk 5, disk 5’ , disk 51, and
position detecting disk 8 are pierced by the shaft 4, and
the shaft 4, the disk 5, the disk 5’, the disk 51, the per-
manent magnet 6, the permanent magnet 6’ , and the
position detecting disk 8 are fixed and integrally rotated
as the rotating body 2. As illustrated in FIG. 1, in a pe-
ripheral edge portion of the rotating body 2, a film 10 is
bonded so as to cover the whole peripheral edge portions
of the disk 5, disk 5’, and disk 51. Air in the rotating body
2 is sealed by the film 10. Accordingly, when the rotating
body 2 is rotated, because the inside air is rotated along
with the rotating body 2, the permanent magnet 6 is not
subjected to the air resistance caused by the rotation.
Therefore, the air resistance of the rotating body 2 can
be reduced to improve the rotation efficiency of the brush-
less DC motor 1. The film 10 is made of a material that
has no influence on action and reaction of the electro-
magnetic force between the permanent magnets 6 and
6’ and the electromagnets 7(A) and 7(B). For example,
preferably a thin synthetic resin film is used as the film 10.
[0030] As illustrated in FIGS. 2 and 3, in the electro-
magnets 7(A) and 7(B), windings 71(A) and 71(B) are
wound around substantial U-shape magnetic cores 70
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(A) and 70(B). In the electromagnet 7(A) for the motor,
the magnetic poles having the different polarities are
formed in both end portions of the magnetic core 70(A)
by passage of current through the winding 71(A). In the
electromagnet 7(B) for the power generation, a magnetic
field around the winding 71 (B) including the magnetic
core 70 (B) is changed according to the moving perma-
nent magnets 6 and 6’, whereby induced electromotive
forces are generated at both ends of the winding 71(B)
by electromagnetic induction. Accordingly, the winding
71 (B) is the "AC voltage output winding". The windings
71 (A) of the electromagnets 7(A) are collectively con-
nected in series, in parallel, or in series-parallel, and a
DC power supply supplies the electric power to two ter-
minals of each winding 71 (B). The windings 71 (B) of
the electromagnets 7(B) are connected in series, in par-
allel, or in series-parallel to form a single-phase winding
or a multi-phase winding, and the single-phase winding
or the multi-phase winding is connected to various DC
power consumption devices such as an AC lamp and an
AC motor. Alternatively, AC voltage is rectified into DC
voltage, and the winding maybe connected toa DC power
consumption device.

[0031] Asillustrated in FIGS. 2 and 3, the electromag-
net 7(A) for the motor corresponds to the set of perma-
nent magnets 6 and 6’, in which one set includes the two
permanent magnets and two magnetic poles are provid-
ed in two stages in the disks 5 and 5, and the electro-
magnet 7(A) for the motor is disposed with a predeter-
mined gap length. As described above, the polarity of the
magnetic pole of the electromagnet 7(A) for the motor
and the polarity of the magnetic pole plane of the perma-
nent magnet 6 opposite each magnetic pole of the elec-
tromagnet 7(A) are identical to each other, and the po-
larity of the magnetic pole plane of the permanent magnet
6 provided in the disk 5 and the polarity of the permanent
magnet 6’ provided in the disk 5’ are inverted between
the disk 5 and the disk 5’. In the brushless DC motor 1,
the rotating body 2 has the two-stage configuration in
which the permanent magnet 6 fixed to the disk 5 and
the permanent magnet 6’ fixed to the disk 5’ are provided,
the electromagnet 7(A) is formed into the U-shape, and
the two magnetic poles correspond to the two-stage per-
manent magnet 6 and permanent magnet 6, respective-
ly. Both magnetic fluxes of the permanent magnet 6 and
permanent magnet 6’ are utilized in order to rotate the
rotating body 2, which allows improvement of electric
power-mechanical power energy conversion efficiency
of the brushless DC motor 1.

[0032] The electromagnet 7(A) is fixed to the frame 3
such that an angle ¢, at which a straight line (not illus-
trated) connecting the center O of the disks 5 and 5’ (ro-
tating body 2) and the center of the electromagnet 7(A)
and a magnetic flux center axis (not illustrated) of the
electromagnet 7(A) intersect each other becomes 0° <
¢, < 20° when viewed from the direction of the center O
of the disk 5. When the angle ¢, is set to the range of 0°
< 0y < 20°, the effect that a 8-torque characteristic (de-
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scribed later) is changed is obtained compared with the
case of ¢, = 0. FIGS. 1 to 3 illustrate the state of ¢, = 0.
[0033] The electromagnet 7(B) for the power genera-
tion has the same configuration as the electromagnet 7
(A) for the motor, and is disposed with a predetermined
gap length such that both ends of the U-shape iron core
70 (B) correspond to the permanent magnets 6 and 6’
provided in two stages in the disks 5and 5'.

[0034] The frame 3 has the shaft 4 as the axis center,
and the frame 3 rotatably supports the rotating body 2.
The electromagnets 7(A) and 7(B) and the position de-
tecting sensor 9 are fixed to the frame 3. As illustrated in
FIG. 1, the frame 3 includes two frame plates 30 that are
coupled opposite each other at a predetermined interval.
Each of the two frame plates 30 has a diameter that is
larger than the maximum diameter of the rotating body
2, that is, the diameter of the position detecting disk 8.
Although notillustrated, abearing is provided at a position
that supports the axis of the shaft 4 of each frame plate 30.
[0035] Anysensor may be used as the position detect-
ing sensor 9 as long as the sensor can detect the position
(rotation angle) of the position detecting disk 8 that is
rotated along with the disk 5. For example, a photo inter-
rupter may be used as the position detecting sensor 9.
The position detecting sensor 9 is connected to a circuit
11 that supplies the electric power from the DC power
supply (not illustrated) to the winding 71(A) of the elec-
tromagnet 7(A), and the position detecting sensor 9 pro-
vides the time at which the power feeding is performed
to the winding 71 (A) of the electromagnet 7(A) to the
circuit 11. The position detecting sensor 9 of the embod-
iment transmits a detection signal indicating that a trans-
parentregion (portion thatis not the colored region (mark-
er)) of the position detecting disk 8 is detected to the
circuit 11 while the transparent region is detected. The
circuit 11 supplies the electric power of the DC power
supply to the winding 71 (A) of the electromagnet 7(A)
at the time the detection signal is received from the po-
sition detecting sensor 9. Specifically, for example, the
circuit 11 turns on a switch (not illustrated) to perform the
power feeding to the winding 71 (A) of the electromagnet
7(A) while the photo interrupter that is of the position de-
tecting sensor 9 receives an optical signal, and the circuit
11 turns off the switch to stop the power feeding while
the photo interrupter does not receive the optical signal.
[0036] The colored region (marker) is provided in the
ring large diameter portion of the position detecting disk
8 projected from the peripheral edge of the disk 5’. When
the position detecting sensor 9 detects the colored region
by adjusting the position of the colored region, a torque
can be generated in the reverse rotation direction (clock-
wise direction in FIG. 3) of the rotating body 2 (disk 5) in
performing the power feeding to the winding 71(A) of the
electromagnet 7(A). The position detecting sensor 9 de-
tects the colored region (marker) to stop the power feed-
ing to the winding 71(A) of the electromagnet 7(A), which
allows the generation of the torque in the reverse rotation
direction of the rotating body 2. Although the circuit 11 is
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not described in detail, a type of circuit in which energy
of the winding 71 (A) of the electromagnet 7(A) is not
consumed by resistance, but the energy is regenerated
to the power supply is preferably used as the circuit 11.
Forexample, acircuitin which only two self arc-suppress-
ing elements usually used in an SRM (Switched Reluc-
tance Motor) may be used as the circuit 11.

[0037] Asdescribed above (see FIG. 3), in the perma-
nent magnets 6 and 6’, the angle ¢1 at which the straight
line L1 passing through the center O of the disks 5 and
5’ (rotating body 2) and the center 6a of the permanent
magnets 6 and 6’ and the straight line L2 in the magnetic
pole direction of the permanent magnets 6 and 6, that
is, normal to the surface or back side of the permanent
magnets 6 and 6’ intersect each other is set to the range
of 0° < ¢4 < 60° when viewed from the center O of the
disks 5 and 5’. When a gradient of the permanent mag-
nets 6 and 6’ is set as described above, a 6-T character-
istic of FIG. 4 is obtained. At this point, 6 is a mechanical
angle from the center of the electromagnet 7(A) to the
center of the permanent magnets 6 and 6 when meas-
ured in the normal rotation direction (counterclockwise
direction in FIG. 3) of the rotating body 2 (disks 5 and 5’),
and T is a detent torque (cogging torque) that is of a
torque generated in the normal rotation direction by an
attractive force between the magnetic core 70(A) and the
permanent magnets 6 and 6’ when the power feeding is
not performed to the winding 71 (A) of the electromagnet
7(A). As can be seen from FIG. 4, the detent torque be-
comes zero in the state of 8 = 0°, that is, in the state in
which the center of the permanent magnet 6 is located
at the front of the center of the electromagnet 7(A), and
the state of 8 = 0° is a stable equilibrium point at which
the disk 5 is stopped.

[0038] On the other hand, assuming that T is an elec-
tromagnetic torque in the normal rotation direction of the
disk 5, which is generated between the electromagnet 7
(A) and permanent magnet 6 when DC current of, for
example, 1.90 A is supplied to the winding 71 (11) of the
electromagnet 7(A) with the DC power supply, a 6-T char-
acteristic of FIG. 5is obtained. When the current supplied
to the electromagnet 7(A) is varied, the stable equilibrium
point and the unstable equilibrium point are changed.
The stable equilibrium point and the unstable equilibrium
point mean one position (point) in which the permanent
magnets 6 and 6’ are located in the stable equilibrium
state with respect to the electromagnet 7(A) and one po-
sition (point) in which the permanent magnets 6 and 6’
arelocated inthe unstable equilibrium state, respectively.
In both the stable equilibrium state and the unstable equi-
librium state, balance is established between an attrac-
tive force and a repulsive force of the electromagnet 7
(A) and permanent magnet 6. In the stable equilibrium
state, even if the disk 5 is rotated in any direction, a force
is applied in the opposite direction to the rotation direction
by magnetic forces of the electromagnet 7(A) and per-
manent magnet 6, and the disk 5 returns to the stable
equilibrium state. On the other hand, in the unstable equi-
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librium state, when the disk 5 is rotated in any direction,
a force is applied in the rotation direction of the disk 5 by
the magnetic forces of the electromagnet 7(A) and per-
manent magnet 6, and the disk 5 does not return to the
unstable equilibrium state.

[0039] As can be seen from FIG. 5, the stable equilib-
rium points are located at 6 = -20° and 6 = 70°, and the
unstable equilibrium points are located at 6 =-80° and 6
= 10°. The electromagnetic torque T becomes negative
at an angle width of 30°, and the electromagnetic torque
T becomes positive at an angle width of 60°. Since the
average value of the electromagnetic torque T becomes
zero, as can be seen from FIG. 5, the angle width is nar-
rowed and an absolute value of the electromagnetic
torque T is increased in a portion in which the electro-
magnetic torque T becomes negative. Hereinafter the
electromagnetic torque T in the portion in which the elec-
tromagnetic torque T becomes negative is referred to as
"large-value narrow-angle torque". On the other hand,
the angle width is spread and the absolute value of the
electromagnetic torque T is decreased in a portion in
which the electromagnetic torque T becomes positive.
Hereinafter the electromagnetic torque T in the portion
in which the electromagnetic torque T becomes positive
is referred to as "small-value wide-angle torque".
[0040] The utilization of the small-value wide-angle
torque will be discussed below. FIG. 6 is an explanatory
view illustrating a positional relationship among the per-
manent magnet 6, the electromagnets 7(A) and 7(B), the
colored region and transparent region of the position de-
tecting disk 8, and the position detecting sensor 9 in a
straight line fashion in the stable equilibrium state during
non-power feeding to the electromagnet 7(A) (that is, in
the state in which the detent torque becomes zero while
the disks 5 and 5’ are stopped). In FIG. 6, the angle o is
an angle that is impressed on a stator such as the frame
3 while the front face of the electromagnet 7(A) is set to
0°, and the normal rotation of a rotor that is of the rotating
body 2 (disks 5 and 5’) is set to the positive Orientation.
The normal rotation region and the reverse rotation re-
gion are fixed with respect to the electromagnet 7(A), that
is, the angle a.. In the normal rotation region, the electro-
magnetic torque T is generated in the normal rotation
direction in the disks 5 and 5’ when the permanent mag-
nets 6 and 6’ are moved and located in the normal rotation
region according to the rotation of the disks 5and 5. That
is, the normal rotation region of FIG. 6 corresponds to
the 6 angle range where "small-value wide-angle torque"
is generated in FIG. 5. In the reverse rotation region, the
electromagnetic torque T is generated in the reverse ro-
tation direction in the disks 5 and 5’ when the permanent
magnets 6 and 6’ are moved and located in the reverse
rotation region according to the rotation of the disks 5
and 5'. That is, the reverse rotation region of FIG. 6 cor-
responds to the 6 angle range where "large-value narrow-
angle torque" is generated in FIG. 5. The left direction of
FIG. 6 is the normal rotation direction of the disk 5, and
the colored region and transparent region of the position
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detecting disk 8 are moved leftward when the permanent
magnet 6 is moved leftward. Both the angle width of the
normal rotation region and the angle width of the trans-
parent region are set to 60°, and both the angle width of
the reverse rotation region and the angle width of the
colored region are set to 30°. The normal rotation region
and reverse rotation region and the transparent region
and colored region are continued, the normal rotation
regions and the transparent regions exist at intervals of
30°, and the reverse rotation regions and colored regions
exist at intervals of 60°. The position detecting disk 8 and
the position detecting sensor 9 are set such that the po-
sition detecting sensor 9 is located in the colored region
when the permanent magnets 6 and 6’ are located in the
reverse rotation region, and such that the position de-
tecting sensor 9 is located in the transparent region when
permanent magnets 6 and 6’ are located in the normal
rotation region. In an example of FIG. 6, the position de-
tecting sensor 9 is located at o = 50°.

[0041] As can be seen from FIG. 6, in the stable equi-
librium state in which the power feeding is not performed
to the electromagnet 7(A), the permanent magnet 6 is
located in the reverse rotation region, and the position
detecting sensor 9 of the position detecting disk 8 per-
forms sensing in the colored region. Because the position
detecting sensor 9 transmits the detection signal to the
circuit 11, the circuit 11 does not supply the electric power
from the power supply to the electromagnet 7(A). There-
fore, a certain type of idea is required in order that the
disk 5 is rotated to start up the brushless DC motor 1
from the stable equilibrium state in which the power feed-
ing is not performed to the electromagnet 7(A). The idea
for starting up the brushless DC motor 1 is roughly clas-
sified into a first method for moving the stable equilibrium
point during the non-power feeding to the normal rotation
region and a second method for temporarily and forcedly
moving the permanent magnet 6 to the normal rotation
region in the start-up.

[0042] In the first method for moving the stable equi-
librium point during the non-power feeding to the normal
rotation region, the electromagnet 7(B) is located with
respect to the permanent magnets 6 and 6’ such that the
positional relationship between the electromagnet 7(A)
and the permanent magnet 6 in stopping the disks 5 and
5’in the stable equilibrium state having the detent torque
of zero because of no supply of the electric power to the
winding 71(A) of the electromagnet 7(A) becomes a re-
lationship in which the torque in the normal direction of
the disks 5 and &’ is continuously generated only at a
predetermined rotation angle of the disks 5 and 5’ in start-
ing the supply of the electric power to the winding 71(A)
of the electromagnet 7(A). That is, the detent torque (6-
T characteristic) is changed by moving the electromagnet
7(B) fromthe current position, thatis, the positionin which
the electromagnet 7(B) is separated from the electromag-
net 7(A) by 90°, whereby the permanent magnets 6 and
6’ are located in the normal rotation region in the stable
equilibrium state. When the permanent magnets 6 and
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6’ are located in the normal rotation region, because the
sensing position of the position detecting sensor 9 exists
in the transparent region, the power feeding is started to
start up the disks 5 and 5’, that is, the brushless DC motor
1, which allows the brushless DC motor 1 to be normally
rotated.

[0043] For example, the detent torque (6-T character-
istic) is changed such that the permanent magnet 6 near
the electromagnet 7(A) is located at oo = 11° in the stable
equilibrium state. At this point, as can be seen from FIG.
6, the permanent magnets 6 and 6’ are included in the
normal rotation region, and the sensing position of the
position detecting sensor 9 is included in the transparent
region. The normal rotation region exists over the range
of 70°-11° = 59° in the normal rotation direction of the
disk 5, and the transparent region also exists over the
range of 59°. Accordingly, while the disks 5 and 5’ are
rotated by 59°, the power feeding is performed to the
electromagnet 7(A), and the disks 5 and 5’ are normally
rotated. When the rotation angle of the disks 5 and 5’
reaches 60° to become o = 71°, the permanent magnets
6 and 6’ are included in the reverse rotation region. How-
ever, because the sensing position of the position detect-
ing sensor 9 is also included in the colored region, the
power feeding to the electromagnet 7(A) is stopped.
Therefore, the electromagnetic torque T generated by
the electromagnet 7(A) becomes zero, and the detent
torque T emerges. The detent torque T substantially has
a positive value in the reverse rotation region, and inertia
moment exists in the disks 5 and 5’, thereby continuing
the normal rotation of the disks 5 and 5’. When the per-
manent magnets 6 and 6’ pass by the reverse rotation
region having the angle width of 30°, the permanent mag-
nets 6 and 6’ enter the normal rotation region having the
angle width of 60° again, thereby continuing the normal
rotation of the disks 5 and 5'. In order that the permanent
magnets 6 and 6’ near the electromagnet 7(A) are located
at o = 11° in the stable equilibrium state of the detent
torque T in which the power feeding is not performed to
the electromagnet 7(A), it is necessary that the two elec-
tromagnets 7(B) be moved in the normal rotation direc-
tion of the disks 5 and 5’ by 22°. Hence, it is necessary
that the electromagnet 7(B) be moved from the position
at o = 90° to the position at o = 112°. However, o = 112°
becomes the proper position when the two electromag-
nets 7(A) and the two electromagnets 7(B) are provided.
[0044] On the other hand, the second method for tem-
porarily and forcedly moving the permanent magnet 6 to
the normal rotation region in the start-up includes a meth-
od (2-1) for temporarily performing the power feeding to
the electromagnet 7(A) irrespective of the detection of
the colored region with the position detecting sensor 9
and a method (2-2) for providing the narrow transparent
region in the colored region.

[0045] The method (2-1)fortemporarily performing the
power feeding to the electromagnet 7(A) irrespective of
the detection of the colored region with the position de-
tecting sensor 9, for example, is realized by adding a
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circuit 11a (not illustrated) to the circuit 11 that supplies
the electric power of the DC power supply to the electro-
magnet 7(A). The circuit 11a supplies the electric power
of the DC power supply to the electromagnet 7(A) only
for a predetermined period when a push button B (not
illustrated) is pushed. More specifically, in the start-up of
the brushless DC motor 1, power feeding is performed
to the electromagnet 7(A) by pushing the push button B,
the disks 5 and 5’ (permanent magnets 6 and 6’) that are
stopped in the stable equilibrium state of FIG. 6 is tem-
porarily rotated in the reverse direction, the permanent
magnets 6 and 6’ located in the reverse rotation region
are moved to the normal rotation region, and the disks 5
and 5’ are turned to the normal rotation in the normal
rotation region while the permanent magnets 6 and 6’ do
not directly reach the reverse rotation region in the re-
verse rotation direction. That is, when the push button B
is pushed, the disks 5 and 5’ are reversely rotated, the
permanent magnets 6 and 6’ reach the normal rotation
region, and the power feeding is performed to the elec-
tromagnet 7(A) for a period (rotation angle) necessary
for the disks 5 and 5’ to be turned to the normal rotation
while the permanent magnets 6 and 6’ exist in the normal
rotation region.

[0046] In the method (2-2) for providing the narrow
transparent region in the colored region, the transparent
region having a predetermined width is provided in the
position detecting disk 8 in the sensing position of the
position detecting sensor 9 in the state in which the disk
5 is stopped in the stable equilibrium state having the
detent torque T while the electric power is not supplied
to the winding 71 (A) of the electromagnet 7(A). That is,
as illustrated in FIG. 7, a transparent window region R
having a predetermined angle width is provided in the
colored region having the angle width of 30°. The trans-
parent window region R has the width from the central
sensing position of the position detecting sensor 9 in the
normal rotation direction of the disk 5’ (position detecting
disk 8). Because the transparent window region R is lo-
cated in the sensing position of the posit ion detecting
sensor 9, when the circuit 11 is operated, the power feed-
ing is immediately performed to the winding 71 (A) of the
electromagnet 7(A) for a certain period (rotation angle).
The disks 5 and 5’ (permanent magnets 6 and 6’) are
rotated in the reverse direction by performing the power
feeding to the electromagnet 7(A) as described above,
the permanent magnets 6 and 6’ located in the reverse
rotation region are moved to the normal rotation region,
and the disk 5 is turned to the normal rotation in the nor-
mal rotation region while the permanent magnets 6 and
6’ do not reach the reverse rotation region in the reverse
rotation direction. Therefore, the transparent window re-
gion R has the angle width in which the power feeding is
performed to the electromagnet 7(A) for the necessary
period. During the necessary period, the disks 5 and 5’
are reversely rotated, the permanent magnets 6 and 6’
reach the normal rotation region, and the disks 5 and 5’
are turned to the normal rotation while the permanent
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magnets 6 and 6’ exists in the normal rotation region.
During usual rotation, due to a poor transient character-
istic of the position detecting sensor 9, the transparent
window region R is not detected and the control operation
is not generated.

[0047] The utilization of the large-value narrow-angle
torque will be discussed below. At this point, it is neces-
sary that the colored region of the position detecting disk
8 be changed to the transparent region while the trans-
parent region is changed to the colored region in FIG. 6
illustrating the settings of the position detecting disk 8
and position detecting sensor in utilizing the small-value
wide-angle torque. FIG. 8 illustrates the state in which
the colored region of the position detecting disk 8 is
changed to the transparent region while the transparent
region is changed to the colored region. FIG. 8 illustrates
the stable equilibrium state (that is, the state in which the
detent torque becomes zero while the disks 5 and 5’ are
stopped) during the non-power feeding to the electro-
magnet 7(A). As can be seen from FIG. 8, the permanent
magnets 6 and 6’ exist in the reverse rotation region, and
the position detecting sensor 9 exists in the transparent
region. Therefore, the position detecting sensor 9 trans-
mits the detection signal to the circuit 11, and the circuit
11supplies the electric power from the power supply to
the electromagnet (A), thereby rotating the brushless DC
motor 1 in the reverse rotation direction. No particular
idea for starting up the brushless DC motor 1 is required
when the large-value narrow-angle torque is utilized.
However, when the electromagnet (B) is deviated from
a fixed position, it is necessary to pay attention such that
the permanent magnets 6 and 6’ are not moved to the
outside of the reverse rotation region in the stable equi-
librium state during the non-power feeding.

[0048] According to the brushless DC motor 1 of the
present invention as described above, the electric power
can directly be generated by the rotation of the rotating
body 2 (disks 5 and 5’) while the brushless DC motor 1
acts as the motor by the rotation of the rotating body 2.
According to the brushless DC motor 1 of the present
invention, the rotation of the rotating body 2 by the elec-
tromagnet 7(A) for the motor and the power generation
by the electromagnet 7(B) for the power generation are
simultaneously performed, so that the motor function and
the power generation function of being able to obtain the
continuous electromotive force can simultaneously be
exerted.

[0049] The embodiment of the present invention may
appropriately be changed and practiced without depart-
ing from the scope of the technical thought of the present
invention. For example, in the embodiment, the electro-
magnet 7(B) including the magnetic core 70(B) and the
winding 71(B) is used as the means for generating the
electric power. Only the winding 71 (B) may be used as
the means for generating the electric powder. However,
the electric power can efficiently be generated when the
electromagnet 7(B) including the magnetic core 70 (B)
and the winding 71 (B) is used as the means for gener-
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ating the electric power, that is, when the magnetic core
70(B) is inserted in the winding 71(B).

[0050] The two electromagnets 7(A) for the motor and
the two electromagnets 7(B) for the power generation
are used in the embodiment. The number of electromag-
nets 7(A) for the motor or the number of electromagnets
7(B) for the power generation is not limited to two, but is
appropriately changed. However, preferably the number
of electromagnets 7(A) for the motor or the number of
electromagnets 7(B) for the power generation is deter-
mined such that the electromagnetic coupling is not gen-
erated between the adjacent electromagnets 7(A) for the
motor, the adjacent electromagnets 7(B) for the power
generation, or the electromagnet 7(A) for the motor and
the electromagnet 7(B) for the power generation.
[0051] Inthe configuration of the embodiment, the two
sets of electromagnets 7(A) for the motor and the two
sets of electromagnets 7(B) for the power generation are
provided with respect to the four sets of permanent mag-
nets 6. Alternatively, the four electromagnets 7 (A) for the
motor are provided with respect to the four sets of per-
manent magnets 6, and an arbitrary number of electro-
magnets 7(B) for the power generation may appropriately
be provided. Alternatively, for example, the one electro-
magnet 7(B) and the three electromagnets 7(A) may be
provided. Alternatively, the one electromagnet 7(A) and
the three electromagnets 7(B) may be provided.

[0052] Inthe configuration of the embodiment, the two
disks 5 including the permanent magnets 6 are provided.
Alternatively, only one disk 5 may be provided. However,
preferably the two disks 5 are provided in order to en-
hance the energy efficiency as the motor of the brushless
DC motor 1.

[0053] In the embodiment, the power feeding is per-
formed to the winding 71(A) of the electromagnet 7(A) at
the time the electromagnetic torque T becomes the pos-
itive value in FIG. 5, that is, the time the small-value wide-
angle torque is generated. However, the present inven-
tion is not limited to the embodiment, for example, the
power feeding may be performed to the winding 71 (A)
ofthe electromagnet 7(A) at the time the electromagnetic
torque T becomes the negative value, that is, the time
the large-value narrow-angle torque is generated.

INDUSTRIAL APPLICABILITY

[0054] For example, the present invention can be ap-
plied to the unidirectionally-energized brushless DC mo-
torincluding the AC voltage output winding, the brushless
DC motor rotating the rotating body to act as the motor
and directly generating the electric power by the rotation
of the rotating body, and the motor system including the
brushless DC motor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055]
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FIG. 1 is a front view illustrating an appearance of a
brushless DC motor 1 according to the present in-
vention.

FIG. 2 is a side view illustrating an appearance of
the brushless DC motor 1.

FIG. 3 is an explanatory view illustrating a sectional
state taken on a line A-A’ of the brushless DC motor
of FIG. 2.

FIG. 4 is an explanatory view illustrating a 6-T char-
acteristic when electric power is not supplied to an
electromagnet 7(A).

FIG. 5 is an explanatory view illustrating a 6-T char-
acteristic when constant DC current is supplied to
the electromagnet 7(A).

FIG. 6 is an explanatory view illustrating a positional
relationship among a permanent magnet 6, electro-
magnets 7(A) and 7(B), a colored region and a trans-
parent region of a position detecting disk 8, and a
position detecting sensor 9 in a straight line fashion
in a stable equilibrium operating state during non-
power feeding to the electromagnet 7(A) when a
small-value wide-angle torque is utilized.

FIG. 7is an explanatory view of a transparentwindow
region R provided in the colored region.

FIG. 8 is an explanatory view illustrating a positional
relationship among the permanent magnet 6, the
electromagnets 7(A) and 7(B), the colored region
and transparent region of the position detecting disk
8, and the position detecting sensor 9 in a straight
line fashion in the stable equilibrium operating state
during non-power feeding to the electromagnet 7(A)
when a large-value narrow-angle torque is utilized.

EXPLANATION OF SYMBOLS
[0056]

1 unidirectionally-energized brushless DC motor in-
cluding AC voltage output winding
2 rotating body

3 frame

6 permanent magnet

8 position detecting disk

9 position detecting sensor

11 circuit

70(A) first magnetic core

70(B) second magnetic core
71(A) winding (first winding)

71(B) winding (second winding)

Claims
1. Avunidirectionally-energized brushless DC motor in-
cluding an AC voltage output winding, the unidirec-

tionally-energized brushless DC motor comprising:

a frame;
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a disk that is rotatably attached to the frame;

a plurality of plate-like permanent magnets that
are disposed on the disk at equal intervals
around the disk, magnetic poles being formed
in a surface and a back side of the permanent
magnet;

a predetermined number of first magnetic cores
that are fixed to the frame according to the plu-
rality of permanent magnets;

a first winding that is wound around each of the
first magnetic cores, DC power being supplied
to the first winding;

a predetermined number of second magnetic
cores that are fixed to the frame; and

a second winding that is wound around the sec-
ond magnetic core and connected to a power
consumption device, wherein

the permanent magnet is located such that an
angle formed by a straight line passing through
a center of the disk and a center of the perma-
nent magnet and a normal line in a center of a
magnetic pole plane of the permanent magnet
ranges from 0° to 60°,

whereby, when constant DC current is continu-
ously supplied to the first winding, a large-value
narrow-angle torque in which a rotation angle
range where the disk is rotated in a reverse di-
rection is narrowed while a torque value is large
and a small-value wide-angle torque in which a
rotation angle range where the disk is rotated in
anormal direction is spread while the torque val-
ue is small are generated in a characteristic
curve of a rotation angle of the permanent mag-
net and an electromagnetic torque, the rotation
angle of the permanent magnet being measured
with respectto the permanentmagnetin a stable
equilibrium operating state based on the first
magnetic core, a detent torque becoming zero
in the stable equilibrium operating state, the de-
tent torque being generated by an attractive
force between the first magnetic core and the
permanent magnet during non-power feeding to
the first winding, the electromagnetic torque be-
ing generated by current of the first winding and
the permanent magnet, and

the power feeding is performed to the first wind-
ing only when the large-value narrow-angle
torque is generated, or only when the small-val-
ue wide-angle torque is generated.

The unidirectionally-energized brushless DC motor
including an AC voltage output winding according to
claim 1, comprising the two disks that are coaxially
fixed to each other,

wherein a polarity of the permanent magnet dis-
posed in one of the disks and a polarity of the per-
manent magnet disposed in the other disk are differ-
ent from each other, and
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the first magnetic core and the second magnetic core
are fixed such that one of end portions corresponds
tothe permanentmagnetdisposed in one of the disks
while the other end portion corresponds to the per-
manent magnet disposed in the other disk.

The unidirectionally-energized brushless DC motor
including an AC voltage output winding according to
claim 1 or 2, wherein the even-numbered first mag-
netic cores exist, the first magnetic cores are fixed
in a certain position of the disk and a position that is
separated from the position by 180°, and identical
current is passed through the two first windings that
are wound around the first magnetic cores, the first
windings being opposite each other, and

the even-numbered second magnetic cores exist,
the second magnetic cores are fixed in a certain po-
sition of the disk and a position that is separated from
the position by 180°, and identical current is passed
through the two second windings that are wound
around the second magnetic cores, the second wind-
ings being opposite each other.

The unidirectionally-energized brushless DC motor
including an AC voltage output winding according to
any one of claims 1 to 3, wherein the frame and the
disk are made of a non-metallic material.

The unidirectionally-energized brushless DC motor
including an AC voltage output winding according to
any one of claims 1 to 4, wherein, when the disk is
stopped because electric power is not supplied to
the first winding, the second magnetic core is located
with respect to the permanent magnet such that a
positional relationship between the first winding and
the permanent magnet becomes a positional rela-
tionship in which the torque in the normal direction
of the disk or the torque in the reverse direction of
the disk is continuously generated at a predeter-
mined rotation angle of the disk when the supply of
the electric power to the first winding is started.

A motor system comprising:

a unidirectionally-energized brushless DC mo-
tor including an AC voltage output winding ac-
cording to any one of claims 1 to 4; and

afeeding mechanism that supplies electric pow-
er of a DC power supply to the first winding at
the time a torque is obtained in the normal di-
rection of the unidirectionally-energized brush-
less DC motor including the AC voltage output
winding, temporarily rotates the disk in the re-
verse direction in starting up the unidirectionally-
energized brushless DC motor including the AC
voltage output winding, and supplies the electric
power of the DC power supply to the first winding
such that the permanent magnet located in a
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reverse rotation region where the torque is gen-
erated in the reverse direction during the stop-
ping is moved to a normal rotation region where

the torque is generated in the normal direction
and such that the disk is turned to the normal 5
rotation while the permanent magnet does not
reach the reverse rotation region in the reverse
rotation direction.

The motor system according to claim 6, wherein the 70
unidirectionally-energized brushless DC motor in-
cluding the AC voltage output winding further in-
cludes:

a position detecting disk that is rotated in coaxial 15
with the disk, a marker for determining a feeding
region or a non-feeding region being disposed
according to a rotation angle of the disk in the
position detecting disk; and

a sensor that detects the marker disposed inthe 20
position detecting disk, and

the feeding mechanism includes a switch that
switches whether power feeding is performed to

the first winding according to the marker detec-

tion result of the sensor. 25
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FIG 3

15
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