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IS invention relates to a brushless motor which has a rotor having field permanent magnets inserted
into a rotor yoke made of laminated steel plates and a magnetic sensor disposed to opposs to the end face

Generally known conventional brushless motors consist of a rotor. which has a plurality of field
permanent magnets inserted into a rotor yoke made of laminated stesl plates, and a stator which has a
magnetic pole portion opposed to the outer peripheral face of the magnet portion of the rotor with a small

This type of brushless motor is proposed, to detect a rotational position of the rotor, to adhere to an end
face of the rotor a magnet piece to be detected for specifying a rotational position of the rotor, to dispose-a
magnetic sensor near the trajectory of rotation of the magnet piece to be detected, and to use the magnetic
sensor to detect magnetism of the magnet piece to be detected, thereby detecting the rotational position of

Fig. 37 shows a vertical sectional view of the above brushless motor having the magnet pieces. A
brushless motor 51 has a pair of housing members 53, 54 fastened with bolts 52, and these housing
members 53, 54 rotatably support a rotatable shaft 57 with ball bearings §5, 56. To the rotatable shaft 57, a
rotor 58 is fixed, and one end of the rotatable shaft 57 is structured to protrude from the end face of the
housing member 53 to externally transmit a rotary force of the rotor 58. A stator 59 is disposed around the
rotor 58 and held between the housing members 53, 54.

The rotor 58 consists of a rotor yoke 50 which has many steel plates laminated, and a plurality of field
permanent magnets 61 which are inserted into the rotor yoke 50. The stator 59 consists of a stator yoke 62
and stator coils 63 wound on the stator yoke 62. A part of the inner
peripheral face of the stator yoke 62 forms a magnetic pole portion 59a of the stator, and the stator
magnetic pole portion 59a is opposed to the outer peripheral face of a magnetic pole portion 58a of the

A magnet piece 64 to be detected is adhered to an end face 58b of the rotor 58. A magnetic sensor
board 66 having a plurality of magnetic sensors 65 disposed is fixed to the housing member 53 near the '
trajectory of rotation of the magnet piece 64 to be detected.

In the above structure, when the rotor 58 of the brushiess motor 51 rotates, the magnet piece 64 to be
detected is also rotated and approached to the magnetic sensors 85 when it is rotated 360 degrees. The
magnetic sensors 65 detect magnetism of the magnet. piece 64 to be detected to detect the rotational
position of the rotor 58. But, it is known that since this brushless motor 51 has a large distance between the
field permanent magnets 61 and the stator magnet pole partion 59a, a magnetic flux is attracted in the
rotating direction by an interaction with the stator magnetic pole portion 59a when rotating, and the position
of a magnetic flux density peak point in an outside space of the rotor 58 does not agree with the actual

Fig. 38 shows a difference between a change of the magnetic flux density in the outside space of the
rotor end face §8b of the brushless motor 51 and the rotational position of the rotor 58 detected by the
magnet piece 64 to be detected. In Fig. 38, the horizontal axis shows a lapse of time, and the vertical axis
shows the magnitude of an electric signal. Curve L1 shows a change of the magnetic flux density in the
outside space of the rotor end face 58b, and kinked line L2 shows the rotational position of the rotor 58

having field permanent magnets in a rotor yoke and a relatively large distance between the fieid perm
magnets and a stator magnetic pole portion, a magnetic flux during rotation is attracted in the r ting
direction by the stator magnetic pole portion, and the magnetic flux density (curve L1) forms -a waVeform
advanced than the actual rotational position (kinked line L2) of the rotor. Specifically, the _alternat_e"long and
short dash line indicates a state that the magnetic flux density (curve L1) is not advanced than the actual
but the magnetic flux density (curve L1) indicated by the
at the position of point 0 of the electric signal than the
magnetic flux density (curve L1) indicated by the alternate long and short dash line. This time difference T

;\ 5 of the rotor.
, Background Art
[ . 10
gap therebetween.
!
15
. thd rotor.
e
Lo 20
© 285
------ made of laminated stee! plates,
. rotor 58 with a small distance therebetween.
; 30
35
40 rotational position of the rotor 58.
45
s
rotational position (kinked line L2) of the rotor,
solid line is advanced by a time difference T
56

can be converted into a rotational angle of the rotor, and this rotational angle is equal to the displacement of
the magnetic fiux. And it is known that this displacement of the magnetic flux (hereinafter referred to as an
angle of lead) increases substantially in proportion to the magnitude of a current applied to the motor.
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the rotor and the signal of the Hall IC obtained from the magnet to be detected at the maximum efficiency
s with respective torque is as follows.

Torque (Kgm) | Deviation of Hall IC and peaks of magnetic flux density (electrical angle) Maximum
efficiency (%)

10 0.05 ' 20°*+10° 90
. 010 , 225°¢10° .87

0.15 : 25° £ 10° 85

0.20 285°:9° 82

0.25 _ 30° £9° _ 79

15

As obvious from the above table, the peak point of the magnetic flux density in the space around the
rotor 58 is advanced. than the actual rotational position of the rotor 58. Further, this angle of lead is almost
proportional to the motor torque, and an attaching error of the Hall IC to obtain the maximum efficiency is in

20 a range of 20°(£10°*), but a tolerance becomes small as the torque increases, making it difficult to attach.

" Fig. 39 is a magnetic sensor board of a three-phase four-pole brushless motor. in this case, a Hall IC
was used for the magnetic sensor. A Hall IC 85 is one IC combining a function of detecting the direction of
a magnetic field using the Hall effect and the function of an amplifier. When N pole is approached to above
the Hall IC, output is about § (V), and when S pole, output is 0 (V). Therefore, one cycle of an electrical

2 angle becomes N (5V) and S (0V), but since one cycle of a mechanical angle becomes N, S, N and S, it is
known that the electrical angle to the mechanical angle is 2 to 1. (The electrical angle will be hereinater
referred to as the "electrical angle”, and the mechanical angle will not be indicated.)

Generally, the three-phase four-pole brushiess motor needs three Hall ICs 65 at intervals of 80 degrees
peripherally on a circle having the same diameter (a distance R from the center axis is 23 mm in this
example, which will be simply referred to as "R23" hereinafter), and they are soldered at intervals of 60
degrees on the magnetic sensor board 68. Furthermore. mounting holes 67 are formed at two locations of
the magnetic sensor board 66 to fix to the housing member, and a pattern 69 is not-formed on a peripheral
portions 68 around the mounting holes 67. Lands 70 are disposed as connections to drive the Hall ICs 65 or
to externally output a signal, and a through hole 71 is formed at the center of each land 70. A lead 72 is
inserted in the through hole 71 from the back of the magnetic sensor board 66 and soldered on the land 70.
The magnetic sensor board 66 has an outer periphery 73 to locate inside the coil 63 and an inner periphery
74 to locate outside the outer periphery of the housing bearing. And, an angle in the rotating direction is in
a shape that a size for the mounting holes 87 is added to an arranging angle of 120 degrees for the three
Hall ICs, so that the pattern is closely formed although the magnetic sensor board has a large shape.

Since the above conventional brushless motor detects only the rotational position of the rotor using the
magnet piece to be detected, it has disadvantages that an angle of lead of the magnetic flux which varies
depending on the motor current or motor torque canriot be detected, and when the magnetic pole portion of
the stator is excited based on the detected signal, the stator magnetic pole portion which generates a rotary
force most cannot be excited, and the motor efficiency is lowered. .
o On the other hand, it is considered to dispose the magnet piece to be detected or the magnetic sensor
-previdusly displaced in one direction assuming the angle of iead a magnetic flux, but this method cannot be
applied to a bidirectionally rotatable brushless motor which is required to rotate the rotor in both directions.

While the above method detects the rotational position of the rotor yoke by the above magnetic sensor,
there is a known sensorless brushless motor which detects the rotational position of the rotor by utilizing a
back electromotive force to be generated on the stator side by the rotation of the rotor. _

This sensorless brushless motor can detect the highest position of the magnetic flux density around the
rotor, but has a disadvantage that an electric circuit is complicated because the back electromotive force
generated on the stator side is detected.
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Summary of the Invention

Accordingly, an object of this invention is to provide a brushless motor having a rotor which has a
plurality of field permanent magnets inserted into -a rotor yoke made of steel plates laminated in many
numbers, which, in a simple structure, can detect the peak point of 2 magnetic flux density with respect to
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Still another object of this invention is, in the above type of brushless motor, to provide in a simple
o= : structure a bidirectionally rotatable brushless motor which can detect the peak point of a magnetic flux
: 10 density around the rotor when rotating in either direction, and has a high motor efficiency (brushless motor
of a third group). .
Other objects of this invention are to provide a small number of devices capable of improving the
performance of the above brushless motors. )
The brushless motor of the first group according to this invention, in a brushless motor comprising a
15 stator and a rotor rotatably supported within the stator, the rotor having a rotor yoke which is formed by
laminating many steel plates, the rotor yoke having an even number of magnetic pole portions protruded
outward, and a field permanent magnet which is inserted in each magnetic pole portion or every other
magnetic pole portions, is characterized by having a magnetic sensor for detecting a magnetic flux leaked

20 the end face of the rotor, the prescribed distance being in a range of a distance or less that the magnstic

end face of the rotor. . ‘
Therefore, the brushiess motor of this invention has the magnetic sensor disposed at the prescribed
25 distance from the end face of the rotor to directly detect the magnetic flux leaked outside of the rotor end
face through the rotor yoke, so that a position of the peak point of the magnetic flux density around the
rotor can be detected even when the magnetic flux of the rotor is attracted toward the rotating direction by

f 30 brushiess motor having a high motor efficiency regardless of the angle of lead of the magnetic flux can be

35 showing the rotational position of the rotor. And, the magnet piece to be detected required in conventional -

In this specification, the magnetic sensor is used in a sense including a coil. Therefore, the coil is
included in a concept of the magnetic sensor not only in the invention of the first group but also through the
following description. '

40 The brushless miotor of the second group according to this invention, in a brushless motor comprising a
stator and a rotor rotatably supported within the stator, the rotor having a rotor yoke which is formed by
laminating many steel plates, the rotor yoke having an even number of magnetic pole portions protruded
outward,-and a field permanent magnet which is inserted in each magnetic pole portion or every other
magnetic pole portions, is characterized by having a magnetic sensor for detecting a magnetic flux leaked

45 outside from an end face of the rotor, setting a radial distance of the magnetic sensor from the center of a

~fotatable shaft to scan a range outside of the fisld magnets and inside of the outer end of the rotor,
disposing a plurality of magnetic sensors on circles having different diameters on a magnetic sensor board
and arranging a pitch interval of each magnetic sensor on the circle different from a pitch interval of a stator
winding phase. ' _

50 And, the brushless motor of the second group according to this invention, in a brushless motor
comprising a stator and a rotor rotatably supported within the stator, the rotor having a rotor yoke which is
formed by laminating many steel plates, the rotor yoke having an even number of magnetic pole portions
protruded outward, a field permanent magnet which is inserted in sach magnetic pole portion or every other
magnetic pole portions, and a plurality of magnetic sensors to detect a magnetic flux leaked outside from

55 an end face of the rotor, is characterized by a method for disposing the magnetic sensors that the plurality
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§ portion or the angle of lead is varied due to the motor current (motor torque), the position of the peak point

- of the magnetic flux density in the outside space of the rotor is always detected to excite an optimum
_magnetic pole portion of the stator, and the motor efficiency can be improved. Further, since a change in
the maximum efficiency against a mounting error of the magnetic sensors in the rotating direction is less
and the angle of lead is same regardiess of the Joad, setting can be made under any load.

10 And, the method for disposing the magnetic sensors according to this invention can vary a distance of
the magnetic sensors from the shaft to change the angle of lead and narrow the angle between the
magnetic sensors. As a result, the size of the magnetic sensor board is reduced and its cost is lowered.

The brushless motor of the third group according to this invention, in a brushless motor comprising a
stator and a rotor rotatably supported within the stator, the rotor having a rotor yoke which is formed by

16  laminating many stee! plates, the rotor yoke having an even number of magnetic pole portions protruded
outward, and a field permanent magnet which is inserted in each magnetic pole portion or every other
magnetic pole portions, is a bidirectionally rotatable brushiess motor which is characterized by attaching a
magnet piece to be detected to an end face of the rotor to specify a rotational position of the rotor, and
disposing a one direction magnetic sensor for detecting a rotational position of the rotor rotating in one

20 direction and an other direction magnetic sensor for detecting a rotational position of the rotor rotating in the
other direction in the vicinity of the trajectory of rotation of the magnet piece to be detected, the one
direction magnetic sensor and the other direction magnetic sensor being displaced respectively by a
prescribed angle substantially equal to the angle of lead of a magnetic flux in opposite directions with
respect to a rotating direction of the rotor to detect a desired position of the rotor. '

25 Therefore, the bidirectionally rotatable brushless motor of this invention has a magnet piece to be
detected for specifying a rotational position of the rotor, a magnetic sensor for detecting a rotational position
of the rotor rotating in one direction and a magnetic sensor for detecting a rotational position of the rotor
rotating in the other direction, and since these magnetic sensors are fixed as displaced by a prescribed
angle almost equal to an angle of lead of a magnetic flux in opposite directions with respect to a rotating

-30  direction of the rotor, when the rotor is rotating, the magnetic sensors output the rotational position of the
rotor advanced by the angle of lead of the magnetic flux than the actual rotational position of the rotor. This
outputted rotational position of the rotor agrees with the peak point of a magnetic flux density in the outside
space of the rotor, so that the rotor can be rotated most efficiently by exciting the magnetic pole portion of
the stator based on the output. ' : '

Brief Description of the Drawings

(Fig. 1] _
A vertical sectional view showing one embodiment of the brushiess motor of this invention.
. 40 [Fig. 2] o
A view showing the front of the rotor of the brushiess motor of this invention. _
[Fig. 3] -
A perspective view showing a magnetic flux outside of the rotor end face of the brushless motor of
- this invention, :
45 ' [Fig. 4]
' Graphs showing the compared analogue waveforms of magnetism with a distance D between the
magnetic sensor and the rotor end face varied. '
{Fig. 5]
A vertical sectional view of the brushless motor of this invention with a nonmagnetic plate adhered to
60 the rotor end face.
[Fig. 6] .
Graphs showing the compared analogue waveforms of magnetism of a brushless motor having a
nonmagnetic plate and a brushless motor not having a nonmagnetic plate.
[Fig. 7] - -
55 A front view showing a rotor of the brushless motor of this invention.
(Fig. 8] .
A magnetic sensor board diagram of the three-phase four-pole brushless motor of this invention.
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A side view of the Hall IC and the fotor end face of this invention.

— [Fig. 12} : .
S 10 A side view of the Hall IC and the rotor end face of another embodiment of this invention.
[Fig. 13]
. A view showing the front of a rotor of the brushless motor of another embodiment of this invention.
e [Fig. 14) _ ' . -
5_ N A vertical sectional view showing another embodiment of the brushless motor of this invention.
: 15 [Fig. 15]
C e A sectional view taken on line A-A’ of Fig. 14,
ko '[Fig. 18]
A table showing the results of measuring the relation between the radial position and the efficiency
(~ of the Hall IC. -
P 20 [Fig. 17] ) s
i A graph showing the performance when the Hall IC is at a position of R23 mm.
[Fig. 18] , _
A graph showing the performance when the Hall IC is at a position of R21 mm. -
{Fig. 19]
" 25 A view showing a magnetic sensor board.
. (Fig. 20]
n A block diagram of an electronic circuit.
[Fig. 21)
. A view showing a.magnetic sensor board and part of a stator.
30 {Fig. 22} . .
L ‘ * _ Asectional view showing a brushless motor and a fixing member for fixing it.
[Fig. 23] '
. A view showing a magnetic sensor board.
: [Fig. 24] :
35 A sectional view of a magnetic sensor board.
{Fig. 25}
P - A view showing a magnetic sensor board using a sheet coil.
R [Fig. 26) o
(J A view showing a magnetic sensor board having toroidal windings applied.
r 40 [Fig. 27] '
. A flowchart showing the control of a motor rotation,
[Fig. 28) .
A view partly showing a magnetic sensor and a rotor,
(Fig. 29) . :
45 ... A graph showing the relation between an angle of iead and a distance between a magnetic sensor
16 and a rotor end face &b,
(Fig. 30} ' '
A graph showing the relation between a positional change of a magnetic sensor and a rotation speed
_and torque.
50 [Fig. 31] . .
A graph showing the relation between a Hall voltage and a magnetic flux density.
[Fig. 32) :
A graph showing the relation between a magnetic flux density and a temperature.
[Fig. 33) . _
85 A view showing an output voltage waveform of a magnetic sensor with a rotor rotated.
[Fig. 34) _ -

A view showing a rotor end face.
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vertical sectional view showing a brushless motor with a built-in fan.
[Fig. 37]
A vertical sectional view showing a conventional brushless motor.
{Fig. 38] ) L .
A graph showing a difference between a change of the magnetic flux density of a conventionai
brushless motor and the detected rotational position of the rotor. '
[Fig. 39]
A view showing the magnetic sensor board of a conventional three-phase four-pole brushless motor.

Best Mode for Carrying Out the Invention

. A first embodiment of the invention will be described with reference to the drawings.
Fig. 1 shows a vertical sectional view of the brushless motor of this embodiment. A brushless motor 1
has a pair of housing members 3, 4 fastened with bolts 2, and these housing members 3, 4 rotatably

housing members 3, 4. ‘ : :

The rotor 8 consists of a rotor yoke 10 which has many steel plates laminated, and a plurality of field
permanent magnets 11 which are inserted into the rotor yoke 10. The stator 9 consists of a stator yoke 12
made of laminated steel plates, and stator coils 13 wound on the stator yoke 12. A part of the inner face of
the stator yoke 12 forms a magnetic pole portion 9a of the stator 9, and the magnetic pole portion 9a of the

electric signal lead for externally sending an electric signal of magnetism detected by the magnetic sensor
16.

Fig. 2 shows an end face of the rotor 8. The rotor 8 consists of four rotor magnetic pole portions 8a
protruded outward in the radial direction at an angle of 90 degress, and the field permanent magnet 11
inserted into each rotor magnet pole portion 8a. At the center of the rotor 8, the rotatable shaft 7 is inserted,
and the rotatable shaft 7 and the rotor 8 are configured to rotate integrally with a key 7a. Reference numeral
18 indicates caulking sections for integrally caulking the steel plates which form the rotor yoke 10.

Each field permanent magnet 11 is inserted in the base of the rotor magnetic pole portion 8a so that N

guided by the teading end of the rotor magnetic pole portion 8a, and gets in or out of the outer peripheral
face of each rotor magnetic pole portion 8a. Thus, the field permanent magnets 11 of the rotor 8 are
alternately magnetized in the N and S poles in the circumferential direction.

Imaginary lines A, A’ in the drawing indicate the trajectories where the magnetic. sensor 16 is relatively
moved by the rotation of the rotor 8. On the other hand, imdginary lines B, B' and a hatched area «
therebe}ween indicate an unstable area of the magnetic flux present on the outer periphery of the rotor 8.
Fhe magnetic flux in the unstable magnetic flux area « is always varied unstably by an effect of the rotating
magnetic field generated by the stator 9. As shown in the drawing, the relative moving trajectories A, A’ of
the magnetic sensor 16 are positioned outside of the field permanent magnets 11 and inside of the unstable
magnetic flux area a. . .

And, as shown in Fig. 2, the rotor 8 has a groove M between the rotor magnetic pole portions 8a, and
the bottom MO of the groove M is substantially aligned with the telative trajectories of rotation A, A' of the
magnetic sensor 16. The trajectories A, A’ where the magnetic sensor 16 moves Pass near the intersection

Fig. 3 shows a relation between the position of the magnetic sensor and the irreguiar magnetic fluxes
near the intersection of the magnetic pole portions 8a.
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10 portion 8a having S pole. This irregular magnetic flux W2 has a large irregularity when being close to the

The magnetic sensor 16 of this embodiment is disposed at a position to separate from the rotor end

face 8b in such a degree that it does not cross the above irreguiar magnetic flux W2 and to approach the
15 rotor end face 8b in such a degree that it crosses the above smooth-shaped magnetic flux W3,

- in this case, a gap between the above irregular magnetic flux W2 and the parabola magnetic flux W3 is

S largest at the bottom MO of the groove M of the rotor 8, and the bottom MO of the groove is substantially
‘aligned with the relative trajectories of rotation A, A' of the magnetic sensor..16. Therefore, it is most

s convenient for the magnetic sensor 16 to detect a noiseless detection signal.

20 The action of this embodiment will be described based on the above structure. _

The magnetic sensor 16 of this embodiment is positioned outside of the irregular magnetic flux W2
between the field permanent magnets 11 and crosses the smooth-shaped magnetic flux W3, so that it can
detect a position of the peak point of the magnetic flux density around the rotor 8 without producing a noise _
by an effect of an irregular portion of the magnetic flux,

25 Fig. 4 shows the comparison of analogue sighals of magnetism detected by the magnetic sensor 16
with a distance D between the magnetic sensor 18 and the rotor end face 8b varied. In Fig. 4, (a), (b), (c)

30 irregular uneven spots of the analogue signals of magnetism become a noise in the electric signal when
converted into a digital signal. When this noise is large, the stator magnetic pole portion 9a cannot be
excited appropriately, and the rotor 8 cannot be rotated smoothly. ‘

It is clear by comparing Fig. 4 (a) to Fig. 4 (d) that the irregular uneven spots of the analogue signal of

magnetism decreases as the distance D increases, detection can be made when the distance D is about 4

35 mm or more, and as shown in Fig. 4 (d), when the distance D is about 4.9 mm, the analogue signal of

magnetism by the magnetic sensor 168 shows a smooth sine curve and is converted into a digital signal
i without many noises. '

Ve When the rotor 8 rotates in the direction R shown in Fig. 3, magnetic fluxes Wo, W1, W2, W3 of the

L\ rotor 8 are attracted toward the direction R’ shown in the same drawing by the interaction with the stator

' 40 magnetic pole portion 9a. The angles of lead of the magnetic fluxes WO, W1, W2, W3 relate to the motor

45 peak point of the magnetic flux density can be excited, and the motor efficiency can be improved.
< TIn this embodiment, when the brushless motor was operated using a Hall element as the magnetic
sensor under conditions of a distance D of 4.9 mm, a rotating speed of 1200 rpm and torque of 0.24 kgm,
" the motor efficiency was improved by about 10% as compared with a conventional brushless motor having
& magnet piece to be detected.

50 This embodiment can aiso use a Hall IC as the magnetic sensor. The Hall IC is ane IC combining a
function of detecting the direction of a magnetic field using the Hall effect and the function of an amplifier.
When N pole is approached to above the Hall IC, output is about § (V). and when S pole, output is 0 V),
thus it.is a detecting element resistant to an electrical noise. When the Hall IC is used as the magnetic

56 element by virtue of a hysteresis property of the Hall IC. The motor efficlehcy of the brushless motor using
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It is seen from the above that detection can be made when D is 2.3 mm or more, and 2.3-3.4 mm is
optimum because the motor efficiency is stable.

On the other hand, when a brushless motor having a magnet piece to be detected was operated under
the same conditions, a motor current of 7.40A and a motor efficiency of 83.2% were obtained. Specifically,
using the brushless motor 1 of this embodiment using the Hall IC, the motor efficiency could be improved
by up to about 17%.

route of the magnetic fiux is smoothed, the analogue waveform of Mmagnetism detected by the magnetic
sensor 18 is smoothed, and converted into a digital signal without many noises. '

Fig. 6 shows graphs of compared analogue waveforms detected by each magnetic sensor of a
brushiess motor having the nonmagnetic plate 8c and a brushless motor not having it.

Fig. 6 (a) shows analogue waveforms.of magnetism of the. brushless motor without the nonmagnetic

relatively smooth analogue waveforms, and a digital signal without Mmany noises can be obtained.

In the above embodiment, the nonmagnetic plate 8¢ is adhered to the rotor end face 8b, but the
nonmagnetic plate 8c may be positioned between the magnetic sensor 18 and the rotor end face 8b. For
example, the nonmagnetic plate 8c may be attached to the surface of the magnetic sensor 16. Furthermore,
addition of alumina material to the nonmagnetic plate 8¢ makes it easy to externally transmit the heat of the
magnet, thereby contributing to prevent the thermal demagnetization of the magnet, ‘

In the above description, the rotor has the field permanent magnets 11 inserted into the base of each

“rotor magnetic pole portion 8a. But, it is to be understood that this invention is not limited to the above but

also applied to a rotor that the field permanent magnet is inserted into every other rotor magnetic pole

- portions so as to have the magnetic pole portions of alternate N and S poles in the circumferential direction

50

by the repulsion of mutual field pérmanent magnets. ,

.- As~obvious from the above description, according to the brushiess motor of the first group of this
invention, the magnetic sensor is disposed at a prescribed distance from the end face of the rotor to
directly detect the magnetic flux of the fieid permanent magnets leaked outside from the rotor end face by
the magnetic sensor, so that when the magnetic flux of the rotor during rotation is attracted in the rotating
direction by the interaction with the magnetic pole portions of the stator or the angle of lead of the magnetic
flux is varied depending on the motor current, the position of a peak point of the magnetic flux density in
the external space of the rotor is always detected to excite the optimum magnetic pole portion of the stator,
so that the motor efficiency can be improved. And, by the same action, the optimum stator magnetic pole
portion can be excited by the magnetic sensor in the brushless motor which rotates in both directions.

And, according to the brushiess motor of this invention, the magnetic sensor is positioned outside of the

magnetic flux, so that a noise due to the Irregular magnetic fluxes can be reduced, and the magnet piece to
be detected which has been required heretofore can be omitted, enabling to obtain a simple-structured

“brushless motor.
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sensor has been considered. On the other hand, i rushless motor of
relation of the magnetic sensor in a radial direction will be mainly considered.

Fig. 7 shows an end face 8b of the rotor 8 of this invention. The rotor 8 consists of rotor magnetic pole
portions 8a protruded outward in the radial direction at an angle of 90 degrees, and the field permanent
magnets 11 inserted into the rotor magnet pole portions 8a. The field permanent magnet 11 has its length
in its axial direction equal to or shorter than the length of the rotor 8, and the magnet end face is positioned
at least the inside of the rotor end face 8b.on the magnetic sensor side. When the magnet end face is
protruded from the rotor end face, the magnetic sensor cannot detect a leaked magnetic fiux, and a space
between the rotor end face 8b and the magnetic sensor cannot be kept. Furthermore, it is revealed that the
rotor end face 8b is preferably equal to or longer than the stator end face 9b because the leaked magnetic
flux increases and easily detected. At the center of the rotor 8, the rotatable shaft 7 is inserted. and the
rotatable shaft 7 and the rotor 8 are integrally fixed by shrinkage fitting.

The field permanent magnets 11 are inserted in the bases of the rotor magnetic pole portions 8a so that
N and S poles are alternately positioned to face outside. The magnetic flux of the field permanent magnets
11 is guided by the leading end of the rotor magnetic pole portion 8a, and gets in or out of the outer
peripheral face of each rotor magnetic pole portion 8a. In this structure, the magnetic pole portions 8a of the
rotor 8 are alternately magnetized in the N and S poles in the circumferential direction. An area between
imaginary lines A-B in the figure (in this case, a distance R from the center axis is from 21 mm to R23 mm.)
indicate an area that when a top 19a of the magnelic sensor 18 (in this case, a Hall IC) enters this area by
the rotation of the rotor 8, the leaked magnetic flux from the rotor end face is detected and the motor can
be driven. This imaginary line B is generally located on a circle with a radius which is at the midpoint
between the outer wall of the field magnet 11 and the outer end of the rotor 8 regardless of the size of the
motor.

On the other hand, an area between imaginary lines B-C in the drawing (in this case, a distance from
the center axis is from R23 mm to R26 mm.) indicates an unstable area of the leaked magnetic flux present
on the outer periphery of the rotor 8. The leaked magnetic flux in the unstable area is constantly varied
unstably by an effect of a rotating field generated by the stator 9, and although the motor rotates, the motor
efficiency at the operation range of low rotation and low torque results in inferior by about 4% than in the
trajectory A-B. Furthermore, an area between nmagunary lines A-D (in this case, a distance from the center
axis is from R8 mm to R21 mm.) indicates an unstable area present on the inner periphery of the rotor 8. In
the leaked magnetic flux in this unstable area, a magnetic flux between the field permanent magnets is
hardly leaked and attracted by a magnetic field generated by the stator 8 in the groove MO0, making a
switching section of the magnetic flux unstable. Thus, the motor cannot be rotated.

in the drawing, an imaginary line E indicates a limit line that the magnetic sensor can driven normally
when a bottom 19b of the magnetic sensor (Hall IC) 16 is outside of the imaginary line E. And, when the
caulking sections 18 are between the imaginary lines E and D, the leaked magnetic flux from the rotor end

he posutlonal

. face can be correctly detected but, when the caulking sections 18 are outside of the imaginary line E, the

loaked magnetic flux. from the rotor end face becomes unstable due to the unevenness of the caulking
sections, and particularly the switching section of the magnetic flux becomes unstable. Therefore, a signal
of the magnetic sensor cannot be adopted.

As shown in the drawing, by setting the top 19a of the magnetic sensor (Hall IC) 16 in the area A-B of
the rotor and the caulking sections 18 inside the imaginary line E, a stable magnetic flux can be obtained, -
and stable efficiency and rotation can be obtained.

In the above embodiment, as the range that the magnetic sensor 16 can detect the leaked magnetic
flux from the rotor end face and the motor can be driven, the area between the imaginary lines A-B in Fig. 7
has been taken, and the specific numerical values "21 mm" and "23 mm" have been shown to indicate that
the area A-B is an area with a distance R from the center axis is from 21 mm to R23 mm. The above
description does not mean that the area A-B is not limited to the above numerical values. More specifically,
the area A-B as an area that the motor can be driven is to be understood in a relative positional relation
between the outer diameter (about R26 mm) of the rotor 8 and the field permanent magnets 11. And, when
a vertical line is assumed from the center axis to the fleld permanent magnet 11, it is revealed that the line
A indicates almost the outer wall of the field permanent magnet 11 and the line B indicates almost the
middle of the line A in the above assumed vertical line and the rotor outer end. These positions are
generally appropriate positions whatever size the motor shape may have.
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Torque (Kgm) | Deviation of Hall {C and peaks of magnetic flux density (electrical angle) Maximum
| efficiency (%)

0.05 ' ' 10° £ 15* 90
010 : 10* £ i5° 87
10 0.15 10° £ 15° 85
0.20 10 £ 15° 82
0.25 10°* £ 15° 79

It is seen from the above table that when torque is 0.05 Kgm for example, it is necessary to make the
deviation of a signal of the Hall IC and the peak of the magnstic flux density outside the rotor 10° £ 15°
(electrical angle) to obtain the maximum efficiency 90% and, similarly, when torque is 0.10 Kgm, it is
necessary-to make the deviation of a signal of the Hall IC and the peak of the magnetic flux density outside
the rotor 10* £ 15° (electrical angle) to obtain the maximum efficiency 87% (the same as above).

As obvious from the above table, when the position of the magnetic sensor board is set at a low load
point (e.g. the above 0.05 Kgm) by directly detecting the leaked magnstic flux from the rotor end face, the
maximum efficiency can be obtained under respective loads, the maximum efficiency has less change with
respect to the mounting error of the Hall IC in the rotating di rection, and the deviated degree is same
regardless of the load, so that setting can be made under any load.

Specifically, when the rotor 8 rotates, the magnetic flux of the rotor magnetic pole portion is attracted
by the interaction with the stator magnetic pole portion. This angle of lead relates to the motor current or
torque, and the angle of lead is increased as the motor current is increased (as-the torque is increased).
And, the Hall IC directly detects the magnetic flux in the external space of the rotor end face 8b, so that the
stator magnetic pole portion 9a optimum to generate a rotary force most corresponding to the peak point of
the magnetic flux density can be excited, and the motor efficiency can be improved. ’

Fig. 8 is a view showing a magnetic sensor board 15 of the three-phase four-pole brushless motor of
this invention. In this embodiment, a Hall IC is used for the magnetic sensor.

Assuming that the rotor is rotated clockwise, a Hall IC 16a {the top end of the Hall IC is R23 mm from
the center axis in this embodiment), a Hall IC 18b (R22 mm form the center axis in this embodiment) and a
Hall IC 16¢c (R21 mm from the center axis in this embodiment) are set at different distances from the center -
axis at intervals of 52 degrees in the peripheral direction and displaced inward toward the rotating direction
of the rotor, and soldered for fixing. Furthermore, two shaft mounting holes 21 for fixing the magnetic sensor
board 15 to the stator are disposed at the outer end of the magnetic sensor board. A land 24 is applied
around the mounting holes 21 , and the land 24 has a thick copper foil to retain a sufficient mechanical
strength after inserting a shaft and soldering or fixing with a resin. Furthermore, C-shaped lands 20 are
disposed as connections to drive the Hall ICs or to externally output a signal, a lead 14b can be easily
inserted vertically and horizontally in the magnetic sensor board, and the lands 20 have partly a wide area
to allow soldering. The lead 14b is a flat cable having a one-body insulator for lines, so that it can be quite
easily inserted in a C-shaped material such as the lands 20.

The magnetic sensor board 15 has a size such that its outer periphery 25 is positioned inside the stator
coil 18 and its inner periphery 23 can be positioned arbitrarily. In other words, since the magnetic sensor
board is fixed using the outer periphery, it is not necessary to use the inner periphery as the reference to
fix to the housing member. And, the board can be made broad toward the outer diameter of the rotatable
shaft 7. As a result, a pattern 22 can be formed easier, an insulated space between the patterns can be
secured sufficiently, it is not necessary to draw the pattern outside of the lands 20, and the lands 20 can be
formed in an open type like a letter C. Furthermore, since the angle in the rotating direction is sufficient in a
size between the pitches of the Hall IC as described afterward, the size of the magnetic sensor board 15
becomes very compact and its production cost is low.

Fig. © shows the variation of an angle of lead when the Hall IC 16 is moved outward from the shaft
center with a position of R21 mm from the shaft center as the reference. Fig. 10 shows a moving angle of
the Hall IC in the rotating direction to obtain the maximum efficiency when the Hall IC is moved outward
with R21 mm from the shaft center as the reference.

In Fig. 8 to Fig. 10, determining an angle in the rotating direction of the rotor to be (+) and an angle in
the counter-rotating direction of the rotor to be (-), when the Hall IC is simply moved outward from R21 mm
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board 66. Fur twesr substahtialifiiendifididht, Weh $he Gian i§ af > mm or below or R26.5 mm or more from the
shaft center, the motor does not rotate. Therefore, the applicable areas in the drawing are hatched.
10 With the Hall IC 16¢ (R21 from the shaft center) as the reference, the Hall IC 16b {R22 from the shaft
center) is positioned normally at an angle of 60 degrees. As shown in Fig- 9, when the position is 1 mm
outside from the shaft center, the electrical angle advances by 15 degrees. On the other hand, as shown in
Fig. 10, when the rotational angle of the Hall IC is moved, the same maximum efficiency can be obtained,
and 80°-8°* =52* hecomes an angle between the Hall IC 16¢ and the Hall IC 18b. Similarly, an angle (52 *)
15 is obtained between the Hall IC 16b and the Hall IC 16a. As a result, a distance between the Hall ICs could
be narrowed by 16° as compared with prior art, and the magnetic sensor board 15 could be made

compact. .
Fig. 11 is a side view of the Hall IC and the rotor end face. To detect a magnetic flux leaked from the
e magnetic pole portion 8a in the outside space of the rotor 8, the magnetic sensor (Hall 1C) 18 disposed on
BN 20 the magnetic sensor board 15 is directed toward the rotor end face 8b, and a space between the rotor 8

and the magnetic sensor board 15 is adjusted with a stepped shaft 28. More specifically, one end 28a of
the shaft 28 is inserted into the mounting hole 21 of the magnetic sensor board in a direction Q and
soldered on a land side 15a. Another end 28b is forced into the stator magnetic pole portion (not shown)
and fixed. The space between the rotor end face and the Hall IC is adjusted according to a size L1 of the

25 shaft 28. In this embodiment, when the axial distance between the rotor. end face and the Hall IC is less
than 2.3 mm, many magnetic fluxes leak from the rotor end face, so that normal operation cannot be made.
Therefore, the size L1 is set to be 2.3 mm or more.

AAnd, it was experimentally found about the magnetic flux that a thickness of the field permanent magnet
is proportionally related with the space between the rotor end face and the Hall IC. Spaecifically, as the field

30 permanent magnet becomes thicker, the leaked magnetic flux from the field permanent magnet increases
and, even if the Hall IC is separated from the rotor end face, sensing can be made. Furthermore, the lead
14b is inserted into the land 20 from a top face P of the magnetic-sensor board 15 and fixed by soidering
or with a resin.

Fig. 12 is a side view showing another embodiment of the Hall IC and the rotor end face. In this case.
. 3 the magnetic sensor board 15 and the magnetic sensor (Hall IC) 16 are disposed to face opposite from the

' above embodiment. The space between the rotor 8 and the magnetic sensor board 15 is adjusted
according to a size L2 of the stepped shaft 28, and the mounting space of the Hall IC is equal to the size
L2. Furthermore, since the shaft end 28a is inserted in the opposite direction and soldering is made in the
opposite direction, or the land side 15a is faced to the opposite direction from the end face 8b, soldering to

40 the land side 15a is made easy.

' And, the lead 14b is soldered as it is on a wide area of the land 20, and the soldersd face and every
parts such as the Hall IC are positioned on the land side 15a, making it easy to produce. To a counter-land
side 15b, a shield sheet 29 is affixed to prevent a noise of the board from mixing with a noise of the leaked
magnetic flux from the rotor end face. Therefore, the magnetic flux free from a noise can be fully detected

45 by the Hall IC. Thus, the adhesion of the shieid sheet 29 to the counter-land side allows to externally output
a stable signal and also to measure a magnetic flux near by about 30% to the rotor end face as compared

.- with-the ordinary space between the rotor end face and the sensor board without providing the shieid sheet
29, ‘
Fig. 13 shows another embodiment of the rotor end face.

50 A rotor 30 consists of rotor magnetic pole portions 30b radially protruded at an angle of 80 degrees and
field permanent magnets 31 inserted into rotor magnetic pole portions 30a. At the center of the rotor 30, a
rotatable shaft 32 is inserted, and the rotatable shaft 32 and the rotor 30 are integrally fitted by shrinkage
fitting. ' _

Each field permanent magnet 31 is inserted in the bases of every other magnetic pole portions 30a so

. 56 that N pole (or S pole) is positioned on the rotatable shaft side. The magnetic fluxes of the field permanent
magnets 31 are guided by the leading ends of the magnetic pole portions 30a to get in or out of the outer
peripheral face of each rotor magnetic pole portion 30b. Thus, the rotor 30 is alternately magnetized in the

N and S poles in the circumferential direction. An area between imaginary lines B-C in the drawing (in this
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outer - 5 R8 mm to R23 mm) indicates an area that the rotor 30 is unstable. In this area, the magnetic fluxes of the
magnetic pole portions having the field permanent magnet and not having have different movements, the
- magnetic flux switching section becomes unstable and the motor cannot be driven.. _

In the above description, a magnetic sensor signal has been explained to be taken from the magnetic

flux leaked from the rotor end face, but this invention is not limited to it. When rare earth magnets having a

10 high energy product (BHMAX25MGOe) are inserted in the rotor to cause magnetic saturation at one spot at
a minimum on the rotor end face and a magnetic flux is leaked intentionally on the outside of the rotor, a
quantity of magnetism which flows the magnetic sensor is increased, and detection can be made
satisfactorily even when the magnetic sensor has variations in the property. In particular, when the magnetic
saturation is close to a place where poles are switched, detention can be made stably at a spot liable to be

15 unstable. Furthermore, It is to be understood that reliability of the motor is improved and assembling is
facilitated by increasing the axial distance between the magnetic sensor and the rotor end face.

As obvious from the above description, according to the brushless motor of the second group of this
invention, the magnetic sensor is disposed at a prescribed distance from the end face of the rotor to
directly detect the magnetic flux of the field permanent magnets leaked outside from the rotor end face by

20 the magnetic sensor, so that when the. magnetic flux of the rotor during rotation is attracted in the rotating
direction by the interaction with the magnetic pole portions of the stator or the angle of lead of the magnetic
flux is varied depending on the motor current {motor torque), the position of a peak point of the magnetic
flux density in the external space of the rotor is always detected to excite the optimum magnetic pole
portion of the stator, so that the motor efficiency can be improved. In addition, the maximum efficiency has

25 less change with respect to the mounting error of the Hall IC in the rotating direction, and the angle of lead
is same regardless of the load, so that setting can be made under any load. _

And, since the magnetic sensor board of this invention has the mounting holes for fixing the sensor

board disposed at the outer periphery, the inner periphery of the sensor board can be widened to the

rotatable shaft, the insulated space between the pattems can be secured sufficiently, and the shape of the
30 -connection land with the lead can be changed. As a result, the lead can be easily inserted and connected.
And, changing of the distance of the Hall IC from the shaft changes the angle of lead, and the angle
between the Hall ICs can be narrowed. As a result, the size of the magnetic sensor board can be made
small, and the cost can be reduced. . -
_ The brushless motor of the third group of this invention will be described. .
35 As shown in Fig. 14, the brushiess motor of the third group basically has the same structure with the
one shown in Fig. 1 and, therefore, the same components are given the same reference numerals and their
description is omitted. _
In Fig. 14, to an end face 8b of the rotor 8, a magnet piece 17 to be detected is attached to specify a
rotational position of the rotor 8. To the inner end face of the housing member 3 near the trajectory of
40 rotation of the magnet piece .17 to be detected, a CW magnetic sensor 16 (16X) for detecting a rotational

position of the rotor 8 rotating clockwise and a CCW magnetic sensor 18 (16Y) for detecting a rotational

position of the rotor 8 rotating counterclockwise are attachex . '
Fig. 15 shows the front of the rotor 8 taken on line A-A" shown in Fig. 14. The rotor 8 consists of the

rotor yoke 10 made of the laminated stes! plates and the field permanent magnets 11, and the rotor yoke

45 10 has four externally protruded sections in a radial direction at an angle of 90 degrees on its outer
periphary. These four protruded sections-of the rotor yoke 10 have the field permanent magnet 11 inserted
in their bases so that N and S poles are alternately positioned to face outward to respectively form the rotor
magnetic pole portion 8a. In the drawing, reference numeral 18 indicates caulking sections for integrally
caulking the steel plates. . :

50 At the center of an end face of one of the rotor magnetic pole portions 8a, the magnet piece 17 to be
detected is adhered. This magnet piece 17 to be detected moves along the trajectory of rotation R when
the rotor 8 rotates clockwise CW or counterclockwise CCW as shown in Fig. 15. To an end face of the
housing member 3 not shown, the CW magnetic sensor 16X and the CCW magnetic sensor 16Y which are
indicated by an imaginary line are adhered. As shown in the drawing, the CW magnetic sensor 16X and the

55 CCW magnetic sensor 16Y are disposed near the trajectory of rotation R, the CW magnetic sensor 16X is
fixed as displaced by an angle of a0 in the CCW direction, and the CCW magnetic sensor 18Y is fixed as

displaced by an angle of a1 in the CCW direction. - I
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controls to excite the stator magnetic pole portion 9a which corresponds to the position P3 when the CCW
magnetic sensor 16Y detects the magnetic flux at the position PO.
Referring to Fig. 38, the sizes of the angles a0 and a1 will be described. As described above, Fig. 38
10 shows a difference between a change of the magnetic flux density in the outside space of the rotor end
face of the brushless motor and the rotational position of the rotor detected by the magnet piece to be
detected. And, the time difference T can be converted into a rotational angle of the rotor, and this rotational
angle is equal to the angle of lead of the magnetic flux.
in view of the above, in this embodiment, the deviated angles a0 and al of the CW magnetic sensor
15 16X and the CCW magnetic sensor 18Y are set to be substantially equal to the angle of lead of the
magnetic flux density.
By structuring as described above, in the brushless motor 1 of this embodiment, when the rotor 8
rotates clockwise CW as shown in Fig. 15, the CW magnetic sensor 16X detects the magnetic flux of the
(‘ magnet piece 17 to be detected when the magnet piece 17 to be detected has reached the position P1, and
SN 20 the aforementioned control circuit excites the stator magnetic pole portion 9a corresponding to the position -
PO. At this time, since the peak point of the magnetic flux dénsity in the outside space of the rotor 8 is at
the position ‘P1, the rotor 8 can be rotated most efficiently and, as a result, the motor efficiency can be
improved. '

Inversely, when the rotor 8 rotates counterclockwise, the CCW magnetic sensor 18Y detects the

25 magnetic flux of the magnet piece 17 to be detected which has reached the position P2, and the stator
magnetic pole portion 9a corresponding to the position P3 is excited. Thus, the motor efficiency can be
improved in the same way.

in the brushless motor 1 of this embodiment, when the rotor 8 rotates clockwise CW as shown in Fig.
15, the CCW magnetic sensor 18Y can be uséd. More specifically, as described above, since the CCW

30 magnetic sensor 18Y is fixed as displaced by the angle a1 in the CCW direction when rotated counterclock-
wise CCW, when this is seen from the viéwpoint of rotating clockwise CW, the CCW magnetic sensor 16Y
has an angle of delay. Therefore, when rotating CW, the CCW magnetic sensor 16Y can be used for an
angle of delay. And, when rotating CCW, the CW magnetic sensor 16X can be used for an angle of delay.

For carrying equipment, a bidirectionally rotatable brushless motor, which needs to let out at a low

35 speed and at high torque when working and to reversely rotate quickly at a high speed and at low torque
when winding, is used. The bidirectionally rotatable brushless motor has different angles of lead of the
magnetic flux density in respective rotating directions, and is provided with one magnet piece to be
detected, a working magnetic sensor for detecting a rotational position of the rotor when working, and a
winding magnetic sensor for detecting a rotational position of the rotor when winding; the working magnetic

40 sensor is fixed as displaced by an angle equal to an angle of lead of the magnetic fiux in an opposite
direction with respect to the rotating direction of the rotor at high torque when working, and the winding
magnetic sensor is fixed as displaced at a large angle in an opposite direction with respect to the rotating

direction (opposite rotating direction from when working) of the rotor at low torque when winding. By

' matchmg with the angle of lead of the magnetic flux at each torque of the working and winding magnetic

45 seMsors, a bidirectionally rotatable brushless motor which has different rotating speed and torque, and high
efficiency in each rotating direction can be obtained.

As obvious from the above description, the brushless motor of the thvrd group of this invention has a
magnet piece to be detected for specifying a rotational position of the rotor, a CW magnetic sensor for
detecting a rotational position of the rotor rotating clockwise and a CCW magnetic sensor for detecting a-

50 rotational position of the rotor rotating counterclockwise, and since the- CW magnetic sensor and the CCW
magnetic sensor are disposed as displaced by a prescribed angle respectively in opposite directions with
respect to a rotating direction of the rotor, when the rotor rotates in either direction, clockwise or
counterclockwise, the stator magnetic pole portion advanced by an angle equal to an angle of lead of the
magnetic flux than the actual rotational position of the rotor can be excited. Thus, the rotor can be rotated

55 most efficiently, and a bidirectionally rotatable brushless motor having a high motor efficiency can be
obtained.

Using the brushless motor of the second group of this invention, the bidirectional rotation like the
brushless motor of the third group will be described.
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i inventors determined the rated efficiency, maximum load and maximum rotating speed, assuming the
positions of a Hall IC to be 21 mm, 23 mm, 24.5 mm and 26 mm?:'at a position (angle of lead 0°) with the
5 same efficiency when rotating clockwise (CW) and counterclockwise (CCW) using three sensors as one set.
It is seen from Fig. 16 that sensing could not be made by the Hall IC with R24.5 mm and R26 mm. And, as
shown in Fig. 17, in the case of R23 mm, when the same voltage is applied to rotate CW and CCW, the
motor efficiencies are different, but the rotation has less variation through the full range, and net properties
{maximum rotating speed) become same. Similarly, as shown in Fig. 18, in the case of R21 mm, when the
10 same voltage is applied to rotate CW and CCW, the motor efficiencies and the rotating speeds under high
load are same although net properties are ditferent.

In Fig. 17 and Fig. 18, 50%, 70% and 100% show the relation between the rotating speed and the
torque by duty, and the circles show the relation between the circuit current and the torque. In the both
drawings, the solid line indicates CCW and the dotted line indicates CW.

15 .And, when the Hall IC is set to R23 mm, a rotating speed is fixed at 1200 rpm, and torque is varied, the
deviation of the peaks of the magnetic flux density outside of the rotor and the signal of the Hall IC obtained

from the rotor end face at the maximum efficiency with respective torque is as follows.

20 Torque (Kgm) Devigtion of Hall IC and peaks of magneti Maximum
flux density (electrical angle) efficiency (%)
0.05 0°* £5° ' 90
0.10 : 05 87
015 - 0+ t5° - 85
25 - 0.20 0°* £5° . 82
0.25 . 0 x5 79

it is seen from the above table that when set to R23 mm, the maximum efficiency has less change with
respect to the mounting error of the Hall IC in the rotating direction, and the deviated degree is same
regardless of the load, so that setting can be made under any load. )

The above embodiment indicates that the arbitrary selection of the setting position of the magnetic
sensor allows to obtain a motor having the performance suitable for use with the structure not changed.
More specificatly, when the same maximum rotation and the same torque are required for both rotations of
normal and reverse, the magnetic sensor is set to, for example, the above R23 mm. And, in a washing
mode, like a motor used for washing machines, when the performance such as rotating speed of 1200 rpm,
torque of 0.24 kgm and rotation in both directions is required, in a spin-drying model, when the performance
such as a rotating speed of 2000 rpm, torque of 0.05 kgm and rotation in one direction is required, the
magnetic sensor Is set to, for example, the above R21 mm. The above description has been made with the
Hall IC changed its position radially, and it is to be understood that the same effect can be obtained by
adjusting the angle of lead at each R position. '

It is seen from the above embodiment that it is preferable to select a pattern suitable for application at a
desired rotation, like the above motor for washing machines, from the great number of data previously
collected with rotating directions CW and CCW under the conditions that the magnetic sensor had its

-positions changed variously. in the above table, the deviation of the Hall IC and the peaks of the magnetic
flux density is different from the table indicated in connection with the brushiess motor of the second group,
because the former reflects the results obtained by groping for conditions suitable for the bidirectional
rotations of normal and reverse. :

Now, devices which are used for the above brushless motors of the first o third groups of this invention
to im prove their performance will be described. N

Fig. 19 is a view showing a magnetic sensor board. This embodiment has a sensor driving power
supply disposed on the magnetic sensor board 15. More specifically, a generating coil 34 is disposed on
the magnetic sensor board 15, the generating coil 34 is connected with an electronic circuit 36 which is
then connected with a power supply 38, and magnetic sensors 16 are connected. In this magnetic sensor
board 15, an a.c. current passes through the generating coil 34 due to a leaked magnetic flux from the
rotor, subjected to full wave rectification or half-wave rectification in a rectifier circuit, has a voltage stepped
up in a step-up circuit, and stored in the power supply through a control circuit as shown in Fig. 20. As the
control circuit, one or two or more diodes are used, and the step-up circuit is disposed as required and
made of a step-up coil. When the magnetic sensor board 15 is structured as described above, the {eaked
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preferably used, and for the power supply 38, a high-capacity capacitor or a secondary battery which is
rechargeable is used. In this way, generation can be made in a large volume, and via the electronic circuit
power supply, electricity can be taken out of the motor to control an external actuator.

And, Fig. 22 shows another embodiment which effectively uses the aforementioned leaked magnetic
flux to use as the power supply for controlling the external actuator. In this case, a part 41, which protrudes
toward the housing member 3 of the brushless motor 1, is disposed on a mounting plate 40 to which the
brushless motor 1 is fixed, the above generating coil 34 is attached to the leading end of the part 41, and a
lead 14 from the generating coil 34 is connected to a control circuit 42 and a battery 43. On the other hand,
a hole 3a is formed in the housing member 3 to align with the generating coil 34, and the part 41 is passed
through the hole 3a to set the generating coil 34 close to the rotor end face 8b. In Fig. 22, reference
numeral 44 indicates a hole through which the rotatable shaft 7 is passed. The generating coil 34 which is,
for example, a sheet coil may be disposed outside of the housing member 4 opposite from the housing
member 3 which is in contact with the mounting plate 40. Thus, the generating coil 34 can be disposed on
an appropriate plate inside or outside of the motor to use the obtained power for the magnetic sensors and
as a driving power for the outside of the motor. These embodiments using the leaked magnetic flux from
the rotor to generate a back electromotive force can be also used when the rotor is rotating by inertia.

Fig. 23 and Fig. 24 are views showing another embodiment of the magnetic sensor board. Hollow
portions 15¢c are formed in the magnetic sensor board 15, the magnetic sensors 16 are fitted in the hollow
portions 15¢, and the front and back faces of the magnetic sensor board 15 are molded with a
nonconductive resin 37 which contains a material having good heat conductivity, such as alumina material.
In this structure, since the hollow portions 15¢c are formed in the magnetic sensor board 15, positioning of
the magnetic sensors 16 can be made easily, and molding with the radiating resin 37 allows satisfactory
radiation of the magnetic sensors. Conventionally, the magnetic sensors were mounted on the magnetic
sensor board, which therefore had an uneven surface because of the magnetic sensors, making it difficult to
mold with a resin. But, in this embodiment, since the hollow portions 15c are formed and the magnetic

-sensors 16 are fitted therein, a positioning effect is provided and the board has a flat surface, making it
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easy to mold with a resin. Besides, a radiating effect can be obtained by molding with the resin as
described above.

Fig. 26 and Fig. 26 show that coils 38 are used as the magnetic sensors. Fig. 25 shows. sheet coils, and
Fig. 26 shows coils having. toroidal windings applied. In these cases, a back electromotive force is
generated when the leaked magnetic flux from the rotor crosses the coils 38 and used as a position
detecting signal. .

As described above, when the back electromotive force is used to detect a position, the position cannot
be- detected at the time of starting when the rotor remains stationary because the back electromotive force
is not generated yet. Therefore, the control shown in Fig. 27 is conducted. Specifically, in the flowchart of
Fig. 27, first, excitation is made with a current of a limited value of a current limiter by a drive signal having
a certain pattern for a prescribed time. Thus, the rotor moves to a position corresponding to the exciting
pattern and its position is determined. Then, when a commutation signal is given under a state that a -
current is passed to switch an output pattern, the motor is rotated to generate the back electromotive force,
ahd the position is detected by the coils. When such coils are used, the magnetic sensors such as a Hall
element and a Hall IC are not needed, and these colls can be produced inexpensively because a copper
wire is used. And, they have advantages that a small number of terminals is used as compared with
conventional magnetic sensors, they are heat resistant, and a tolerance is not strict in their production.

Fig. 28 shows that the magnetic sensor 16 is movably disposed with respect to the rotor end face 8b.
Specifically, a cylindrical body 45 is disposed at an appropriate place within the housing members 3, 4, a
nonmagnetic working rod 46 is movably disposed axially in the cylindrical body 45, the magnetic sensor 16
is fixed to the working rod 46 on its rotor side, and a magnet 47 is fixed to the other end of the working rod
48. Opposing to the magnet 47, a film coil 48 is disposed outside of the housing member to electrically

_conduct it. Therefore, the film coil 48 is excited by passing a current, the magnetism of the film coil 48 is

55

changed by a controller not shown to attract or repulse the magnet 47, the magnetic sensor 16 is axially
moved by the working rod 48 to adjust a distance from the rotor end face 8b, and a rotation area of the
motor is changed accordingly. Fig. 29 is a graph showing the relation between an angle of lead and a.
distance between the magnetic sensor 16 and the rotor end face 8b when the magnetic sensor 16 is moved
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or the magnet 47 is close to the rotor end face 8b, and the line indicated by the lead line 2 shows that the
magnet 47 and the film coil 48 are atiracted to each other, or the magnet 47 is away from the rotor end
face 8b than when indicated by the lead line 1. Thus, when the position of the magnet 47 is movable
against the rotor end face 8b, net properties can be changed. In the invention of the first group, when the
magnetic sensor 16 is movably disposed with respect to the rotor end face 8b, in addition to the
aforementioned effects, positioning of the setting position of the magnetic sensor can be facilitated in a
range of a distance or below that the leaked magnetic flux outside the rotor end face can be directly
detected and a distance or more that a noise is generated in the detected signal due to an irregular
magnetic flux near the rotor end face.

- The above embodiments have been described assuming that a temperature is almost constant. If the
temperature condition is extremely variable when the motor is rotating, it is expected to use a temperature
compensation means. And, to compensate for a temperature change, a temperature sensor is generally an
essential component. Therefore, the inventors propose a technical means to detect the motor temperature
without using a temperature sensor.

Specifically, as shown in Fig. 31, a Hall voitage and a magnetic flux density have a prescribed
proportional relation and, as shown in Fig. 32, a magnetic flux density and a temperature also have a
prescribed relation. Fig. 33 shows output voltage waveforms of the magnetic sensor when the rotor is
rotating. It is seen that the magnetic flux density decreases as the magnet temperature rises, and the output
voltage of the magnetic sensor. lowers as the magnetic flux density decreases. Using these relations, of
determining these relations in advance, a magnetic flux density and temperature table is incorporated in the
form of, for example, a ROM in the control circuit, so that the motor temperature can be monitored
according to the output voltage of the magnetic sensor. Furthermore, a quantity of demagnetization of the
rotor magnet can be also detected according to the output voltage of the magnetic sensor. In the above
structure, since the monitored temperature can be detected according to a change in analogue output value
of the magnetic sensor, a dedicated temperature sensor is not.required, enabling to reduce the cost. And,
the demagnetization of the rotor magnet due to & temperature increase or unexpected phenomena can be
detected according to a change in analogue output value of the magnetic sensor, so that degradation of the
magnet performance can be seen. Besides, a temperature of the magnet being rotated can be directly
detected without using a temperature sensor. . .

In view of the fact that the magnetic sensor and the magnetic flux density are influenced by a
temperature as described above, the following embodiment proposes a structure that the motor interior can
be cooled. Specifically, as shown in Fig. 34 to Fig. 36..:a fan’ is formed. Fig. 34 and Fig. 35 show that
leading ends 10b of magnetic pole portions of a steel plate:10a of the rotor yoke 10 are bent slantingly in

the form of a fan. Therefore, ventilation is- made by the leading ends 10b of the magnetic pole portions of
the steel plate 10a when the rotor is rotated, to cool the magnetic sensor. Thus, an effect by an ambient
temperature change is reduced, and a stable output voltage is attained. Fig. 36 shows that a fan 39 fixed to
the rotational shaft 7 is disposed between the rotor end face 8b and the magnetic sensor 16. In the same
way as above, the magnetic sensor and the motor are cooled, and a gtable output voltage can be obtained.
This fan 39 is made of a nonmagnetic material so as not to effect on the leaked magnetic flux from the rotor
end face. Therefore, the fan 39 does not cause & detection failure.

.-~

industrial Applicability

This invention can detect a peak point of the magnetic flux density around a rotor in a brushless motor
which detects a rotational position of the rotor using a magnetic sensor, and is optimum for a brushless
motor which is required to have a high motor efficiency.

Clalms

1. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having
a rotor yoke which is formed by laminating many steel piates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each
magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic
sensor for detecting a magnetic flux jeaked outside from an end face of the rotor, the magnetic sensor
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magnetic pole portions protruded

2. Abrus Igssqr%tmgrﬁmsinﬁgfator and a rotor rotatably supported within the stator, the rotor having

a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of

magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each

- magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic

10 sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor

being positioned at a prescribed distance from the end face of the rotor, the prescribed distance being

~ in a range of a distance or less that the magnetic sensor can directly detect the magnetic flux leaked

outside from the end face of the rotor and also a distance or more that a noise is generated in a

detected signal due to irregular magnetic fluxes near the end face of the rotor, and the magnetic sensor

15 being set to scan a range from a point of a minimum distance from the rotatable shaft center to the
outside of the field magnets to the outer end of the rotor.

3. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having
T a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of
. 20 magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each
' magnetic pole -portion or every other magnetic pole portions, characterized by having a magnetic ’
sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor
being positioned at a prescribed distance from the end face of the rotor, the prescribed distance being
in a range of a distance or less that the magnetic sensor can directly detect the magnetic flux leaked
26 outside from the end face of the rotor and aiso a distance or more that a noise is generated in a
detected signal due to irregular magnetic fluxes near the end face of the rotor, the rotor yoke having a
groove between the rotor magnetic pole portions, and the groove having a bottom which is substantially
aligned with the relative trajectories of rotation of the magnetic sensor.

30 4. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having

a rotor yoke which is formed by laminating many steel piates, the rotor yoke having an even number of

magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each

magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic

sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor

35 being positioned at & prescribed distance from the end face of the rotor, the prescribed distance being

_ in a range of a distance or less that the magnetic sensor can directly detect the magnetic flux leaked

‘ . outside from the end face of the rotor and also a distance or more that a noise is generated in a

i g detected signal due to irregular magnetic fluxes near the end face of the rotor, and attaching 2
nonmagnetic plate for reducing a noise between the magnetic sensor and the rotor end face.

5. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having
a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each
magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic
45 sensor for detecting a magnetic fiux leaked outside from an end face of the rotor, the magnetic sensor
being positioned at a prescribed distance from the end.face of the rotor, the prescribed distance being
in a range of a distance or less that the .magnetic sensor can directly detect the magnetic flux leaked
outside from the end face of the rotor and also a distance or more that a noise is generated in a
detected signal due to irregular magnetic fluxes near the end face of the rotor, and an end face of the
50 field magnet being positioned at least inside the rotor end face on the side of the magnetic sensor.

6. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having

a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each

56 magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic
sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor

being positioned at a prescribed distance from the end face of the rotor, the prescribed distance being

in a range of a distance or less that the magnetic sensor can directly detect the magnetic flux leaked
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A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having
a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each
magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic
sensor for detecting a magnetic flux toaked outside from an end face of the rotor, and the magnetic
sensor being set to scan a range from a point of a minimum distance from the rotatable shaft center to
the outside of the field magnets to the outer end of the rotor. :

A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having
a rotor yoke which is formed by laminating many-steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each
magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic
sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor
being set to scan a range from a point of a minimum distance from the rotatable shaft center to the
outside of the field magnets to the outer end of the rotor, caulking sections for fixing the.laminated steel
plates, and the caulking sections having their distance from the rotatable shaft center shorter than the
distance between the rotatabie shaft center and the field magnets. :

A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having
a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each
magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic
sensor for detecting a magnetic flux teaked outside from an end face of the rotor, the magnetic sensor

"being set to scan a range from a point of a minimum distance from the rotatable shaft center to the

outside of the field magnets to the outer end of the rotor, and the magnetic sensor being movably
disposed axially. :

A brushless motor according to Claim 7, wherein the magnetic sensor is set to scan a range from &
point of a minimum distance from the rotatable shaft center to the outside of the field magnets to the
middie point between the outside of the field magnets and the outer end of the rotor.

In a brushless motor comprisirig a stator and. a rotor rotatably supported within the stator, the rotor
having a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even
number of magnetic pole portions protruded outward, and a field permanent magnet which is inserted
in each magnetic pole portion or every other magnetic pole portions, a method for disposing magnetic
sensors in the brushiess motor is characterized by having a plurality of magnetic sensors for detecting
a magnetic flux leaked outside from an end face of the rotor, disposing the plurality of magnetic
sensors on circles having different diameters to’ provide a prescribed angle of lead, adjusting a
rotational angle of the magnetic sensors 1o correct the angle of lead, and narrowing a space between

_the magnetic sensors.

A bidirectionally rotatable brushless motor comprising a stator and a rotor rotatably supported within the
stator, the rotor having a rotor yoke which is formed by laminating many steel plates, the rotor yoke
having an even number of magnetic pole portions protruded outward, and a field permanent magnet
which is inserted in each magnetic pole portion or every other magnetic pole portions, characterized by
attaching a magnet piece to be detected to an end face of the rotor to specify a rotational position of
the rotor, and disposing a magnetic sensor for detecting a rotational position of the rotor rotating in one
direction and another magnetic sensor for ‘detecting a rotational position of the rotor rotating in the other
direction in the vicinity of the trajectory of rotation of the magnet piece to be detected, the one direction
magnetic sensor and the other direction magnetic sensor being displaced respectively by a prescribed
angle substantially equal to the angle of lead of a magnetic flux in opposite directions with respect to a

- rotating direction of the rotor.
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15. A brushless motor according to Claim 1, 7, 11 or 12, wherein a Hall element is used for the magnetic
sensor, and a temperature of the motor is detected according to the relation among a Hall voltage, a
' 10 magnetic flux density and a temperature.

16. A brushiess motor according to Claim 1, 7, 11 or 12, wherein leading ends of magnetic pole portions of
s a steel plate of the rotor yoke are bent slantingly in the form of a fan, and ventilation is made by the
P leading ends of the magnetic pole portions by the rotation of the rotor to cool the magnetic sensor.

15

- 17. A brushiess motor. according to Claim 1, 7, 11 or 12, wherein_a'fan fixed to the rotatable shaft is
i disposed between the rotor end face and the magnetic sensor. : .
. ,’ 18. A brushless motor according to Claim 13, wherein a plurality of magnetic sensors are disposed to

20 oppose the rotor with the magnetic sensor board therebetween, and the magnetic 'sensor board is
provided with a shield sheet. : . .

. 19. A brushless motor according to Claim 13, wherein a plurality of magnetic sensors are embedded in the
l ' magnetic sensor board, and the magnetic sensor board is molded with a resin excelling in radiation.

: 25 : . _ .

v 20. A brushless motor according to Claim 13, wherein the magnetic sensor board has a fixing land around
a mounting hole for fixing said board. '

21. A brushless motor according to Claim 13, wherein generating coils are disposed on the magnetic
30 sensor board to obtain a back electromotive force by said coil with the leaked magnetic flux from the
rotor. s

e 22. A brushless motor according to Claim 13, wherein generating coiis are disposed on a tooth portion of
'; the stator to obtain a back electromotive force by said coit with the leaked magnetic flux from the rotor.

23. A brushless motor according to Claim 13, wherein a part, which' protrudes toward a housing member of

{ the brushless motor, is disposed on a mounting plate to which the brushless motor is fixed, generating

t (‘-‘-1 . coils are attached to said part, said housing member has a hole formed to align with said generating
S coils, and said part is passed through the hole to set said generating coils close to the rotor end face.

24. A brushless motor according to Claim 13, wherein generating coils are disposed outside a housing

member 1o obtain a back electromotive force by. said coil with the leaked magnetic fiux from the rotor.
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And, in the brushless motor of this invention, the mag- netic sensor can
directly detect the magnetic flux fromthe field permanent magnets of the
rotor and is disposed at the distance so as not to be largely affected by
irregul ar mag- netic fluxes near thepptor end face, largely reducing
noi ses-in an electric signal showing thé rotational position of the rotor.
And, the magnet piece to be detected required in conventional brushless
notors can be omtted to provide a brushless notor having a sinple
structure. In this specification, the nagnetic sensor is used in a sense
including a coil. Therefore, the @BBTRACI i ncluded in

BRUSHLESS MOTOR.

A brushless motor which includes a stator (9) and a rotor (8) rotatably supported inside the stator. The rotor
has a rotor yoke (10) formed by laminating a large number of steel plates, the rotor yoke has an even number of
magnetic pole portions (8a) protruding outward, and a field magnet {(11) is fitted to each of the magnetic pole
portions or every other magnetic pole portions. A magnetic sensor (16) is disposed within the range in which the
sensor (16) can directly detect a magnetic flux leaking outside from an end face (8b) of the rotor (8) and is less
affected by irregular fluxes near the rotor end face (8b), so that this sensor can detect a peak point of a flux
density around the rotor. A magnetic sensor is disposed within the range where the influences of the irregular
fluxes are small. A magnet (17) to be detected is fitted to the rotor end face (8b), and a magnetic sensor (16X)
for one direction and a magnetic sensor (16Y) for the other direction are disposed near the trajectory of rotation
of the magnet to be detected, and these sensors are disposed in the opposite direction to the rotating direction
of the rotor in the arrangement such that they are deviated from one another by predetermined angles.
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a concept of the magnetic sensor not only in the invention of the first
group but also through the foll owi ng descrip- tion. The brushl ess notor of
t he second group according to this invention, in aibrushless notor '
conprising a stator and a rotor rotatably supported within the stator, the
rotor having a rotor yoke which is formed by | am nating many steel plates,
the rotor yoke having an even nunber of magnetic pole portions protruded
outward, and a field permanent mag- net mﬁLch is-inserted in each nagnetic
poke portion or every aother magnetic pole-portions, is characterized by
havi ng a magnetic sensor for detecting a nmagnetic flux | eaked out'side from
anrend face of the rotor, setting a radial distance of the nagnetic sensor
frbomthe center of a rotatable shaft to
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scan a range outside of the field nagnets and inside of the outer end of
the rotor, disposing a plurality of magnetic sensors on circles having
different dianmeters on a nagnetic -12 - sensor board, and arranging a
pitch interval of each nag- netic sensor on the circle different froma
pi.tch interval of a stator w nding phase. And, the brushless notor of the
second group according to this invention, in.a brushless notor conprising a
stator and a rotor rotatably supported within the stator, the rotor having
a rotor yoke which is forned by |am nating nﬁgy st eel

FIG.2




pl ates, the rotor yoke having an even nunber of magnetic pole portions
protruded outward, a field permanent nagnet which is inserted in each
magneti c pol e portion or every other nagnetic pole portions, and a
plurality of magnetic sensors to detect a magnetic flux | eaked outside from
an end face of the rotor, is characterized by a nethod for dispos- ing the
magnetic sensors that the plurality of magnetic sensors are di sposed on
circles having different dianeters to advance a rotor detecting position, a
fotational angle of the magnetic sensors s adjusted to delay the angle of
liead, and a space between the magnetic sensors is narrowed. Therefore,
since the above brushless notor of this in- vention disposes the nmagnetic

ansors at a prescribed dis- tance fromthe end face of the rotor to
1ﬁrectly detect the

FIG.3

Ty
!, \




magnetic flux of the field permanent magnets | eaked outside fromthe rotor
end faee by the nagnetic sensors, when the nagng?ic flux of the rotor
during rotating is attracted in -13- the rot&ing direction by the
interaction with the stator nmagnetic pole portion or the angle of lead is
varied due to the notor current (notor torque), the position of the peak
point of the magnetic flux density in the Ey%g(gispace of the rotor is
aIMBys detected to excite an opti mum magneti‘'cpol’e portion of the stator,
and the notor efficiency can be inproved. Further, since a change in the

rrar>_<| mum ef fi ci ency
i ' 2 Qo f‘\ :
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against a nounting error of the nmagnetic sensors in the rotating direction
Is less and the angle of lead is sane regardl ess of the | oad, setting can
be made under any |oad. And, the nmethod for disposing the nagnetic sensors
ac- cording to this invention can vary a distance of the nmag- netic sensors
friom the shaft to change the angle of lead gnd narrow the angle between the
magneti c sensors. As a result, the size of vhe magneti c sensor board is
regduced and its cost is |owered. The brushless notor of the third group
agcording to this invention, in a brushless notor conprising a stator and a
rotor rotatably supported within the stator, the rotor having a rotor yoke
which is forned by |lam nating nmany steel plates, the rotor yoke having an

ejen number of magnetic
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pol e portions protruded outward, and a field permanent mag- net which is

i nserted in each nmagnetic pole portion or every other nagnetic pole
portions, is a bidirectionally rotatable -14- brushl ess nmotor which is
characterized by attaching a magnet piece to be detected to an end face of
tthe rotor to specify a rotational position®f the rotor, and disposing a
"ogne direction magnetic sensor for detectin&ga rotational posi- tion of the
rotor rotating in one direction and an other direction magnetic sensor for
déiecting a rotational posi- tion of the rotor rotating in the other
direction in the vi-
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cinity of the trajectory of rotation of the nmagnet piece to be detected,
the one direction magnetic sensor and the other direction nmagnetic sensor
bei ng di spl aced respectively by a prescribed angle substantially equal to
the angle of lead of a magnetic flux in opposite directions with respect to
a,rotating direction of the rotor to detect a desired position of the
rotor. Therefore, the bidirectionally rotatable brushless notor of this

i nvention has a magnet piece to be detected for specifying a rotational
pgsition of the rotor, a mag- netic sensor fdf detecting a rotational
p&sition of the rotor rotating in one direction and a nagnetic sensor for
detecting a rotational position of the rotor rotating in the other
dFﬁection, and since these magnetic sensors are fixed

e
.t
H:

FIG.7




as displaced by a prescribed angle al nost equal to an angle of |lead of a
magneti-c flux in opposite directions with - respect to a rotating
direction of the rotor, when the rotor - 15 - is rotating, the magnetic
sensors output the rotational position of the rotor advanced by the angle
of lead of the magnetic flux than the actual rotational position of the
rotor. This outputted rotational position of the rotor agrees wth the peak
poéi nt of a magnetic flux density in the outs8de space of the rotor, so that
the rotor can be rotated nost efficiently by exciting the magnetic pole
porti oh of ' '

FIG.8




the stator based on the output. Brief Description of the Drawings [Fig. 1]
A verti-cal sectional view show ng one enbodi nent of the brushl ess notor of
this invention. [Fig. 2] A view showing the front of the rotor of the
brushl ess notor of this invention. [Fig. 3] A perspective view show ng a
magneti'c flux outside of the rotor end face of the brushless notor of this
|nvent|on [Fig. 4] G aphs show ng the conpared anal ogue waveforns of mag-
netismwith a di stance D between the nagnetéc sensor and the

—
i
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rotor end face varied. [Fig. 5] - 16 - A vertical sectional view of the
brushl ess notor of this invention with a nonmagnetic plate adhered to the
rotor end face. [Fig. 6] G aphs show ng the conpared anal ogue wavef or ns of
mag- netismof a brushless notor having a nonmagnetic plate and a brushl ess
mot-or not having a nonmagnetic plate. [Fig. 7]
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A front view showng a rotor of the brushless notor of this invention.
[Fig. 8 A magnetic sensor board diagram of the three-phase four-pole
brushl ess motor of this invention. [Fig. 9] A graph showing the relation

bet ween an angle of | ead and a distance fromthe shaft center of a Hall IC
[Fi.g. 10] A graph showing the relation between a distance fromthe shaft
center of a Hall IC and a noving angle of the Hall 1C for obtaining the

ximumefficiency. [Fig. 11] A side view,of the Hall IC and the rotor end
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this invention. [Fig. 12] - 17 - A side viewof the Hall I1C and the
rotor end face of another enbodinent of this invention. [Fig. 13] A view
showing the front of a rotor of the brushless notor of another enbodi nent
of this invention. [Fig. 14] A vertical sectional view show ng another
elfr‘oodi ment of the brushless nmotor of this invention.
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[Fig. 15] A sectional viewtaken on line A-A of Fig. 14. [Fig. 16] A table
showi ng the results of neasuring the relation between the radial position
and the efficiency of the Hall IC [Fig. 17] A graph show ng the
performance when the Hall I1Cis at a position of R23 mm [Fig. 18] A graph

showi ng the performance when the Hall ICis at a position of R2RZ1 mm [Fig.

1'9} A view show ng a nagnetic sensor board. " -
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[Fig. 20] A block diagramof an electronic circuit. - 18 - [Fig. 21] A
vi ew show ng a magnetic sensor board and part of a stator. [Fig. 22] A
sectional view showi ng a brushless notor and a fixing nenber for fixing it.
[Fig. 23] A view show ng a nmagnetic sensor board.
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[Fig. 24] A sectional view of a magnetic sensor board. [Fig. 25] A view
showi ng a nagnetic sensor board using a sheet coil. [Fig. 26] A view -
showi ng a nmagnetic sensor board having toroidal w ndings applied. [Fig. 27]
A flowchart showi ng the control of a notor rotations [Fig. 28] A view
pgntly'shomﬁng a magnetic sensor and a rotor. [Fig. 29] A graph show ng the
ré&kati on between an angle of |ead

oo | 15

[
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and a distance between a magnetic sensor 16 and a rotor end face 8b.
19 -

[Fig. 30] A graph showing the relation between a positional change of

a magnetic sensor and a rotation speed and torque. [Fig. 31] A graph

showing the relation between a Hall voltage and a magnetic flux density.
[(Fig. 32] A graph showing the relation between a magnetic flux

!
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density and a tenperature. [Fig. 33] A view show ng an output voltage
wavef orm of a magnetic sensor with a rotor rotated. [Fig. 34] A view
showing a rotor end face. [Fig. 35] A perspective view showing a rotor.
[Fig. 36] A vertical sectional view showi ng a brushless notor with a

built-i'n fan. [Fig. 37] A vertical sectional view show ng a conventional
rush- | ess notor. :
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[Fig. 38] A graph showing a difference between a change of the - 20 -
magneti-c flux density of a conventional brushless notor and the detected
rotational position of the rotor. [Fig. 39] A view show ng the magnetic
sensor board of a conven- tional three-phase four-pole brushless notor.
Best Mbde for Carrying Qut the Invention A first enbodi nent of the
knvention wll be described with reference t he draw ngs.
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Fig. 1 shows a vertical sectional view of the brushless notor of this
enbodi rent. A brushl ess notor 1 has a pair of housing nenbers 3, 4
fastened with bolts 2, and these hous- ing nenbers 3, 4 rotatably support a
rotatable shaft 7 with ball bearings 5, 6. To the rotatable shaft 7, a
rotor 8 is fixed, and one end of the rotatable shaft 7 is structured to
protrude fromthe end face of the housing nenber 3 to ex- ternally transmt
a sotary force of the rotor 8. A stator 9 is disposed around the rotor 8
add;held bet ween the housi ng nenbers 3, 4. The rotor 8 consists of a rotor
yoke 10 whi ch has many steel plates |anminated, and a plurality of field
rmanent magnets 11 which are inserted in the rotor yoke 10. The stator
consists of a stator yoke 12 made of | am nated

p
9

FIG.19

L p—
.

16~




steel plates, and stator coils 13 wound on the stator yoke - 21 - 12. A
part of the inner face of the stator yoke 12 forns a magnetic pol e portion
9a of the stator 9, and the magnetic pole portion 9a of the stator is
opposed to the outer peripheral face of a magnetic pole portion 8a of the
roetor 8 wth a small distance therebetween. The stator coil 13 is connected
to an external power supply through a |ead 243. A magnetic sensor 16 such
aé.a Hall elenent and a Hall 1Cis attached to a part of the housing nmenber
3iopposing to the end face 8b of the rotor 8. The magnetic sensor 16 and

;i
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the rotor end face 8b are opposed to each other with a pres- cribed

di stance D t herebetween. Reference nuneral 14b indi- cates an electric
signal lead for externally sending an electric signal of magnetism detected
by the magnetic sensor 16. Fig. 2 shows.an end face of the rotor 8. The
rotor 8 consists of four rotor magnetic pole portions 8a protruded outward
in the radial direction at an angle of 90 degrees, and the field pernanent
nagnet 11 inserted into each rotor magnet pole portion 8a. At the center of
tﬂe rotor 8. the rotatable shaft 7 is ins@led, and the rotatable shaft 7
and the rotor 8 are configured to rotate integrally with a key 7a.

Ref erence nuneral 18 indicates caul king sections for integrally caul king
tﬁg steel plates which formthe

o
I

FIG.27

r——

o




rotor yoke 10. - 22 - Each field permanent magnet 11 is inserted in the
base of the rotor magnetic pole portion 8a so that N and S poles are
alternately positioned outside. The nagnetic flux of the field permanent
magnets 11 is guided by the | eading end of the rotor magnetic pole portion
84, and gets in or out of the outer peripheral face of each rotor magnetic
pole por- tion 8a. Thus, the field permanent |, nets 11 of the rotor 8 are

akternately nagnetized in the N and S poles i he circunferenti al
direction.
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I maginary lines A, A" in the drawing indicate the trajectories where the
magnetirc sensor 16 is relatively noved by the rotation of the rotor 8. On
the other hand, inmaginary lines B, B and a hatched area a therebetween in-
di cate an unstable area of the magnetic flux present on the outer periphery
f the'rotor 8. The magnetic flux in the unstable magnetic flux area a is
il'ways varied unstably by an effect of the_fotating magnetic field
generated by the stator 9. As shown in theZd&amﬁng, the rel ative noving
trajectories A, A of the magnetic sensor 16 are positioned outside of the
gueld permanent nmagnets 11 and inside of the unstable magnetic flux area a.
nd, as shown in Fig. 2, the rotor 8 has a groove M be- tween the rotor
magnetic pole portions 8a, and the bottom MO

. FIG.23




of the groove Mis substantially aligned with the relative - 23 -

trajectories of rotation A, A of the nagnetic sensor 16. The trajectories

A, A where the magnetic sensor 16 noves pass near the intersection of the

ase ends of the rotor magnetic pole portions 8a, and irregular magnetic

luxes 'to be described afterward are present near the intersection of the

base ends of the rotor magnetic pole porti%ﬁs 8a, tend- ing to be a cause
t

tD generate a noise in the detected el ec- ik signal. Fig. 3 shows a
{glation bet ween the position of the :
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»

magneti c sensor.and the irregular nmagnetic fluxes near the intersection of
the magnetic pole portions 8a. In the space on the outer periphery of the
rotor 8, there is a magnetic flux indicated by code WO which gets out from
the | eading end face of the rotor magnetic pole portion 8a having N pole
and. reaches the | eading end face of the rotor nmagnetic pole portion 8a
having S pole. On the other hand, at the end %ace of the rotor, there is a

netic flux indicated by code W whi ch comd Onues from N pole to S pole of
the' field permanent magnets 11. And, between the ad- jacent rotor nagnetic
pole portions 8a, thgﬁﬁszzg%anagnetic flux W2 which gets out fromthe end
faee of the | eading e rotor magnetic pole portion 8a having N pole
and: reaches the | eading end face of the rotor nag‘i;ic pol e por -

38
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tion 8a having S pole. As shown in Fig. 3, this magnetic - 24 - flux W
passes-an irregul ar route which separates fromthe rotor end face 8b,
approaches to the rotor end face 8b and separates again to reach the

| eadi ng end of the neighboring rotor magnetic pole portion 8a having S
pole. This ir- regular magnetic flux W2 has a large irregularity when being
close to the rotor end face 8b, and a nagnet2 flux WB sepa- rated fromthe
rotor end face 8b has a snmooth shape |ike a parabola. The magneti c sensor

16 of this embodiment is di sposed
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at a position to separate fromthe rotor end face 8b in such a degree that
It does not cross the above irregular magnetic flux W2 and to approach the
rotor end face 8b in such a de- gree that it crosses the above
snoot h- shaped magnetic flux WB. In this case, a gap between the above
I nregul/ar mag- netic flux W2 and the parabola nmagnetic flux WB is | argest
at—the bottom MO of the groove Mof the rotor 8, and the bottom MO of the
groove is substantially aligned with the relative trajectories of rotation
A" of the magnetic sensor 16. Therefore,2ft is nost convenient for the
nﬁg nétic sensor 16 to detect a noisel ess detection signal. The action of
tDJS embodi rent w Il be descri bed based on the above structure.
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The magnetic sensor 16 of this enbodiment is positioned - 25 - outside
of the-irregular magnetic flux W2 between the field permanent magnets 11
and crosses the snoot h-shaped magnetic flux W, so that it can detect a
position of the peak point of the magnetic flux density around the rotor 8
witt:hout™ produci ng 'a noi se by an effect of an irregular portion of the
magnetic flux. Fig. 4 shows the conparison of anal ogue signals of nmag-
neti sm detected by the magnetic sensor 16 m%ég a distance D between the
ignetic sensor 16 and the rotor end face 8 : :
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varied. In Fig. 4, (a), (b), (c) and (d) show a | apse of tinme on the

hori zontal axis with respect to brushless notors having a distance D of 2
mm 3 mMm 4 mmand 4.9 mm respec- tively. The irregul ar uneven spots

i ndicated by points aO, al in Fig. 4 (a) showthe effect of the irregular
magneti'c flux W2 between the above field permanent nmagnets 11. The

i rfegul ar uneven spots of the anal ogue signals of magneti sm becone a noi se
inr-the electric signal when converted into a digital signal. Wen this
n%hse is large, the stator mag- netic pole p@§ion 9a cannot be excited
appropriately, and the rotor 8 cannot be rotated smoothly. It is clear by
canparing Fig. 4 (a) to Fig. 4 (d) that the irregular uneven spots of the
aEgFogue signal of nmag- netism decreases as the distance D increases,
detection can : :

FI1G.30
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be made when the distance Dis about 4 nmor nore, and as - 26 - shown
in Figr 4 (d), when the distance Dis about 4.9 mm the anal ogue signal of
magneti sm by the nmagnetic sensor 16 shows a snooth sine curve and is
converted into a digital signal w thout nmany noi ses. Wen the rotor 8
rétates in the direction R shown in Fig. 3, gnetic fluxes W, W, W2, W
of the rotor 8 are attracted toward the direction R shown in the sane
dfawi ng by the interaction with the stator nmagnetic pole portion 9a. The

amgl es of | ead of the magnetic fluxes W, W, W2, WB re-

FIG.37
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| ate to the notor current or torque, and it is known that the angle of |ead
is increased as the notor current is in- creased. In this enbodi nent, the
magneti c sensor 16 direct- |y detects the nagnetic flux density in the
external space of the rotor end face 8b, so that the position of a peak
poi nt of the magnetic flux density can be detected. Thus, the stator
rmagnetic pole portion 9a optinumto generg@f a rotary force nost
correspondlng to the peak point of the magnetic flux density can be
qx0|ted and the notor ef- ficiency can be inproved. In this enbodinent,
when the brushl ess notor was opera- ted using a Hall elenent as the
magneti ¢ sensor under condi- tions of a distance D of 4.9 mm a rotating
qbeed of 1200 rpm and torque of 0.24 kgm the notor efficiency was im
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proved by about 10% as conpared with a conventional brush- - 27 - less
not or Ravi ng a nagnet piece to be detected. This enbodi nent can al so use a
Hall 1C as the nagnetic sensor. The Hall 1Cis one IC conmbining a function
of detecting the direction of a magnetic field using the Hall effect and
the function of an anplifier. Wen N pole_js-ap- proached to above the
Hall 1C, output is about 5. (V), and when ) le, output is 0 (V), thus it
IS a detecting elenment resistant to an electrical noise. Wen the Hall 1C
ks used as the magnetic sensor, the notor efficiency can be inproved

| . ’

o FIG.34
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by setting the distance D smaller than in using the Hall elenent by virtue
of a hysteresis property of the Hall IC. The notor efficiency of the

brushl ess nmotor using the Hall 1 C as the magnetic sensor under conditions
of a rotating speed of 1200 rpm and torque of 0.24 kgmw th the distance D
yaried s shown bel ow. D stance between - Motor current Mot or
efficiency magneti c sensor and (A (% rotor end face
D (m) 5.3 5. 57 33 74.9 4.4 |

.08 : 78.5 3.4 4. 88 80.0
3_9 o 4. 88 80.0

i

o FIG.36

g3
. -
2
asmannns /i
‘l p—
: / 111 i
! 7 ]
| .
( -\8
|;‘ 4 I 77 .
i 16 ——

39 -9



2.3 4.88 80.0 It is seen fromthe above
t hat detection can be made when Dis 2.3 nmor nore, and 2.3-3.4 nmis
opti mum because - 28 - the notor efficiency is stable. On the other
hand, when a brushless nobtor having a mag- net piece to be detected was
pperated under the same condi- tions, a notor current of 7.40A and a notor
fficiency of 63.2% were obtained. Specifically, using the brushless notor
- of this enbodi nent using the Hall IC, the notor ef- ficiency could be
Hmproved by up to about 17% :34
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Attachnment of a nonnmagnetic plate to the rotor end face can al so reduce a
magnet i-c noi se. Fig. 5 shows. a vertical sectional view of a brushless notor
havi ng a nonmagnetic plate attached to the rotor end face. Conponents sane
as those in Fig. 1 are given the sane reference nunerals and their '

scription is omtted. In this enbodi nent, a nonmagnetic plate 8c nade of
%Eainless steel is adhered to the rotor end face 8b of a brushless notor 1.

ie adhesi on of the nonnmagnetic plate 8c t3} he rotor end face 8b converts
_part of the magnetic flux | eaked outside omthe rotor end face 8b into
i1 eddy cur- rent, so that the magnetic flux getting out of the non-

gnetic plate 8c has a snoboth route as the whole. Since the route of the
magnetic flux is snoothed, the anal ogue
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wavef orm of magneti sm detected by the magnetic sensor 16 is snoothed, and

convertied into a digital signal w thout many noi ses. - 29 -

gr aphs of
brushl-ess

E@ving'it.

yrushl ess

p—

Ut

3

PRREETE
LRIy

L

Fig. 6 shows
conpar ed anal ogue. waveforns detected by each nagnetic-sensor of a

not or having the nonmagnetic plate 8c and a brushl ess notor not
Fig. 6 (a) shows anal ogue waveforns of magnetism of the
not or wi thout the nonnagnetic plate, while Fig. 6 (b) shows

anal ogue wavefornms of magneti smof the br%f | ess
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16 and t bgckground Art

Generally known conventional brushless motors consist of a rotor. which has a plurality of field

10 permanent magnets inserted into a rotor yoke made of laminated steel plates, and a stator which has a
magnetic pole portion apposed to the outer peripheral face of the magnet portion of the rotor with a small
gap therebetween,

This type of brushiess motor is proposed, to detect a rotatronal position of the rotor; to adhere toanend
face of the rotor a magnet piece to be detected for specifying a rotational position of the rotor, to dispose a

15 magnetic sensor near the trajectory of rotation of the magnet piece to be detected, and to use the magnetic

sensor to detect magnetism of the magnet piece to be detected, thereby detecting the rotational position of

. thé rotor.
Fig. 37 shows a vertical sectional view of the above brushless mator having the magnet pieces. A
brushless motor 51 has a pair of housing members 53, 54 fastened with bolis 52, and these housing

20 members 53, 54 rotatably support a rotatable shaft 57 with ball bearings 55, 56. To the rotatable shaft 57, a -
rotor 58 is fixed, and one end of the rotatable shaft 57 is structured to protrude from the end face of the
housing member 53 to externally transmit a rotary force of the rotor 58. A stator 59 is disposed around the
rotor §8 and held between the housing members 53, 54.

The rotor 58 consists of a rotor yoke 50 which has many steel plates laminated, and a pIuraIrty of field

25 permanent magnets 81 which are inserted into the rotor yoke 50. The stator 59 consists of a stator yoke 62
made of laminated steel plates, and stator coils 63 wound on the stator yoke 62. A part of the inner
peripheral face of the stator yoke 62 forms a magnetic pole portion 59a of the stator, and the stator
magnetic pole portion 59a is opposed to the outer peripherat face of a magnetic pole portion 58a of the
rotor 58 with a small distance therebetween.

30 A magnet piece 64 to be detected is adhered to an end face 58b of the rotor 58. A magnetic sensor
board 66 having a plurality of magnetic sensors 65 disposed is fixed to the housing member 53 near the
trajectory of rotation of the magnet piece 64 to be detected.

In the above structure, when the rotor 58 of the brushless motor 51 rotates, the magnet piece 64 to be
detected is aiso rotated and approached to the magnetic sensors 85 when it is rotated 360 degrees. The

a5 magnettc sensors 65 detect magnetism of the magnet plece 64 to be detected to detect the rotational
position of the rotor 58. But, it is known that since this brushless motor 51 has- a large distance between the
field permanent magnets 61 and the stator magnet pole partion 593, a magnetic flux is attracted in the
rotating direction by an interaction with the stator magnetic pole portion 59a when rotating, and the position

" ofa magnetic flux dens:ty peak point in an outside space of the rotor 58 does not agree. with the actual

40 rotational position 6f the rotor 58.

' Fig. 38 shows a difference between a change of the magnetic flux density in the outside space of the
rotor end face 58b of the brushless motor 51 and the rotational position of the rotor 58 detected by the
magnet piece 64 to be detected. In Fig. 38, the horizontal axis shows a lapse of time, and the vertical axis
shows the magnitude of an electric signal. Curve L1 shows da change of the magnetic flux density in the

45 outside space of the rotor end face 58b, and kinked line L2.shows the rotational position of the rotor 58
detected by the magnet piece 64 to be detected. It is seer from the drawing that in a brushless motor
having field permanent magnets in a rotor yoke and a relatively large distance between the field permanent
magnets and a stator magnetic pole portion, a magnetic flux during rotation is attracted in the rotating
direction by the stator magnetic pole portion, and the magnetic flux density (curve L1) forms a waveform

so advanced than the actual rotational position (kinked line L2) of the rotor. Specifically, the alternate long and
short dash line indicates a state that the magnetic flux density {(curve L1) is not advanced than.the actual
rotational position (kinked line L2) -of the rotor, but thegmagnetlc flux density (curve L1) indicated by the
solid line is advanced. by a time difference T at the* posmon of point 0 of the electric signal than the

. magnetic flux density (curve L1) indicated by the alternate long and short dash line. This ime difference T

55 can be converted into a rotational angle of the rotor, and this rotational angle is equal to the displacement of
the magnetic flux. And it is known that this displacement of the magnetic flux (hereinafter referred to as an
angle of lead) increases substantially in proportion to the magnitude of a current applied to the motor.
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rotor epd face 8b. For exanple, the nonmagnetic plate 8c alg d to
the surface of the magnetic sensor 16. Furthernore, addi Phis ke asa‘%een
material to thée nonmagnetic - 30 - plate 8c nmkes it eﬂ

transmt the heat of the magnet, therkeby contributing to

Lhermra]tl ]Eierragnetlzatlon of the matgnetge In the above descri ption the rotor .
as the

nets 1 e f ro.5
.”? gn et dewg ug} rcsm% smoi:nof’]' he Hﬁfs ic H:x d%{s‘?y J; ﬁ thg (llftgf Eg_zgg Eftjl on t
IS no fnxed a ?or&qu Varigd eﬁfﬂucﬁag)? h'ePp aks of the magnetuc flux density outside of i

the rotor and the sugnal of the Hall IC obtamed from the magnet to be detected at the maximum efficiency
5 with respective torque is as follows.

Torque {Kgm) | Deviation of Hall IC and peaks of magnetic flux density (electrical angle) Maximum
' efficiency (%)

10 0.05 ' 20°210* 90 : y
0.10 225°£10* 87

0.15 ) 25° £ 10° 85
0.20 285°29- 82 I
0.25 30° =9° . 79 K
15 y '

As obvious from the above table, the peak point of the magnetic flux density in the space around the , ,'
rotor 58 is advanced than the actual rotational position of the rotor §8. Further, this angle of lead is almost B
proportional to the motor torque, and an attaching error of the Hall IC to obtain the maximum efficiency is in

2 a range of 20 (£10*), but a tolerance becomes small as the torque increases, making it difficult to attach.

" Fig. 39 is a magnetic sensor board of a three-phase four-pole brushless motor. In this case, a Hall IC
was used for the magnetic sensor. A Hall IC 85 is one IC combining a function of detecting the direction of
a magnetic field using the Hall effect and the function of an amplifier. When N pole is approached to above
the Hall IC, output is about 5 (V), and when S pole, output is 0 (V). Therefore, ‘one cycle of an electrical

2 angle becomes N (5V) and S (0V), but since one cycle of a mechanical angle bacomes N, S, N and S, itis .

known that the electrical angle to the mechanical angle is 2 to 1. (The electrical angle will be hereinafter

referred to as the "slectrical angle™, and the mechanical angle will not be indicated.) : 3
Generally, the three-phase four-pole brushless motor needs three Hall ICs 65 at intervals of 60 degrees o

peripherally on a circle having the same diameter (a distance R from the center axis is 23 mm in this i

example, which will be simply referred to as "R23" hereinaiter), and they are soldered at intervals of 60

degrees on the magnetic sensor board 68. Furthermore. mounting holes 67 are formed at two locations of

the magnetic sensor board 66 to fix to the housing member, and a pattern 69 is not-formed on a peripheral -
portions 68 around the mounting holes 67. Lands 70 are disposed as connections to drive the Hall ICs 65 or
to externally output a signal, and a through hole 71 is formed at the center of each land 70. A lead 72 is

3 inserted.in the through hole 71 from the back of the magnetic sensor board 66 and soldered on the land 70.
The magnetic sensor béard 66 has an outer periphery 73 to locate inside the ccil 63 and an inner periphery
74 to locate outside the outer periphery of the housing bearing. And, an angle i in the rotating direction is in -
a shape that a size for the mounting holes 67 is added to an arranging angle of 120 degrees for the three :
Hall ICs, so that the pattern is closely formed although the magnetic sensor board has a large shape.

0 Since the above conventional brushless motor detects only the rotational position of the rotor using the
magnet piece to be detected, it has disadvantages that an angle of lead of the magnetic flux which varies
depending on the motor current or motor torque cannot be detected, and when the magnetic pole portion of
the stator is excited based on the detected signal, the stator magnetic pole portion which generates a rotary
force most cannot be excited, and the motor efficiency is lowered. .

p On the other hand, it is considered to dispose the magnet piece to be detected or the magnetic sensor
previously displaced in one direction assuming the angle of lead a magnetic flux, but this method cannot be
applied to a bidirectionally rotatable brushless motor which is required to rotate the rotor in both directions.

While the above method detects the rotational position of the rotor yoke by the above magnetic sensor,
there is a known sensorless brushless motor which detects the rotational position of the rotor by utilizing a

5 back electromotive force to be generated on the stator side by the rotation of the rotor.

This sensorless brushless motor can detect the highest position of the magnetic flux density around the
rotor, but has a disadvantage that an electric circuit is complicated because the back electromotive force
generated on the stator side is detected.
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55 Summary of the Invention

Accordingly, an object of this invention is to provide a brushless motor having a rotor which has a
plurality of field permanent magnets inserted into a rotor yoke made of steel plates laminated in many
numbers, which, in a simple structure, can detect the peak pomt of a magnetic flux density with respect to
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to arotor that the field permanent magnet is insert eﬂng JALR HRMVREYRéplabedr
~rotor ‘magnetic pole portions so as to have the magnet |
alternate N and S poles in the circunferential directi &B‘ﬂ%ﬂm TSI on
of nmutual. field permnent magnets. obvi ous fromt he I on,
according to the brushless notor of The first group of this invention, the
nmagnet i GanSegie f ldad ofl itRDAsR6ticalux Jvaitble epdnlifgl ofl itst MBBE cdrieMNatd)Rased High arer Of
1 he r ot atficlefcydbrugwiss modedfaditst grbgp).magneti c flux of the field permanent
*magnet s | eadogdr chjdcsofdiss fnvatitioritié) én he tiove tepecof basstdesh yriotoh éo praddect a Gimperagrastyre SO
t hat whenbrushiessagter wiith canfdetest tivd peak poimtaf @ Mmaguatic gk deosititwith mespect &t & angtead i n
t he r et deadrgriathlerdepéndipg obythet thesori tariqes and theoa high intetor h@icimgrﬂed it prp!idiaea posttidsons
‘of the snelerorhosy cashis radugee by niniatyriding) p magestiogenset baqard and nmprovmg a fixing method
{brushless motor of a second group).

Still another object of this invention is, in the above type of brushiess motor, to provide in a simple
structure a bidirectionally rotatable brushless motor which can detect the peak point of a magnetic flux

10 density around the rotor when rotating in either direction, and has a high motor efficiency (brushless maotor
of a third group).

Other objects of this invention are to provide a small number of devices capable of improving the
performance of the above brushless motors.

The brushless motor of the first group according to this invention, in- a brushless motor comprising a

15 stator and a rotor rotatably supported within the stator, the rotor having a rotor yoke which is formed by
laminating many steel plates, the rotor yoke having an even number of magnetic pole portions protruded
outward, and a field permanent magnet which is inserted in each magnetic pole portion or every other
magnetic pole portions, is characterized by having a magnetic sensor for detecting a magnetic Hux leaked
outside from an end face of the rotor, the magnetic sensor being positioned at a prescribed distance from

20 the end face of the rotor, the prescribed distance being in a range of a distance or less that the magnetic
sensor can directly detect the magnetic flux leaked outside from the end face of the rotor and also a
distance or more that a noise is generated in a detected signal due to irregular magnetic fluxes near the
end face of the rotor.

Therefore, the brushless motor of this invention has the magnetic sensor disposed at the prescribed

2s distance from the end face of the rotor to directly detect the magnstic flux leaked outside of the rotor end
face through the rotor yoke, so that a position of the peak point of the magnetic flux density around the
rotor can be datacted even when the magnetic flux of the rotor is attracted toward the rotating direction by
the interaction with the stator when rotating. Thus, an optimum magnetic pole portion of the stator can be
excited according to the position of the peak point of the magnetic flux density around the rotor, and a

30 brushless motor having a high motor efficiency regardless of the angle of lead of the magnetic flux can be
obtained.

And, in the brushiess motor of this invention, the magnetlc sensor can directly detect the magnetic flux
from the field permanent magnets of the rotor and is disposed at the distance. so as not to be largely
affected by irregular magnetic fluxes near the rotor end face, largely reducing noises in an electric signal

35 showing the rotational position of the rotor. And, the magnet piece to be detected required in conventional -
brushless motors can be omitted to provide a brushless motor having a simple structure.

In this specification, the magnetic sensor is used in a sense including a coil. Therefore, the coil is
included in a concept of the magnetic sensor not only in the invention of the first group but also through the
following description.

40 The brushiess miotor of the second group according to this invention, in a brushless motor comprising a
stator and a rotor rotatably supported within the stator, the rotor having a rotor yoke which is formed by
laminating many steel plates, the rotor yoke having an even number of magnetic pole portions protruded
outward,-and a field permanent magnet which is inserted in each magnetic pole portion or every other
magnetic pole portions, is characterized by having a magnetic sensor for detecting a magnetic flux leaked

45 outside from an end face of the rotor, setting a radial distance of the magnetic sensor from the center of a
rotatable shaft to scan a range outside of the field magnets and inside of the outer end of the rotor,
disposing a plurality of magnetic sensors on circles having different diameters on a magnetic sensor board,
and arranging a pitch interval of each magnetic sensor on the circle different from a pitch interval of a stator
winding phase. ’

50 And, the brushless motor of the second group according to this invention, in a brushless motor
comprising a stator and a rotor rotatably supported within the stator, the rotor having a rotor yoke which is
formed by laminating many steel plates, the rotor yoke having an even number of magnetic pole portions
protruded outward, a field permanent magnet which is inserted in each magnetic pole portion or every other
magnetic pole portions, and a plurality of magnetic sensors to detect a magnetic flux leaked outside from

5 an end face of the rotor, is characterized by a method for disposing the magnetic sensors that the plurality

’ of magnetic sensors are disposed on circles having different diameters to advance a rotor detecting

position, a rotational angle of the magnetic sensors is adjusted to delay the angle of lead, and a space
between the magnetic sensors is narrowed.
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magnet i

sensor

s varied depending on the notor current, the 05|t|on of a e k poi nt

of ‘the magnetic flux density in the external space Imays
detected to excite the optinmum - 31 - magnetic po H
stator, so that the notor ef- ficien can be inprov sane

p egc ?) (? 93" aﬂ‘ 6&‘? ectly detect the magnetic flux of 'the field permanent
magnets outsi from the rotor end ace by e magnetic sensors, when the magnetic flux of the

rotor during rotating is attracted in the rotating direction by the interaction with the stator magnetic pole

portion or the angle of lead is varied due to the motor current (motor torque), the position of the peak point
of the magnetic flux density in the outside space of the rotor is always detected. to excite an optimum

~magnetic pole portion of the stator, and the motor efficiency can be improved. Further, since a change in
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the maximum efficiency against a mounting error of the magnetic sensors in the rotating direction is less
and the angle of lead is same regardless of the Joad, setting can be made under any load. .
And, the method for disposing the magnetic sensars according to this invention can vary a distance of

the magnetic sensors from the shaft to change the angle of lead and narrow the angle between the

magnetic sensors. As a result, the size of the magnetic sensor board is reduced and its cost is lowered.

The brushless motor of the third group according to this invention, in a brushless motor comprising a
stator and a rotor rotatably supported within the stater, the rotor having a rotor yoke which is formed by
laminating many steel plates, the rotor yoke having an even number of magnetic pole portions protruded
outward, and a field permanent magnet which is inserted in each magnetic pole portion or every other
magnetic pole portions, is a bidirectionally rotatable brushless motor which is characterized by attaching a
magnet piece to be detected to an end face of the rotor to specify a rotational position of the rotor, and
disposing a one direction magnetic sensor for detecting a rotational position of the rotor rotating in one
direction and an other diraction magnetic sensor for detecting a rotational position of the rotor rotating in the
other direction in the vicinity of the trajectory of rotation of the magnet piece to be detected, the one
direction magnetic sensor and the other direction magnetic sensor being displaced respectively by a
prescribed angle substantially equal to the angle of lead of a magnetic flux in opposite dlrectsons with
respect to a rotating direction of the rotor to detect a desired position of the rotor. _

Therefors, the bidirectionally rotatable brushiess motor of this invention has a magnet piece to be
detected for specifying a rotational position of the rotor, a magnetic sensor for detecting a rotational position
of the rotor rotating in one direction and a magnetic sensor for detecting a rotational position of the rotor
rotating in the other direction, and since these magnetic sensors are fixed_ as displaced by a prescribed
angle almost equal to an angle of lead of a magnetic flux in opposite directions with respect to a rotating
direction of the rotor, when the rotor is rotatmg, the magnetic sensors output the rotational position of the
rotor advanced by the angle of lead of the magnetic flux than the actual rotational position of the rotor. This
outputted rotational position of the rotor agrees with the peak point of a magnetic flux density in the outside

space of the rotor, so that the rotor can be rotated most efficiently by exciting the magnetic pole portion of
the stator based on the output.

Brief Description of the Drawings

[Fig. 1]
A vertical sectional view showing one embodiment of the brushless motor of this invention.
[Fig. 2]
A view showing the front of the rotor of the brushless motor of this invention.
[Fig. 3} '
" A perspective view showmg a magnetic flux outside of the rotor end face of the brushless motor of
" this invention.
[Fig. 4]
Graphs showing the compared analogue waveforms of magnetism with a distance D between the
magnetic sensor and the rotor end face varied.
{Fig. 5}
A vertical sectional view of the brushless motor of this invention with a nonmagnetic plate adhered to
the rotor end face.
[Fig. 6]
Graphs showing the compared analogue waveforms of magnetism of a brushless motor having a
nonmagnetic plate and a brushless motor not having a nonmagnetic plate.
{Fig. 7} :
A front view showing a rotor of the brushless motor of this invention.
[Fig. 8]
A magnetic sensor board diagram of the three-phase four-pole brushless motor of this invention.
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[Fig. 111
A side view of the Hall IC and the rotor end face of this invention.
[Fig. 12] - .
A side view of the Hall IC and the rotor end face of another embodiment of this invention.
[Fig. 13] '

. Aview showing the front of a rotor of the brushiess motor of another embodiment of this invention.
{Fig. 14] . :

A vertical sectional view showing another embodiment of the brushless mator of this invention.
{Fig. 15]
A sectional view taken on line A-A' of Fig. 14.

‘[Fig. 18]

A table showing the results of measuring the relation between the radial position and the efficiency
of the Hall iC. '

[Fig. 171 .

A graph showing the performance when the Hall IC is at a position of R23 mm.
[Fig. 18] , ,

A graph showing the performance when the Hall IC is at a position of R21 mm. -
{Fig. 19}

A view showing a magnetic sensor board.
(Fig. 20]

A block diagram of an electronic circuit.
{Fig. 21])

A view showing a.magnetic sensor board and part of a stator.
{Fig. 22] :

: A sectional view showing a brushless motor and a fixing member for fixing it.

[Fig. 23] ' '

A view showing a magnetic sensor board.
{Fig. 24] : :

A sectional view of a magnetic sensor board.
[Fig. 25]

- A view showing a magnetic sensor board using a sheet coil.

{Fig. 26} :

A view showing a magnetic sensor board having toroidal windings applied.
[Fig. 27]

A flowchart showing the control of a motor rotation,
{Fig. 28}

A view partly showing a magnetic sensor and a rotor.
{Fig. 29] .

A graph showing the relation between an angle of lead and a distance between a magnetic sensor
16 and a rotor end face 8b.

{Fig. 30} : '
A graph showing the relation between a positional change of a magnetic sensor and a rotation speed

_and torque.

[Fig. 31]
A graph showing the relation between a Hall voitage and a magnetic flux density.
{Fig. 32] .
A graph showing the refation between a magnetic flux density and a temperature.
{Fig. 33] : .
- A view showing an output voltage waveform of a magnetic sensor with a rotor rotated.
[Fig. 34] _
A view showing a rotor end face.

~ This is the replacement sheet
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ot her hand, in the brushless notor of the second group, the positional
~rel ati on of the magnetic sensor in a radial direction will be mainly
consi der ed. - 32 - Fig. 7 shows an end face 8b of ThlmeSheeoHarBe&Rhlaéebl S
in- vention. The rotor 8 consists of retor magneti c po
protruded outward in the radial direction at an angle
“the fielggreey manent magnets 11 in- serted into the rotor nagne
portions 8Ape.-}',het.vtlvaawdhmfgmaent magnet 11.has its length in |ts aX| aI
directi qrigesgual to or shorter than the length of the rotor 8, and the

A vertical sectional view showing a brushless motor w«th a built-in fan.
5 [Fig. 37)

A vertical sectional view showing a conventional brushless motor

[Fig. 38]

A graph showing a difference between a change of the magnetlc flux density of a conventional
. brushiess motor and the detected rotational position of the rotor.
10 [Fig. 39] :

A view showing the magnetic sensor board of a conventional three-phase four-pole brushless motor.

and

Best Mode for Carrying Out the Invention

15 . A first embodiment of the invention will be described with reference to the drawings.

Fig. 1 shows a vertical sectional view of the brushless motor of this embodiment. A brushless motor 1
has a pair of housing members 3, 4 fastened with boits 2, and these housing members 3, 4 rotatably
support a rotatable shaft 7 with ball bearings 5, 6. To the rotatable shaft 7, a rotor 8 is fixed, and one end of
the rotatable shaft 7 is structured to protrude from the end face of the housing member 3 to externally

20 transmit a rotary force of the rotor 8. A stator 9 is disposed around the rotor 8 and held between the
housing members 3, 4.

The rotor 8 consists of a rotor yoke 10 which has many steel plates Iammated and a pluraluty of field
permanent magnets 11 which are inserted into the rotor yoke 10. The stator @ consists of a stator yoke 12
made of laminated steel plates, and stator coils 13 wound on the stator yoke 12. A part of the inner face of

25 the stator yoke 12 forms a magnetic pole portion 9a of the stator 9, and the magnetic pole partion 9a of the
stator is opposed to the outer peripheral face of a magnetic pole portion 8a of the rotor 8 with' a small
distance therabetween, The stator coil 13 is connected to an external power supply through a lead 14a.

A magnetic sensor 18 such as a Hall element and a Hall iC is attached t{o a part of the housing member
3 opposing to the end face 8b of the rotor 8. The magnetic sensor 16 and the rotor end face 8b are

30 opposed to each other with a prescribed distance D therebetween. Reference numeral 14b indicates an
electric signal lead for externally sending an electric signal of magnetism detected by the magnetic sensor
16. :

Fig. 2 shows an end face of the rotor 8. The rotor 8 consists of four rotor magnetic pole portions 8a
protruded outward in the radial direction at an angle of 90 degrees, and the field permanent magnet 11

35 inserted into each rotor magnet pole portion 8a. At the center of the rotor 8, the rotatable shaft 7 is inserted,
and the rotatable shaft 7 and the rotor 8 are configured to rotate integrally with a key 7a. Reference numeral
18 indicates caulking sections for integrally caulking the steel plates which form the rotor yoke 10.

Each field permanent magnet 11 is inserted in the base of the rotor magnetic pole portion 82 so that N
and S poles are alternately positioned outside. The magnetic flux of the field permanent magnets 11 is

40 guided by the leading end of the rotor magnetic pole portion 8a, and gets in or out of the outer peripheral
face of each rotor magnetic pole portion 8a. Thus, the field permanent magnets 11 of the rotor 8 are
alternately magnetized in the N and S poles in the circumferential direction.

Imaginary lines A, A’ in the drawing indicate the trajectories where the magnetic. sensor 18 is relatively
moved by the rotation of the rotor 8. On the other hand, imaginary lines B, B’ and a hatched area «

45 therebetween indicate an unstable area of the magnetic flux present on the outer periphery of the rotor 8.
The magnetic flux in the unstable magnetic flux area « is always varied unstably by an effect of the rotating
magnetic field generated by the stator 9. As shown in the drawing, the relative moving trajectories A, A’ of
the magnetic sensor 18 are positioned outside of the field permanent magnets 11 and inside of the unstable
magnetic flux area a. '

50 ‘And, as shown in Fig. 2, the rotor 8 has a groove M between the rotor magnetic pole portlons 8a, and
the bottom MO of the groove M is substantially aligned with the relative trajectories of rotation A, A’ of the
magnetic sensor 16. The trajectories A, A’ where the magnetic sensor 16 moves pass near the intersection
of the base ends of the rotor magnetic pole portions 8a, and irregular magnetic fluxes to be described
afterward are present near the intersection of the base ends of the rotor magnetic pole portions 8a, tending

55 to be a cause to generate a noise in the detected elactric signal.

Fig. 3 shows a relation between the position of the magnetic sensor and the irregular magnetic fluxes
near the intersection of the magnetic pole portions 8a.
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the rotor end face, the magnetic sensor cannot detect a |
_flux, and a space between the rotor d face 8b and the
cannot be kept. Furthernore, it is revealed that the rotor end face 8b is
pr ef er abl yinaigpsphceton tr@routen periphery bithe doioes, stert ior maprbtié Buxandtbied By ends HVQ Wigich
| eaked roatgmet fran fhe Uoeding end: fesé of the bt amphejic dejé eortiadda having Neoleend eaachek thiehe
“r ot or 8,leading encofcet of Wiegotetmdgnetic dole portienciathaving S nele. tndher athen hanld] at thetend facF obind
the r ot dhe @tonthersi i 8 agenatic fu indieatd By caderW hihighecontinued fram N Frle tof§ paiejofses fisthent
magnefs PEIMagent magnots; il oAnd; betwaea theadiacentyptot magnetisingle patiensde. therpispanageatic flons 8a
so that WR whieh astsyt fen Wie endyiapedt erieadips ensiof the sAts dnagrstie BRiePastion 8¢ Bving holsag-
: and reaches the leading end face of the rotor magnatic pole portion 8a having S pole. As shown in Fig. 3,
this magnetic flux W2 passes an irregular route which separates from the rotor end face 8b, approaches to
the rotor end face 8b and separates again to reach the leading end of the neighboring rotor magnetic pole

10 portion 8a having S pole. This irregular magnatic flux W2 has a large irregularity when being close to the

- rotor end face 8b, and a magnetic flux W3 separated from the rotor end face 8b has a smooth shape like a
parabola. :

The magnetic sensor 16 of this embodiment is disposed at a position to separate from the rotor end
face 8b in such a degree that it does not cross the above irregular magnetic flux W2 and to approach the

15 rotor end face 8b in such a degree that it crosses the above smooth-shaped magnetic flux W3. '

In this case, a gap between the above irregular magnetic flux W2 and the parabola magnetic flux W3 is
largest at the bottom MO of the groove M of the rotor 8, and the bottom MO of the groove is substantially
"aligned with the relative trajectories of rotation A, A’ of the magnetic sensor .16. Therefore, it is most
convenient for the magnetic sensor 16 to detect a noiseless detection signal.

- 20 The action of this embodiment will be described based on the above structure. )

The magnetic sensor 16 of this embodiment is positioned outside of the irregular magnetic flux W2
between the field permanent magnets 11 and crosses the smooth-shaped magnetic flux W3, so that it can
detect a position of the peak point of the magnetic flux density around the rotor 8 without producing a noise
by an effact of an irregular portion of the magnetic fiux.

25 Fig. 4 shows the comparison of analogue signals of magnetism detected by the magnetic sensor 16
with a distance D between the magnetic sensor 16 and the rotor end face 8b varied. In Fig. 4, (a), (b), (¢)
and (d) show a lapse of time on the horizontal axis with respect to brushless motors having a distance D of
2 mm, 3 mm, 4 mm and 4.9 mm, respectively. The irregular uneven spots indicated by points a0, a1 in Fig.

4 (a) show the effect of the irregular magnetic flux W2 between the above field permanent magnets 11. The

30 irregular uneven spots of the analogue signals of magnetism become a noise in the electric signal when
converted into a digital signal. When this noise is large, the stator magnetic pole portion 9a cannot be
excited appropriately, and the rotor 8 cannot be rotated smoothly. "

It is clear by comparing Fig. 4 (a) to Fig. 4 (d) that the irregular uneven spots of the analogue signai of
magnetism decreases as the distance D increases, detection can be made when the distance D is about 4

35 mm or more, and as shown in Fig. 4 (d), when the distance D is about 4.9 mm, the analogue signal of
magnetism by the magnetic sensor 16 shows a smooth sine curve and is converted into a digital signal
without many noises. :

When the rotor 8 rotates in the direction R shown in Fig. 3, magnetic fluxes W0, W1, W2, W3 of the
rotor 8 are attracted toward the direction R' shown in the same drawing by the interaction with the stator

40 magnetic pole portion 9a. The angles of lead of the magnetic fluxes W0, W1, W2, W3 relate to the motor
current or torque, and it is known that the angle of lead is increased as the motor current is increased. In
this smbodiment, the magnetic sensor 16 directly detects the magnetic flux density in the external space of
the rotor end face 8b, so that the position of a peak point of the magnetic flux density can be detected.
Thus, the stator magnetic pole portion 9a optimum to generate a rotary force most corresponding to the

45 peak point of the magnetic flux density can be excited, and the motor efficiency can be improved.

In this embodiment, when the brushless motor was operated using a Hall element as the magnetic
sensor under conditions of a distance D of 4.9 mm, a rotating speed of 1200 rpm and torque of 0.24 kgm,

~ the motor efficiency was improved by about 10% as compared with a conventional brushless motor having
a magnet piece to be detected.

50 . This embodiment can also use a Hall IC as the magnetic sensor. The Hall IC is ane IC combining a
function of detecting the diraction of a magnetic field using the Hall effect and the function of an amplifier.
When N pole is approached to above the Hall IC, output is about 5 (V), and when S pole, output is 0 (V),
thus it.is a detacting element resistant to an electrical noise. When the Hall IC is used as the magnetic
sensor, the motor efficiency can be improved by setting the distance D smaller than in using the Hall

s5 element by virtue of a hysteresis property of the Hall IC. The motor efficiency of the brushiess motor using
the Hall IC as the magnetic sensor under conditions of a rotating speed of 1200 rpm and torque of 0.24
kgm with the distance D varied is shown below. '

'rrag.nét end face is positioned at |east the inside of thepra§arys £eedP
..on the magnetic sensor side. Wien the nagnet end face I}EHHH' E ﬂm
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10 It is seen from the above that detection can be made when D is 2.3 mm or more, and 2.3-3.4 mm is

optimum because the motor efficiency is stable.
On the other hand, when a brushless motor having a magnet piece to be detected was operated under
the same conditions, a motor current of 7.40A and a motor efficiency of 63.2% were obtained. Specifically,
5 using the brushless motor 1 of this embodiment using the Hall IC, the motor efficiency could be improved
by up to about 17%.
Attachment of a nonmagnetic plate to the rotor end face can also reduce a magnetic noise. :
Fig. 5 shows a vertical sectional view of a brushless motor having 2 nonmagnetic plate -attached to the i
rotor end face. Components same as those in Fig. 1 are given the same reference numerals and their
2 description is omitted. In this embodiment, a nonmagnetic plate 8c made of stainless steel is adhered to the
rotor end face 8b of a brushiess motor 1. The adhesion of the nonmagnetic plate 8c to the rotor end face
8b converts a part of the magnetic flux leaked outside from the rotor end face 8b into an eddy current, so
that the magnetic fiux getting out of the non-magnetic piate 8¢ has a smooth route as the whole. Since the
route of the magnetic flux is smoothed, the analogus waveform of magnetism detected by the magnetic
sensor 16 is smoothed, and converted into a digital signal without many noises.
25 .
Fig. 6 shows graphs of compared analogue waveforms detected by each magnetic sensor of a
brushless motor having the nonmagnetic plate 8c and a brushless motor not having it. -
Fig. 6 (a) shows analogue waveforms.of magnetism of the brushiess motor without the nonmagnetic .
plate, while Fig. 8 (b) shows analogue waveforms of magnetism of the brushiess motor having the -
g0 Nonmagnetic plate adhered to the rotor end face, The horizontal axis in Fig. 6 shows time which is
graduated in 5 ms, and three curves respectively correspond to analogue waveforms of U, V and W phases
of the motor. In Fig. 6 (a), points N show an- effect by irregular magnetic fluxes. These irregular analogue
waveforms N make. noises when converted into a digital signal. On the other hand, Fig. 6 (b) shows that the
above irregular magnetic fluxes are converted into an eddy current by the nonmagnetic plate 8c, forming ”
25 relatively smooth analogue waveforms, and a digital signal without many noises can be obtained. - i
In the above embodiment, the nonmagnetic plate 8¢ is adhered to the rotor end face 8b, but the
nhonragnetic plate 8c may be positioned between the magnetic sensor 16 and the rotor end face 8b. For
example, the nonmagnetic plate 8c may be attached fo the surface of the magnetic sensor 16. Furthermore,
addition of alumina material to the nonmagnetic plate 8c makes it easy to externally transmit the heat of the
magnet, thereby contributing to prevent the thermal demagnetization of the magnet. . .
In the above description, the rotor has the field permanent magnets 11 inserted into the base of each : }.
- “rotor magnetic pole portion 8a. But, it is to be understood that this invention is not fimited to the above but &
also applied to a rotor that the field permanent magnet is inserted into every other rotor magnsetic pole
portions so as to have the magnetic pole portions of alternate N and S poles in the circumferential direction -
« DY the repuision of mutuaf field permanent magnets. ' '
As obvious from the above description, according to the brushless motor of the first group of this
invention, the magnetic sensor is disposed at a prescribed distance from the end face of the rotor to _
directly detect the magnetic flux of the field permanent magnets leaked outside from the rotor end face by 5'2{::’
the magnetic sensor, so that when the magnetic flux of the rotor during rotation is attracted in the rotating :
50 direction by the interaction with the magnetic pole portions of the stator or the angle of lead of the magnstic

flux is varied depending on the motor current, the position of a peak point of the: magnetic flux density in Y

the external space of the rotor is always detected to excite the optimum magnetic pole portion of the stator,
so that the motor efficiency can be improved. And, by the same action, the optimum stator 'magnetic pole
portion can be excited by the magnetic sensor in the brushless motor which rotates in both directions.

s5 And, according to the brushless motor of this invention, the magnetic sensor is positioned outside of the
lrregular magnetic flux between the field permanent magnets of the rotor, and to cross the smooth-shaped
magnetic flux, so that a noise due to the irregular magnetic fluxes can be reduced, and the magnet piece to
be detected which has been required heretofore can be omitted, enabling to obtain a simple-structured

brushless motor. This is the replacement sheet
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Fig. 7 shows an end face 8b of the rotor 8 of this invention. The rotor 8 consists of rotor magnetic pole
portions 8a protruded outward in the radial direction at an angle of 90 degrees, and the field permanent
magnets 11 inserted into the rotor magnet pole portions 8a. The field permanent magnet 11 has its length

10 in its axial direction equal to or shorter than the length of the rotor 8, and the magnet end face is positioned
at least the inside of the rotor end face 8b on the magnetic sensor side. When the magnet end face is
protruded from the rotor end face, the magnetic sensor cannot detect a leaked magnetic flux, and a space
between the rotor end face 8b and the magnetic sensor cannot be kept. Furthermore, it is revealed that the
rotor end face Bb is preferably equal to or longer than the stator end face 9b because the leaked magnetic -

15" flux increases and easily detected. At the center of the rotor 8, the rotatable shaft 7 is inserted. and the
“rotatable shaft 7 and the rotor 8 are integratly fixed by shrinkage fitting.

The field permanent magnets 11 are inserted in the bases of the rotor magnetic pole portions Ba so that
N and S poles are alternately positioned to face outside. The magnetic flux of the field permanent magnets
11 is guided by the leading end of the rotor magnetic pole portion 8a, and gets in or out of the outer

20 peripheral face of each rotor magnetic pole portion 8a. in this structure, the magnetic pole portions 8a of the
rotor 8 are alternately magnetized in the N and S poles in the circumferential direction. An area between
imaginary lines A-B in the figure (in this case, a distance R from the center axis is from 21 mm to R23 mm.)
indicate an area that when a top 19a of the magnetic sensor 18 (in this case, a Hall IC) enters this area by
the rotation of the rotor 8, the leaked magnetic flux from the rotor end face is detected and the motor can

25 be driven. This imaginary line B is generally located on a circle with a radius which Is at the midpoint
between the outer wall of the field magnet 11 and the outer end of the rotor 8 regard!ess of the size of the
motor.

On the other hand, an area between imaginary lines B-C in the drawing (in this case, a distance from

. the center axis is from R23 mm to R26 mm.) indicates an unstable area of the leaked magnetic flux present

30 on the outer periphery of the rotor 8. The leaked magnetic flux in the unstable area is constantly varied
unstably by an effect of a rotating field generated by the stator 9, and although the motor rotates, the motor
efficiency at the operation range of low rotation and low torque results in inferior by about 4% than in the
trajectory A-B. Furthermore, an arsa between imeginary lines A-D (in this case, a distance from the center
axis is from R8 mm to R21 mm.) indicates an unstable area present on the inner periphery of the rotor 8. In

35 the leaked magnetic flux in this unstable area, a magnetic flux between the field permanent magnets is
hardly leaked and attracted by a magnetic field generated by the stator 9 in the groove MO, making a -
switching section of the magnetic flux unstable. Thus, the motor cannot be rotated.

In the drawing, an imaginary line E indicates a limit line that the magnetic sensor can driven normally
when a bottom 19b of the magnetic sensor (Hall IC) 16 is outside of the imaginary line E. And, when the

40 caulking sections 18 are between the imaginary lines E and D, the leaked magnetic flux from the rotor end

. face can be correctly detected but, when the caulking sections 18 are outside of the imaginary line E, the
leaked magnetic flux from the rotor end face becomes unstable due to the unevenness of the caulking
sections, and particularly the switching section of the magnetic flux becomes unstable. Therefore. a signal
of the magnetic sensor cannot be adopted.

45 . As shown in the drawing, by setting the top 19a of the magnetic sensor (Hall IC) 16 in the area A-B of
the rotor and the caulking sections 18 inside the imaginary line E, a stable magnetic flux can be obtained,
and stable efficiency and rotation can be obtained.

' In the above embodiment, as the range that the magnetic sensor 16 can detect the leaked magnetic
flux from the rotor end face and the motor can be driven, the area between the imaginary lines A-B in Fig. 7

50 has been taken, and the specific numerical values "21 mm"” and "23 mm" have been shown to indicate that
the area A-B is an area with a distance R from the center axis is from 21 mm to R23 mm. The above
description does not mean that the area A-B is not limited to the above numerical values. More specifically,
the area A-B as an area that the motor can be driven is to be understood in a relative positional relation
between the outer diameter (about R26 mm) of the rotor 8 and the field permanent magnets 11. And, when

§5 a vertical line is assumed from the center axis to the field permanent magnet 11, it is revealed that the line
A indicates almost the outer wall of the field permanent magnet 11 and the line B indicates almost the
middle of the line A in the above assumed vertical line and the rotor outer end. These positions are
generally appropriate positions whatever size the motor shape may have. '

' This is the replacement sheet
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Torque (Kgm) | Deviation of Hall IC and peaks of magnetic flux density (electrical angle) Maximum
i efficiency (%)
0.05 ' _ 10° £ 15° 90
010 | 10° £ 15° . 87
0.15 10* £ 15° 85
0.20 10°* £ 15° ' 82
0.25 10° = 15° 79

It is seen from the above table that when torque is 0.05 Kgm for example, it is necessary to make the
deviation of a signal of the Hall IC and the peak of the magnetic flux density outside the rotor 10* = 15

(electrical angle) to obtain the maximum efficiency 90% and, similarly, when torque is 0.10 Kgm, it is-

necessary to make the deviation of a signal of the Hall IC and the peak of the magnetic flux density outside
the rotor 10° = 15° (electrical angle) to obtain the maximum efficiency 87% (the same as above).

As obvious from the above table, when the position of the magnetic sensor board is set at a low load
point (e.g. the above 0.05 Kgm) by directly detecting the leaked. magnetic flux from the rotor end face, the
maximum efficiency can be obtained under respective loads, the maximum efficiency has less change with
respect to the mounting error of the Hall IC in the rotating di rection, and the deviated degres is same
regardless of the load, so that setting canbe made under any load.

Specifically, when the rotor 8 rotates, the magnetic flux of the rotor magnetic pole portion is attracted
by the interaction with the stator magnetic pole portion. This angle of lead relates to the motor current or
torque, and the angle of iead is increased as the motor current is increased (as-the torque is increased).
And, the Hall IC directly detects the magnetic flux in the external space of the rotor end face 8b, so that the

stator magnetic pole portion 9a optimum to generate a rotary force most corresponding to the peak point of '

the magnetic flux density can be excited, and the motor efficiency can be improved.
Fig. 8 is a view showing a magnetic sensor board 15 of the three-phase four-pole brushless motor of
this invention. In this embodiment, a Hall IC is used for the magnetic sensor.

Assuming that the rotor is rotated clockwise, a Hall IC 16a (the top end of the Hall IC is R23 mm from

-the center axis in this embodiment), a Hall IC 18b (R22 mm form the center axis in this embodiment) and a

Hall IC 16c (R21 mm from the center axis in this embodiment) are set at different distances from the center
axis at intervals of 52 degrees in the peripheral direction and displaced inward toward the rotating direction
of the rotor, and soldered for fixing. Furthermore, two shaft mounting holes 21 for fixing the magnetic sensor

. board 15 to the stator are disposed at the outer end of the magnetic sensor board. A land 24 is applied

around the mounting holes 21 , and the land 24 has a thick copper foil to retain a sufficient mechanical
strength after inserting a shaft and soldering or fixing with a resin. Furthermore, C-shaped lands 20 are
disposed as connections to drive the Hall ICs or to externally output a signal, a lead 14b can be easily
inserted vertically and horizontally in the magnetic sensor board, and the lands 20 have partly a wide area
to allow soldering. The lead 14b is a flat cable having a one-body insulator for lines, so that it can be quite
easily inserted in a C-shaped material such as the lands 20.

The magnetic sensor board 15 has a size such that its outer periphery 25 is positioned inside the stator
coil 13 and its inner periphery 23 can be positioned arbitrarily. In other words, since the magnetic sensor
board is fixed using the outer periphery, it is not necessary to use the inner periphery as the reference to
fix to the housing member. And, the board can be made broad toward the outer diameter of the rotatable
shaft 7. As a result, a pattern 22 can be formed easier, an insulated space betwsen the patterns can be
secured sufficiently, it is not necessary to draw the pattern outside of the lands 20, and the lands 20 can be
formed in an open type like a letter C. Furthermore, since the angle in the rotating direction is sufficient in a
size between the pitches of the Hall IC as described afterward, the size of the magnetic sensor board 15
becomes very compact and its production cost is low.

Fig. 9 shows the variation of an angle of lead when the Hall IC 18 is moved outward from the shaft
center with a position of R21 mm from the shaft center as the reference. Fig. 10 shows a moving angle of
the Hall IC in the rotating direction to obtain the maximum efﬂcnency when the Hall lC is moved outward
with R21 mm from the shaft center as the reference.

In Fig. 8 to Fig. 10, determining an angle in the rotating direction of the rotor to be (+) and an angle |n
the counter-rotating direction of the rotor to be (-), when the Hall IC is simply moved outward from R21 mm

This is the replacement sheet
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side, the maximum efficiency was obtained at respective positions and the obtained maximum efficiencies

were substantially not different. When the Hall IC is at R20.5 mm or below or R26.5 mm or more from the

shaft center, the motor does not rotate. Therefore, the applicable areas in the drawing are hatched.

10 With the Hall 1IC 16¢ (R21 from the shaft center) as the reference, the Hall IC 18b (R22 from the shaft
center) is positioned normally at an angle of 60 degrees. As shown in Fig. 9, when the position is 1 mm
outside from the shaft center, the electrical angle advances by 15 degrees. On the other hand, as shown in
Fig. 10, when the rotational angle of the Hall IC is moved, the same maximum efficiency can be obtained,
and 60°-8° =52" becomes an angle between the Hall IC 16¢ and the Hall IC 16b. Similarly, an angle (52*)

15 is obtained between the Hall IC 16b and the Hall IC 16a. As a result, a distance between the Hall ICs could
be narrowed by 16° as compared with prior art, and the magnetic sensor board 15 could be made
compact.

Fig. 11 is a side view of the Hall IC and the rotor end face To detect a magnstic flux leaked from the

) magnetic pole portion 8a in the outside space of the rotor 8, the magnetic sensor (Hall IC) 16 disposed on

s 20 the magnetic sensor board 15 is directed toward the rotor end face 8b, and a space between the rotor 8

' and the magnetic sensor board 15§ is adjusted with a stepped shaft 28. More specifically, one end 28a of
the shaft 28 is inserted into the mounting hole 21 of the magnetic sensor board in a direction G and
soldered on a land side 15a. Another end 28b is forced into the stator magnetic pole portion (not shown)
and fixed. The space between the rotor end face and the Hall IC is adjusted according to a size L1 of the

25 shaft- 28. In this embodiment, when the axial distance between the rotor. end face and the Hail IC is less
than 2.3 mm, many magnetic fluxes leak from the rotor end face, so that normal operation cannot be madse.
Therefore, the size L1 is set to be 2.3 mm or more.

And. it was experimentally found about the magnetic flux that a thickness of the field permanent magnet

is proportionally related with the space between the rotor end face and the Hall IC. Specifically, as the field
30 permanent magnet becomes thicker, the leaked magnetic flux from the field permanent magnet increases
and, even if the Hall IC is separated from the rotor end face, sensing can be made. Furthermore, the lead
14b is inserted into the land 20 from a top face P of the magnetic-sensor board 15 and fixed by soldering
-or with a resin.

Fig. 12 is a side view showing another embodiment of the Hall IC and the rotor end face. In this case,
35 the magnetic sensor board 15 and the magnetic sensor (Hall IC) 18 are disposed to face opposite from the
' above embodiment. The space between the rotor 8 and the magnetic sensor board 15 is adjusted
according to a size L2 of the stepped shaft 28, and the mounting space of the Hall IC is equal to the size
L2. Furthermore, since the shaft end 28a is inserted in the opposite direction and soldering is made in the
opposite direction, or the land side 15a is faced to the opposite direction from the end face 8b, soldering to

40 the land side 15a is made easy.

And, the lead 14b is soldered as it is on a wide area of the land 20, and the soldered face and every
parts such as the Hall IC are positioned on the land side 15a, making it easy to produce. To a counter-land
side 15b, a shield sheet 29 is affixed to prevent a noise of the board from mixing with a noise of the leaked
magnetic flux from the rotor end face. Therefore, the magnetic flux free from a noise can be fully detected

45 by the Hall IC. Thus, the adhesion of the shield sheet 29 to the counter-land side allows to externally output
a stable signal and also to measure a magnetic flux near by about 30% to the rotor end face as compared

with the ordinary space between the rotor end face and the sensor board without providing the shield sheet
29, : .

Fig. 13 shows another embodiment. of the rotor end face.

50 A rotor 30 consists of rotor magnetic pole portions 30b radially protruded at an angle of 80 degrees and
field permanent magnets 31 inserted into rotor magnetic pole portions 30a. At the center of the rotor 30, a
rotatable shaft 32 is inserted, and the rotatable shaft 32 and the rotor 30 are integrally fitted by shrinkage
fitting.

Each field permanent magnet 31 is inserted in the bases of every other magnetic pole portions 30a so

s5 that N pole (or S pole) is positioned on the rotatable shaft side. The magnetic fluxes of the field permanent
magnets 31 are guided by the leading ends of the magnetic pole portions 30a to get in or out of the outer
peripheral face of each rotor magnetic pole portion 30b. Thus, the rotor 30 is afternately magnetized in the

N and S poles in the circumferential direction. An area between imaginary lines B-C in the drawing (in this
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' Furthermore, an area between imaginary lines B-D (in this case, a distance from the center axis is from
s R8 mm to R23 mm) indicates an area that the rotor 30 is unstable. In this aread, the magnetic fluxes of the
magnetic pole portions having the field permanent magnet and not having have different movements, the -
magnetic flux switching section becomes unstable and the motor cannot be driven.: ’

In the above description, a magnetic sensor signal has been explained to be taken from the magnetic
flux leaked from the rotor end face, but this invention is not limited to it. When rare earth magnets having a

10 high energy product (BHMAX25MGQe) are inserted in the rotor to cause magnetic saturation at one spot at
a minimum on the rotor end face and a magnetic flux is leaked intentionally on the outside of the rotor, a
quantity of magnetism which flows the magnetic sensor is increased, and detection can be made
satisfactorily even when the magnetic sensor has variations in the property. In particular, when the magnetic =
saturation is close to a place wheré poles are switched, detention can be made .stably at a spot liable to be

1s unstable. Furthermore, it is to be understood that reliability of the motor is improved and assembling is i
facilitated by increasing the axial distance between the magnetic sensor and the rotor end face.

As obvious from the above description, according to the brushless motor of the second group of this
invention, the magnetic sensor is disposed at a prescribed distance from the end face of the rotor to
directly detect the magnetic flux of the field permanent magnets leaked outside from the rotor end face by

20 the magnetic sensor, so that when the magnetic flux of the rotor during rotation is attracted in the rotating -
direction by the interaction with the magnetic pole portions of the' stator or the angle of lead of the magnstic
flux is varied depending on the motor current (motor torque), the position of a peak point of the magnetic
flux density in the external space of the rotor is always detected to excite the optimum magnetic pole =
portion of the stator, so that the motor efficiency can be improved. in addition, the maximum sfficiency has g

25 less change with respect to the mounting error of the Hall IC in the rotating direction, and the angle of lead o
is same regardiess of the load, so that setting can be made under any load. P

And, since the magnetic sensor board of this invention has the mounting holes for f'xmg the sensor ix
board disposed at the outer periphery, the inner periphery of the sensor board can be widened to the: =
rotatable shaft, the insulated space between the patterns can be secured sufficiently, and the shape of the

30 -connection land with the lead can be changed. As a result, the lsad can be easily inserted and connected. i
And, changing of the distance of the Hall IC from the shaft changes the angle of lead, and the angle
between the Hall ICs can be narrowed. As a resuit, the size of the magnetic sensor board can be made
small, and the cost can be reduced.

The brushless motor of the third group of this invention will be described. c

35 As shown in Fig. 14, the brushless motor of the third group basically has the same structure with the -
one shown in Fig. 1 and, therefore, the same components are given the same reference numerals and their
description is omitted. _ .

In Fig. 14, to an end face 8b of the rotor 8, a magnet piece 17 to be detected is attached to specify a N -
rotational position of the rotor 8. To the inner end face of the housing member 3 near the trajectory of  -ii7

40 rotation of the magnet piece .17 to be detected, a CW magnetic sensor 16 {16X) for detecting a rotational
position of the rotor 8 rotating clockwise and a CCW magnetic sensor 16 (16Y) for detecting a rotational
position of the rotor 8 rotating counterclockwise are attached.

Fig. 15 shows the front of the rotor 8 taken on line A-A' shown in Fig. 14. The rotor 8 consists of the
rotor yoke 10 made of the laminated stesl platss and the field permanent magnets 11, and the rotor yoke

45 10 has four externally protruded sections in a radial direction at an angle of 90 degrees on its outer
periphery. These four protruded sections:of the rotor yoke 10 have the field permanent magnet 11 inserted
in their bases so that N and S poles are alternately positioned to face outward to respectively form the rotor
magnetic pole portion 8a. In the drawing, reference numeral 18 indicates caulklng sections for integrally
caulking the steel plates.

50 - At the center of an end face of one of the rotor magnetic pole portions 8a, the magnet plece 17 to be
detected is adhered. This magnet piece 17 to be detected moves along the trajectory of rotation R when
the rotor 8 rotates clockwise CW or counterclockwise CCW as shown in Fig. 15. To an end face of the
housing member 3 not shown, the CW magnetic sensor 16X and the CCW magnetic sensor 16Y which are -
indicated by an imaginary line are adhered. As shown in the drawing, the CW magnetic sensor 16X and the ,'

ss CCW magnetic sensor 16Y are disposed near the trajectory of rotation R, the CW magnetic sensor 16X is —i
fixed as displaced by an angle of a0 in the CCW direction, and the CCW magnetic sensor 18Y is fixed as
displaced by an angle of a1 in the CCW direction.
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' controls to excite the stator magnetic pole portion 9a which corresponds to the position P3 when the CCW
magnetic sensor 16Y detects the magnetic flux at the position PQ.
Referring to Fig. 38, the sizes of the angles «0 and a1 will be described. As described above, Fig. 38
10 shows a difference between a change of the magnetic flux density in the outside space of the rotor end
face of the brushless motor and the rotational position of the rotor detected by the magnet piece to be
detected. And, the time difference T can be converted into a rotational angle of the rotor, and this rotational
angle is equal to the angle of lead of the magnetic flux.
In view of the above, in this embodiment, the deviated angles «0 and a1 of the CW magnetic sensor
15 18X and the CCW magnetic sensor 16Y are set to be substantially equal to the angle of lead of the
magnetic flux density.
By structuring as described above, in the brushless motor 1 of this embodiment, when the rotor 8
rotates clockwise CW as shown in Fig. 15, the CW magnetic sensor 16X detects the magnetic flux of the
magnet piece 17 to be detected when the magnet piece 17 to be detected has reached the position P1, and
: 20 the aforementioned control circuit excites the stator magnetic pole portion 9a corresponding to the position -
PO. At this time, since the peak point of the magnetic flux density in the outside space of the rotor 8 is at
the position ‘P1, the rotor 8 can be rotated most efficiently and, as a result, the motor efficiency can be
improved.
Inversely, when the rotor 8 rotates counterclockmse. the CCW magnetic sensor 18Y detects the
25 magnetic flux of the magnet piece 17 to be detected which has reached the position P2, and the stator
magnetic pole portion 9a corresponding to the position P3 is excited. Thus, the motor efficiency can be
improved in the same way.
In the brushiess motor 1 of this embodiment, when the rotor 8 rotates clockwise CW as shown in Fig.
15, the CCW magnetic sensor 18Y can be used. More specifically, as described above, since the CCW
30 magnetic sensor 18Y is fixed as displaced by the angle a1 in the CCW direction when rotated counterclock-
wise CCW, when this is seen from the viewpoint of rotating clockwise CW, the CCW magnetic sensor 16Y
has an angle of delay. Therefore, when rotating CW, the CCW magnetic sensor 16Y can be used for an
angle of delay. And, when rotating CCW, the CW magnetic sensor 16X can be used for an angle of delay.
For carrying equipment, a bidirectionally rotatable brushless motor, which needs to let out at a low
35 speed and at high torque when working and to reversely rotate quickly at a high speed and at low torque
when winding, is used. The bidirectionally rotatable brushless motor has different angles of lead of the
magnetic flux density in respective rotating directions, and is provided with one magnet piece to be
detected, a working magnetic sensor for detecting a rotational position of the rotor when working, and a
winding magnetic sensor for detecting a rotational position of the rotor when winding; the working magnetic
40 sensor Is fixed as displaced by an angle equal to an angle of-lead of the magnetic flux in an opposite
direction with respect to the rotating direction of the rotor at high torque when working, and the winding
magnetic sensor is fixed as displaced at a large angle in an opposite direction with respect to the rotating
direction (opposite rotating direction from when working) of the rotor at low torque when winding. By
matching with the angle of lead of the magnetic flux at each torque of the working and winding magnetic
45 sensors, a bidirectionally rotatable brushiess motor which has different rotating speed and torque, and high
efficiency in each rotating direction can be obtained. .
As obvious from the above description, the brushless motor of the third group of this invention has a
magnet piece to be detected for specifying a rotational position of the rotor, a CW magnetic sensor for
detecting a rotational position of the rotor rotating clockwise and a CCW magnetic sensor for detecting a-
50 rotational position of the rotor rotating counterclockwise, and since the CW magnetic sensor and the CCW -
magnetic sensor are disposed as displaced by a prescribed angle respectively in opposite directions with
respect to a rotating direction of the rotor, when the rotor rotates in either direction, clockwise or
counterciockwise, the stator magnetic pole portion advanced by an angle equal to an angle of lead of the
magnetic flux than the actual rotational position of the rotor can be excited. Thus, the rotor can be rotated
§§ most efficiently, and a bidirectionally rotatable brushless motor having a high motor efficiency can be
obtained.

Using the brushless motor of the second group of this mventnon the bidirectional rotation like the
brushless motor of the third group will be described.
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re: l
fr Om tcril reech%n. the bi u%cttonally rotatab ess otor uses six magnetic sersors. As shown in Fig. 16, the

inventors determined the rated efﬁcxency, maximum load and maximum rotating speed, assuming the
positions of a Hall IC to be 21 mm, 23 mm, 24.5 mm and 26 mm, at a position (angle of lead 0*) with the
§ - same efficiency when rotating clockwise (CW) and counterclockwise (CCW) using three sensors as one set.

it is seen from Fig. 16 that sensing could not be mads by the Hall IC with R24.5 mm and R26 mm. And, as :;..:

shown in Fig. 17, in the case of R23 mm, when the same voltage is applied to rotate CW and CCW, the

4
motor efficiencies are different, but the rotation has less variation through the full range, and net properties )

{maximum rotating speed) become same. Similarly, as shown in Fig. 18, in the case of R21 mm, when the

10 same voltage is applied to rotate CW and CCW, the motor efficiencies and the rotating speeds under high
load are same although net properties are different.

In Fig. 17 and Fig. 18, 50%, 70% and 100% show the relation between the rotating speed and the

torque by duty, and the circles show the relation between the circuit current and the torque. In the both ~
drawings, the solid line indicates CCW and the dotted line indicates CW. M
15 .And, when the Hall IC is set to R23 mm, a rotating speed is fixed at 1200 rpm, and torque is varied, the )

deviation of the peaks of the magnetic flux density outside of the rotor and the signal of the Hall IC obtained

from the rotor end face at the maximum efficiency with respective torque is as follows.

20 - Torque (Kgm) Devigtion of Hall 1C and peaks of magnetié Maximum : '._‘_".'; —
flux density (electrical angle) efficiency (%) et

0.05 0° 5 : . 90
0.10 : Q°* 5 87 ) , T
0.15 - 0°* t5° © 85 :
25 - 020 0+ 5 82 -
0.25 0°* 5 79 -

it is seen from the above table that when set to R23 mm, the maximum efficiency has less change with

respect to the mounting error of the Hall IC in the rotating direction, and the deviated degree is same
30
regardless of the load, so that setting can be made under any load.

The above embodiment indicates that the arbitrary selection of the sstting posmon of the magnetic
sensor allows to obtain a motor having the performance suitable for use with the structure not changed.
More specifically, when the same maximum rotation and the same torque are required for both rotations of

a5 normal and reverse, the magnetic sensor is set to, for example, the above R23 mm. And, in a washing
mode, like @ motor used for washing machines, when the performance such as rotating speed of 1200 rpm,
torque of 0.24 kgm and rotation in both directions is required, in a spin-drying model, when the performance
such as a rotating speed of 2000 rpm, torque of 0.05 kgm and rotation in one direction is required, the
magnetic sensor is set to, for example, the above R21 mm. The above description has been made with the 4'\
« el IC changed its position radially, and it is to be understood that the same effect can be obtained by i
adjusting the angle of lead at each R position.

It is seen from the above embodiment that it is preferable to select a pattern suitable for application at a
desired rotation, like the above motor for washing machines, from the great number of data previously
collected with rotating directions CW and CCW under the conditions that the magnetic sensor had its

45 positions changed variously. In the above table, the deviation of the Hall IC and the peaks of the magnetic
flux density is different from the table indicated in connection with the brushless motor of the second group,
because the former reflects the results obtained by groping for conditions suitable for the bndlrectlonal
rotations of normal and reverse.
Now, devices which are used for the above brushless motors of the first to third groups of this invention
to im prove their performance will be described. ,
Fig. 19 is a view showing a magnetic sensor board. This embodiment has a sensor driving power
supply disposed on the magnetic sensor board 15. More specifically, a generating coil 34 is disposed on
the magnetic sensor board 15, the generating coil 34 is connected with an electronic circuit 35 which is
then connected with a power supply 36, and magnelic sensors 16 are connected. In this magnetic sensor.
55 board 15, an a.c. current passes through the generating coil 34 due to a leaked magnetic flux frpm the
rotor, subjected to full wave rectification or half-wave rectification in a rectifier circuit, has a voitage stepped
up in a step-up circuit, and stored in the power supply through a control circuit as shown in Fig. 20. As the
control circuit, one or two or more diodes are used, and the step-up circuit is disposed as required and
made of a step-up coil. When the magnetlc sensor board 15 is structured as described above, the leaked
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. rechargeable is used. In this way, generation can be made in a large volume, and via the electronic circuit
power supply, electricity can be taken out of the motor to control an external actuator.
And, Fig. 22 shows another embodiment which effectively uses the alorementioned leaked magnetic
10 Hux to use as the power supply for controlling the external actuator. In this case, a part 41, which protrudes
toward the housing member 3 of the brushless motor 1, is disposed on a mounting plate 40 to which the
brushless motor 1 is fixed, the above generating coil 34 is attached to the leading end of the part 41, and a
lead 14 from the generating coil 34 is connected to a control circuit 42 and a battery 43. On the other hand,
a hole 3a is formed in the housing member 3 to align with the generating coil 34, and the part 41 is passed
15 through the hole 3a to set the generating coil 34 close to the rotor end face 8b. In Fig. 22, reference
numeral 44 indicates a hole through which the rotatable shaft 7 is passed. The generating coil 34 which is,
for example, a sheet coil may be disposed outside of the housing member 4 opposite from the housing
member 3 which is in contact with the mounting plate 40. Thus, the generating coil 34 can be disposed on
an appropriate plate inside or outside of the motor ta use the obtained power for the magnetic sensors and
20 as a driving power for the outside of the motor. These embodiments using the leaked magnetic flux from
the rotor to generate a back electromotive force can be aisc used when the rotor is rotating by inertia.
Fig. 23 and Fig. 24 are views showing another embodiment of the magnetic sensor board. Hollow
portions 15c are formed in the magnetic sensor board 15, the magnetic sensors 18 are fitted in the hollow
portions 15c, and the front and back faces of the magnetic sensor board 15 are molded with a
25 nonconductive resin 37 which contains a material having good heat conductivity, such as alumina material.
In this structure, since the .hollow portions 15c are formed in the magnetic sensor board 15, pasitioning of
the magnetic sensors 16 can be made easily, and molding with the radiating resin 37 allows satisfactory
‘radiation of the magnetic sensors. Conventionally, the magnetic sensors were mounted on the magnetic
sensor board, which therefore had an uneven surface because of the magnetic sensors, making it difficult to
30 mold with a resin. But, in this embodiment, since the hollow portions 15c are formed and the magnetic
-sensors 16 are fitted therein, a positioning effect is provided and the board has a flat surface, making it
easy to mold with a resin. Besides, a radiating effect can be obtained by molding with the resin as
described above. o
Fig. 25 and Fig. 26 show that coils 38 are used as the magnetic sensors. Fig. 25 shows. sheet coils, and
a5 Fig. 26 shows coils having toroidal windings applied. In these cases, a back electromotive force is
generated when the leaked magnetic flux from the rotor crosses the coils 38 and used as a position
detecting signal. .
As described above, when the back electromotive force is used to detect a position, the position cannot
-be- detected at the time of starting when the rotor remains stationary because the back electromotive force
40 is not generated yet. Therefore, the control shown in Fig. 27 is conducted. Specifically, in the flowchart of
Fig. 27, first, excitation is made with a current of a limited value of a current limiter by a drive signal having
a certain pattern for a prescribed time. Thus, the rotor moves to a position corresponding to the exciting
pattern and its position is determined. Then, when a commutation signal is given under a state that a -
current is passed to switch an output pattern, the motor is rotated to generate the back electromotive force,
45 and the position is detected by the coils. When such coils are used, the magnetic sensors such as a Hall
element and a Hall IC are not needed, and these coils can be produced inexpensively because a copper
wire is used. And, they have advantages that a small number of terminals is used as compared with
conventional magnetic sensors, they are heat resistant, and a tolerance is not strict in their production.
Fig. 28 shows that the magnetic sensor 16 is movably disposed with respect to the rotor end face 8b.
s0 Specifically, a cylindrical body 45 is disposed at an appropriate place within the housing members 3, 4, a
nonmagnetic working rod 46 is movably disposed axially in the cylindrical body 45, the magnetic sensor 16
is fixed to the working rod 46 .on its rotor side, and a magnet 47 is fixed to the other end of the working rod
48. Opposing to the magnet 47, a film coil 48 is disposed outside of the housing member to electrically
_conduct it. Therefore, the film coil 48 is excited by passing a current, the magnetism of the film coil 48 is
55 changed by a controller not shown to attract or repulse the magnet 47, the magnetic sensor 16 is axially
moved by the working rod 46 to adjust a distance from the rotor end face 8b, and a rotation area of the
motor is changed accordingly. Fig. 29 is a graph showing the relation between an angle of lead and a.
distance between the magnetic sensor 16 and the rotor end face 8b when the magnetic sensor 16 is moved
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magneti c pole portion. This angle of ﬂe d relates to the nDtor ‘current or
torque, and the angle of lead is increased as the notor current is in- 1
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rragnetf'? @angle gt lepg, a@qqgceé)ar@pf@aq\allg 9@Pojff @ in the drawing. This point a was experimentally
obtained to be a value of 1.5 times of the thickness of the field permanent magnet 11. And, in Fig. 30, the

A
line indicated by the lead line 1 shows that the magnet 47 and the film coil 48 are repulsed to each other, _j
- § or the magnet 47 is close to the rotor end face 8b, and the line indicated by the lead fine 2 shows that the
magnet 47 and the film coil 48 are attracted to each other, or the magnet 47 is away from the rotor end T

face 8b than when indicated by the lead line 1. Thus, when the position of the magnet 47 is movable i
against the rotor end face 8b, net properties can be changed. In the invention of the first group, when the -
magnetic sensor 16 is movably disposed with respect to the rotor end face 8b, in addition to the
re aforementioned effects, positioning of the setting position of the magnetic sensor can be facilitated in a
range of a distance or below that the leaked magnetic flux outside the rotor end face can be directly
detected and a distance or more that a noise is generated in the detected signal due to an irregular
magnetic flux near the rator end face. _ o
The above embodiments have been described assuming that a temperature is almost constant. If the U
15 temperature condition is extremely variable when the motor is rotating, it is expected to use a temperature
compensation means. And, to compensate for a temperature change, a temperature sensor is gensrally an -
essential component. Therefore, the inventors propose a techmcal means to detect the motor temperature
without using a temperature sensor. =
Specifically, as shown in Fig. 31, a Hall voltage and a magnetic flux density have a prescribed
20 proportional relation and, as shown in Fig. 32, a magnetic flux density and a temperature also have a
- prescribed relation. Fig. 33 shows output voltage waveforms of the magnetic sensor when the rotor is
rotating. It is seen that the magnetic flux density decreases as the magnet temperature rises, and the output - .
voltage of the magnetic sensor lowers as the magnetic flux density decreases. Using thess relations, or =
determining thess relations in advance, a magnetic flux density and temperature table is incorporated in the E:
25 form of, for example, 2 ROM in the control circuit, so that the motor temperature can be monitored “
according to the output voltage of the magnetic sensor. Furthermore, a quantity of demagnastization of the
rotor magnet can be also detected according to the output voltage of the magnetic sensor. In the above
structure, since the monitored temperature can be detected according to a change in analogue output value -
of the magnetic sensor, a dedicated temperature sensor is not required, enabling to reduce the cost. And, '
30 the demagnetization of the rotor magnet due to a temperature increase or unexpected phenomena can be
detected according to a change in analogue output valus of the magnetic sensor, so that degradation of the
magnet performance can be seen. Besides, a température of the magnet being rotatéd can be directly
detected without using a temperature sensor. P
In view of the fact that the magnetic sensor and the magnetic flux density are mﬂuenced by a %
35 - temperature as described above, the following embadiment proposes a structure that the motor interior can =
be cooled. Specifically, as shown in Fig. 34 to Fig. 36, a fan is formed. Fig. 34 and Fig. 35 show that
leading ends 10b of magnetic pole portions of a stéel plate 10a of the rotor yoke 10 are bent slantingly in .__
the form of a fan. Therefore, ventilation is made by the leading ends 10b of the magnetic pole portions of ForN =
the steel piate 10a when the rotor is rotated, to cool the magnetic sensor. Thus, an effect by an ambient g3
40 temperature change is reduced, and a stable output voltage is attained. Fig. 36 shows that a fan 39 fixed to
the rotational shaft 7 is disposed hetween the rotor end face 8b and the magnetic sensor 16. In the same
way as above, the magnetic sensor and the motor are cooled, and a stable output voltage can be obtained.
This fan 3¢ is made of a nonmagnetic material so as not to effect on the leaked magnstic flux from the rotor
end face. Therefore, the fan 39 does not cause a detection failure.

ARy
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45
Industrial Applicability

This invention can detect a peak point of the magnetic flux density around a rotor in a brushiess motor
which detects a rotational position of the rotor using a magnetic sensor, and is optimum for a brushless
so motor which is required to have a high motor efficiency.

Claims

1. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having

§5 a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each
magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic

sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor
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center m%e? 4 End' :né Wn 1%8Q to each other. or the magnet 47 is away from the rotor end =

face 8b than when indicated by the lead line 1. Thus, when the position of the magnet 47 is movable ‘
against the rotor end face 8b, net properties can be changed. In the invention of the first group, when the o
magnetic sensor 16 is movably disposed with respect to the rotor end face 8b, in addition to the
10 aforementioned effects, positioning of the setting position of the magnetic sensor can be facilitated in a
range of a distance or below that the leaked magnetic flux outside the rotor end face can be directly
detected and a distance or more that a noise is generated in the detected signal due to an irregular
magnetic flux near the rotor end face. o
The above embodiments have been described assuming that a temperature is almost constant. If the ,.

15 temperature condition is extremely variable when the motor is rotating, it is expected to use a temperature
compensation means. And, to compensate for a temperature change, a temperature sensor is generally an .
essential component. Therefore, the inventors propose a techmcal means to detect the motor temperature
without using a temperature sensor. =
Specifically, as shown in Fig. 31, a Hall voltage and a magnetic flux density have a prescribed
20 proportional relation and, as shown in Fig. 32, a magnetic flux density and a temperature aiso have a
prescribed relation. Fig. 33 shows output voitage waveforms of the magnetic sensor when the rotor is
rotating. it is seen that the magnetic flux density decreases as the magnet temperature rises, and the output
voltage of the magnetic sensor. lowers as the magnetic flux density decreases. Using these relations, or Ly
determining these relations in advance, a magnetic flux density and temperature table is incorporated in the s
25 form of, for example, a ROM in the control circuit, so that the motor temperature can be monitored -
according to the output voltage of the magnetic sensor. Furthermore, a quantity of demagnetization of the
rotor magnet can be also detected according to the output voltage of the magnetic sensor. In the above
structure, since the monitored temperature can be detected according to a change in analogue output value -
of the magnetic sensor, a dedicated temperature sensor is not required, enabling to reduce the cost. And,
30 the demagnetization of the rotor magnet due to a temperature increase or unexpected phenomena can be
detected according to a change in analogue output value of the magnetic sensor, so that degradation of the
magnet performance can be seen. Besides, a temperature of the magnet being rotated can be directly
detected without using a temperature sensor. I
in view of the fact that the magnetic sensor and the magnetic flux density are mﬂuenced by a s
35 - temperature as described above, the following embodiment proposes a structure that the motor interior can -
be cooled. Specifically, as shown in Fig. 34 to Fig. 36, a fan is formed. Fig. 34 and Fig. 35 show that
leading ends 10b of magnetic pole portions of a steel plate 10a of the rotor yoke 10 are bent slantingly in
the form of a fan. Therefore, ventilation is made by the leading ends 10b of the magnstic pole portions of
the steel plate 10a when the rotor is rotated, to cool the magnetic sensor. Thus, an effect by an ambient s

113 SN

40 temperature change is reduced, and a stable output voltage is attained. Fig. 36 shows that a fan 39 fixed to : '
the rotational shaft 7 is disposed bstween the rotor end face 8b and the magnetic sensor 16. In the same £
way as above, the magnetic sensor and the motor are cooled, and a stable output voitage can be obtained.

This fan 39 is made of a nonmagnetic material so as not to effect on the leaked magnetic flux from the rotor :
end face. Therefore, the fan 39 does not cause a detection failure. z

Industrial Applicability

This invention can detect a peak point of the magnetic flux density around a rotor in a brushless motor
which detects a rotational position of the rotor using a magnetic sensor, and is optimum for a brushless
50 motor which is required to have a high motor efficiency.

Claims

1. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having

55 a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a fisld permanent magnet which is inserted in each
magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic

sonsor for detecting a magnetic flux feaked outside from an end face of the rotor, the magnetic sensor
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a detected signal due to irregular magnetic fluxes near the end face of the rotor.

2. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having

a rotor yoke which is formed: by laminating many steel plates, the rotor yoke having an even number of

magnetic pole portions protruded outward. and a field permanent magnet which is inserted in each

- magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic

10 sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor

being positioned at a prescribed distance from the end face of the rotor, the prescribed distance being

in a range of a distance or less that the magnetic sensor can directly detect the magnetic flux ieaked

outside from the end face of the rotor and also a distance or more that a noise is generated in a

detected signal due to irregular magnetic fluxes near the end face of the rotor, and the magnetic sensor

15 being set to scan a range from a point of a minimum distance from the rotatable shaft center to the
outside of the field magnets to the outer end of the rotor.

3. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having
a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of
20 magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each
' magnetic pole -portion or every other magnetic pole portions, characterized by having a magnetic
sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor
being positioned at a prescribed distance from the end face of the rotor, the prescribed distance being
in a range of a distance or less that the magnetic sensor can diractly detect the magnetic flux leaked -
2 outside from the end face of the rotor and also a distance or more that a noise is generated in a
detected signal due to irregular magnetic fluxes near the end face of the rotor, the rotor yoks having a
groove between the rotor magnetic pole portions, and the groove having a bottom which is substantially
aligned with the relative trajectories of rotation of the magnetic sensor.

30 4. A brushiess motor comprising a stator and.a rotor rotatably supported within the stator, the rotor having

a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of

magnetic poie portions protruded outward, and a field permanent magnet which is ‘inserted in each

magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic

. sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor

35 being positioned at a prescribed distance from the end face of the rotor, the prescribed distance being

in a range of a distance or less that the magnetic sensor can directly detect the magnetic flux leaked

outside from the end face of the rotor and also a distance or more that a noise is generated in a

“ detected signal due to irregular magnetic fluxes near the end face of the rotor, and attaching a

--> nonmagnetic plate for reducing a noise between the magnetic sensor and the rotor end face.

5. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having
a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of
miagnetic pole portions protruded outward, and a field permanent magnet which is inserted in each
magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic
45 sensor for detecting a magnetic fiux leaked outside from an end face of the rotor, the magnetic sensor
being positioned at a prescribed distance from the end face of the rotor, the prescribed distance being
in a range of a distance or less that the .magnetic sensor can directly detect the magnetic flux leaked
outside from the end face of the rotor and also a distance or more that a noise is generated in a
detected signal dus to irregular magnetic fluxes near the end face of the rotor, and an end face of the

50 field magnet being positioned at least inside the rotor end face on the side of the magnetic sensor.

6. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having

a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a fisld permanent magnet which is inserted in each

55 magnetic pole portion or every -other magnetic pole portions, characterized by having a magnetic
sensor for detecting a magnetic flux leaked outside from an end tace of the rotor, the magnetic sensor

being positioned at a prescribed distance from the end face of the rotor, the prescribed distance being

in a range of a distance or less that the magnetic sensor can directly detect the magnetic flux leaked
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Si gnal .a | ead 14b can be easily inserted verticalTy and horizoataHy in
the magneti c sensor board, and the | ands 20 have p

al | ow sol dering. The lead 14b is a. flat cable havﬂm'ﬁmﬂmlgmﬂimsul at or
for lines, so that it can be quite eadi8y inserted #n

such as the |ands 20. The magneti c sensor board 15 has a size such that |ts
out er perdusiteripm2ibe iesd faos iot therretdr anuisalsbes distance tontrore thati 4 nd® isgeherated! inANEr B
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r ot at abl e2 @F?af/qke hichnis fermed By, faminatip quny &lpg) plates, the rotor yoke having an even number of -3
magnetic pole portions protruded outward, and a field permanent magnet which is inserted in each '-"»'-i
magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic K
sensor for detecting a magnetic flux leaked outside from an end face of the rotor, and the magnetic
10 sensor being set to scan a range from a point of a minimum distance from the rotatable shalt center to -
the outside of the field magnets to the outer end of the rotor. - o

8. A brushless motor comprising a stator and a rotor rotatably supported within the stator, the rotor having =

a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of _; J

15 magnetic pole portions protruded outward, and a field parmanent magnet which is inserted in each

magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic

sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor

being set to scan a range from a point of a minimum distance from’ the rotatable shaft center to the

outside of the field magnets to the outer end of the rotor, caulking sections for fixing the laminated steel

20, plates, and the caulking sections having their distance from the rotatable shaft center shorter than the
distance between the rotatable shaft center and the field magnets.

9. A brushless motor comprising a stator and-a rotor rotatably supported within the stator, the rotor having -

a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even number of _'~.'-.jf

25 magnetic pole portions protruded outward, and a 'fisld permanent magnet which is inserted in each
magnetic pole portion or every other magnetic pole portions, characterized by having a magnetic

sensor for detecting a magnetic flux leaked outside from an end face of the rotor, the magnetic sensor

being set to scan a range from a point of a minimum distance from the rotatable shaft center to the

outside of the field magnets to the outer end of the rotor, and the magnetic sensor being movably :
30 disposad axially. -

10. A brushiess metor according to Claim 7, wherein the magnetic sensor is set to scan a'range from a
point-of a minimum distance from the rotatable shaft center to the outside of the field magnets to the =
middie point between the outside of the field magnets and the outer end of the rotor. -
35 ' -
11. In a brushless motor comprising a stator and. a rotor rotatably supported within the stator, thé rotor .
having a rotor yoke which is formed by laminating many steel plates, the rotor yoke having an even i
number of magnetic pole portions protruded outward, and a field permanent magnet which is inserted g
in each magnetic pole portion or every other magnetic pole portions, a method for disposing magnetic <3
40 sensors in the brushless motor is characterized by having a plurality of magnetic sensors for detecting £
a magnetic flux leaked outside from an end face of the rotor, disposing the plurality of magnetic I
sensors on circles having different diameters to provide a prescribed angle of lead, adjusting a )
rotational angle of the magnetic sensors to correct the angle of lead, and narrowing a space between
. the magnetic sensors. ) o _ .
45
12. A bidirectionally rotatable brushless motor comprising a stator and a rotor rotatably supported within the
stator, the rotor having a rotor yoke which is formed by laminating many steel plates, the rotor yoke
having an even number of magnetic pole portions protruded outward, and a field permanent magnet
) which is inserted in each magnetic pole portion or every other magnetic pole portions, characterized by
50 attaching a magnet piece to be detected to an end face of the rotor to specify a rotational position of
the rotor, and disposing a magnetic sensor for detecting a rotational position of the rotor rotating in one
direction and another magnetic sensor for detecting a rotational position of the rotor rotating in the other
direction in the vicinity of the trajectory of rotation of the magnet piece to be detected, the one direction
magnetic sensor and the other direction magnetic sensor being displaced respectively by a prescribed

85 angle substantially equal to the angle of lead of a magnetic flux in opposite directions with respect to a
rotating direction of the rotor.
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22 -can be formed easier, an insulated space bet ween the pat - - 39 -
terns can be secured sufficiently, it is not neces ﬂﬂ loattern
outside of the lands 20, and the Iandsﬁg}'can be fﬂﬂ“‘flmimu I ype
like a letter C. Furthernore, since th gle in the' rotatlng direction is
sufficient in a size between the pitches of the Hall |1 C as described after-
war,d, thd%sh bshigss maler apcerding |‘Q:c§'§hbc7r Therallgwhesein e g1agnstic gangor 6’6?;%?5&'393??8 its
product i on uiside tegotprsad fags. and @eg}"i‘SWé"’ #99eP" {PisPoses BN the Magnptic FRIPI PEAd:| ead when
ved out war i 1o;nitihe shaf t

t he Hal | 13 G %rushless motor according to or 12, wherein aC ﬁglt IS ris tygleé gr %e magnetic sensor,

§ and a distance between the Hall IC and the rotor end face is at least larger than the thickness of the
field magnet.

15. A brushless motor according to Claim 1, 7, 11 or 12, wherein a Hall element is used for the magnetic
sensor, and a temperature of the motor is detected according to the relation among a Hall voltage, a
10 magnetic flux density and a temperature.

16. A brushless motor according to Claim 1, 7, 11 or 12, whersin leading ends of magnetic pol_é portions of
- @ steel plate of the rotor yoke are bent slantingly in the form of a fan, and ventilation is made by the
leading ends of the magnetic pole portions by the rotation of the rotor to cool the magnetic sensor.
15 )
17. A brushless motor according to Claim 1, 7, 11 or 12, wherein a fan fixed to the rotatable shaft is
disposed between the rotor end face and the magnetic sensor.

18. A brushiess motor according to Claim 13, wherein a plurality of magnetic sensors are disposed to

20 oppose the rotor with the magnetic sensor board therebetween, and the magnetic sensor board is
provided with a shield shest.

19. A brushless motor according to Claim 13, wherein a plurality of magnetic sensors are embedded in the
magnetic sensor board, and the magnetic sensor board is molded with a resin excelling in radiation.
25

20. A brushless motor according to Claim 13, wherem the magnetic sensor board has a ftxmg land around
a mounting hole for fixing said board.

21. A brushless motor according to Claim 13, wherein generating coils are disposed on the magnetic

30 sensor board to obtain a back electromotwe force by said coil with the leaked magnetic flux from the
rotor.

22. A brushless motor according to Claim 13, wherein generating ‘coils are disposed on a tooth portion of
the stator to obtain a back electromotive force by said coil with the leaked magnetic flux from the rotor.
35 .
23. A brushless motor according to Claim 13, wherein a part, which protrudes toward a housing-member of
the brushiess motor, is disposed on a mounting plate to which the brushless motor is fixed, generating
B coils are attached to said part, said housing member has a hole formed to align with said generating
' coils, and said part is passed through the hole to set sald generating coils close to the rotor end face.

24, A brushiess motor according to Claim 13, wherein generating coils are disposed outside a housing
member to obtain a back electromotive force by said coil with the leaked magnetic flux from the rotor.
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posLTiph of RR1 mmfromthe shaft center as the reference. Fig. 10 shows a
noving angle of the Hall ICin the rotating direction to obtain the maxi num
efficiency when the Hall 1Cis noved outyward with R21 nmfromthe shaft
center as the reference. InnFig. 8 to . 10, determning an angle in the
rotating direction of the rotor to be (+) and an angle in the
counfer-rotating direction of the rotor to be (-), when the Hall ICis
sinmply noved outward fromR21 mmto R23 mm the rotor detection position is
proportionally on the ad- vanci ng,sd .Pecause a magnetic flux close to the
stator, which is a | eaked magneti to be attracted, is picked up as
seen in Fig. 9. But, after passing R23 mm an advanc- ing degree tends to
decr ease gpadsHiEsymbeomuse t he shape of :

A brushless motor which includes a stator (9) and a rotor (8) rotatably supported inside the stator. The rotor
has a rotor yoke (10) formed by laminating a large number of steel plates. the rotor yoke has an even number of
magnetic pole portions (8a) protruding outward, and a field magnet (11) is fitted to each of the magnetic pole
portions or every other magnetic pole portions. A magnetic sensor (16) is disposed within the range in which the
sensor {16) can directly detect a magnetic flux leaking outside from an end face (8b) of the rotor (8) and is less
affected by irregular fluxes near the rotor end face (8b), so that this sensor can detect a peak point of a flux
density around the rotor. A magnetic sensor is disposed within the range where the influences of the irregular
fluxes are small. A magnet (17) to be detected is fitted to the rotor end face (8b), and a magnetic sensor (16X)
for one direction and a magnetic sensor (16Y) for the other direction are disposed near the trajectory of rotation
of the magnet to be detected, and these sensors are disposed in the opposite direction to the rotating direction
of the rotor in the arrangement such that they are deviated from one another by predetermined angles.
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the magnetic pole portion is limted. And, when the Hall IC -40- is
nmoved outward fromR21 nmto R26 mm' the angle of |lead is excessive,
deviating the position of the maxi numefficiency of the angle of |ead, and
the nmotor efficiency is |lowered. But, as seen in Fig. 10, it was
experinmentally found that when the Hall 1C was noved to the (-) side, the
-maxi mum ef - ficiency was obtained at respective positions and the ob-

tai ned maxi mum efficiencies were substantially not dif- ferent. Wen the

~Hall_ 1Cis at R20.5 nmor below or R26.5 ﬁm?or nore fromthe shaft center, .
t he notor does. not rotate. :

FIG.28
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Therefore, the applicable areas in the draw,ng are hatched. VVth t he Hal

| € 16¢c (R21 fromthe shaft center) as the r(-:-gc erence, the Hall |-CVaBE-{ RE2
from he shaft center) is pos|t|oned nornal Iy at an anglé of 60 degrees. As
'shown in'Fig. 9, when the pdsition is 1 nmoutside fromthe shaft center,
~the electrical angle advances by 15 degrees. On the_other hand, _as shown in

.Fig. 10, when the rotational angle of the Hall |C |s rRNRIACHEMENTSHERTS SG
maxi mum ef fi ci ency can be obtained, and [Ferr] beco1ﬂ§”ﬁﬂ;aﬂghezﬁe&%@&ﬂp&hewiéa
‘Hall 1C 16¢c and the Hall | C 16b. Sinilarly, an ang| e[ .
between the Hall -1 C 16b and the Hall IC 16a. As a [@Bubtw ardi; .,,@@L?,J,
between the Hall 1Cs could be narrowed by [err] as thgggug'MAQ&; -;.U?r
and the nmagnetic sensor board. 15 SREGIF AN conpact.

Brushless Motor DATE OF RECEIPT .. 2217 ...

Technical Field

This invention relates to a brushless motor which has a
rotor having field pérmanent magnets inserted iqto a rotor
yoke made of laminated steel plétes and a magnetic senso; dis-

posed to oppose to the end face of the rotor.

Background Art

Generally known conventional brushless motors consist

of a rotor which has a plurality of field permanent magnets

~inserted into a rotor yoke maée of laminated steel DTatés.
and a stator which has a magnetic pole portion opposed to.
the outer peripheral face of the magnet portion of the rotor
with a small gap therebetween.

This type of brushless motor is proposed, to detect a
rotational position of the rotor, to adhere to an end face
of the rotor a_magnet piece to be detected for specifying a
rotational position of the rotor, to dispose a magnetfc
sensor near the trajectory of rotatioh of the magnet piece
to be detected, and to use the magnetic sensor to detect
magnetism of the magnet piece to be detected..thereby

detecting the rotational position of the rotor.
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Fig. 11 is a side view of the Hall IC and the rotor end - 41 - face. To
detect a magnetic flux | eaked fromthe magnetic pole portion 8a in the
out si de space of the rotor 8, the nagnetic sensor (Hall I1C) 16 di sposed on
t he magnetic sensor board 15 is directed toward the rotor end face 8b, and
a space between the rotor 8 and the nagngetd c sensor board 15 is adjusted
wth a stepped shaft 28. Mre specifically, one end 28a of the shaft 28 is
i nserted into the nounting hole 21 of the nagnetic sensor board in a
direction Q and soldered on a | and side 15a. Another end 28b is forced into

Fig. 37 shows a vertical sectional view of the above
brushless motor having the magnet pieces. A brushless motor
51 has a pair of housing members 53, 54 fastened with bolts
52, and these housing members 53, 54 rotatably support a
rotatable shaft 57 with ball bearings 55, 56. To the
rotatable shaft §7, a rotor 58 is fixed, and one end of the
rotatable shaft 57 is strubtured to protrude from the end
face of the housing member 53 to externally transmit a
rotary force of the rotor 88. A stator 58 is disposed
around the rotor 58 and held between the housing members'ss,

54.

The rotor 58 consists of a rotor yoke 80 which has many
steel plates laminatéd. and a plurality of field permqneht
magnets 61 which are inserted into the rotor yoke 50. The
stator 59 consists of a stator yoke 62 made of laminated
steel plates, and stator coils 63 wound on the stato} yoke
682. A part of the inner peribheral face of the stator yoke
62 forms a magnetic pole portion 5%a of the stator, and the
stator magnetic pole portion 59a is opposed to the outer
peripheral face of a magnetic pole portion 58a of the rotor
58 with a small distance therebetween. : -

A magnet piece 64 to be detected is adhered to an end

face 58b of the rotor 58. A magnetic sensor board 66 having

a plurality of magnetic sensors 65 disposed is fixed to the
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the stator magnetic pole portion (not shown) and fixed. The space. bet ween

the rotor end face and the Hall IC.is adjusted according to a size L1 of
the shaft 28. In this enbodi nent, when the axial distance between the rotor
end face and the Hall ICis less than 2.3 mm .many magnetic fluxes |eak

fromthe rotor end face, so that nor mag operation cannot be nade.
Therefore, the size L1 is set to be 2.3 nmor nore. And, it was _ _.
experinmental ly found about the magnetic flux that a thickness of the field
per manent magnet is pro- portionally related with the space between the

t end .f | C cificall fi.el ent magnet
becorres. t U fhenties] s, ey, S viaiB st B Tt T " hagner
Increases"‘%{ég'eetﬁa\bge%dg 5t4he:d-lqgé Je‘%ééte?ﬁpar ated fromthe rotor end face,

sensi ng can
In the above structure, when the rotor 58 of the brush-

less motor 51 rotates, the magnet piece 64 to be detected is
also rotated and approached to the magnetic sensors 65 when
it is rotated 360 degrees. The magnetéc sensors 85 detect
magnetism of the magnet piece 64 to be detected to detect
the rotational position of the rotor §8. But, it is known
that since this brushless motor 51 has a large distance be-
tween the field permanent magnets 61 and the stator magnet
pole portion 5Sa, a magnetic flux is attracted in the rotat-
ing direction by an interaction with the stator magnetic
pole portion 58a wheh rotating, and the position of a mag-
netic flux density peak point iﬁ an outside space of the
rotor 58 does not agree with the actual rotational position
of the rotor 58. |
Fig.'aa shows a difference between a change of the mag-
netic flux density in the outside space of the rotor end
face 58b of the brushless motor 51 and the rotational posi-
tion of the rotor 58 detected by the magnet piece 64 to be
detected. 1In Fig. 38, the horizontal axis shows a lapse of
time, and the vertical axis:shows the magnitude of an elec-
tric signal. Curve L1 shows a change of the mégnetic flux

density in the outside space of the rotor end face &§8b, and
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Furthernore, the lead 14b is inserted into the land 20 from - 42 - atop
face P of the nagnetic sensor board 15 and fixed by soldering or with a

resin. Fig. 12 is a side view show ng anot her enbodi mrent of the Hall 1C and
the rotor end face. 1In this case, the mag- netic sensor board 15 and the
magnetic sensor (Hall I1C) 16 are digposed to face opposite fromthe above

enbodi nent. The space between the rotor 8 and the magnetic sensor board 15
is adjusted according to a size L2 of the stepped shaft 28, and the
nmounting space of the Hall ICis equal to the '

kinked line L2 shows the rotational positioniqf the rotor 58
detected by the magnet piece 64 to be detected. It is seen
from the drawing that in a brushless motor having field
permanent magnets in a rotor yoke and a relatively large
distance between the field permanent magnéts and a stator
magnetic pole portion, a magnetic flux during rotation is
attracted in the rotating direction by the stator magnet{c
pole portion, and the magnetic flux density (curve L1) forms
a waveform advanced than the actual rotational positidn
(kinked 1ine L2) of the rotor.. Specifically, the alternate
long and short dash line indicates a state that the magnetic
flux density (curve L1) is not advanced than the actual
rotational position (kinked line L2) of the rotor, but the
magnefic flux density (cuyve L1) indicated by the solid line
is advanced by a time difference T at the pos{fion of point
0 of the electric signé] than the magnetic flux density
(curve L1) indicated by the alternate long and short dash
1ine. This time différence T can be converfed into a rota-
tional angle of the rotor, and this rotational ané]e is
equal to the disp]acément of the magnetic flux. And it is
known that this displacement of the magnetic flux
(hereinafter referred to as an angle of lead) increases ;ub—

stantially in proportion to the magnitude of a current ap-

plied to the motor.




size L2. Furthernore, since the shaft end 28a is inserted in the opposite
direction and soldering is made in the oppo- site direction, or the | and
side.1l5a is faced to the oppo- site direction fromthe end face 8b,
soldering to the land side 15a is nade easy. And, the |lead 14b is sol dered
as it is on a wde area of-the | and 20, d the soldered face and.every
parts such as the Hall | C are positioned on the | and side 15a, making it
easy to produce. To a counter-land side 15b, a shield sheet 29 is affixed
to prevent a noi se of the board fron1n1X|ng with a noise of the | eaked

fl f d.f f h fI £
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the Sh'eldffufetdgﬁs§9ytBgaﬁnggﬁE LA"Pns! §6+8448"Epace of the rotor

58 from the agtua1 rotational position of the rotor 58, when
a Hall IC is used, a rotat{ng speed is fixed at 1200 rpm,

' and torque is varied, the deviation of the peaks of the mag-
netic flux density outside of the. rotor and the signai of
the Hall IC obtained from the magnet to be detected at the

maximum efficiency with respective torque is as follows.

Torque Deviation of Hall IC and Maximum

(Kgm) peaks of magnetic flux efficiency (%)

density (electrical angle)

.05 : 20° % 10° 90

0.10 22.5°t 10° 87

0.15 25° = 10° 85

0.20 28.5°t 9° 82

0.25 30° . % 9° 79

As obvious from the above table, the peak'point_of the
magnetic flux density in the space around the rotor 58 is
advanced than the actual rotational position of the rotor
58. Further, this angle of lead is almost proportional to
the motor torque, and an attaching error of the Hé]] IC to
obtain the maximum efficiency is in a range of 20°(%10°),
but a tolerance becomes small as the torque increases,
making it'difficu1t to attach.

| Fig. 39 is a magnetic sensor board of a three-phase '

four-pole brushless motor. 1In this case, a Hall IC was used




to externally output a stable signal and also to neasure a - 43 -
magnetic flux near by about 30%to the rotor end face as conpared with the
ordi nary space between the rotor end face and the sensor board wi thout

provi ding the shield sheet 29. Fig. 13 shows another enbodi ment of the
rotor end face. A rotor 30 consists of grotor nmagnetic pole portions 30b
radially protruded at an angl e of 90 degrees and field permanent magnets 31
inserted into rotor magnetic pole por- tions 30a. At the center of the

rotor 30, a rotatable shaft 32 is inserted, and the rotatable shaft. 32 and
the rotor.§gr the magnetic sensor. A Hall IC 65 is one IC combining a

function of detecting the direction of a magnetic field
using the Hall effect and the function of an amplifier.

Whén N pole is approached to above the Hall Ic; output is
about 5 (V), and when S pole, output is 0 (V). Therefore,
one cycle of an electrical angle becomes N (5V) and § (0V),
but since one cycle of a mechanicai angle becomes N, S, N
and S, it is known that the electrical angle to the mechani—
cal angle is 2 to 1. (The slectrical angle will be
hereinafter referred to as the "electrical angle”, and the
mechanical angle W111 not be indicated.)

Generally, the three-phase four-pole brushless motor
needs three Hall ICs 85 at intervals of 60 degrees
peripherally on a circle having the same diameter (a dis-
tance R from the center axis is 23 mm in this example, which
will be simply referred to as "R23“.hereinafter). and they
are soldered at intervals of 60 degrees on the magnetic
sensor board 66. Furthermore, mounting holes 67 are formed
at two locations of the magnetic sensor board 86 to fix to
the hdusing member, and a pattern 69 is not formed on a
peripheral portions 68 around the mounting holes 67. Lands
70 are diéposed aé connections to drive the Hall ICs 65 or
to externally output a signal, and a through hole 71 is -

formed at the center of each land 70. A lead 72 is inserted
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are integrally fitted by shrinkage fitting. Each field pernmanent magnet 31

Is inserted in the bases of every other

N pole (or S pole) is positioned on the rotatable shaft side. The mag-

netic fluxes of the field permanent magnets 31 are guided by the |eading

ends of the nagnetic pole portions 30a to get in or out of the outer

peri pher al

direc- tion.

face of each rotor magnetic pole portion 30b. Thus, the rotor
is alternately mag- netized in the N.and.S poles in the circunfereftial
An area between imaginary lines B-Cin the drawing (in this
case, a distance-fromthe center axis is fromR23 mmto R26 nm indicates

an area that when a top 33 of a Hal

not or

" AEPLAGEMEN: -

board 66 and soldered on the land 70. The magnetic sensor
board 66 hés an outer periphery 73 to locate inside the coil
63 and an inner periphery 74 to locate outside the outer
periphery of the housing bearing. Ana, an angle in the
rotating direction is in a shape that a size for the mount-
ing holes 67 is added to an arranging angle of 120 degrees
for the three Hall ICs, so that the pattern ié closely
formed although thé magnefic sensor board has a large sﬂape.

Since the above conventional brushless motor detects
only the rotational position of the rotor using the magnet
piece to be detected, it has disadvantaées that an angle of
lead of the magnetic flux which varieé depending on the
motor current or motor torque cannot be detecteq, and when
the magnetic pole portion of the stator is excited Sased on
the detected signal, the stator magnetic pole portion which
generatéé a rotary force most cannot be excited, and the
motor- efficiency is lowered.

On the other hand, it is considered to dispose the mag-
net piece to be detected or the magnetic sensor previously
displaced in one directidn assuming the angle of lead a mag-
netic flux, but this method cannot be applied to a bidirec-
tionally rotatable brushless motor which is réquired to

rotate the rotor in both directions.

magneti c pole portions 30a so that

30

IC 32 enters this area by the rotation
of the rotdmn 3he athveguget o Td UK sfdne hihey ek ioh thee onegnst bb| sersalr t he



can be driven. - 44 - Furthernore, an area between imaginary lines B-D
(in this case, a distance fromthe center axis is fromR8 mmto R23 mm

i ndicates an area that the rotor 30 is unstable. In this area, the magnetic
fluxes of the nmagnetic pole portions having the field permanent magnet and
not having have dif- ferent novenents, .the magnetic flux sw tching section
be- comes unstabl e and the notor canriof Be driven. In the above

description, a magnetic sensor signal has been explained to be taken from
t he magnetic flux | eaked

While the above method detects the rotafiona1 position
of the rotor yoke by the above magnetic sensor, there ig a
known sensorless brushless motor which detects the rota-
tional position of the rdtor by utilizing a back electromo-
tive force to be generated on the stator side by the rota-
tion of the rotor.

This sensorless brushless motor can detect the highest
position of the magnetic flux density around the rotor, but
has a disadvantage that an electric circuit is complicated
because the back electromotive force generated on the stator

side is detected.

Summary of the Invention

Accordingly, an object of this invention is to provide
a brushless motor having a rotor which has a plurality of
field permanent magnets inserted into a rotor yoke made of
steel plates laminated in many numbers, which, in a simple
structure, can detect the peak point of a magnetic flux
density with respect to an angle of lead of the magnetic
flux variable depending on the motor current, and has a hjéh
motor efficiency (brushless motor of a first group).

Another object of this invention is, in the above type
of brushless motor, to provide in a simple structure a

brushless motor which can detect the peak point of a mag-

wﬁ'{;lf:\btwn..a .
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fromthe rotor end face, but this inventionis not linmted to it. \Wen rare
earth magnets having a high energy product (BHMAX25M3Ce) are inserted in
the rotor to cause nagnetic saturation at one spot at a mninmumon the
rotor end face and a magnetic flux is | eaked intentionally on the outside
‘of the rotor, a quantity of nagneti smwhich flows the nmag- netic sensor is
i ncreased, and detection can be made 3ati s- factorily even when the.
magneti c sensor has variations in the property. In particular, when the
magnetic saturation is close to a place where poles are switched, detention

can be magdgtsbakbhuxabeRsIRY whitdblrasheche tdnahaling1eF il H@au WalrGapitle IS tO
be understood that reliability of the notor is inproved and assenbling is

facilitatadpbydingr easithg moeoaxitadlrqliesandc hakeWpaight MR tBRyREH C sensor
and the rotor end
ficiency, and to provide a brushless motor whose cost is
reduced by miniaturizing a magnetic sensor board and improv-
ing a fixing method (brushless motor of a second group):

Still another object of this invention is, in the above
type of brushless motor, to provide in é simple structure a
bidirectionally rotatable brhsh]ess motor which can detégt
the peak point of a magnetic flux density around the rotor
when rotating in either direction, and has a high motor ef-
ficiency (brushless motor of a third group).

Other objects of this invention are to provide a small
number of devices capable of improving the performance of
the above brushless motors.

The brushless motor of the first group accofding to
this invention, in a brushless motor comprising a stator and
a rotor rotatably supported within the stator, fhe rotor
having a rotor yoke which is formed by laminating many steel
pTates. the rotor yoke having an even number of magnetic
pole portions protruded outward, and a field permanent m;g-
nét which is inserted in each magnetic pole portion or every
otherlmagnétic pole portions, is characterized by having a
magnetic sensor for detecting a magnetic flux 1gaked outside

~from an end face of the rotor, the magnetic sensor being

T REPLAEwcf SHEE
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face. - 45 - As obvious fromthe above description, according to the
brushl ess notor of the second group of this invention, the magnetic sensor
i s disposed at a prescribed distance fromthe end face of the rotorto
directly detect the magnetic flux of the field permanent magnets | eaked
outside fromthe rotor end face by_tje_magnetic sensor, so that when.the
mag- netic flux of the rotor during rotation is attracted in the rotating

direction by the interaction with the magnetic pole portions of the stator
or the angle of |ead of the magnetic

positioned at a prescribed distance from the'end face of the
rotor, the prescribed distance being in a range of a dis—
tance or less thatlthe magnetic sensor can directly detect
the magnetic flux leaked outside from the end face of the
rotor and also a distance or more that a noise is‘geherated
in a detected signal due to irregular magnetic fluxes near
the end face of the rotor.

Therefore, the brushless motor of this invention has
the magnetic sensor disposed at the prescribed distance from
the end face of the rotor to directly detect the'magnetié
flux leaked outside of the rotor end face through the rotor
yoke, so that a position of the peak point of the magnetic
flux density around the rotor can be detected even when the
magnetic flux of the rotor is attracted toward the rotating
direction by the interaction with the stator when rotating.
Thus, an optimum magnetic pole portion of the stator can be
excited according to the position of the peak point of the
magnetic flux density around the rotor, and a brushless
motor havjng a high motor efficiency regardless of the angle
6f lead of the magnetic flux can be obtained.

And, in the brushless motdr of this. invention, the mag-
netic sensbr can directly detect the magnetic flux from the
field permanent magnets of the rotor and is dispésed at the

distance so as not to be largely affected by irregular mag~




flux is varied depending on the notor current (nmotor torque.), the position
of a peak point of the magnetic flux density in the external space of the
rotor is always detected to excite the optimum magnetic pole portion of the
stator, so that the notor efficiency can be inproved. In addition, the
‘maxi mum ef ficiency has | ess change with respect to the nounting error of
the Hall 1Cin the rotating directiofl~and the angle of lead is sane
regardl ess of the |oad, so that setting can be nade under any |oad. And,
since the magnetic sensor board of this invention has the nounting .hol es
for fixingdhiec senscss bosad the postolr aénd htacelf eTapgel pheegucihe i nner
peri phery of the sensor board can be w dened to the rotatable shaft, the
i nsul at ed pEERs b viwere tert pie t eFonat ashdwi necthedretatienaht bosiamdn
of the rotor. And, the magnet piece to be detected required
in conventional brushless motors can be omitted to provide a
brushless motor having a simple structure. -

In this specification, the magnetic sensor is used in a
sense including a coil. Therefore, the coil is included-in
a concept of the magnetic sensor not only in the invention
of the first group but also through the fo]Towing descrip-
tion.

The brushless motor of the second group according to
this invention, in a brushless motor comprising a stator and
a rotor rotatably supported within the stator, the rotor
having a rotor yoke which is formed by laminating many steel
plates, the rotor yoke having an even number of magnetic
pole portions protruded outward, and a field permanent mag-
net which is inserted in each magnetic pole portion or every
other magnetic pole portions, is characterized by having a
magnetic sensor for detecting a magnetic flux leaked oufside
from an end face of the rotor, setting a radial distance of
the magnetic sensor from the center of a rotatable shaft to
scan a range outside of the field magnets and inside of the

outer end of the rotor, disposing a plurality of magnetic

_sensors on circles having different diameters on a magnetic

wiitef
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t he shape of the connection land with the | ead can be - 46 - changed. As
aresult, the lead can be easily inserted and connected. And, changi ng of
the distance of the Hall 1C fromthe shaft changes the angle of |ead, and
the angle be- tween the Hall 1Cs can be narrowed. As a result, the size of
t he magnetic sensor. board can be made small, and the cost can be reduced.
The brushl ess motor of the third grddp of this inven- tion will be_
described. As shown in Fig. 14, the brushless notor of the third

sensor’ board, and arranging a pftch intervaI'of each mag-
netic sensor on the circle different from a pitch interval
of a stator winding phase.

And, the brush]gss motor of the second group according
to this invention, in a brushiess motor comprising a stator
and a rotor rotatably supported within the stator, the rotor
having a rotor yoke which is formed by laminating many steel
plates, the rotor yoke having an even number of magnetic
pole portions protruded outward, a field permanent magnet
which is inserted in each magnetic pole bortion or every
other magnetic pole portions, and a plurality of magnetic
sensors to detect a magnetic flux leaked outside from an end
face of the.}otor, is characterized by a method for dispos-
ing the magnetic sensors that the plurality of magnetic,'
sensors are disposed on circles having different diameters
to advance a rotor detecting position, a rotational angle of
the magnetic sensors is adjusted to delay the angle of lead,
and a space between the magnetic sensors is narrowed.

Therefore, since the above brushless motor of this in-
vention disposes the magnetic sensors at a prescribed dis-
tance from the end face of the rotor to directly detect the
magnetic flux of the field permanent magnets leaked outside
from thg rotor end face by the magnetic sensors, when the

magnetic flux of the rotor during rdtating is attracted in
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group basically has the sanme structure with the one showmn in Fig. 1 and,
therefore, the sane conponents are given the sane reference nunerals and
their description is omtted. In Fig. 14, to an end face 8b of the rotor 8,
a magnet piece 17 to be detected is attached to specify a rotational
position of the rotor 8. To the innegzend face of the hous- ing menber 3
near the trajectory of rotation of the nagnet piece 17 to be detected, a CW
magnetic sensor 16 (16X) for detecting a rotational position of thé rotor 8
rotating clockwi se and a CCW nagnetic sensor 16 (16Y) for detecting a

11Ol LA, DLPok L.t P LR R FRCHEERLRE B ot
14. The rQ%QEn?tFQhEé?éspgptigﬁ 5Pt PheY2K§1e of lead is varied due to

the motor current (motor torque), the position of the beak
point of the maénetic flux density in the outside space of
the rotor is always detected to excite an optimum magnetic
pole portion of the stator, and the motor efficiency can be
improved. Further, since a change in the-maximum efficiency
against a mounting error of the magnetic sensors in the
rotating direction is less and the angle of lead is same
regardless of the load, setting can be made under any load.

And, the method for disposing the magnetic sensors ac-
cording to this invention can vary 'a distance of the hag-
netic sensors from the shaft to change the angle of lead and
narrow the angle between the magnetic sensors. As a result,
the size of the magnetic sensor board is reduced and_its
cost is lowered. - .

The brushless motor of the'thirdigroup according to
this invention, in a brushless motor comprising a stator and
a rotor rotatably supported within the statof, the rotor
having a rotor yoke which is formed.by Taminating many steel
plates, the rotor ydke having an even number of magnetic
pole port{ons protruded oufward,'and a field permanent mag-
net which is inserted in each magnetic pole portion or every

other magnetic pole portions, is a bidirectionally rotatable




10 made of the lam nated steel plates and the field - 47 - permanent
magnets 11, and the rotor yoke 10 has four ex- ternally protruded sections
in aradial direction at an angle of 90 degrees on its outer periphery.
These four protruded sections of the rotor yoke 10 have the field permanent
‘magnet 11 inserted in their bases sqthat N and S poles are alternately
positioned to face outward to respec- tively formthe rotor magnetic pole
portion 8a. In the drawing, reference nuneral 18 indicates caul king
sections for integrally caul king the steel plates.

brushless motor which is characterized by attaching a magnet
piece to be detected to an end face of'the rotor to specify
a rotational positioﬁ of the rotor, and disposing é one
direction magnetic sensor for detecting a rotational posi-
tion of the rofor rotatihg in oné direction and an othe£
direction magnetib sensor for detecting a rotational posi-
tion of the rotor rotating in the other direction in the vi-
cinity of the trajectory of rotation of the magnet piece to
be detected, the one directibn magnetic sensor and the other
direction magnetic sensor being displaced respectively by a
prescribed angle substantially equal to the angle of lead of
a magnetic flux in opposite directions with respect to a
rofating direction of the rotor to detecf a desired position
of.the rotor.

Therefore, the bidirectionally rotatable brushless
motor of this invention has a magnet piece to be detected
for specifying a rotational position of the rotor, a mag-
netic sensor for_detecting a rofationa] position of the
rotor rotating in one direction aﬁd a magnetic sensor for
detecting a rotational position of the rotor rotating in the
other direction, and since these magnetic sensors are fixed
as disp?aééd by a prescribed angle almost equal to an angle
of lead of a magnetic flux in opposite directions with

respect to a rotating direction of the rotor, when the rotor

s r——— .+ Y
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At the center of an end face of one of the rotor nmag- netic pole portions
8a, the magnet piece 17 to be detected is adhered. This magnet piece 17 to
be detected noves along the trajectory of rotation R when the rotor 8
rotates clock- wise CWor counterclockwi se CCWas shown in Fig. 15. To an
end face of the housing nenmber. 3 not shown, the CWnagnetic sensor 16X and
t he CCW magnetic sensor 16Y whi ch-a5e~i ndi - cated by an imaginary line are
adhered. As shown in the drawi ng, the CWnmagnetic sensor 16X and the CCW
magneti c sensor 16Y are di sposed near the trajectory of rotation R. the CW
magneti c sensor -16X.is fixed as di splaced by an angle of a0 .in the CCW
direction?saﬁﬂt?ﬁé”@EM$H§9W§9FE?§&n§SP59G? PHtPPie.hﬁsrﬂFéﬁPaeé by an
angl e of %Bs%@i%neo di t8%0r! W3Vanced by the angle of lead of the
magnetic flux than the actual rotational position of the
rotor. This outputted rotational position.of the rotor
agrees with the peak point of a magnetic flux density in the
outside space of the rotor, so that the rotor can be rotated
most efficiently by exciting the magnetic pole portion of

the stator based on the output.

Brief Description of the Drawings
[Fig. 1] |
A vertical sectional view showing one embodiment of the
brushless motor of this invention.
[Fig. 2]
A view showing the ffont of the rotor of the brushless
motor of this invention.
[Fig. 3]
A perspective view showing a magnetic flux outside of
the rotor end face of the brushless motor of this invention.
[Fig. 4]
Graphs showing the compared analogue waveforms of mag;

netism with a distance D between the magnetic¢c sensor and the

rotor end face varied.




Assum ng that the positions of the CWnagnetic sensor -48- 16X and the
CCW magneti c sensor 16Y are P1 and P2, respec- tively, and the center

positions of the rotor magnetic pole portions 8a are PO and P3, when the
rotor 8 rotates clock- wise, a control circuit not shown receives a signa
of the CWmagnetic sensor 16X only and controls to excite the stator
magneti c pole portion 9a which corTégﬁbnds to the position PO when_the CW
magneti c sensor 16X detects a mag- netic flux at the position P1l. \Wen the
rotor 8 rotates counterclockw se, the above control circuit receives a sig-

A vertical sectional view of the brushless motor of
this invention with a nonmégnetic_plate adhered to the rotor
end face.

[Fig. 6]

Graphs showing the compared analogue waveforms of mag-
netism of a brushless motor having a nonmagnetic plate and a
brushless motor not having a nonmagnetic plate.

[Fig. 7]

A front view showing a rotor of the brushless motor of

this invention.
[Fig. 8]

A magnetic sensor board diagram of the three-phase )

four-pole brushless motor of this invention.
[Fig. 9]

A graph showing the relation between an angle of lead

and a distance from the shaft center of a Hall IC.
[Fig. 10}

A graph showing the relation betWeeﬁ a distance from
the shaft center of a Hall IC and a moving angle of the Hall
IC for obtaining the maximum efficiency.

[Fig. 11]
A side view of the Hall IC and the rotor end face of

this invention.

(Fig. 12]




nal of the CCWnmagnetic sensor 16Y only and controls to ex- cite the stator
magnetic pole portion 9a which corresponds to the position P3 when the CCW
magneti c sensor 16Y detects the magnetic flux at the position PO Referring
to Fig. 38, the sizes of the angles a0 and al will be described. As

‘descri bed above, Fig. 38 shows a dif- ference between a change of the
magnetic flux density in the outsidé?space of the rotor end face of the
brushl ess nmotor and the rotational position of the rotor detected by t he
magnet piece to be detected. And, the tine difference T can be converted
into a rotational ,angle of the rotor, and this rotational angle |s equal to

the angle of |8adiGe viewnad tha Ha¥ J€ and Fhewratarmenshdree iaf ¢ his

e”bOd'nen%hotﬂ%rd%WH%%Q%ent of this invention.

[Fig. 13]

A view showing thé front of a rotor of the brushless

motor of another embodiment of this invention.
(Fig. 14] |
A vertical sectional .view showing another embodiment of
the brushless motor of this invention.
[Fig. 18] |
A sectional view taken on line A-A’ of Fig. 14.
[Fig. 18] _

A table showing the results of measuring the relation
between the radial position and the efficiency of the Hall
IC. '

[Fig. 17]

A graph showing the performance when the Hall IC is af
a position of R23 mm.
| [Fig. 18]

A graph showing the performance when the Hall IC is at

" a position of R21 mm.
[Fig. 19]
A vieﬁ showing_é magnetic sensor board.
[Fig. 20]

A block diagram of an electronic circuit.
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angl es a0 and al of the CWnmagnetic sensor 16X and the CCW - 49 -
magneti c sensor 16Y are set to be substantially equal to the angle of |ead
of the magnetic flux density. By structuring as described above, in the
brushl ess nmotor 1 of this enbodi nent, when the rotor 8 rotates clock- w se
CWas shown in Fig. 15, the CWmagnetic sensor 16X detects the nmagnetic
flux of the magnet piece 17 to be deiBect ed when the nmagnet piece 17 to be
detected has reached the positi-on P1, and the aforenenti oned control
circuit ex- cites the stator magnetic pole portion 9a corresponding to

[Fig. 21]
A view showing a magnetic sensor board and part of a
stator.
[Fig. 22]
A sectional view showing a brushless motor and a fixing
member for fixing it.
[Fig. 23]
A view showing a magnetic sensor board.
[Fig. 24]
A sectional view of a magnetic sensor board.
[Fig. 25]
A view showing a magnefic sensor board using a sheét
coil. | -
| [Fig. 26]
A view showing a magnetic sensor board having toroidal
windings applied.
[Fig. 27]
A flowqhart showing the control of a motor rotation.
(Fig. 28]
A view partly showing a magnetic'sensor and a rofbr.
[Fig. 29}
A grabh showing the relation between én angle of lead
and a distance between a magnetic sensor 16 and a rotor end

face 8b.
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the position PO. At this tinme, since the peak point of the magnetic flux
density in the outside space of the rotor 8 is at the position Pl, the
rotor 8 can be rotated nost effi- ciently and, as a result, the notor
efficiency can be im proved. Inversely, when the rotor 8 rotates
‘count ercl ockwi se, the CCWimagnetic sensor 16Y detects the magnetic flux of
t he magnet piece 17 to be detected which has reached the posi- tion P2, and
the stator nmagnetic pole portion 9a.qgerrespond- ing to the position P3 is
excited. Thus, the notor ef- ficiency can be inproved in the sanme way. In

t he brushl es t or of .this enbodi nent, when the rotor 8 rotates

cl ockwi se Cwtds %h in Fig. 15, the CCWnmagnetic sensor 16Y can be used.

More speci ficald g f5h Howing the relation between a positional
change of a magnetic sensor and a rotation speed and torque.
[Fig. 31]
A graph showing the relation between a Hall voltage and
a magnetic flux density.
(Fig. 32] .
- A graph showing the relation between a magnetic flux
density and a temperature.
[Fig. 83]
A view showing an output voltage waveform of a magnetic
sensor with a rotor rotated.
[Fig. 34]
A view showing a rotor end face.
[Fig. 35]
A perspective view showing a rotor.
[Fig. 38]
A vertical sectional view showing a brushless motor
with a ' built-in fan.
[Fig. 37]
A vertical sectional viéw showing a conventional brush-
less motor. |
[Fig. 38]

A graph showing a difference between a change of the
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scri bed above, since the CCWnagnetic sensor 16Y is fixed as - 50 -.

di spl aced by the angle al in the CCWdirection when rotated

countercl ockwise CCW when this is seen fromthe viewpoint of rotating

‘cl ockwi se CW the CCW magnetic sensor 16Y has an angle of delay. Therefore,
"when rotating CW the CCWimag- netic sensor 16Y can be used for an angle of
delay. And, when rotating CCW the ©®&Omagneti ¢ sensor 16X can be used for
an angl e of delay. For carrying equi pnent, a bidirectionally rotatable
brushl ess notor, which needs to let out at a | ow speed and

magnetic flux density of a conventional brushless motor and
the detected rotational position of the rotor.
[Fig. 39]
A view showing the magnetic sensor board of a conven-

tional three-phase four-pole brushless motor.

Best Mode for Carrying Out the Invention
A first embodiment of the invention will be describéd
with reference to the drawings. :

Fig. 1 shows a vertical sectional view of the brushless
motor of this embodiment. A brushless moﬁor 1 has a pair of
housing members 3, 4 fastened with bolts 2, and these hous-
ing members 3, 4 rotatably support a rotafab}e'sﬂaft 7 with
ball bearings 5, 6. To the rotatable shéft 7, a rotor 8 is
fixed, and one end of the rotatable shaft 7 is structured to
protrude from the end face of the housing member 3 to ex-
ternally transmit a rotary force of the rotor 8. A stator 9
is dispésed around the rotor 8 and held between the housing
members 3, 4. )

The rotor 8 consists of a rotor yoke 10 which has mény

" steel plates laminated, and a plurality of field permanent
magnets 11 which are inserted into the rotor yoke 10. The
stator 8 consists of a stator yoke 12 made of laminated

steel plates, and stator coils 13 wound on the stator yoke
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at high torque when working and to reversely rotate quickly at a high speed
and at | ow torque when winding, is used. The bidirectionally rotatable
brushl ess nmotor has different angles of | ead of the magnetic flux density
.in respective rotating directions, and is provided with one nmagnet piece to"
be detected, a working nmagnetic sensor for detecting a rotational position
of the rotor when working, and a w2Ad+ng magnetic sensor for detecting a
‘rotational position of the rotor when w ndi ng; the working magnetic sensor
is fixed as displaced by an angle equal to an angle of |ead of the mag-
netic flag.i nAapasgpodi ttdhediimeetr dace oif thepscttor to&ker d2atfiorgpsdia ect i on
of the rotor at high torque when working, and the w nding magnetic sensor
i s fixedmagngitis aode¢ ®ordiloay fa @fgitde $tatospPosiand diheemaome tiia h
respect to_the . .

pole_port1on 8a of the stator is opposed to the outer

peripheral face of a magnetic pole portion 8a of the rotor 8

with a small distance therebetween. The stator coil 13 is

connected to an external power supply through a lead 14a.

A magnetic sensor 16 such as a Hall element and a Hall
IC is attached to a part of the housing member 3 opposing to

" the end face 8b of the rotor 8. The maghetic sensor 16 and
the rotor end face 8b are opposed to each other with a pres-
b
cribed distance D therebetween. Reference numeral 14b indi-
cates an electric signal lead for externally sending an
electric signé1 of magnetism detected by the magnetic sensor
16.

Fig. 2 shows an end face of the rotor 8. The rotor 8
consists of four rotor magnetic pole portions 8a progrhdéd
outward in the radial direction at an anglie of 80 degrees,
and the field permanent magnet 11 inserted into each rotor
magnet pole portion B8a. At the center of the rotor 8, the
rotatable shaft 7 is inserted, and the rotatable shaft 7 and
the rotor 8 are configured to rotate integrally with a key
7a. Reference numeral 18 indicates caulking sections for
integrally caulking the steel plates which form the

rotor yoke 10.
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rotating direction (opposite rotating direction from when - 51 -
wor ki ng) of the rotor at |ow torque when winding. By match- ing with the
angle of lead of the magnetic flux at each torque of the working and
wi ndi ng magnetic sensors, a bidirectionally rotatable brushless notor which
has dif- ferent rotating speed and torque, and high efficiency in each
rotating direction can be obtained. “A%2gbvi ous from the above description,
the brushless notor of the third group of this invention has a nagnet piece
to be detected for specifying a rotational position of
Eéch field permanent magnet 11 is inserted in the base
of the rotor magnetic pole portion 8a so that N and S poles
are alternately positioned outside. The magnetic flux of
the field permanent magnets 11 is guided by the leading end
of the rotor magnetic pole portion 8a, and gets in or out of
the outer peripheral face of each rotor magnetic pole por-
tion 8a. Thus, the fieﬁd pefmanent magnets 11 of the rotor
8 are alternately magnetized in the N and § poles in the |
circumferential direction. -
| Imaginary 1ines A, A’ in the drawing indicate the
trajectories where the magnetic sensor 16 is ré1atively
moved by the rotation of the rotor 8. On the other hand,
imaginary lines B, B’ and a hatched area a therebetween in-
dicate an unstable area of the magnetic flux present on the
outer periphery of the rotor 8. The magnetic flux in_the-
unstable magnetic flux area a is always varied unstany by
an effect of the rotating magnetic field generated by the
stator 8. As shown in the drawing, the relative moving
trajectories A, A’ of the magnetic sensor 16 are positioned
outside of the field permanent magnets 11 and inside of the
unstable magnetic flux area a.
And,'as shown in Fig. 2, the rotor 8 ‘has a groove M be-

tween the rotor magnetic pq]e portions 8a, and the bottom MO

of the groove M is substantially aligned with the relative
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the rotor, a CWnmagnetic sensor for detecting a rotational position of the
rotor rotating clockw se and a CCW nmagneti c sensor for detecting a
rotational position of the rotor rotating counterclockw se, and since the
CW magneti c sensor and the CCW nagnetic sensor are di sposed as displaced by
a prescribed angle respecti-vely in oggosite directions with respect to a
rotating direction of the rotor, when the rotor rotates in either
direction, clockw se or countercl ockw se, the stator magnetic pol e portion
advanced by an angle equal to an angle of |ead of the magnetic flux than

the actual ¥edpdéesriedosttiOtaeion R, TRt st Coe DRagX6ti€dsedSdp, 186he rotor
can be rotated nost efficiently, and a bidirectionally rotatable brushl ess
not or havi nMhe tirgjedd oteefA| CAnilye canthe mdgmétied. sensor 16 moves

pass near the intersection of the base ends of the rotor

magnetic pole portions 8a, and irregular magnetid fluxes to

be described afterward are present near the intersection of

the base ends of the rotor magnetic pole portions 8a, tend-

ing to be a cause to.generate a noise in the detected elec-

| tric signal. ‘

Fig. 3 shows a relation between the position of the
magnetic sensor and the irregular magnetic fluxes near the
intersection of the magnetic pole portions 8a.

In. the space on the outer periphery of the rotor 8,
there is a magnetic flux indicated by code WO which gets out'
from the leading end face of the rotor magnetic pole portion
8a having N.po1e and reaches the leading end face of the
rotor magnetic pole portion 8a having S pole. .On the other
hand, at the end face of the rotor, there is a magnetic flux
indicated by code W1 which continues from N pole to § pole
of the field permanent magnets 11. And, between the ad-
jacent rotor magnetic pole portions 8a, there is a magﬁe;ic
flux W2 which gets out from the end face of the leading end
of the rotor magnetic pole portion 8a having N pole and
reaches the leading end face of the rotor magnetic pole por-

tion 8a having S pole. As shown in Fig. 3, this magnetic

7\\_
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Usi ng the brushless notor of the second group of this - .52 - ingvention,
the bidirectional rotation |ike the brushless notor of the third group wll
be described. As described above, since three magnetic sensors are
generally required for the rotation in one direction, the bidirectionally
rotatabl e brushl ess notor uses six magnetic sensors. As shown in.Fig. 16,
the inventors deternmined the rated effi®iency, naxinumload and maxi mum
rotating speed, assuming the positions of a Hall ICto be 21 nm 23 nmm
24.5 mmand 26 mm at a position (angle of lead [err]) with the sane

flux w2 passes an irregular route which separates from the
rotor end face 8b, approaches to the rotor end face 8b and
separates again to reach the leading end of the neighboring
rotor magnetic pole portion 8a having S pole. This ir-
regular magnetic flux W2 has a large irregularity when being
close to the rotor end face 8b, and a magnetic flux W3 sepa-
rated from fhe rotor end face 8b has a smooth shape like a
parabotla.

The magnetic sensor 16 of this embodiment is disposed
at a position to separate from the rotor end face 8b in such
a degree that it does not cross the above irregular magnefic
flux W2 and to approach the rotor end face 8b in such a de-
gree that it crosses the above smooth-shaped magnetic flux
W3.

In this case, a gap between the above irregular mag-
netic flux W2 and the parabp1a magnetic flux W3 is largest
at the bottom MO of the groove M of the rotor 8, and thé
bottom MO of the groove is substantially aligned with the
relative trajectories of rotation A, A' of the magnetic
sensor 18. Therefore, it is most convénieﬁt for the mag-
netic sensor 16 to detect a noiseless detection signal.

The éction of this embodiment will be described'based

on the above structure.

The magnetic sensor 16 of this embodiment is positioned
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efficiency when rotating clockwi se (CW and countercl ockwi se (CCW using
three sensors as one set. It is seen fromFig. 16 that sensing could not be
made by the Hall ICwith R24.5 nmand R26 nm And, as shown in Fig. 17, in
the case of-R23 mm when the sane voltage is applied to rotate CWand CCW
‘the notor efficiencies are-different, but the rotation has |ess variation
through the full range, and net propéPtfes (maximum rotating speed) becone
sanme. Simlarly, as shown in.-Fig. 18, in the case of RR1 mm when the sane
voltage is applied to rotate CWand CCW the notor efficiencies and the

it er ont CTTETA%, Ok 7tahal F1890 18" mRs Y TR, AU 00o0eRERER HENS of [ E8 on
bet ween tﬁ&eF&EﬁéAP9n§£ﬁ€PsaPP LH& épégggsbyhguémboth—shaped magnetic
flux W3, so that it caﬁ detect a position of the peak point
of the magnetic flux density around the rotor 8 without
producing a nofse by an effect of an irregular portion of
the magnetic flux.

Fig. 4 showslthe comparison of analogue signals of mag-
netism detected by the magnetic sensor 186 with a distanéé D
between the magnetic sensor 16 and the roior end face 8b
varied. 1In Fig. 4, (a), (b), (c) and (d) show a lapse of
time on the horizontal axis with respect to brushless motors
having a distance D of 2 mm, 3 mm, 4 mm and 4.9 mm, respec-
tively. The irregu1ar uneven spots indicated by points ao0,
al in Fig. 4 (a) show the effect of the irregular magnetic
flux W2 between the above field permanent magnets 11. The
irrégu]ar uneven spots of the analogue signé1s of maghetism
become a noise in the electric signal when converted into a
digital signal. When this noise is large, the stator mag-
netic pole portion Sa cannot be excited appropriately, ahd
the rotor 8 cannot be rotated smoothly.

It is clear by comparing Fig. 4 (a) to Fig. 4 (d) that
the irregd]ar uneven spots of the éna]ogue signal of mag- .
netism decreases as the distance D increases, detection can

be made when the distance D is about 4 mm or more, and as




and the circles show the relati on between the circuit cur- - 53 - rent
and the torque. In the both drawings, the solid line indicates CCWand the
dotted line indicates CW And, when the Hall ICis set to RRZ3 ”m a

rotating speed is fixed at 1200 rpm and torque is varied, the devia- tion
of the peaks of the magnetic flux density outside of the rotor and the

signal of the Hall 1C obtained from2he rotor end face at the maxi mum
efficiency with respective torque is as follows. Torque - Deviation of
Hall 1C and ' Maxi mum

shown in Fig. 4 (d), when the distance D is about 4.8 mm,
the analogue signal of maghetism by the magnetic sensor 18
shows a smooth sine curve and is converted into a digital
signal without many noises. _

When the rotor 8 rotates in the direction R shown in
Fig. 3, magnetic fluxes WO.IW1. w2, W3 of the rotor 8 are
attracted toward the direction R' shown in the same drawing
by the interaction with the stator magnetic pole portion Sa.
The angles of lead of the magnefic fluxes WO, W1, W2, W3 re-
late to the motor current or torque, and it is known that
the angle of lead is_incréased as the motor current is in-
creased. In this embodiment, the magnetic sensor 16 direct-
1y detects the magnetic flux density in the external space
of the rotor end face 8b, so that the position of a peak
point of the magnetic flux density can be detected. Thus,
the stator magnetic pole portion Sa optimum to generate a
rotary force most corresponding to the peak point of the _
magnetic flux density can be excited, and the motor ef-
ficiency can be improved.

In this embodiment, when the brushless motor was opera-
ted using a Hall element as the magnetic sensor under condi-
tions of a distance D of 4.8 mm, a rotating speed of 1200
rpm and torque of 0.24 kgm, the motér efficiency was im-

proved by about 10% as compared with a conventional brush~-
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(Kgm peaks of magnetic fl ux efficiency (% density
(electrical angle) [err] It is seen fromthe above table that when set to
R23 mm the maxi mum efficiency has | ess change with respect to the nounting
error of the Hall ICin the rotating direction, and the deviated degree is
'same regardless of the |oad, so that setting can be nade under any |oad.
The above enbodi ment indicates that the arbitrary se- lection of the
setting position of the magnetic sensor al- lows to obtain a notor having
the performance suitable for use with the structure not changed. Mre
specifically, when the same maxi rumrotation and the same torque are
required less motor having a magnet piece to be detected.

This embodiment can also use a Hall IC as the magnetic
sensor. The Hall IC is one IC combining a function of
detecting the direction of a magnetic field using the Hall
effect and the function of an amplifier. when N-pole i's- ap-
proached to above the Hall IC, output is about 5 (V), and
when S pole, output is 0 (V), thus it is a detecting element
resistant to an electrical noise. When the Hall IC is used
as the magnetic sensor, the motor efficiency can'be_improved
by setting the distance D smaller than in using the Hall
element by virtue of a hysteresis property of the Hall IC.
The motor efficiendy of the brushless motor using the Hall
IC as the magnetic sensor under conditions of a rotating
speed of 1200 rpm and torque of 0.24 kgm with the distance D

varied is shown below,

Distance between - Motor current Motor efficiency
magnetic sensor and (A) (%)
rotor end face '
D (mm)
5.3 5.57 74.9
4.4 5.08 78.5
3.4 4.88 80.0
2.9 4.88 80.0
2.3 4.88 80.0

It is seen from the above that detection can be made

when D is 2.3 mm or more, and 2.3-3.4 mm is optimum because




- 54 - for both rotations of normal and reverse, the magnetic sensor is set
to, for exanple, the above R23 mm And in a washing node, |ike a notor
used for washi ng machi nes, when the perfornmance such as rotating speed of
1200 rpm torque of 0.24 kgmand rotation in both directions is required,
in a spin-drying nodel, when the per§gprmance such as a rotating speed of
2000 rpm torque of 0.05 kgmand rotation in one direction is required, the
magneti c sensor is set to, for exanple, the above R2Z1 mm The above
description has been made with the Hall 1C changed its position radially,

and it is Lo heunderstood that, the bre.

On the other hand, when a brushless motor having a mag-
net piece to be detected was operated under the same condi-
tions, a motor current of 7.40A and a motor efficiency of
63.2% were obtained. Specifically, using the brushless
motor 1 of this embodiment using the Hall IC, the motor ef-
ficiency could be improved by up to about 17%.

Attachment:of a nonmagnetic plate to the rotor end face
can also reduce a magnetic noise.

Fig. 5 shows a vertical sectional view of a brushless
motor having a nonmagnetic plate attached to the rotor end
face. Components same as thoée in Fig. 1 are given the same
reference ﬁumera]s and their description is omitted. 1In
this embodiment, a nonmagnetic plate 8c made of stainless
steel is adheréd to the rotor end face 8b of a brushless

'motor 1. The adhesion of the nonmagnetic plate 8c to the
"rotor end face 8b converts a part of the magnetic flux
leaked outside from the rotor end face 8b into an eddy cur-
rent, so that the magnetic flux getting out of the non-
magnetic plate 8c has a smooth route as the whole. Since
the route of the magnetic flux is smoothed, the analogue
waveform of magnetism detected by the magnetic sensor 18 is

smoothed, and converted into a digital signal without many

noises.
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sane effect can be obtained by -adjusting the angle of |ead at each R
position. It is seen fromthe above enbodinent that it is preferable to
select a pattern suitable for application at a desired rotation, |ike the
above notor for washing machi nes, fromthe great nunmber of data previously
collected with rotating directions CWand CCWunder the conditions that the
magneti c sensor had its positions chal®ed variously. In the above table,
the deviation of the Hall IC and the peaks of the nmagnetic flux density is
different fromthe table indi- cated in connection with the brushl ess notor

of the second ggqyp. eberANSe ok lBRCOBYEEoRBLIBA! 3k iEaLESWRLS £BPhEI Ned by

groping for condifions suita or th I rectional rota- tions of nornal
and reversgetected by each magnetic- sensor of a brushless motor having

the nonmagnetib plate 8c and a bfushless motor not having
it.

Fig. 8 (a) shows analogue waveforms of magnetism o%lthe
brushless motor without thg nonmagnetic plate, while Fig. 6
(b) shows analogue waveforms of magnetism of the brushless
motor Having the nonmagnetic plate adhered to the rotor end
face. The horizontal axis in Fig. 68 shows time which is
graduated in 5 ms, and three curves respectively correspond
to analogue waveforms of U, V and W phases of the motor. 1In
Fig. 6 (a), points N show an effect by irregular magnetic
fluxes. These irregular analogue waveforms N make noises
when converted into a digital signal. On the other hand,
Fig. 6 (b) shows that the abbve jrregular magnetic fluxes
are converted into an eddy current by the nonmagnetic plate
8c, forming relatiVely smooth analogue waveforms, and a
digital signal without many noises can be obtained.

In the above embodiment, the nonmagnetic plate 8c is
adhered to the rotor end face 8b, but the nonmagnetic plate
8c may be positioned between the magnetic sensor 16 and the
rotor end face 8b. For example, the nonmagnetic plate 8c
may be attached to the surface of the magnetic sensor 186.

Furthermore..addition of alumina material to the nonmagnetic




Now, devices which are used for the above brushless notors of the'first to
third groups of this invention to im - 55 - prove their perfornmance wll
be described. Fig. 19 is a view show ng a nagneti c sensor board. This
enbodi ment has a sensor driving power supply di sposed on the nagnetic
sensor board 15. Morre specifically, a gen- erating coil 34 is disposed on
t he magnetic sensor board 15, the gene¥dating coil 34 is connected with an
el ectronic cir- cuit 35 which is then connected with a power supply 36, and
magneti c sensors 16 are connected. In this magnetic sensor’

plate 8¢c makes it easy to externally transmit the heat of
the magnet, thereby contributing to prevent the thermal -
demagnetization of the magnet.

In the above description, the rotor has the field
permanent magnets 11 inserted into the base of each rotor
magnetic pole portion 8a. But, it is to be understood that
this invention is not limited to the above but also applied
to a rotor that thejfie1d permanent magnet is inserted into
every other rotor magnetic péle portions so as to have the
magnetic pole portions of alternate N and.s poles in the
circumferential direction by the repulsion of mutual field
permanent magnets. _

As obvious from the above description, according to;the
brushless motor of the first group of this invention, the
magneiic sensor is disposed at a prescribed distance from
the end face of the rotor to directly detect the magnétic
flux of the field permanent magnets leaked outside from the
rotor end face by the magnetic sensor, so that when the mag-
netic flux bf the rotor during rotation is attracted in the
rotating direction by the interaction with the magnetic pole
portions of the stator or the angle of lead of the magnetic
flux is varied depending on the motor current, the position
of a peak poiht of the magnetic flux density in the external

space of the rotor is always detected to excite the optimum
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board 15, an a.c. current passes through the generating coil 34 due to a
| eaked magnetic flux fromthe rotor, subjected to full wave rectification
or half-wave rectification in a rectifier circuit, has a voltage stepped up
in a step-up circuit, and stored in the power supply through a control
circuit as shown in Fig. 20. As the control circuit, one or two or nore
di odes are used, and the step-up cimguit is dis- posed as required_and nmade
of a step-up coil. Wen the mag- netic sensor board 15 is structured as
descri bed above, the |eaked magnetic flux fromthe rotor can be effectively
used. And a conventionally used external power supply and an ex- ternal
W ring t héagm@ticardde danfiinn af thaistater mmp that cthematobefd 15 can
have hi gh generating capacity and be-formed conpact including the magnetic
sensors arfdaigpcy can be improved. And, by the same action, the op-
timum stator magnetic pole portion can be excited by the
magnetic sensor in the brushless motor which rotates in both
directions.

And, according to the brushless motor of this inven-
tion, the magnetic sensor is positioned outside of the ir-
regular magnetic flux between the field permanent magnets of
the rotor, and to cross the smooth-~shaped magnetic flux, so
that a nqise due to the irregular magnetic fluxes can be
reduced, and the magnet piece to be detected which has been
required heretofore can be omitted, enabling to obtain a
simple-structured brushless motor.

Now, the brushless motor of the second group of this
invention will be described.

The brushless motor of the second group basically has
the same structure with the one shown in Fig. 1 and, there~
fore, the same components are given the same reference
numerals and their description is omitted. In the brushless
motor of the first group, the space between the rotor end
face and the magnetic sensor has been considered. On the
other hand, in the brushless motor of the second group, the

-positional relation of the magnetic sensor in a radial

direction will be mainly considered.
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power supply. Furthernore, as shown in Fig. 21, the genera- ting coil 34
can be also fornmed by winding an auxiliary coil - 56 - on a tooth
portion of the stator 9. For the generating coil 34, a sheet coil which is
suitable to nake it small and thin is preferably used, and for the power
““supply 36, a high- capacity capacitor_or a secondary battery which is
_recharge- able is used. In this way;~ ﬁ%neration can be nmade in a large
.volunme, and via the electronic circuit power supply, electricity can be
taken out of the notor to control an ex- ternal actuator. ' :

Fig. 7 shows an end face 8b of the rotor 8 of this_in-
vention. The rétor 8 consists of rotor magnetic pole por-
tions 8a protruded outward in the radial direction at an
angle of 90 degrees, and the field permanent magnets 11 in-
serted into the rotor magnet pole portfons 8a. The field
permanent magnet 11 has its length in its axial direction
equal to or shorter than the length of the rotor 8, and the
hagnet end fage is positioned at least the inside of the
rotor end face 8b on the magnetic sensor side. When‘the .
magnet end face is protruded f rom the rotor end face, the
magnetic sensor cannot_detect a leaked magnetic flux, and a
spacé between the rotor end face 8b and the magnetic sensor
cannot be kept. Furthermore, it is revealed that the fofor
end face 8b is preferably equal to or longer than the stator
end face Sb because the leaked magnetic flux increases
and easily detected. At the center of the rotor 8, the
rotatable shaft 7 is inserted, and the rotatable shaft 7 and
the roior 8 are integrally fixed by shrinkage fitting.

The field permanent magnets 11 are inserted in the
bases of the rotor magnetic pole portions 8a so that N and S
poles are alternately positioned to face outside. The mag;
netic flux of the field permanent magnets 11 is guided by
the 1eaq1ng end of the rotor magnetic bo]e portion 8a, and

gets in or out of the outer peripheral face of each rotor"

—y
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And, Fig. 22 shows another enbodi ment which effectively uses the

af orenentioned | eaked magnetic flux to use as the power supply for’
controlling the external actuator. In this case, a part 41, which protrudes
toward the housing nenber 3 of the brushless notor 1, is disposed on a
mounting plate 40 to which-the brushless notor 1 is fixed, the above
generat- ing coil 34 is attached to THE Teading end of the part 41, and a

| ead 14 fromthe generating coil 34 is connected to a control circuit 42
and a battery 43. On the other hand, a hole 3a is forned in the housing

menber 3 hRgdedtd Wik DGO | NG LU 34t AN NS R whbret ASsed
I %C

through the hole 3a to set the generating co ose to phe rotor end

face 8b. gy Borddorniol Y& NHRI@r 4 drdiNdletha d19) hddHAUGBANI Ch

the rotatable shaft 7 is passed. The generat- _
in the N and S poles in the circumferential direction. An
area between imaginary lines A-B in the figure (in this
case, a distance R from the center axis is from 21 mm to R23
mm.) indicate an area that when a top 19a of the magnetic
sensor 16 (in this case, a Hall IC) enters this area by the
rotation of the rotor 8, the leaked magnetic flux from the
rotor end face is detected and the motor can be driven.
This imaginary line B is generally located on a circle with
a radius which is at the midpoint between the outer wall of
the field magnet 11 and the outer end of the rotor 8 regard-
less of the size of the motor.

On the other hand, an area between imaginary lines B-C
in the drawing (in this case, a distance from the cen;er-
axis is from R23 mm to R26 mm.) indicates an unstable area
of the leaked magnetic flux present on the outer periphery
of the rotor 8. The leaked magnetic flux in the unstable
area is constantly varied unstably by an effect of a rotat-
ing field generated by the stator 9, ahd although the motor
rotates, the motor efficiency at the operation range of low
rotationlahd low torque results in inferior by about 4% than

in the trajectory A-B. Furthermore, an area between im-

aginary lines A-D (in this case, a distance from the center
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ing coil 34 which is, for exanple, a sheet coil may be dis- posed outside
of the housing nenber 4 opposite fromthe - - 57 - housing nenber 3 which
is in contact with the nounting plate 40. Thus, the generating.coil 34 can
be di sposed on an ap- propriate place inside or outside of the notor to use
.the obtained power for the'nagnetiq_§2n§ore and as ‘a driving power for the
outside of the notor. These enbodi nent's using the | eaked magnetic-flux from
the rotor to generate a back el ectronotive force can be al so used when the
rotor is rotating by inertia. : '

axis ie from R8 mm fb R21 mm.) indicates an unstable area

present on the inner periphery of the rotor 8. 1In the

leaked magnetic flux in this unstable area, a magnetic flux

between the field permanent magnets is hardly leaked and at-

tracted by a magnetic field generated by the stator 8 in the

groove MO, making a switching section of the magnetic flux

unstable. Thus, the motor cannot be rotated.

In the drawing, an imaginary 1ine E indicates a 1imit

1line that the magnetic sensor can driven normally when a

bottom 18b of the magnetic sensor (Hall IC) 16 is outside of

the imaginary l1ine E. And, when the caulking sections 18

are between the imaginary lines E and D, the leaked magnetic ]

flux from'the rotor end face can be correctly detected but,

when the caulking sections 18 are outside of the imagina}y

line E, the leaked magnetic flux from the rotor end face be-

comes unstable due to the unevenness of the caulking sec-

tions, and particularly the switching section of the mag-

netic flux becomes unstable. Therefore, a signal of the

magnetic sensor cannot be adopted.

As shown in the drawing, by setting the {op 19a of the

magnetic sensor (Ha]] IC) 16 in the area A-B of the rotor

and the caﬁIking sections 18 inside the imaginary line E,-a

stable magnetic flux can be obtained, and stable efficiency

and rotation can be obtained.
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Fig. 23 and Fig. 24 are views show ng another enbodi- ment of the magnetic
sensor board. Hollow portions 15c are formed in the magnetic sensor board
15, the magnetic sensors 16 are fitted in the hollow portions 15c, and the
front and back faces of the nagnetic sensor board 15 are nolded with a
nonconductive resin 37 which contains,.a_material having good heat
conductivity, such as alumna material. In this struc- ture, since_the

hol | ow portions 15c are forned in the mag- netic sensor board 15,
positioning of the magnetic sensors 16 can be nmade easily, and nolding with
the radiating resin 37 allows satisfactory radiation of the nmagnetic
sensors. Convenkn ot |3bovecemiagitnént sas drhe wangeatiha tedt hen magnekidet i c

sensor board, which therefore had an-uneven surface because of the nagnetic

Sensors,,ﬁgnqgfits(ﬁqquQﬂqcﬁ(ﬁnﬁﬂ}paked magnetic flux from the rotor
end face and the motor can be driven, the area_between the
imaginary lines A-B in Fig. 7 has been taken, and the
specific numerical values "21 mm" and "23 mm" have been
.shown to indicate that the area A-B is an area with a dis-
tance R from the center axis is from 21 mm to R23 mm. The
above description does not mean that the area A-B is not
fimited to the above numerical values. More specifically,
the area A-B as an areé that the motor can be driven is to
be undersfood in a relative positional relation between the
outer diameter (about'st mm) of the rotor 8 and the field
permanent magnets 11. And, when a vertical 1ine is assumed
from the center axis to the field permanent magnet 11, it is
revealed that the 1ine A indicates almost the outer wall of
the field permanent magnet 11 and the 1ine B indicates al-
most the middle of the 1ine A in the above assumed vertical
line and the rotor outer end. These positions are generally
appropriate bositions whatever size the motor shape may
have.

And, when the Hall IC is set to the above position (R23

mm), a rotating.speed iélfixed at 1200 rpm, and torque is
varied, the deviation of the peaks of the magnetic flux

density outside of the rotor and the signal of the Hall IC

D gt
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with a resin. But, in this enbodinent, since the hollow portions 15c are
formed and the magnetic sensors 16 are -58- fitted therein, a
positioning effect is provided and the board has a flat surface, making it
. easy to nmold with a resin. Besides, a radiating effect can be obtained by
nold- ing wwth the resin as descri bed a?ove. Fig. 25 and Fig. 26 show that
coils 38 are used as the magnetic sensaPsT Fig. 25 shows sheet coils, and
Fig. 26 shows coils having toroidal w ndings applied. In these cases, a
back el ectronotive force is generated when the )

obtained from the rotor end face at the maximum efficiency

with respective torque is as follows.

Torque Deviation of Hall IC and Max imum

(Kgm) peaks of magnetic flux efficiency (%)

density (electrical angle)

0.05 10° £ 15° : 80

0.10 10° £ 15° 87

0.15 10° £ 15° 85

0.20 10° £ 18° 82

0.25 10° £ 15° 79

It is seen from the above table that when torque is
0.05 Kgm for example, it is necessary to make the deviation
of a signal of the Hall IC and the peak of the magnetic flux
density outside the rotor 10° £ 15° (electrical angle) to
obtain the maximum efficiency 90% and, similarly, when
torque is 0.10 Kgm, it is necessary to make the deviation of
a signal of the Hall IC and the peak of the magnetic flux
density outside the rotor 10° + 15° (electrical angle) to
obtain the maximum efficiency 87% (the same as above).

As obvious from the above table, when the position of
the magnetic sensor board is set at a low load point (e.g.,
the above 0.05 Kgm) by directly detecting the leaked mag-
netic flux from the rotor end face, the maximum efficiency
can be obtained under respective loads, the maximum ef-
ficiency has less change with respect to the mounting errbr

of the Hall IC in the rotating direction, and the deviated

:\\Q
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| eaked magnetic flux fromthe rotor crosses the coils 38 and used as a
position detecting signal. As described above, when the back el ectronotive
force is used to detect a position, the position cannot be detected at the
time of starting when the rotor remains sta- tionary because the back

el ectronotive force is not-genera- ted Therefore, the control shown in
Fig. 27 is con- ducted. Specifically, ?n the flowhart of Fig. 27, first,
excitation is made with a current of a limted value of a current Mi'mter
by a drive signal having a certain pattern for a prescribed tinme. Thus, the
rotor nmoves to a p05|t|on corr ond| to the excitji pattern and |ts
bosi 1 i on FBIBEL TR RANS TSR SHRAR & b S8 G T 1 U SNy

state thatbea"galgerej;tdé's msleéja&_o svvttch an out put pat -

Specifically, when the rotor 8 retates. the magnetic
flux of the rotor magnetic pole portion is attracted by the
interaction with the stator magnetic pole portion. This
angle of l1ead relates to the motor current or torque, and
the angle of lead is increased as the motor current is in-
creased (as the torque is increased). And, the Hall IC
directly detects the magnetic flux in the external space of
the rotor end face 8b, so that the stator magnetic pole por-
tion Sa optimum to generate a rotary ferce most correspond-
ing to the peak point of the magnetic flux density can be
excited, and the motor efficiency can be improved.

Fig. 8 is a view showing a magnetic sensor board 15 of
the three-phase four-pole brushless motor of this invention.
In this embodiment, a Ha11.IC is used for the magnetic
sensor.

Assuming that the rotor is rotated clockwise, a Hall IC T
16a (the top end of the Hall IC is R23 mm from the center
axis in this embodiment), a Hall IC 16b (R22 mm form the
center axis in this embodiment) and a Hall IC 16c (R21 mn
from the eenter axis in this embodiment) are set at dif-
ferent distances from the center axts at intervals of 52 de-

grees in the peripheral direction and displaced inward
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tern, the notor is rotated to generate the back el ectrono- tive force, and
the position is detected by the coils. Wen - 59 - such coils are used,
the magnetic sensors such as a Hall elenent and a Hall |1 C are not needed,
and these coils can be produced inexpensively because a copper wire is

used. And, they have advantages thatgg smal | nunber of termnals-is used as

conpared with conventional nagnetic sénsors, they are heat resistant, and a

tolerance is not strict in their production. Fig. 28 shows that the
magnetic sensor 16 is novably

toward the rotating direction of the rotor, and soldered for
fixing. Furthermore, two shaft mounting holes 21 for fixing
the magnetic sensor board 15 to the stator are disposed at
the outer end of the magnetié sensor board. A land 24 is
applied around the mounting holes 21, and the land 24 has a
thick copper foil to retain a sufficient mechanical strength
after inserting a shaft and soldering or fixing with a
resin. Furthermore, C-shaped lands 20 are disposed as con-
nections to drive the Hall ICs or to externally output a
signal, a lead 14b can be easily inserted vertically and
horizontally in the magnetic sensor board, and the lands 20
have partly a wide area to allow soldering. The lead 14b is
a. flat cable having a one-body insulator for lines, so that
it can be quite easily inserted in a C-shaped material such
és the lands 20.

The magnetic sensor board 15 has a size such that its
outer periphery 25 is'positioned inside the stator coil 13
and its inner periphery 23 can be positioned arbitrarily.

In other words. since the magnetic Sensor board is fixed
using the outer periphery, it is not necessary to use the
inner pgriphery as the reference to fix to the housing mem-
ber. And; the board can be made broad toward the outer
diameter of the.rotatable shaft-Y. As a result, a pattern

22 can be formed easier, an insulated space between the pat-
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di sposed with respect to the rotor end face 8b. Specifical- Iy, a
cylindrical body 45 is disposed at an appropriate place within the housing
menbers 3, 4, a nonmagnetic working rod 46 is novably di sposed axially in
the cylindrical body 45, the magnetic sensor 16 is fixed to the working rod
46 on its rotor side, and a magnet 44g9is fixed to the other end of the
wor ki ng rod 46. Opposing to the magnet 47, a filmcoil 48 is disposed
out si de of the housing nember to electrically conduct it. Therefore, the
filmcoil 48 is excited by pass- ing a current, the magnetismof the film

COl o PR B, 3RO S BN 5 8 I 38 L 1o
P or i Srahadfe padTeric dL¥aliust BT HE® 13Mus’3D, % Al AP ARA R 1N
can be formed in an open type like a letter C. Furthermore,
since the angle in the rotating direction is sufficient in a
size between the pitches of the Hall IC as described after-
ward, the size of the magnetic sensor board 15 becomes very
compact and its production cost is low.

Fig. 9 shows the variation of an angle of lead when the
Hall IC 16 is moved outward from the shaft center with é
position of R21 mm from the shaft center as the reference.
Fig. 10 shows a moving angle of the Hall IC in the rotating
direction to obtain the maximum efficiency when the Hall IC
is moved outward with R21 mm from the shaft center as the
reference.

In Fig. 8 to Fig. 10, determining an angle in the
rotating direction of the rotor to be (+) and an angle in
the counter-rotating direction of the rotor to be (~), when
the Hall IC is simply moved outward from R21 mm to R23 mm,
the rotor detection position is proportionally on the ad-
vancing side because a magnetic flux close to the stator’,
which is a leaked magnetic flux to be attracted, is picked
up as seen'in Fig. 9. But, after passing R23 mm, an advanc-
ing degree tends to decrease gradually because the shape of

the magnetic pole portion is limited. And, when the Ha]f.IC




29 is a graph show ng the relation between an angle of |ead and a di stance
bet ween the magnetic sensor 16 and the rotor - 60 - end face 8b when the
magnetic sensor 16 is nmoved as de- scribed above. It is seen that when the
magneti c sensor 16 noves away fromthe rotor end face 8b, the angle of |ead
ad- vances proportionally frompoint a in the drawing. This point a was
experinmentally obtained to be a vatuU® ef 1.5 tinmes of the thickness of the
fi-eld permanent magnet 11. And, in Fig. 30, the line indicated by the | ead
line 1 shows that the .magnet 47 and the filmcoil 48 are repul sed to each

is moved outward from R21 mm to R26 mm, the angle of lead is
excessive, deviating the position of the maximum efficiency
of the angle 6f lead, and the motor efficiency is 10wered.
But, as seen in Fig. 10, it was experimentally found that
when the Hall IC was moved to the (-) side, the maximum ef-
ficiency was obtained at respective positions and the ob-
tained maximum efficiencies were substantially not dif-
ferent. When the Hall IC is at R20.5 mm or below or R26.5
mm or more from the shaft center, the motor does not rotate.
Therefore, the applicable areas in the drawing are hatched.

with the Hall IC 16c (R21 from the shaft center) as the
reference, the Hall IC 16b (R22.from the shaft center) is
positioned normally at an anéle of 80 degrees. As shown in
Fig. 9, when the position is 1 mm outside from the shaft
center, the electrical ‘angle advances by 15 degrees. On the
other hand, as shown in Fig. 10, when the rotational angle
of the Hall IC is moved, the same maximum efficiency can be
obtained, and 60°~8°=52" becomes an an§1e between the Hall
IC 16c and the Hall IC 18b. Similariy, an angie (52°) is
obtained between the Hall IC 16b and the Hall IC 16a. As a
result, a distance between the Hall ICs could be narrowed by
16° as compared with prior art, and the magnetic sensor

board 158 could be made compact.

Fig. 11 is a side view of the Hall IC and the rotor end
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other, or the magnet 47 is close to the rotor end face 8b, and the |ine
indicated by the lead line 2 shows that the magnet 47 and the filmcoil 48
are attracted to each other, or the nagnet 47 is away fromthe rotor end
face 8b than when indicated by the lead line 1. Thus, when the position of
the magnet 47 is novabl e against the rotor end face 8b, net properties can
be changed. In the invention of the-f4krst group, when the nmagnetic._sensor .
16 is novably disposed with respect to the rotor -end face 8b, in addition
to the aforenentioned effects, positioning of the setting position.of the

TRUneLLE AR O GRAFEA RS DO At AR e 0
gie;ﬁglt eguga@()@ B SRS BT A0 e Ld\3E s Pl A icd So HEH1E A &fbt Ne L henglet ected
magnetic sensor (Ha]} IC) 16 disposed on the magnetic sensor
board 15 is directed toward the rotor end face 8b, and a
space between the rotor 8 and the magnetic sensor board 15
is adjusted with a stepped shaft 28. More specificaTIy,'one
end 28a of the shaft 28 is inserted into the mounting hole
21 of the magnetic sensor board in a direction Q and
soldered.on a land side 15a. Another end 28b is forced into
the stator magnetic pole portion (not shown) and fixed. The
space between the rotor end face and the Hall IC is adjuéted
according to a size L1 of the shaft 28. In this embodiment,
when the axial distance between the rotor end face and the
‘Hall IC is less than 2.3 mm, many magnetic fluxes leak from
the rotor end face, so that normal operation cannot be made.
Therefore, the size L1 is set to be 2.3 mm or.more.

And, it was experimentally found about the magnetic
flux that a thickneés of the field permanent magnet is pro-
portionally related with the space between the rotor end
face and the Hajl IC. Specifically, as the field permanent
magnet becomes thicker, the leaked magnetic flux from the
field permanent magnet increases and, even if the Hall IC-is

separated frdm the rotor end face, sensing can be made.

Furthermore, the lead 14b is inserted into the land 20 from




an irregular magnetic flux near the rotor end face. The above enbodi nents
have been descri bed assum ng that - 61 - a tenperature is al nost

constant. If the tenperature condi- tion is extrenely variable when the
notor is rotating, it is expected to use a tenperature conpensati on neans.
And, to conpensate for a tenperature change, a tenperature sensor is
general ly an essential conponent. Thesgfore, the inventors propose_a
techni cal neans to detect the notor tenperature w thout using a tenperature
sensor. Specifically, as shown in Fig. 31, a Hall voltage and a

a top face P of the magnetic sensor board 15 and fixed by
soldering or with a resin.

Fig. 12 is a side view showing another embodiment of
the Hall IC and the rotor .end face. In this case, the mag-
netic sensor board 15 and the magnetic sensor (Hall IC) 18
are disposed to face opposite from the above embodiment.
The space between the rotor 8 and the magnetic sensor board
15 is adjusted according to a size L2 of the stepped shaft
28, and the mounting sﬁace of the Hall IC is equal to the
size L2. Furthermore, since the shaft end 28a is inserted
in the opposite direction and soldering is made in the oppo-
site direction, or the land side 15a is facéd to the oppo-
site direction from the end face 8b, soldering to the land
side 15a is made easy.

And, the lead 14b is soldered as it is on a wide area
of the land 20, and the soldered face and every parts such
as the Hall IC are positioned on the land side 15a, making
it easy to produce.  To a counter-land side 158b, a shield
sheet 29 is affixed to prevent a noise of the board from
mixing with a noise of the leaked magnetic flux from thé
rotor end face. Therefore, the magnetic flux free from a
noise can.be fully detected by the Hall IC. Thus, the adhe-
sion of the shield sheet 29 to the counter-land side a11§ws

to externally output a stable signal and a]so_fo:measure a




magnetic flux density have a prescribed proportional rela- tion and, as
shown in Fig. 32, a magnetic flux density and a tenperature al so have a
prescribed relation. Fig. 33 shows output voltage waveforns of the magnetic
sensor when the. rotor is rotating. It is seen that the magnetic fl ux
density decreases as the nmagnet tenperature rises, and the output "voltage
of the magnetic sensor |owers as the“ﬁﬁgnetic flux density decreases. Using
these relations, or determn- ing these relations in advance, a magnetic
flux density and tenperature table is incorporated in the formof, for

exam bl emabri@@Md 1Y ke RGN 9 S dox SO, U {do MY fREPeg@Lure can

be nonitored according to the output voltage the magnéti c sensor.
Fur t her nolgampa MW Y He dsF@tha APtdgadd Wb iWeddaHOt S tdREWY Fade be

al so detected accord-
and the sensor board without providing the shield sheet 29.

Fig. 13 shows another embodiment of the rotor end face.

A rotor 30 consists of rotor magnetic pole portions 30b
radially protruded at an angle of 90 degrees and field
permanent magnets 31 inserted into rotor magnetic pole bbr—
tions 30a. At the center of the rotor 30, a rotatable éhaft
32 is inserted, and the rotatable shaft 32 and the rotor 30
are integrally fitted by shrinkage fitting.

Each field permanent magnet 31 is inserted in the bases
of every_other magnetic pole portions 30a so that N pole (or
S pole) is positioned on the rotatable shaft side. fhe mag-
netic fluxes of the field permanent magnets 31 are guided by
the leading ends of the magnetic pole portions 30a to get in
or out of the outer peripheral face of each rotor magnetic
pole portion 30b. Thus, the rotor 30 is alternately mag-
netized in the N and S poles in the circumferential direc-
tion. An area between imaginary lines B-C in the drawing
(in'this'case. a distance from the center axis is from'R23
mm to R26 mm) indicates an area that when a top 33 of a Ha1i
IC 32 enters this area by the rotation of the rotor 30, a

magnetic flux switching section becomes stable and the motor

can be driven.




ing to the output voltage of the magnetic sensor. In the above structure,
since the nonitored tenperature can be - 62 - detected according to a
change i n anal ogue output value of the magnetic sensor, a dedicated
tenperature sensor is not required, enabling to reduce the cost. And, the
demag- netization of the rotor magnet due to a tenperature increase or
unexpect ed phenonena can be detected-a¢&ordi ng to a change in anal ogue

out put value of the magnetic sensor, so that degradation of the nagnet
perfornmance can be seen. Besides, a tenperature of the nagnet being rotated

can be .

: Furthermore, an area between_imaginary Tines B~D (in
this case, a distance from the center axis is from R8 mm .to.
R23 mm) indicates an area that the rotor 30 is unstable. 1In
this area, the magnetic fluxes of the magnetic pole portions
having the field permanent magnet and not having have dif-
ferent movements, the magnetic flux switching section be-
comes unstable and the motor cannot be drivén.

In the above description, a magnetic sensor signal has
been explained to be taken from the magnetic flux leaked
from the rotor end face, but this invention is not 1imited
to it. When rare earth magnets having a high energy product
(BHMAX25MGOe) are inserted in the rotor to cause magnetic
saturation at one spot a{ a minimum on the rotor end face
and a magnetic flux is leaked intentionally on the outside
of the rotor, a quantity of magnetism which flows the mag-
netic sensor is increased, and detection can be made satis-
factorily even when the magnetic sensor has variations in
the property. 1In particular, when the magnetic saturation
‘is close to a place where poles are switched, detention cén
be made stably at a spot liable to be unstable. Further-
more, it is to be understood that reliability of the motor.

is improved and assembling is facilitated by increasing the

axial .distance between the magnetic sensor and the rotor end

face.
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directly detected without using a tenperature sensor. In view of the fact
that the magnetic sensor and the magnetic flux density are influenced by a
tenperature as de- scribed abovwe, the foll ow ng enbodi nent proposes.a
structure that the notor interior can be cooled. Specifically, as shown in
'Fig. 34 to Fig. 36, a fan is forned. Fig. 34 and Fig. 35 show that |eading
ends 10b of magnetic pole portions of- as5steel plate 10a of the rotor yoke
10 are bent slanting- |y in the formof a fan. Therefore, ventilation is
made by the Ieading ends 10b of the magnetic pole portions of the steel

0 rect by MR P O S e R, P
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magnetic sensor is disposed at a prescribed distance from
the end face of the rotor to directly detect the magnetic
flux of the fié]d bermanent magnets leaked outside from the
rotor end face by the magnetic sensor, so that when the mag-
netic flux of the rotor during rotation is attracted in the
rotatiné direction by the interaction with the magnetic pole
portions of the stator or thé angle of lead of the magnetic
flux is varied depending on the motor current (motor
torque), the position of a peak point of the magnetic flux
density in the external space of the rotor is always
detected to excite the optimum magnetic pole portion of the
stator, so that the motor efficiency can be improved. 1In
addition, the maximum efficiency has less change with.
respect to thg mounting error. of the Hall IC in the rotating
direction, and the angle of 1lead is same regardiess of the
load, so that setting can be hade under any load.

And, since the magnetic sensor board of this invention
has the mounting holes for fixing the sensor board disposed
at the outer periphery, the inner per1phery of the sensor'
board can be widened to the rotatable shaft, the insulated
space between the patterns can be secured sufficiently, and

the shape of the connection land with the lead can be
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I s di sposed between the rotor end face 8b and the magnetic sensor 16. In
the sanme way as above, the magnetic sensor - 63 - and the notor are

cool ed, and a stable output voltage can be obtained. This fan 39 is made of
a nonmagnetic material so as not to effect on the | eaked magnetic flux from
the rotor end face. Therefore, the fan489-does not cause a detection

failure. Industrial Applicability This invention can detect a peak_point of
the magnetic flux density around a rotor in a brushless notor which

changed. As a result, the lead can be easi]? inserted and
connected. And, changing of the distance of the Hall IC
from the shaft changes the angle of lead, and the angle be-
tween the Hall ICs can be nnarrowed. As a result, the size
of fhe magnetic sensor board can be made small, and the cost

can be reduced.

The brushless motor of the third group of this inven-
tion will be described. -

As shown in Fig. 14, thé brushless motor of the third
group basically has the same structure with the one shown in
Fig. 1 and, therefore, the same components are given the
same reference numerals and their description is omitted.

In Fig. 14, to an end face 8b of the rotor 8, a magnet
piece 17 t0 be detected is attached to specify a rotatioﬁa1
position qf the rotor 8. To the inner end face of the hous-
ing member 3 near the trajectory of rotation of the magnet
piece 17 to be detected, a CW magnetic sensor 16 (18X) for
detedting a rotational position of the rotor 8 rotating
clockwise and a CCW magnetic sensor 16 (16Y) for detecting a
rotatioha1 position of the rotor 8 rotating counterclockwise
are attached.

Fig. 15 shows the front of the rotor 8 taken on line A-
A' shown in Fig. 14. The rotor 8 éonsists of the rotor yoke

10 made of the 1amihated steel plates and the field
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detects a rotational position of the rotor using a magnetic sensor, and is
optimum for a brushless notor which is re- quired to have a high notor

ef ficiency. -64- Cains 1. A brushl ess notor conprising a
stator and a rotor rotatably supported within the stator, the rotor having
a rotor yoke which is forned by | am nating many steel plates, the rotor
yoke having an even nunber of nagneti4qz pole portions protruded outward, and
a field permanent magnet which is inserted in each nmagnetic pole
permanent magnets 11, and the rotor yoke .10 has four ex-
ternally protruded sectioné in a radial direction at an
angle of 90 degrees on its outer periphery. These four
protruded sections.of the rotor yoke 10 have the field
permanent magnet 11'iﬁgerted in their bases so that N and S
poles are alternately positioned to face outward to reséec-
tively form the rotor magnetic §o1e portion 8a. In the )
drawing, reference numeral 18 indicates caulking sections
for integrally caulking the steel plates.
At the center of an end face of one of the fotor mag-
netic pole portions 8a, the magnet piece 17 to be detected
is adhered. This magnet piece 17 to be detected moves along
the trajectory of rotation R when the rotor 8 rotates clock-
wise CW or counterclockwise CCW as shown in Fig. 15. To an
end face of the housing member 3 not shown, the CW magnetic
sensor 18X and the CCW magnetic sensor 16Y which are indi~-
cated by an imaginary line are adhéred, As shown in the’
drawing, the CW magnetic sensor 16X and the CCW magnetic
sensor 18Y are disposed near the trajectory of rotation é.
the CW maghetic sensor 16X is fixed as displaced by an angle
of a0 in the CCW direction, and the CCW magnetic sensor 18Y
is fixed As displaced by an angle of a1l in the CCW direc-
tion.

Assuming that thé positions of the CW magnetic sensor
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portion or every other magnetic pole portions, characterized by having -
a magnetic sensor for detecting a magnetic flux | eaked outside froman end
face of the rotor between the | am nated steel plates of one magnetic pole
portion and the |lam nated steel plates of its neighbouring magnetic pole
portion, - t he magnetic-sensor being positioned at a prescribed distance
fromthe end face of the rotor, - = 4he prescribed distance being_in a
range of a distance or less that the nagnetic sensor can directly detect
the magnetic flux | eaked outside fromthe end face of the rotor and also a
di stance or_nore-that a noise is generated in a detected signal due to

16X and the CCW magnetic sensor 16Y are P1 and P2, respec-

tively, and the center posifions of the rotor magnetic pole

portions 8a are PO and P3, when the rotor 8 rotates clock-

wise, a control circuit not shown receives a signal of the

CW magnetic sensor 16X only and controls to excite the

stator magnetic pole portion 8a which corresponds to the

position PO when the CW magnetic sensor 16X detects a mag-

netic flux at the position P1. When the rotor 8 rotates

counterclockwise, the above control circuit receives a sig-

nal of the CCW magnetic sensor 18Y only and controls to ex-

cite the stator magnetib pole portion 9%a which corresponds

to the position P3 when the CCW magnetic sensor 18Y detects

the magnetic flux at the position PO.

" Referring to Fig. 38, the sizes of the angles a0 and al
will be described. As described above, Fig. 38 shows a dif-
ference between a change of the magnetic flux density in the
outside space of the rotor end face of the brushless motor
and the rotational position of the rotor detected by the
magnet piece to be detected. And, the time difference T can
be converted into a rotational angle of the rotor, and tﬁis
rotational angle is equal to the angle of lead of the mag-
netic f1uxl

In view of the above, in this embodiment, the devfated

angles a0 and at of the CW magnetic sensor 16X and the CCW

A
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I rregul ar magnetic fluxes near the-end face of the rotor. 2. A
brushl ess notor conprising a stator and a rotor rotatably supported within
the stator, the rotor having a rotor yoke which is forned by | am nating
many steel plates, the rotor yoke having an even nunber of magnetic pole
portions protruded outward; and a field permanent nmagnet which is inserted
in each magnetic pole portion or ewe&¥y -other magnetic pole portions,
characteri zed by having - a magnetic sensor for detecting a nagnetic
flux | eaked outside froman end face of the rotor between

magnetic sensor 16Y are set to be substantially equal to the
angle of lead of the magnetic flux density.

By structuring as described above, in the brushless
motor 1 of this embodiment, when the rotor 8 rotates clock-
wise CW as shown in Fig. 15, the CW magnetic sensor 16X
detects the magnetic flux of the magnet piece 17 to be
detected when the magnet piece 17 to be detected has reached
the position P1, and the aforementioned control circuit ex-
cites the stator magnetic pole portion Sa corresponding to
the position PO. At this time, since the peak point of the
magnetic flux density in the outside space of the rotor 8 is
at the position P1,-the rotor 8 can be rotated most effi-~
ciently and, as a result, the motor efficiency can be im-
proved.

Inversely, when the rotor 8 rotates counterclockwise,
the CCW magnetic sensor 16Y detects the magnetic flux of the
magnet piece 17 to be detected which has reached the posi~-
tion Pé. and the stator magnétic pole portion 8a corréspdnd—
ing to the position P3 is excited. Thus, the motor ef-
ficiency can be improved in the same way.

In the brushless motor 1 of this embodiment, when the
rotor 8 rotates clockwise CW as shown in Fig. 15, the CCW.
"magnetic sénsor 18Y can be used. More specifica]]y; as.de-

scribed above, since the CCW magnetic sensor 18Y is fixed as
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- 65 - the lamnated steel plates of one magnetic pole portion and the

| am nated steel plates of its neighbouring nmagnetic pole portion, - t he
magneti c sensor being positioned at a prescribed distance fromthe end face
of the rotor, - the prescribed distance being in a range of a distance

or less that the magnetic sensor can directly detect the magnetic fl ux
| eaked outside fromthe end face of th® -Totor and al so a distance or nore
that a noise is generated in a detected signal due to irregular magnetic
fluxes near the end face of the rotor, and _
displaced by the angle al in the CCW direction when rotated
counterclockwise CCW, when this is seen from the viewpoint
of rotating clockwise CW, the CCW magnetic sensor 16Y has an
angle of delay. Therefore, when rotating CW, the CCW mag-
netic sensor 16Y can be used for an angle of delay. And,
when rotating CCW, the CW magnetic sensor 16X can be used
for an angle of delay.
For carrying equipment, a bidirectionally rotatable
brushless motor, which needs to let out at a low speed and
at high torque when working and to reversely rotate quickly
at a high speed and at low torque when winding, is used.
The bidirectionally rotatable brushless motor has different
angles -of lead of the magnetic flux density in respective
rotating directions, and is provided with one magnet piedé
to be detected, a working magnetic sensor for_detectiﬁg a
rotational position of the rotor when working, and a winding
magnetic sensor for detecting a rotational position of the
rotor when winding; the working magnetic sensor is fixed as
displaced by an angle equal to an angle of lead of the mag-
netic flux in an opposite direction with respect to the )
rotating direction of the rotor at high torque when working,
and the wihding magnetic sensor is fixed as displaced at a

large angle in an opposite direction with respect to the

rotating direction (opposite rotating direction from when
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- the magnetic sensor being set to scan a range froma point of a

m ni mrum di stance fromthe rotatable shaft center to the outside of the
field magnets to the outer end of the rotor. 3. A brushl ess not or
conprising a stator and a rotor rotatably supported within the stator, the
rotor having a rotor yoke which is forged by | anminating nmany steel plates,
the rotor yoke having an even nunber “of "magneti c pol e portions protruded
outward, and a field permanent nmagnet which is inserted in each magnetic
pol e portion or every other magnetic pole portions, characterized by having
a magnetic sensor for detecting a nmagnetic flux | eaked outside froman end

face of tHEOTIM) ThethgiRiFc RbntH HRIML pHen iviRirg- a BY sBREEhed
di stance f¥é§“$§¥% the angle of lead of the magnetic flux at each

torque of the working and'winding magnetic sensors, a
bidirectionally rotatable brushless motor which has dif-
ferent rotating speed and torque, aﬁd high efficiency in
eagh rotating direction can be obtained.

As obvious from the above description, the Srush1esé
motor of the third group of this invention has a magnet
piece to be detected for specifying a rotational position of
the rotor, a cw magnetic sensor for detecting a rotational
position of the rotor rotating clockwise and a CCW magnetic
sensor for detecting a rotational position of the rotor
rotating counterclockwise, and since the CW magnetic sensor
and the CCW magnetic sensor are disposed as displaded by a
prescribed angle respectively in opposite directions with
respect to a rotating direction of the rotor, when the rotor
rotates in either direction, clockwise or counterc1ockﬁi§e.
the stator magnetic pole portion advanced by an angle equal
to an an§1e.of lead of the magnetic flux than the actual
rotétional pésition of the rotor can be excited. Thus, the
rotor can be rotated most efficiently, and a bidirectionally
rotatable.brushIess motor having a high motor efficiency can

be obtained.

Using the brushless motor of the second group of this
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end face of the rotor, the prescribed distance being in a range of a

di stance or less that the magnetic sensor can directly detect the magnetic
flux | eaked outside fromthe end face of the rotor and al so a di stance or
nore that a noise is generated in a detected signal due to irregular
magnetic fluxes near the end face of the rotor, the rotor yoke having a
groove between the rotor magnetic poleszertions, and the groove having a
bottom which is - 66 - substantially aligned with the relative ~°
trajectories of rotation of the magnetic sensor.

invent{on, the bidirectional rotation like thé brushless
motor of the third group will be described.

As described above, since three magnetic sensors are
generally required for the rotation in one direction, the
bidirectionally rotatable brushless motor uses six magnetic
sensors. As shown in Fig. 16, the inventors determined the
rated efficiency, maximum load and maximum rotating speed,
assuming the positions of a Hall IC to be 21 mm, 23 mm, 2475
mm and 26 mm, at a position (angle of lead 0°) with the same
efficiency when rotating clockwise (CW) and counterclockwise
(CCW) using three éensors as one set. It is seen from Fig.
16 that sensing could not be made by the Hall IC with R24.5
mm and R26 mm. And, as shown in Fig. 17, in the case of -R23
mm, when the éame voltage is applied to rotate CW and CCW,
the motor efficiencies are different, but the rotation has
less variation through the full range, and net properties
(maximum rotating speed) become same. Similarly, as shown
in Fig. 18, in the case of R21 ﬁm, when the same voltage is
applied to rotate CW and CCW, the motor efficienéies and the
rotating speeds under high load are same although net
properties are different.

In ng. 17 and Fig. 18, 50%, 70% and 100% show the re-
lation between the rotating speed and the torque by duty,

and the circles show the relation between the circuit cur-
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4. A brushl ess notor conprising a stator and a rotor rotatably supported
within the stator, the rotor having a rotor yoke which is forned by

| am nating many steel plates, the rotor yoke having an even nunber of
magneti c pol e portions protruded outward, and a field permanent nagnet
which is inserted in each nmagnetic pole portion or every other nagnetic
pol e portions, characterized by having,a magnetic sensor for detecting a
magnetic flux | eaked outside froman énd face of the rotor, the magnetic
sensor belng p03|t|oned at a prescribed distance fromthe end face of the

rotor, Le ? g glstance ei in range .of a dist ng s 't hat
t he nagne Rt ﬁ OffHE&et | nd&%@cP°$He%§§gﬂQ§Fc 3Fﬁ&%| EEOJIn t si de
fromthe ?HGxEQ‘ESSOEcWhSnBOE% A1 +R159 131 331G Y WP € that a
And, when the Hall IC is set to R23 mm, a rotating

speed is fixed at 1200 rpm, and torque is varied, the devia-

tion of the peaks of the magnetic flux density outside of

the rotor and the signal of the Hall IC obtained from the

rotor end face at the maximum efficiency with respective

torque is as follows.

Torque Deviation of Hall IC and Max imum

(Kgm) peaks of magnetic flux efficiency (%)

: density (electrical angle)

0.05 0° £ 8° 90

0.10 0° £ 5° 87

0.15 0° + §° 85

0.20 0° £ 5° 82

0.25 0° + 5* 79

It is seen from the above table that when set to R23
mm, the maximum efficiency has less change with respect fo
the mounting error of the Hall IC in the fotating direction,
and the deviated degree is same regardIeés of the load, so-
that setting can be made under any load.

The above embodiment indicates that the arbitrary se-
lection of the setting position of the magnetic sensor al-
lows to oStain a motor having the performahce suitable for
use with the structure not changed. More specifically, when

the same maximum rotation and the same torque are required
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noise is generated in a detected signal due to irregular magnetic fluxes
near the end face of the rotor, and attaching a nonnagnetic plate for
reduci ng a noi se between the nmagnetic sensor and the rotor end face. 5. A
brushl ess notor conprising a stator and a rotor rotatably supported within
‘the stator, the rotor having a rotor yoke which is fornmed by |am nating
many steel plates, the rotor yoke ha¥i mg an even nunber of magnetic pole
portions protruded outward, and a field permanent magnet which is inserted

i'n each negRebihPObeaRabhE0BfORoPMEY Yal NEEyETREHIC! { ke RRAENPBTE i ONS,
characterized by. having a nmagnetic sensor for detecting a magnetic qux

[eaked oukginderf semsan end ffacecerbmphe, r vherabéve RBYmeti c Amdisoi.nbai ng
positioned at a prescribed distance fromthe
washing mode, l1ike a motor used for wash1ng machines,

when the performance such as rotating speed of 1200 xrpm,
torque of 0.24 kgm and rotation in both directions is
required, in a spin-drying model, when

the performance'such as a rotating speed of 2000 rpm, torque
of 0.05 kgm and rotation in one direction is required, the
magnetic sensor is set to, for example, the above R21 mm.
The above description has been made with the Hall IC changed
its position radially, and it is to be understood that the
same effect can be obtained by adjusting the angle of lead
at each R position. | .

It is seen from the above embodiment that it is
preferable to seleét a pattern suitable for application at a
desired rotation, 1ike the above motor for washing macﬁines.
from the great number of data previously collected witﬁ'
rotating directions CW 'and CCW under the conditions that the
magnetic sensor. had ifs positions changed variously. 1In the
above table, the deviation of the Hall IC and the peaks of
the magnetic flux density is different from the table indi-
cated in connection with the brushless motor of the second
group, because the former reflects the results obtained by
groping for conditions suitabIe for the bidirectional rota-

- tions of normal and reverse. -

Now, devices which are used for the above brushless

motors of the first to third groups of this invention to im

— - - :‘;L qu M’f‘m %¥§§-§
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end face of the rotor, the prescribed distance being in a range of a

di stance or less that the magnetic sensor can directly detect the magnetic
flux | eaked outside fromthe end face of the rotor and al so a distance or
nore that a noise is generated in a detected signal due to irregular
magnetic fluxes near the end face of the rotor, and an end face-of the
field magnet being positioned at | east ¥nside the rotor end face on the
side of the nagnetic sensor. 6. A brushl ess notor conprising a stator and
a rotor rotatably supported within the stator, the rotor having a rotor

yoke whi chpl 3, LOLFEY rP¥ e 3T RARBIWITYY b3l §85cribed.
Fig. 19 is a view showing a magnetic sensor board.

This embodiment has a sensor driving power supply disposed
on the magnetic sensor board 15. More specifically, a gén—
erating coil 34 is disposed on thé magnetic sensor board 15,
the generating coil 34 is connected with an electronic cir-
cuit 35 which is then connected with a power supply 36, and
magnetic sensors 16 are connected. In this magnetic sensor
board 15, an a.c. current passes through the generating coil
34 due to a leaked magnetic flux from the rotor, subjected
to full wave rectification or half-wave rectification in a
rectifier circuit, has a voltage stepped up in a step~up
circuit, and:stored in the power supply through a control
circuit as shown in Fig. 20. As the control circuit, one or
two or more diodes are used, and the step-up ci}cuit is dis~-
posed as required and made of a step-up coil. When fhe mag-
netic sensor board 15 is structured as described above, the
leaked magnetic flux from the rotor can be effectively used.
And a conventionally used external power supply and an ex-
ternal wiring therefor can be eliminated. Thus, the mag-
netic sensor board 15 can haVe.high generating capacity and
be formed.compact including the magnetic sensors and the
power supply. Furthermore, as shown in Fig. 21, the genera-

ting coil 34 can be also formed by winding an auxiliary coil




pl ates, the rotor yoke having an even nunber of magnetic pole portions
protruded outward, and a field permanent magnet which is inserted in each
magneti c pole portion or every other nagnetic pole portions, characterized
by having a magnetic sensor for detecting a magnetic flux | eaked outside
froman end face of the rotor, the magggeti c sensor being positioned at a
prescri bed distance fromthe end face of the rotor, the prescribed_distance
being in a range of a distance or |less that the magnetic sensor can

d ly d h f I do f h f f. th
ot or and G b tOUTRIBHEEISE brENT ratStondl ve Nr GO SRAAT A5 18 Rkt d
o1 gnal dues) 0 41 LRau Ao PARRILE 14 USSOIBRL J0G BT ool Wif kA and

t he rmagneti c’ sensor nova Iy di sposed axI al
is preferably used, and for the power supply 36, a high-

capacity capacitor or a secondary battery which is recharge-
able is used. 1In this way, generation can be made in a
large volume, and via the electronic circuit power subp]y,
electricity can be taken out of the motor to control an ex-
ternal actuator.
And, Fig. 22 shows another embodiment Which effectively
uses the aforementioned leaked magnetic flux to use as the
power supply for controlling the external actuator. In this
case..a part 41, which protrudes toward the housing member 3
of the brushless motor 1, is disposed on a mounting plate 40
to which the brushless motor 1 is fixed, the above generat-
' ing coil 34 is attached to the leading end of the part 41,
and a lead 14 from the generating coil 34 is connecfed to a
control circuit 42 and a battery 43. On the other hand, ;
hole 3a is formed in the-housiné member 3 to align with the
generating coil 34; and the part 41 is passed through the
hole 3a to set the generating coil 34 close to the rotor end
face 8b. 1In Fig. 22, reference numeral 44 indicates a hole
~through which the rotatable shéft 7 is passéd. The generat-
ing coil 34 which is, for example, a sheet coil may be dis-

posed outside of the housing member 4 opposite from the
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7. A brushl ess notor conprising a stator and a rotor rotatably
supported within the stator, the rotor having a rotor yoke which is forned
by Iam nating many steel plates, the rotor yoke having an even nunber of
magneti c pol e portions protruded outward, and a field pernmanent nagnet
which is inserted in each magnetic polgyportion or every other magnetic
pol e portions, characterized by having - a magnetic sensor for detecting
a magnetic flux | eaked outside froman end face of the rotor between the

| am nat ed steel plates of one magnetic pole portion and the | am nat.ed steel
pl ates of Mheushes ghemberng wabeltie poleoptaet onitharthe mounting plate

40. Thus, the generating coil 34 can be disposed on an ap-
propriate place inside or outside 6f the motor to use the
obtained power for the magnetic sensors and as a driving,
power for the outside of the motor. These embodiments using
the leaked magnetic flux from the rotor to generate a back
electromotive force can be also used when the rotor is
rotating by inertia.

"Fig. 23 and Fig. 24 are views showing another embodi-
ment of the magnetic sensor board. Hollow portions 15¢ are
formed in the magnetic sensor board 15, the magnetic sensors
16 éré fitted in the hollow portions 15¢, and the front and
back faces of the magnetic sensor board 15 are molded with a
nonconductive resin 37 which contains a material having good
heat conductivity, such as alumina material. 1In this struc-
ture, since the hollow pbrtions 15c are formed in the ma;-
netic sensor board 15, positioning of the magnetic sensors
16 can be made easily, and molding with the radiat{ng resin
37 allows satisfactory radiation of the magnetic sensors.
Conventionally, the magnetic sensors were mounted on the
maénetic sensor board, which therefore had an uneven surface
because of.the magnetic sensors, making it difficult to mold
with a resin. But, in this embodiment, since the hollow

portions 15¢c are formed and the magnetic sensors 16 are
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-68- the magnetic sensor being set to scan a range froma point of a

m ni mrum di stance fromthe rotatable shaft center to the outside of the
field nmagnets to the outer end of the rotor. 8. A brushl ess
notor conprising a stator and a rotor rotatably supported within the
stator, the rotor having a-rotor yokg which is fornmed by | am nating nmany
steel plates, the rotor yoke having an even nunber of magnetic pole
portions protruded outward, and a field permanent magnet which is inserted

'n each mpgPeLiceRBEEROTL! BOsPE1GNPRY 8FPEELRENEHG1 804 CaRE" LhENS:
.board has a flat surface, making it easy to mold with a
resin. Besides, a radiating effect can be obtained by mold-
ing wifh the resin as described above.

Fig. 25 and Fig. 26 show that coils 38 are used as the
magnetic sensors. Fig. 25 shows sheet coiis, and.Fig. 26
shows coils having toroidal windings applied. 1In these
cases, a back electromotive force is generated when the
Teaked magnetic flux from the rofor crosses the coils 38 and
used as a position detecting signal.

As desdribed above, when the back electromotive force
is used to detect a position, the position cannot be
detected at the time of starting when the rotor remains sta-
tionary because the back electromotive force is not genera-
ted yet. Therefore, the control shown in Fig. 27 is con-
ducted. Specifically, in the flowchart of Fig. 27, first:
excitation is made with a current of a 1imited value of a
current limiter by a drive signal having a certain pattern
for a prescribed time. Thus, the rotor moves to a position
corresponding to the exciting pattern and its position is
determined. Then, when a commutation signal is given under
a state that a current is passed to switch an output pat-
tern, the motor is rotated to generate the back electromo~

tive force, and the position is detected by the coils. When
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characterized by having - a magnetic sensor for detecting a nmagnetic
flux | eaked outside froman.end face of the rotor between the | am nated
steel plates of one magnetic pole portion and the |am nated steel plates of
i ts nei ghbouring magnetic pole portion, - t he magnetic sensor being set
to scan a range froma point of a m+idum di stance fromthe rotatable shaft
center to the outside of the field nagnets to the outer end of the rotor,
caul ki ng sections for fixing the | am nates steel plates, and the caulklng

TR Ak SHANIR et U B S e L A

magnetic g§@meht and a Hall IC are not needed, and these coils can be
produced inexpensively because a copper wire is used. And,
they have advahtages that a small number of terminals is
used as compared with conventional magnetic sensors, they
are heat resistant, and a tolerance is not strict.in their
production.

Fig. 28 shows that tﬁe magnetic sensor 16 is movéb1y
disposed with respect to the rotor end face 8b. Specifical-
1y, a cylindrical body 45 is disposed at an appropriate
place within the housing members 3, 4, a nonmagnetic working
rod 46 is movably disposed axially in the cylindrical body
45, the magnetic sensor 16 is fixed to the working rod 46 on
its rotor side, and a magnet 47 is fixed to the other end of
the working rod 46. Opposing to the magnet 47, a film coil
48 is disposed outside of the housing member to electrically
conduct it. Therefore, the film coil 48 is excited by pass-
ing a current, the magnetism of the film coil 48 is changed
by a controller not shown to attract or repulse the magnet
47, the magnetic sensor 16 is axially moved by the working
rod 46 to adjust a diStance from the rotor end face 8b, and
a rotation area of the motor is'changed accordingly. Fig.
28 is a graph showing the reIation between an angle of lead

and a distance between the magnetic sensor 16 and the rotor

Sheet Has Been Reilaced

mmmmm



9. A brushl ess notor conprising a stator and a rotor rotatably supported
Wi thin the stator, the rotor having a rotor yoke which is formed by

| am nating many steel plates, the rotor yoke having an even nunber of
magneti c pole portions protruded outward, and a field pernmanent magnet
which is inserted in each magnetic ppl% portion or every other magnetic
pol e portions, characterized by having~a nmagnetic sensor for detecting a
magnetic flux | eaked outside froman end face of the rotor, the nagnetic
sensor being set to scan a range froma point of a mninm distance. from
(the rotataflg $030!aB°0heh tRe'MEoRetfl%ellor 16 is moved as de-
scribed above. It is seen that when the magnetic sensor 16
moves away from the rotor'end face'ab, the angle of lead ad-
vances proportionally from point a in the drawing. This

point a was experimentally obtained to be a value of f.5"
times of the thickness of the field permanent magnet 11.

And, in Fig. 30, the line indicated by the l1ead 1ine 1 shows
that the magnet 47 and the film coil 48 are repulsed to each
other, or the magnet 47 is close to the rotor end face 8b,

and the line indicated by the lead line 2 shows that the
magnet 47 and the film coil 48 ére attracted to each other,

or the magnet 47 is away from the rotor end féce 8b than

when indicated by the IQad iine 1. Thus, when the position

of the magnet 47 is movable against the rotor end face 85,
net'properties.can be changed. 1In the invention of the

first group, when the magnetic sensor 16 is movably dﬁspdsed
with respect to the rotor end face 8b, in addition to the
aforementioned effects, positioning of the setting position

of the magnetic sensor can be facilitated in a range of a
distance or below that the leaked magnetic flux outside the
rotor endlface can bé directly detected and a distance or

more that a noise is geﬁerated in the detected signal due to
an irregular magnetic flux near the rotor end face.

fhe above embodiments have been described assuming that
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the field magnets to the outer end of the rotor, and the nagnetic sensor
bei ng novably di sposed axially. 10. A brushl ess notor
conprising a stator and a rotor rotatably supported within the stator, the
rotor having a rotor yoke which is forned by | am nati ng many steel plates,
the rotor yoke having an even nunber of gyagnetic pole portions protruded
outward, and a field permanent nmagnet which is inserted in each nagnetic

pol e portion or every other magnetic pole portions, characterized by havi ng
- a magnefenberaitinre fiy dRiest i duhstdrgnetifc fHa 4 dnrdeatk P8 ddleaf+ om an

end face of the rotor between the |aminated steel plates of one magnetic

pol e portitdorarid tehet deme natver ek whert echeofmotiosr is rotating, it is
expected to use a temperatu}e compensation means. And, to
compensate for a temperature'change; a temperaturé sensor is
generally an essential component. Therefore, the inventors
propose a technical means to detect the motor temﬁeréture
without using a temperature sensor.

Specifically, as shown in Fig. 31, a Hall voltage and a
magnetic flux density.have a prescribed proportional rela-
tion and, as shown in Fig. 32, a magnetic flux density and a
temperéture also have a prescribed relation. Fig. 33 shows
output voltage waveforms of the magnetic sensor when the.
rotor is rotating. It is seen that the magnetic flux
density decreases as the magnet temperaturé rises, and the
output voltage of the magnétic sensor lowers as the magnetic
flux density decreases. Using these relations, or determin-
ing these relations in advance, a magnetic flux density and
temperature table is incorporated in the form of, for'exam-
ple, a ROM in the control circuit, so that the motor
temperatqre can be monitored according to the output voltage
of the magnetic sensor. Furthermore, a'quantity of demag-
'netization of the rotor magnet can be also detected accord-
ing to the output voitage of the magnetic sensor. In the

above structure, since the monitored temperature can be
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nei ghbouri ng nmagnetic pole portion, - t he magnetic sensor being set to
scan a range froma point of a mninmmdistance fromthe rotatable shaft
center to the outside of the field magnets to the m ddl e point between the
outside of the field magnets and the outer end of the rotor. 11. In a

brushl ess notor conprising a stator anqﬁp rotor rotatably supported within
the stator, the rotor having a rotor yoKe which is formed by |aninating
many steel plates, the rotor yoke having an even nunber of nagnetlc pol e

d d
T cach: noaaspeed RULHRTran 8, 8 ChRhde PR R el cottn il iR R F o2 ¢

net hod fortHeSHQ§h8918398ﬁ§bF 55n385$059e5h€eﬁ5¥§§4@§§ £E“§5r'§s not

characterized
required, enabling to reduce the cost. And, the demag-

netization of the rotor magnet due to a temperature increase
or unexpected phenomena can be detected according to a
change in analogue output value of the magnetic sensor. so
thet degradation of the magnet performance can be seen.
Besides, a temperature of the magnet being rotated can be
directly detected without using a temperature sensor.

In view of the fact that the magnetic sensor and the
magnetic flux density are influenced by a temperature as de-
scribed above, the following embodiment proposes a structure
that the motor interior can be cooled. Specifically, as
shown in Fig. 34 to Fig. 36, a fan is formed. Fig. 34 and
Fig. 35 show that leading ends 10b of magnetic pole portions
of a steel plate 10a of the rotor yoke 10 are bent slanting-
ly in the form of a fan. Therefore, ventilation is made .by
the leading ends 10b of.the magnetic pole portions of the
steel plate 10a when the rotor is rotated, to cool the mag-
netic sensor. Thus, an effect by an ambient temperature
change is reduced, and a stable output voltage is attained.
Fig. 36 shows that a fan 39 fiXed to the rotational shaft 7
is disposed between the rotor end face 8b and the magnetic

sensor 16. In the same way as above, the magnetic sensor




by having a plurality of nmagnetic sensors for detecting a magnetic fl ux

| eaked outside froman end face of the rotor, disposing the plurality of
magneti c sensors on circles having different diam s to provide a
prescri bes angl e of lead, adjusting a rotational angle of the magnetic
sensors to correct the angle of |ead, and narrowi ng a space between the
magnetic sensors. 12. A bidirectiomafdy rotatable brushless notor-
conprising a stator and a rotor rotatably supported within the stator, the

rotor hadqy hd Rd¥o %kFe "EbsTed s 4RE B PYo] 8BOBEL LY EPEYS! 8k BLA o5
t he rotor yoke having an

obtained. This fan 39 is mgde of a nonmagnetic material S0

as not to effect on the leaked magnetic flux from the rotor

end face. Therefore, the fan 39 does not cause a detection

failure.

Industrial Applicability

This invention can detect a peak point of the magnetic
flux density around a rotor in a brushless motor which
detects a rotational position of the rotor using a magnetic
sensor, and is optimum for a brushless motor which is re-

quired'to have a high motor efficiency.




even nunber of magnetic pole portions protruded outward, and a field
per manent nagnet IChh Ts inserted in each nagnetic pole portion or every
ot her magnetic pole portions, characterized by attaching a magnet—piece to

be de -an_end: face of the rotoé4t-o specify a rotationalnﬁfﬁﬂuion of

the rotor, and di sposing-a fmagnetic sensor for detedlu“l“n““
position of the rotor rotating in one direction and L sensor

for detecting a rotational position of the rotor rotating in the other
direction in the-vicinity of the traEéE&EEy_of rotation of the nagnet piece
to be detected, "t-he one direction magnetic sensor and the other direction
magneti c sensor being displaced respectively by a prescribed angle
substanti-al |y equal to & HeresResSHMORuY GAMRE ifddied Stator and a

rotor rotatably supported within the stator, the rotor .
having a rotor yoke which is formed by laminating many
steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field
permanent magnet which is inserted in each magnetic pole
portion or every other magnetic pole portiohs,
characterized by having

- a magnetic sensor for detécting a magnetic flux
leaked outside from an end face of the rotor between
.the laminated steel plates of one magnetic pole
portion and the laminated steel plates of its

' neighbouring magnetic pole portion,
- the magnetic sensor being positioned at a prescribed
' distance from the end face of the rotor,

- the prescribed distance being in a range of a
distance or less that the maghetic sensor can
directly detect the magnetic flux leaked outside from
the end face of the,rofor and also a distance or more
that a noise is generated in a detected signal due to
irregular magnetic fluxes near the end face of the -
‘rotor.

2. - A brushless motor comprising a stator and a
rotor rotatably supported within the stator, the rotor
having a rotor yoke which is formed by laminating many
steel plates, the rotor yoké having an even number of
magnetic pole portions protruded outward, and a field
permanent magnet which is inserted in each magnetic pole
portion'or every other magnetic pole portions, .
characterized by having

- a magnetic sensor for detecting a magnetic flux

leaked outside from an end face of the rotor between
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flux in opposite directions with respect to a rotating dlrectlon of
rotor. 13. A brushless notor according to claim1l, 7 mwmﬂ h@i
Hadl 1C is used for the naghetic sensor, and a dlstanCA IC
and the rotor end face is at | east IargeP than the thickhess of the field

magnet . 14, A brushl ess notor according to claim1, 7, 11 or 12,
werein a Hall eltdiertaninaked strel nelabemerf onemagnethd pobeantity of

gremrrﬁgnetlzatlon Po LK IRNEhS %%nf@é@&&egtééf?ﬂf@stgftfﬁsrel ation
g a Hall voltage, a nmagnetic X density and a tenperature _
nelghbourlng magnetic pole portlon,

- the magnetic sensor being p051t10ned at a prescribed
distance from the end face of the rotor,

- the prescribed distance being in a range of a
distance or less that the magnetic sensor can
directly detect the magnetic flux leaked outside from
the end face of the rbtor and also a distance;or more
that a noise is generated in a detected signal due to
irregular magnetic fluxes near the end face of the
rotor, and '

- the magnetic sensor being set to scan a range from a
point of a minimum distance from the rotatable shaft
center to the outside of the field magnets to the ~
‘outer end of the rotor.

3. A brushless motor comprising a stator and a rotor
rotatably supported within the stator, the rotor hav1ng a
rotor yoke which is formed by laminating many steel
plates, the rotor yoke having an eﬁen number of magnetic
pole portions protruded outward, and a field permanent
magnet which is inserted in each magnetic pole portidn or
every other magnetic pole portions, characterized by
having a magnetic sensor for detecting a magnetic flux
leaked outside from-an end face of the rotor, the magnetic
sensor being positioned at a prescribed distance from the
end face of the rotor, the prescribed distance being in a
range of a distance or less that the magnetic sensor caﬁ'
directly detect the magnetic flux leaked outside from the
end face of the rotor and also a distance or more that a
noise is generated in a detected signal due to irregular
magnetic fluxes near the end face of the rotor, the rotor
yoke having a groove between the rotor magnetic pole

portions, and the groove having a bottom which is
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-71- 15. A brushl ess notor according to. cl.aj 12,
wherein | eading ends of nmagnetic pole portions of- iﬁﬂ‘“{llﬁ‘t““!%“ he
rotor yoke formng a magnetic path are bent slanti L rm of a
fan, and ventilation is made by the | eadiggg-ends of the nmagnetic pole

portions by the rotati of- the rotor to cool  the nmagnetic sensor. _16.

A brushl ess ﬁBPEFaﬁgéﬁggVn@lﬂgnEPaWhFﬁ,tb? EElBFli%,gﬁﬁé?@FﬁréeSeﬁgrating
coil is disppsedtobnt BE ERENRbAeEEBS9EnBEALd t0 obtain a back o

el ectronotive force by said coil wth the | eaked magnetic flux fromthe
rotor and to store in a rechargeable power supply via an electronic

circuitg, 17.A prushless foRb¥SBbRApeiBRhYr aa6€QEEENGnBOaCkaBYl, 7, 11 or

rotatably supported within the stator, the rotor having a
rotor yoke which is formed by laminating many steel
plates, the rotor yoke having ah"evén number of magnetic

- pole portions protruded outward, and a field permanent
magnet which is inserted in each magnetic pole portion or
every other magnetic pole portions, characterized by
having a magnetic sensor for detecting a magnetic flux
leaked outside from an end face of the rdtor, the magnetic
sensor being positioned at a prescribed distance from the
end face of the rotor, the prescribed distance being in a
range of a distance or less that the magnetic sensor can
directly detect the magnetic flux leaked outside from the
end face of the rotor and also a distance or more that a
noise is generated in a detected signal due to irregular
magnetic fluxes near the end face of the rotor, and
attaching a nonmagnetic plate for reducing a noise between
the magnetic sensor and the rotor end face.

S. A brushless motor éoﬁprising a stator and a rotor
rotatably supported within the stator, the rotor having a
rotor yoke which is formed by laminating many steel "
plates, the rotor yoke having an even number of magnetic
pole portions protruded outward, and a field permanent
magnet which 'is inserted in each magnetic pole portion or
every other magnetic pole portions, characterized by
having a magnetic sensor for detecting a magnetic flux
leaked outside from an end face of the rotor, the magnetic
sensor being positioned at a prescribed distance from the
end face of the rotor, the prescribed distance being in a
range of a distance or less that the magnetic senéor can
directly detect the magnetic flux leaked outside from the
end face of the rotor and also a distance or more that a




12, wherein a generating coil is disposed on a tooth portlon of ato
to obtain a back electronotive force by said coil M“E“l“g ﬂig@ etic
flux fromthe rotor and to store in a rechargeable p

electronic circuit. 18. A brushl ess~nttor according to 61a|n11 7,

or 12, wherein a part, which protrudes toward a housing menber of the
brushl ess MONOA S € S-Sdlgseptmtem im ra)ldutleng:em stigntad \diecitd hiertequskdess

notor is fix il s ed t sai @ housi ng

member has aﬁ}%& orneg]g{er}’géﬁ% t\}ﬁet ﬁné #FeRer 'end%gtcﬁ g i Part
i s passed t hifaegh otfheheolfd etlal smignedi dhejenepaising oheid ad dssadto ideidot or
end face. 19the rotor endo‘tbarcues%lne%%e stn.%’e o%c%'i':del rx]n gtnoet%.lcalsngnlsorz (R

6. A brushless motor comprising a stator and a rotor
rotatably supported within the stator, the rotor having a
rotor yoke which is formed by laminating many steel
plates, the rotor yoke having an even number of magnetic
pole portions protruded outward, and a field permanent
magnet which is inserted in each magnetic pole portion or
every other magnetic pole portions, characterized by
having a magnetic sensor for detecting a magnetic flux .~
leaked outside from an end face of the rotor, the magnetic
seﬁsor being positioned at a prescribed distance from the
end face of the rotor, the prescribed distance being in a
range of a distance or less that the magnetic sensor can
directly detect the magnetic flux leaked outside from the
end face of the rotor and also.a distance or more that a
noise is generated in a detected signal due to irregular
magnetic fluxes near the end face of the rotor, and the
magnetic sensor being movably disposed axially.

7. A brushless motor comprising a stator and a
rotor rotatably sﬁpported within the stator, the rotor
having a rotor yoke which is formed by laminating many
steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field

. permanent magnet which is inserted in each magnetic pole
portion or every other magnetic pole portions,
characterized by having
- a magnetic sensor for detecting a magnetic flux

leaked outside from an end face of the rotor between
the laminated stéel'plates of one magnetic pole

portion and the laminated steel plates of its

nelghbourlng magnetic portion, and




or 12, wherein a generating coil is disposed outside a housing nenmber to

](c)lbhii ?rgmb?ﬁg (ral);agﬁ.rom)t I ve force by S-a.l-de_scfl | wt h “‘“\I“ﬂﬂ‘ “‘L‘m!“ I C

. -  the magnetic-sensor being set to scan a range from a
point of a minimum distance from the rotatable shaft
center to the outside of the field magnets to the
outer end of the rotor.

8. . A brushless motor comprising a stator and a
rotor rotatably supported within the stator, the rotor
having a rotor yoke which is formed by laminating many
steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field

permanent magnet which is inserted in each magnetic pole

portion or every other magnetic pole portions}

characterized by having _

- a magnetic sensor for detecting a magnetic flux
leaked outside from an end face of the rotor between

" the laminated steel plates of one magnetic pole
portion and the laminated steel plates of its
neighbouring magnetic pole portion,

- the magnetic sensor'being'set to scan a range from a
point of a minimum distance from the rotatable shaft
center to the outside of the field magnets to the
outer end of the rotor, caulking sections for fixiﬁg
the laminates steel plates, and the caulking sections
having their distance from the rotatable shaft center
shorter than_the'distance between the rotatable shaft
center and the bottom of the magnetic sensor.

9. A brushless motor comprising a stator and a rotor
rotatably supported within the stator, the rotor having a
rotor yoke which is formed by laminating many steel
plates, the rotor yoke having an even number of magnetic
pole pértions protruded outward, and a field permanent
magnet which is inserted in each magnetic pole portion or
every other magnetic pole portions, characterized by
having a magnetic sensor for detecting a magnetic flux

leaked ocutside from an end face of the rotor,_the magneﬁic




10.

11.

AT

sensor being set to scan a range from a point of a minimgm
distance from theé rotatable shaft center to the outside of
the field magnets to the outer end of the rotor, and the

madnetic sensor being movably disposed axially.

A brushless motor comprising a stator and a
rotor rotatably supported within the stator, the rotor
having a rotor yoke which is formed by laminating many
steel plates, the rotor yoke having an even number of
magnetic pole portions protruded outward, and a field
permanent magnet which is inserted in each'magnetic pole
portion or every other magnetic pole_portions,
characterized by having
- .2 magnetic sensor for detecting a magnetic flux

_leaked outside from an end face of the rotor between
the laminated steel plates of one magnetic pole
portion and the laminated steel plates of its
neighbouring magnetic pole portion,

- the magnetic sensor being set to scan a range from a
point of a minimum distancé from the rotatable shaft
center to the outside of the field magnets to the
middle point between the outside of the field magnets
and the outer end of the rotor.

In a brushless motor comprising a stator and a rotor
rotatably supported within the stator, the rotor having a
rotor yoke which is formed by laminating many steel
plates,'the rotor yoke having an even number of magnetic
pole portions protruded outward, and a field permanent
magnet which is inserted in each magnetic pole portion or
every other magnetic pole portions, a method for disposing
magnetic sensors in the brushless motor is characterized
by having a plurality of magnetic sensors for detecting a
magnetic flux leaked outside from an end face of the

rotor, disposing the plurality of magnetic sensors on

circles having different diam s to providg a prescribes
T REPLACEMENT SHFET




12.

13.

14.

oy

angle of lead, adjusting a rotational angle of the
magnetic sensors to correct the anglé of lead, and -
narrowing a space between the magnetic sensors.

- 70 -

A bidirectionally rotatable brushless motor cbmprising a
stator and a rotor rotatably supported within the stator,
the rotor having a rotor yoke which is formed by _
laminating many steel plates, the rotor yoke having an _
even number of magnetic pole portions protruded outward,
and a field permanent magnet which is inserted in each
magnetic pole portion or every other magnetic pole
portions, characterized by attaching a magnét piece to he
detected to an end face of the rotor to specify a
rotational position of the rotor, and disposing a magnetic
sensor for detecting a rotational position of the rotor
rotating in one direction and another magnetic sensor for
detecting a rotational position of the rotor rotating in
the other direction in the vicinity of the trajectory of
rotation of the magnet piece to be detected, the one
direction magnetic sensor and the other direction maghetic
sensor being displaced respectively by a prescribed angle
substantially equal to the angle of lead of a magnetic
flux in opposite directions with respect to a rotating
direction of the rotor. |

A brushless motor according to claim 1, 7, 11 or 12,
wherein a Hall IC is used for the magnetic sensor, and a
distance between the Hall IC and the rotor end face is at
least larger than the thickness of the field magnet.

A brushless motor according to claim 1, 7, 11 or
12, wherein a Hall element is used for the magnetic
sensor, and a quantity of demagnetization of rotor magnets
is detected according to the relation among a Hall

voltage, a magnetic flux density and a tefi:iifiii;,,/,,//,/,,.
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lé6.

17.

18.

19.

e WA

_ A brushless motor according to claim 1, 7, 11 or
12, wherein leading ends of magnetic pole portions of a-
steel plate of the rotor yoke forming a magnetic path are

.bent slantingly in the form of a fan, and ventilation is

made by the leading ends of the magnetic pole portions by
the rotation of the rotor to cool the magnetic sensor.

A brushless motbr according to claim 1, 7, 11 or
12, wherein a generating coil is disposed on the magnetic
sensor board to obtain a back electromotive force by said
coil with the leaked magnetic flux from the rotor and to

store in a rechargeable power supply via an electronic
circuit. '

A brushless motor according to claim 1, 7, 11 or
12, wherein a generating coil is disposed on a tooth

portion of the stator to obtain a back electromotive force

by said coil with the leaked magnetic flux from the rotor
and to store in a rechargeable power supply via an
electronic-eircuit,

14~ . A brushless motor according to claim 1, 7, 11 or
12, wherein a part, which protrudes toward a housing
member of the brushless motor, is disposed on a mounting
plate to which the brushless motor is fixed, a generating
coil is attached to said part, said housing member has a
hole formed to align with said generating coil, and said
part is passed through the hole to set said generating
coil close to the.rotor'end face. '

"+ A brushless motor according to claim 1, 2, 7, 11
or 12, wherein a generating coil is disposed ocutside a
housing member to obtain a back electromotive force by
said coil with the leaked magnetic flux from the rotor.
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BRUSHLESS MOTOR

Abstract

A brushless motor which includes a stator (9) and a
rotor (8) rotatably supported inside the stator. The rotor
has a rotor yoke (10) formed by laminating a large number of
steel plates, the rotor yoke has an even number of magnetic
pole portions (Ba) protruding outward, and a fie1d_ma§net
(11) is fitted to each of the magnetic pole portions or
every other magnetic pole portions. A magnetic sensor (16)
is disposed within the range in which the sensor (186) can
directly detect a magnetic flux leaking outside from an end
face (8b) of the rotor (8) and is less affected by irregular
fluxes near the rotor end face (Bb).:so that this sensor can
detect a peak point of a flux density around the rotor. A
magnetic sensor is disposed within the range where the in-
fluences of the irregular fluxes are small. A magnet (17)
to be detected is fitted to the rotor end face (8b), and a
magnetic'sensor (16X) for one direction and a magnetic _
sensor (16Y) for the other direction are disposed near the
trajectory of rotation of the magnet to be detected, and
these sensors are disposed in the opposite direction to the
rotating direction of the rotor in the arrahgement such that

they are deviated from one another by predetermined angles.
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