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(54) MOTOR AND BRUSHLESS WIPER MOTOR

(57) The purpose of the present invention is to pro-
vide a technique for suppressing the occurrence of vi-
bration and noise caused by an SPM brushless motor
which has segment magnets as the magnetic circuit. This
motor is provided with: a stator which has an annular
stator core and multiple teeth protruding radially inwards
from the inner peripheral surface of the stator core; a coil
which is wound around the teeth; a shaft which rotates
around the rotation axis radially inside of the stator core;
a rotor core which is fixed to the shaft and which has the
rotation axis as the radial center; magnets which are po-
sitioned on the outer peripheral surface of the rotor core;
a salient pole which is positioned between magnets ad-
jacent to each other in the circumferential direction on
the outer peripheral surface of the rotor core and which
protrudes radially outwards beyond the circumferen-
tial-direction end of the magnets; an applying unit which
applies a voltage to the coil; and an applying control unit
which controls the applying unit. The ratio of the number
of magnetic poles of the magnets and the number of teeth
is 2:3, the aforementioned voltage is a square wave, and
application of the voltage is started at a time when the
tip of the salient pole does not face an opening in the
teeth.
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Description

BACKGROUND

Technical Field

[0001] The disclosure relates to a motor and a brush-
less wiper motor.

Description of Related Art

[0002] A brushless motor (hereinafter may be simply
referred to as a motor) includes a stator having teeth
wound around by coils, and a rotor rotatably provided
radially inside the stator. The rotor of such a brushless
motor has a rotation shaft, a substantially column-shaped
rotor core externally fitted and fixed to the rotation shaft,
and permanent magnets provided on the rotor core.
When electric power is supplied to the coil of such a
brushless motor, an interlinking magnetic flux is formed
in the stator, so that magnetic attractive or repulsive forc-
es are generated between the formed interlinking mag-
netic flux and the permanent magnets provided on the
rotor core, and the rotor continuously rotates.
[0003] There are mainly two methods for arranging the
permanent magnets on the rotor. One is the interior per-
manent magnet (IPM) method in which a plurality of slits
are formed on the rotor core and the permanent magnets
are disposed in the slits. The other one is the surface
permanent magnet (SPM) method in which the perma-
nent magnets are disposed on the outer circumferential
surface of the rotor core (for example, please refer to
Patent Document 1).
[0004] There are mainly two ways to configure a mag-
netic circuit of the brushless motor of the SPM method.
One is the SPM brushless motor that uses a ring magnet
as the magnetic circuit. The other one is the SPM brush-
less motor that uses a segment magnet as the magnetic
circuit.
[0005] The SPM brushless motor having the ring mag-
net generally has less vibration and noises than the SPM
brushless motor having the segment magnet. However,
the SPM brushless motor having the ring magnet has the
problem of being more likely to increase in size than the
SPM brushless motor having the segment magnet.
[0006] Therefore, when miniaturization and weight re-
duction are emphasized, the SPM brushless motor hav-
ing the segment magnet may be used instead of the SPM
brushless motor having the ring magnet. However, since
the SPM brushless motor having the segment magnet
rotates the rotor by using the reluctance torque, there is
the problem that the torque ripple is deteriorated due to
a change in inductance according to the rotor rotation
angle, so that the vibration and noises are generated.

Document of Related Art

Patent Document

[0007] Patent Document 1: Japanese Laid-open Pub-
lication No. 2016-214081

SUMMARY

Technical Problem

[0008] In view of the above, the disclosure provides a
technique for suppressing the occurrence of vibration or
noises generated by an SPM brushless motor having a
segment magnet as a magnetic circuit.

Solution to the Problem

[0009] An aspect of the disclosure is a motor that in-
cludes a stator having a stator core that is annular and
a plurality of teeth that protrude inward in a radial direction
from an inner circumferential surface of the stator core;
a coil wound around the teeth; a shaft rotating around a
rotation axis inside the stator core in the radial direction;
a rotor core fixed to the shaft and having the rotation axis
as a radial center; a magnet located on an outer circum-
ferential surface of the rotor core; a salient pole located
between the magnets circumferentially adjacent to each
other on the outer circumferential surface of the rotor
core and protruding further outward than a circumferen-
tial end of the magnet in the radial direction; an applying
portion applying a voltage to the coil; and an applying
control portion controlling the applying portion to apply a
voltage that satisfies a predetermined condition to the
coil. A ratio of a number of magnetic poles of the magnet
to a number of the teeth is 2:3. A waveform of the voltage
applied to the coil is a rectangular wave. The applying
control portion controls the applying portion such that
voltage application to the coil is started when a tip of the
salient pole and an opening portion of the teeth do not
face each other.
[0010] An aspect of the disclosure is that in the motor,
the voltage applied to the coil has an advance angle that
is a predetermined advance angle among advance an-
gles greater than or equal to 15 degrees and less than
or equal to 45 degrees, and a conduction angle that is a
predetermined conduction angle among conduction an-
gles greater than or equal to 130 degrees and less than
or equal to 150 degrees.
[0011] An aspect of the disclosure is that in the motor,
the advance angle is greater than or equal to 15 degrees
and less than 30 degrees.
[0012] An aspect of the disclosure is that the motor
further includes an acquisition portion acquiring informa-
tion about an operation environment, and the applying
control portion performs the applying control portion to
apply a voltage having a waveform that is a rectangular
wave and an advance angle or a conduction angle that
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is based on the information.
[0013] An aspect of the disclosure is a brushless wiper
motor including the motor.

Effects

[0014] According to the disclosure, the vibration or
noises generated by the SPM brushless motor having
the segment magnet as the magnetic circuit can be re-
duced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a perspective view of a wiper motor 1 of the
first embodiment.
FIG. 2 is a cross-sectional view of the wiper motor 1
of the first embodiment.
FIG. 3 is a plan view of the stator 8 and the rotor 9
of the first embodiment as viewed from the axial di-
rection.
FIG. 4 is an enlarged view of the rotor 9 in the first
embodiment.
FIG. 5 is a view showing an example of a hardware
configuration of the controller portion 4 in the first
embodiment.
FIG. 6 is an explanatory view illustrating an example
of a functional configuration of the controller control
portion 400 in the first embodiment.
FIG. 7 is an explanatory view illustrating an advance
angle and a conduction angle of the wiper motor 1
in which the voltage applied to the coil 24 is a rec-
tangular wave in the first embodiment.
FIG. 8 is a view showing an example of the voltage
applied to the coil 24 in the first embodiment.
FIG. 9 is an experimental result showing a relation-
ship between an advance angle and a maximum val-
ue of a combined torque of the wiper motor 1 of the
first embodiment.
FIG. 10 is an explanatory view illustrating a relation-
ship between an advance angle and a positional re-
lationship between the tip of the salient pole 35 and
the opening portion of the teeth of the first embodi-
ment.
FIG. 11 is an experimental result showing a relation-
ship between an advance angle and a conduction
angle and a magnetic sound of the wiper motor 1 of
the first embodiment.
FIG. 12 is an experimental result showing a frequen-
cy of the occurrence of torque ripples generated in
the wiper motor 1 of the first embodiment.
FIG. 13 is an experimental result showing a rotor
rotation angle dependence of a magnet torque, a
reluctance torque, and a combined torque of the wip-
er motor 1 of the first embodiment.
FIG. 14 is an explanatory view illustrating a relation-
ship between an advance angle, a combined torque,

a magnet torque, and a reluctance torque of the wiper
motor 1 of the first embodiment.
FIG. 15 is a view showing an example of a functional
configuration of a controller control portion 400a in-
cluded in a wiper motor 1a of the second embodi-
ment.
FIG. 16 is an enlarged view of a rotor 9a of a variation.
FIG. 17 is an enlarged view of a rotor 9b of a variation.
FIG. 18 is an enlarged view of a rotor 9c of a variation.

DESCRIPTION OF THE EMBODIMENTS

[0016] Next, a motor and a brushless wiper motor ac-
cording to the embodiment of the disclosure are de-
scribed with reference to the drawings.

(First Embodiment)

(Wiper motor)

[0017] FIG. 1 is a perspective view of a wiper motor 1
of the first embodiment. FIG. 2 is a cross-sectional view
of the wiper motor 1 of the first embodiment. The wiper
motor 1 is a brushless wiper motor.
[0018] As shown in FIG. 1 and FIG. 2, the wiper motor
1, for example, is a drive source of a wiper equipped in
a vehicle. The wiper motor 1 includes a motor portion
(motor) 2, a deceleration portion 3 that decelerates and
outputs a rotation of the motor portion 2, and a controller
portion 4 that performs a driving control of the motor por-
tion 2.
[0019] Moreover, in the following description, a rotation
axis direction of a shaft 31 of the motor portion 2 is simply
referred to as an axial direction; a circumferential direc-
tion of the shaft 31 is simply referred to as a circumfer-
ential direction; and a radial direction of the shaft 31 is
simply referred to as a radial direction.

(Motor Portion)

[0020] The motor portion 2 includes a motor case 5, a
substantially cylindrical stator 8 accommodated in the
motor case 5, and a rotor 9 provided inside the stator 8
in the radial direction and rotatable with respect to the
stator 8. The motor portion 2 is a so-called brushless
motor that does not require a brush when supplying elec-
tric power to the stator 8.

(Motor Case)

[0021] The motor case 5, for example, is formed of a
material having excellent heat dissipation, such as a die-
cast aluminium. The motor case 5 includes a first motor
case 6 and a second motor case 7 that are configured
separable from each other in the axial direction. The first
motor case 6 and the second motor case 7 are respec-
tively formed into a bottomed tubular shape.
[0022] The first motor case 6 is integrally formed with
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a gear case 40 of the deceleration portion 3 such that a
bottom portion 10 is joined to the gear case 40. A through
hole 10a into which the shaft 31 of the rotor 9 can be
inserted is formed in the substantial radial center of the
bottom portion 10.
[0023] In addition, an outer flange portion 16 projecting
outward in the radial direction is formed in an opening
portion 6a of the first motor case 6, and an outer flange
portion 17 projecting outward in the radial direction is
formed in an opening portion 7a of the second motor case
7. The outer flange portions 16 and 17 engage with each
other and form the motor case 5 that has an internal
space. In addition, the stator 8 is disposed in the internal
space of the motor case 5, so as to be internally fitted to
the first motor case 6 and the second motor case 7.

(Stator)

[0024] FIG. 3 is a plan view of the stator 8 and the rotor
9 of the first embodiment as viewed from the axial direc-
tion.
[0025] As shown in FIG. 2 and FIG. 3, the stator 8 has
a stator core 20 integrally formed of a tubular core portion
21 that has a substantially circular cross-sectional shape
in the radial direction and a plurality (e.g., six in the first
embodiment) of teeth 22 that protrude inward from the
core portion 21 in the radial direction. The stator core 20
has an annular shape.
[0026] The stator core 20 is formed by stacking a plu-
rality of metal sheets in the axial direction. Moreover, the
stator core 20 is not limited to being formed by stacking
the plurality of metal sheets in the axial direction, and for
example, may be formed by press-molding soft magnetic
powder.
[0027] The teeth 22 are formed by integrally molding
a teeth body 101 that protrudes in the radial direction
from an inner circumferential surface of the core portion
21, and a collar portion 102 that extends in the circum-
ferential direction from a radial inner end of the teeth body
101. The collar portion 102 is formed extending from the
teeth body 101 to both sides in the circumferential direc-
tion. In addition, a slot 19 is formed between the collar
portions 102 that are adjacent to each other in the cir-
cumferential direction.
[0028] In addition, the inner circumferential surface of
the core portion 21 and the teeth 22 are covered with an
insulator 23 made of a resin. A coil 24 is wound around
each of the teeth 22 from above the insulator 23. Each
coil 24 generates a magnetic field for rotating the rotor 9
by using an electric power supplied from the controller
portion 4.

(Rotor)

[0029] The rotor 9 is rotatably provided inside the stator
8 in the radial direction with a minute gap between the
stator 8 and itself. The rotor 9 includes the shaft 31 that
is integrally formed with a worm shaft 44 (see FIG. 2)

configuring the deceleration portion 3, a substantially col-
umn-shaped rotor core 32 that is externally fitted and
fixed to the shaft 31 and has the shaft 31 as an axle center
(rotation axis) C1, and four magnets 33 provided on an
outer circumferential surface of the rotor core 32. As a
result, in the motor portion 2, a ratio of the number of
magnetic poles of the magnets 33 to the number of slots
19 (teeth 22) is 4:6.
[0030] The rotor core 32 is formed by stacking a plu-
rality of metal sheets in the axial direction. Furthermore,
the rotor core 32 is not limited to being formed by stacking
the plurality of metal sheets in the axial direction, and for
example, may be formed by press-molding soft magnetic
powder.
[0031] In addition, a through hole 32a penetrating in
the axial direction is formed in the substantial radial cent-
er of the rotor core 32. The shaft 31 is press-fitted into
the through hole 32a, which means that the axle center
C1 is located in the radial center of the rotor core 32.
Moreover, the shaft 31 may be inserted into the through
hole 32a, and the rotor core 32 may be externally fitted
and fixed to the shaft 31 by using an adhesive or the like.
[0032] Furthermore, four salient poles 35 are provided
on an outer circumferential surface 32b of the rotor core
32 at equal intervals in the circumferential direction. The
salient poles 35 are formed to protrude outward in the
radial direction and fully extend in the axial direction of
the rotor core 32.
[0033] The outer circumferential surface 32b of the ro-
tor core 32 formed as described above is configured such
that an interval between two salient poles 35 adjacent to
each other in the circumferential direction serves as a
magnet accommodation portion 36. The magnet 33 is
disposed in each magnet accommodation portion 36 and
is fixed to the rotor core 32 with, for example, an adhesive
or the like.
[0034] FIG. 4 is an enlarged view of the rotor 9 of FIG. 3.
[0035] As shown in FIG. 3 and FIG. 4, the magnet 33
is formed such that the radial thickness of an end portion
33s, which is on both sides of the magnet 33 around the
axle center C1 of the shaft 31 in the circumferential di-
rection, is smaller than the radial thickness of a circum-
ferential intermediate portion 33c. That is, as shown in
detail in FIG. 4, a radius of curvature R1 on the outer
circumferential surface on the radial outside of the mag-
net 33 is set to be smaller than a radius of curvature R2
on the inner circumferential surface on the radial inside
of the magnet 33. Therefore, a minute gap between the
outer circumferential surface on the radial outside of the
magnet 33 and the inner circumferential surface of the
teeth 22 is the smallest in the circumferential center of
the magnet 33, and gradually increases as separating
from the circumferential center in the circumferential di-
rection.
[0036] In addition, the magnet 33 is a ferrite magnet.
The magnet 33 is magnetized to have a magnetization
orientation (magnetic field) that is parallel along a thick-
ness direction. The magnets 33 are disposed to have the
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magnetic poles that differ from each other in the circum-
ferential direction. In addition, the salient pole 35 of the
rotor core 32 is located between the magnets 33 adjacent
to each other in the circumferential direction, that is, at a
boundary (pole boundary) of the magnetic pole.
[0037] A circumferential width dimension at an end por-
tion 35t on the radial outside of the salient pole 35 is set
to have an electrical angle θ that is greater than or equal
to 20 degrees and less than or equal to 40 degrees.
[0038] Moreover, the circumferential width dimension
at the end portion 35t on the radial outside of the salient
pole 35 is a width dimension between two circumferential
corner portions 35b supposing that round chamfered por-
tions 35a are not formed on the salient pole 35. In the
following description, the circumferential width dimen-
sion at the end portion 35t on the radial outside of the
salient pole 35 is simply referred to as a radial width di-
mension of the salient pole 35.
[0039] Furthermore, it is preferable that facing surfac-
es 35s, which are on both sides of the salient pole 35 in
the circumferential direction and face the circumferential
end portions 33s of the magnet 33, are formed in parallel
with each other.
[0040] The salient pole 35 protrudes further outward
than the circumferential end portion 33s of the magnet
33 in the radial direction.

(Deceleration Portion)

[0041] Returning to FIG. 1 and FIG. 2, the deceleration
portion 3 includes a gear case 40 on which the motor
case 5 is mounted, and a worm deceleration mechanism
41 accommodated in the gear case 40. The gear case
40, for example, is formed of a material having excellent
heat dissipation, such as a die-cast aluminium. The gear
case 40 is formed in a box shape having an opening
portion 40a on one surface, and has a gear accommo-
dation portion 42 accommodating the worm deceleration
mechanism 41. In addition, an opening portion 43 that
provides communication between the through hole 10a
of the first motor case 6 and the gear accommodation
portion 42 is formed on a side wall 40b of the gear case
40 at a place where the first motor case 6 is integrally
formed.
[0042] Furthermore, three fixing brackets 54a, 54b,
and 54c are integrally molded on the side wall 40b of the
gear case 40. The fixing brackets 54a, 54b, and 54c are
for fixing the wiper motor 1 to a vehicle body or the like
(not shown). The three fixing brackets 54a, 54b, and 54c
are disposed at substantially equal intervals in the cir-
cumferential direction to avoid the motor portion 2. An
anti-vibration rubber 55 is mounted on each of the fixing
brackets 54a, 54b, and 54c. The anti-vibration rubber 55
is for preventing vibration when driving the wiper motor
1 from being transmitted to a vehicle body (not shown).
[0043] Also, a substantially cylindrical-shaped bearing
boss 49 is provided protruding on a bottom wall 40c of
the gear case 40. The bearing boss 49 is for rotatably

supporting an output shaft 48 of the worm deceleration
mechanism 41, and has a slide bearing (not shown) pro-
vided on an inner circumferential surface. Furthermore,
an O-ring (not shown) is mounted on an inner circumfer-
ential edge of a tip of the bearing boss 49. As a result,
dust and water are prevented from entering the inside
from the outside through the bearing boss 49. In addition,
a plurality of ribs 52 are provided on an outer circumfer-
ential surface of the bearing boss 49. As a result, the
rigidity of the bearing boss 49 is ensured.
[0044] The worm deceleration mechanism 41 accom-
modated in the gear accommodation portion 42 is con-
figured of a worm shaft 44 and a worm wheel 45 engaged
with the worm shaft 44. The worm shaft 44 is coaxially
disposed with the shaft 31 of the motor portion 2. In ad-
dition, both ends of the worm shaft 44 are rotatably sup-
ported by bearings 46 and 47 provided on the gear case
40. An end portion on the motor portion 2 side of the
worm shaft 44 protrudes to reach the opening portion 43
of the gear case 40 through the bearing 46. The protrud-
ing end portion of the worm shaft 44 and an end portion
of the shaft 31 of the motor portion 2 are joined together,
and the worm shaft 44 and the shaft 31 are integrated
with each other. Also, the worm shaft 44 and the shaft
31 may be integrally formed with each other by molding
a worm shaft portion and a rotation axis portion with one
base material.
[0045] The worm wheel 45 engaged with the worm
shaft 44 is provided with an output shaft 48 in the radial
center of the worm wheel 45. The output shaft 48 is co-
axially disposed with a rotation axis direction of the worm
wheel 45 and protrudes to the outside of the gear case
40 through the bearing boss 49 of the gear case 40. A
spline 48a that can be connected to an electrical com-
ponent (not shown) is formed on a protruding tip of the
output shaft 48.
[0046] Furthermore, a sensor magnet (not shown) is
provided in the radial center of the worm wheel 45 on a
side that is opposite to a side where the output shaft 48
protrudes. The sensor magnet configures a part of a ro-
tational position detection portion 60 that detects a rota-
tional position of the worm wheel 45. A magnetic detec-
tion element 61, which configures another part of the ro-
tational position detection portion 60, is provided in the
controller portion 4 that is disposed facing the worm
wheel 45 on the sensor magnet side of the worm wheel
45 (the opening portion 40a side of the gear case 40).

(Controller Portion)

[0047] FIG. 5 is a view showing an example of a hard-
ware configuration of the controller portion 4 in the first
embodiment.
[0048] The controller portion 4 controlling the drive of
the motor portion 2 includes a central processing unit
(CPU) 601 connected by a bus, a memory 602 such as
a random access memory (RAM) and a read only mem-
ory (ROM), an auxiliary storage device 603, the magnetic
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detection element 61, and a power module 604 including
a switching element such as a field effect transistor (FET)
or the like that controls the voltage applied to the coil 24.
The central processing unit (CPU) 601 connected by the
bus, the memory 602, and the auxiliary storage device
603 operate as a controller control portion 400 by oper-
ating in conjunction with each other.
[0049] The CPU 601, the memory 602, the auxiliary
storage device 603, the magnetic detection element 61,
and the power module 604 are mounted on a controller
board 62.
[0050] The controller portion 4 includes a cover 63 that
is provided to close the opening portion 40a of the gear
case 40. The controller board 62 is disposed facing the
sensor magnet side of the worm wheel 45 (the opening
portion 40a side of the gear case 40).
[0051] The controller board 62 has a plurality of con-
ductive patterns (not shown) formed on a so-called epoxy
board. A terminal portion of the coil 24 pulled out from
the stator core 20 of the motor portion 2 is connected to
the controller board 62, and a terminal (not shown) of a
connector 11 provided on the cover 63 is electrically con-
nected to the controller board 62. Furthermore, a capac-
itor (not shown) or the like that soothes a voltage applied
to the controller board 62 is mounted on the controller
board 62.
[0052] The cover 63 that covers the controller board
62 configured as described above is made of a resin.
Also, the cover 63 is formed to bulge slightly outward. In
addition, an inner surface side of the cover 63 is config-
ured as a controller accommodation portion 56 that ac-
commodates the controller board 62 and the like.
[0053] Moreover, the connector 11 is integrally formed
on an outer circumferential portion of the cover 63. The
connector 11 is formed capable of being fitted to a con-
nector extending from an external power supply (not
shown). In addition, the controller board 62 is electrically
connected to the terminal (not shown) of the connector
11. As a result, electric power from the external power
supply is supplied to the controller board 62.
[0054] Furthermore, a fitting portion 81 fitted to an end
portion of the side wall 40b of the gear case 40 is formed
to protrude on an opening edge of the cover 63. The
fitting portion 81 is configured of two walls 81a and 81b
along the opening edge of the cover 63. In addition, the
end portion of the side wall 40b of the gear case 40 is
inserted (fitted) between the two walls 81a and 81b. As
a result, a labyrinth portion 83 is formed between the gear
case 40 and the cover 63. The labyrinth portion 83 pre-
vents dust and water from entering between the gear
case 40 and the cover 63. Also, fixation of the gear case
40 and the cover 63 is performed by fastening bolts (not
shown).
[0055] FIG. 6 is a view showing an example of a func-
tional configuration of the controller control portion 400
in the first embodiment.
[0056] An applying control portion 401 controls the
power module 604 to apply a predetermined voltage to

the coil 24.
[0057] The voltage applied to the coil 24 by the control
of the applying control portion 401 may be any voltage
that satisfies the following conditions (hereinafter re-
ferred to as voltage conditions). The first condition is that
the waveform is a rectangular wave. The second condi-
tion is that voltage application to the coil 24 is started
when a tip of the salient pole 35 and an opening portion
of the teeth 22 do not face each other.
[0058] The voltage satisfying the voltage conditions,
for example, has a waveform that is a rectangular wave,
an advance angle that is a predetermined advance angle
among advance angles greater than or equal to 15 de-
grees and less than or equal to 45 degrees, and a con-
duction angle that is a predetermined conduction angle
among conduction angles greater than or equal to 130
degrees and less than or equal to 150 degrees. In the
case where the voltage as described above is applied to
the coil 24, the voltage rises as the voltage application
is started. In the case where the voltage as described
above is applied to the coil 24, the voltage is applied to
the coil 24 when the tip of the salient pole 35 and the
opening portion of the teeth 22 face each other.
[0059] FIG. 7 is an explanatory view illustrating an ad-
vance angle and a conduction angle of the wiper motor
1 in which the voltage applied to the coil 24 is a rectan-
gular wave in the first embodiment.
[0060] A magnitude of electrical angles from the rise
of the voltage to the fall of the voltage is the conduction
angle. An electrical angle in the middle of electrical angles
of the rise of the voltage and electrical angles of the fall
of the voltage is called a conduction central position. The
advance angle represents a difference between an elec-
trical angle at a rising position of the voltage and a pre-
determined electrical angle. The predetermined electri-
cal angle is an electrical angle at the rising position of
the voltage at which an induced voltage of the wiper motor
1 and a flowing phase of the coil 24 coincide with each
other. The voltage at which the induced voltage of the
wiper motor 1 and the flowing phase of the coil 24 coincide
with each other has a conduction angle of 120 degrees
and an electrical angle of 30 degrees at the rising position
of the voltage.
[0061] FIG. 8 is a view showing an example of the volt-
age applied to the coil 24 in the first embodiment.
[0062] The voltage of FIG. 8 has a waveform that is a
rectangular wave, an advance angle of 0 degrees, and
a conduction angle of 120 degrees.

(Operation of Wiper Motor)

[0063] Next, the operation of the wiper motor 1 is de-
scribed.
[0064] In the wiper motor 1, the electric power supplied
to the controller board 62 through the connector 11 is
selectively supplied to each coil 24 of the motor portion
2 through the power module 604. The controller board
62 superimposes a fifth harmonic on the drive voltage of
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the coil 24.
[0065] As a result, a predetermined interlinking mag-
netic flux is formed in the stator 8 (teeth 22), and a mag-
netic attractive or repulsive force is generated between
the interlinking magnetic flux and an effective magnetic
flux formed by the magnets 33 of the rotor 9. As a result,
the rotor 9 continuously rotates.
[0066] When the rotor 9 rotates, the worm shaft 44 in-
tegrated with the shaft 31 rotates, and the worm wheel
45 engaged with the worm shaft 44 also rotates. More-
over, the output shaft 48 connected to the worm wheel
45 rotates, and an intended electrical component is driv-
en.
[0067] In addition, a rotational position detection result
of the worm wheel 45 detected by the magnetic detection
element 61 mounted on the controller board 62 is output
as a signal to an external device (not shown). In the ex-
ternal device (not shown), a switching timing of a switch-
ing element (not shown) and the like of the power module
604 is controlled based on a rotational position detection
signal of the worm wheel 45, and the driving control of
the motor portion 2 is performed. Also, an output of a
driving signal of the power module 604 and the driving
control of the motor portion 2 are performed by the con-
troller portion 4.

(Function and Effect of Rotor)

[0068] Next, the function and effect of the rotor 9 are
described with reference to FIG. 9 to FIG. 14. In the de-
scriptions of FIG. 9 to FIG. 14 and an experiment showing
an experimental result, the waveform of the voltage ap-
plied to the coil 24 is a rectangular wave.
[0069] FIG. 9 is an experimental result showing a re-
lationship between an advance angle and a maximum
value of a combined torque of the wiper motor 1 of the
first embodiment. The combined torque is a total torque
of a reluctance torque and a magnet torque.
[0070] The horizontal axis of FIG. 9 represents the ad-
vance angle. The vertical axis of FIG. 9 represents the
maximum value of the combined torque at each advance
angle. FIG. 9 shows that the combined torque is at a
maximum when the advance angle is 30 degrees.
[0071] FIG. 10 is an explanatory view illustrating a re-
lationship between an advance angle and a positional
relationship between the tip of the salient pole 35 and
the opening portion of the teeth 22 of the first embodi-
ment.

(A) of FIG. 10 shows the positional relationship be-
tween the tip of the salient pole 35 and the opening
portion of the teeth 22 during the rise of the voltage
of the rectangular wave with the advance angle of
30 degrees and the conduction angle of 120 de-
grees. When the voltage of the rectangular wave with
the advance angle of 30 degrees and the conduction
angle of 120 degrees rises, the tip of the salient pole
35 and the opening portion of the teeth 22 face each

other. Since the reluctance torque is generated when
the voltage rises, in the case where the rectangular
wave with the advance angle of 30 degrees and the
conduction angle of 120 degrees is applied to the
coil 24, the reluctance torque is generated when the
tip of the salient pole 35 and the opening portion of
the teeth 22 face each other.
(B) of FIG. 10 is an experimental result of a waveform
of the combined torque when the voltage of the rec-
tangular wave with the advance angle of 30 degrees
and the conduction angle of 120 degrees is applied
to the coil 24. The combined torque represented by
C1 in (B) of FIG. 10 is a combined torque generated
at a position where the tip of the salient pole 35 and
the opening portion of the teeth 22 face each other.
As shown in (B) of FIG. 10, if the position where the
tip of the salient pole 35 and the opening portion of
the teeth 22 face each other is the rising position of
the voltage, the combined torque suddenly increas-
es. The greater the amount of change in the com-
bined torque, the greater the ripples and noises.
Therefore, if the amount of change in the combined
torque can be reduced, the occurrence of ripples and
noises can be suppressed.

[0072] FIG. 11 is an experimental result showing a re-
lationship between an advance angle and a conduction
angle and a magnetic sound of the wiper motor 1 of the
first embodiment.
[0073] The horizontal axis of FIG. 11 represents the
conduction angle. The vertical axis of FIG. 11 represents
the loudness of the magnetic sound. The loudness of the
magnetic sound is the loudness of the noise generated
by the wiper motor 1. FIG. 11 shows the relationship be-
tween the conduction angle and the magnetic sound at
each advance angle of 20 degrees, 25 degrees, 30 de-
grees, 35 degrees, and 40 degrees. FIG. 11 shows that
when the advance angle is other than 35 degrees, the
loudness of the magnetic sound is at a minimum when
the conduction angle is 140 degrees. FIG. 11 shows that
when the advance angle is 35 degrees, the loudness of
the magnetic sound is at a minimum when the conduction
angle is 150 degrees. FIG. 11 shows that the loudness
of the magnetic sound when the advance angle is 35
degrees and the conduction angle is 140 degrees is
greater than but substantially the same as the loudness
of the magnetic sound when the advance angle is 35
degrees and the conduction angle is 150 degrees.
[0074] In addition, FIG. 11 shows that when the con-
duction angle is 140 degrees, the loudness of the mag-
netic sound is at a minimum when the advance angle is
20 degrees. FIG. 11 shows that the loudness of the mag-
netic sound when the advance angle is 25 degrees and
the conduction angle is 140 degrees and the loudness
of the magnetic sound when the advance angle is 30
degrees and the conduction angle is 140 degrees are
substantially the same as the loudness of the magnetic
sound when the advance angle is 20 degrees and the
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conduction angle is 140 degrees. That is, FIG. 11 shows
that to reduce the magnetic sound, it is preferable that
the advance angle is greater than or equal to 20 degrees
and less than or equal to 30 degrees, and the conduction
angle is 140 degrees. As described above, FIG. 11 shows
that the magnetic sound is small when the advance angle
is greater than or equal to 20 degrees and less than or
equal to 30 degrees, and the conduction angle is 140
degrees.
[0075] As described above, the magnetic sound reduc-
es when the advance angle is greater than or equal to
20 degrees and less than or equal to 30 degrees and the
conduction angle is 140 degrees since the rise of the
voltage is not at the position of the electrical angle of 30
degrees, and is not at the position where the tip of the
salient pole 35 and the opening portion of the teeth 22
face each other.
[0076] Moreover, the experimental result of FIG. 11
shows that the magnetic sound is loud when the conduc-
tion angle is greater than or equal to 150 degrees. As
described above, the magnetic sound becomes loud be-
cause a consumption current increases, which is different
from the reason of the torque.
[0077] FIG. 12 is an experimental result showing a fre-
quency of the occurrence of torque ripples (hereinafter
referred to as a "ripple rate") generated in the wiper motor
1 of the first embodiment.
[0078] The horizontal axis of FIG. 12 represents the
magnitude of the combined torque of the rotor 9. The
vertical axis of FIG. 12 represents the ripple rate.
[0079] In FIG. 12, a motor A shows a surface perma-
nent magnet (SPM) motor that does not have the salient
pole 35. In FIG. 12, a motor B shows the wiper motor 1
driven by the rectangular wave with the advance angle
of 30 degrees and the conduction angle of 120 degrees.
In FIG. 12, a motor C shows the wiper motor 1 driven by
the rectangular wave with the advance angle greater than
or equal to 20 degrees and less than or equal to 30 de-
grees and the conduction angle of 130 degrees to 150
degrees.
[0080] FIG. 12 shows that the motor C has a lower
ripple rate than the motor A and the motor B.
[0081] Furthermore, FIG. 12 shows that the torque rip-
ples decrease even if the combined torque increases in
the motor C.
[0082] FIG. 13 is an experimental result showing a ro-
tor rotation angle dependence of the magnitude of a mag-
net torque, the magnitude of a reluctance torque, and the
magnitude of a combined torque of the wiper motor 1 of
the first embodiment. In an experiment showing an ex-
perimental result of FIG. 13, the advance angle is 30
degrees. The horizontal axis of FIG. 13 represents the
rotation angle of the rotor. The vertical axis of FIG. 13
represents the magnitude of the torque.

(A) of FIG. 13 shows waveforms of the torques when
the conduction angle is 120 degrees. In (A) of FIG.
13, the amplitude of the magnet torque is approxi-

mately 0.01 (Nm). In (A) of FIG. 13, the amplitude of
the reluctance torque is approximately 0.04 (Nm). In
(A) of FIG. 13, the amplitude of the combined torque
is approximately 0.05 (Nm).
(B) of FIG. 13 shows waveforms of the torques when
the conduction angle is 140 degrees. In (B) of FIG.
13, the amplitude of the magnet torque is approxi-
mately 0.01 (Nm). In (B) of FIG. 13, the amplitude of
the reluctance torque is approximately 0.02 (Nm). In
(B) of FIG. 13, the amplitude of the combined torque
is approximately 0.03 (Nm).

[0083] According to (A) of FIG. 13 and (B) of FIG. 13,
the magnitude of the reluctance torque when the con-
duction angle is 140 degrees is smaller than the magni-
tude of the reluctance torque when the conduction angle
is 120 degrees. That is, a sound generated by the reluc-
tance torque when the conduction angle is 140 degrees
is smaller than a sound generated by the reluctance
torque when the conduction angle is 120 degrees.
[0084] As described above, the occurrence of the noise
generated by the reluctance torque is more suppressed
when the conduction angle is 140 degrees than when
the conduction angle is 120 degrees.
[0085] FIG. 14 is an explanatory view illustrating a re-
lationship between an advance angle, a combined
torque, a magnet torque, and a reluctance torque of the
wiper motor 1 of the first embodiment.
[0086] The horizontal axis of FIG. 14 represents the
advance angle. The vertical axis of FIG. 14 represents
the torques. FIG. 14 shows that the combined torque has
a value close to the maximum value when the advance
angle is greater than or equal to 15 degrees and less
than 30 degrees. FIG. 14 shows that a ratio of the reluc-
tance torque is smaller than a ratio of the magnet torque
when the advance angle is greater than or equal to 15
degrees and less than 30 degrees. As described above,
when the advance angle is greater than or equal to 15
degrees and less than 30 degrees, the ratio of the reluc-
tance torque in the combined torque is small, but the
combined torque is close to the maximum value. There-
fore, even when a large torque is generated, the wiper
motor 1 that operates by applying the voltage as de-
scribed above to the coil 24 can suppress the occurrence
of the ripples and noises generated by the reluctance
torque.
[0087] The wiper motor 1 configured as described
above includes the salient pole 35 that protrudes further
outward than the circumferential end portion 33s of the
magnet 33 in the radial direction. Furthermore, the wiper
motor 1 configured as described above operates by ap-
plying the voltage having the waveform that is a rectan-
gular wave, the advance angle that is a predetermined
advance angle among the advance angles greater than
or equal to 15 degrees and less than or equal to 45 de-
grees, and the conduction angle that is a predetermined
conduction angle among the conduction angles greater
than or equal to 130 degrees and less than or equal to
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150 degrees. Therefore, the wiper motor 1 configured as
described above can suppress the occurrence of ripples
or noises.
[0088] In addition, the radial width dimension of the
salient pole 35 of the motor portion 2 has the electrical
angle θ that is greater than or equal to 20 degrees.
[0089] In the wiper motor 1 configured as described
above, by setting the electrical angle θ of the salient pole
35 to be greater than or equal to 20 degrees to ensure
that the radial width dimension is greater than or equal
to a certain value, and thereby concentrating the mag-
netic flux in the salient pole 35, an effect of making a
demagnetizing field difficult to act on the end portion 33s
of the magnet 33 can be surely obtained. Furthermore,
a high reluctance torque can be obtained by setting the
electrical angle θ of the salient pole 35 to be greater than
or equal to 20 degrees and less than or equal to 40 de-
grees.
[0090] Moreover, since in the motor portion 2, the mag-
netization orientation of the magnet 33 is parallel, cog-
ging of the motor portion 2 can be suppressed and a high
magnetic flux density can be obtained.
[0091] In the wiper motor 1 configured as described
above, it is preferable that the advance angle is greater
than or equal to 15 degrees and less than 30 degrees as
shown by the experimental results of FIG. 9 to FIG. 14.

(Second Embodiment)

[0092] The advance angle and the conduction angle
of the wiper motor may be changed by users.
[0093] FIG. 15 is a view showing an example of a func-
tional configuration of a controller control portion 400a
included in a wiper motor 1a of the second embodiment.
[0094] The wiper motor 1a of the second embodiment
is different from the wiper motor 1 of the first embodiment
in terms of including the controller control portion 400a
instead of the controller control portion 400. Those having
the same functions as those in FIG. 1 to FIG. 5 are des-
ignated by the same reference numerals, and the de-
scriptions thereof are omitted.
[0095] The controller control portion 400a includes a
determination portion 402 and an applying control portion
401a.
[0096] The determination portion 402 determines the
advance angle and the conduction angle based on an
operation environment information acquired by an acqui-
sition portion 605. The operation environment informa-
tion is information about the operation environment of
the wiper motor 1a. The operation environment informa-
tion may be any information about the operation environ-
ment of the wiper motor 1a.
[0097] The operation environment information, for ex-
ample, may be an ambient volume. The operation envi-
ronment information, for example, may be a time. The
operation environment information, for example, may be
an operation amount of an accelerator pedal of the ve-
hicle on which the wiper motor 1 is mounted.

[0098] The acquisition portion 605 may be any com-
ponent that can acquire the operation environment infor-
mation. The acquisition portion 605, for example, may
be the magnetic detection element 61. The acquisition
portion 605 may be the accelerator pedal.
[0099] The acquisition portion 605, for example, may
be a sound sensor. The acquisition portion 605 may be
an optical sensor. The sound sensor or the optical sensor
may be mounted anywhere in the wiper motor 1.
[0100] Furthermore, the acquisition portion 605 may
be configured as an interface that connects an acquisition
device of the operation environment information, such
as the sound sensor and the like, to the device.
[0101] The applying control portion 401a applies the
voltage with the advance angle and the conduction angle
determined by the determination potion 402 to the coil 24.
[0102] When the operation environment information is
information indicating the ambient volume, if the volume
is higher than or equal to the predetermined volume, the
determination portion 402, for example, determines the
advance angle to 30 degrees and the conduction angle
to 120 degrees. When the operation information is infor-
mation indicating the ambient volume, if the volume is
less than the predetermined volume, the determination
portion 402, for example, determines the advance angle
to 20 degrees and the conduction angle to 140 degrees.
By applying the voltage with the advance angle and the
conduction angle based on the volume to the coil 24 as
described above, the drive of the wiper motor 1 becomes
quiet when the surroundings are quiet, and prioritizes the
occurrence of a high torque more than the quietness
when the surroundings are noisy.
[0103] When the operation environment information is
information indicating the amount of ambient light, if the
amount of light is greater than or equal to the predeter-
mined amount of light, the determination portion 402, for
example, determines the advance angle to 30 degrees
and the conduction angle to 120 degrees. When the op-
eration information is information indicating the amount
of ambient light, if the amount of light is less than the
predetermined amount of light, the determination portion
402, for example, determines the advance angle to 20
degrees and the conduction angle to 140 degrees. More-
over, a case where the amount of light is less than the
predetermined amount of light, for example, is night. By
applying the voltage with the advance angle and the con-
duction angle based on the amount of light to the coil 24
as described above, the drive of the wiper motor 1 be-
comes quiet at night, and prioritizes the occurrence of a
high torque more than the quietness during the daytime.
[0104] When the operation environment information is
the operation amount of the accelerator pedal, if the op-
eration amount is greater than or equal to the predeter-
mined value, the determination portion 402, for example,
determines the advance angle to 30 degrees and the
conduction angle to 120 degrees. When the operation
information is the operation amount of the accelerator
pedal, if the operation amount is less than the predeter-
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mined value, the determination portion 402, for example,
determines the advance angle to 20 degrees and the
conduction angle to 140 degrees. By applying the voltage
with the advance angle and the conduction angle based
on the operation amount of the accelerator pedal to the
coil 24 as described above, the drive of the wiper motor
1 becomes quiet when a moving speed of the vehicle is
less than a predetermined speed, and prioritizes the oc-
currence of a high torque more than the quietness when
the moving speed of the vehicle is greater than or equal
to the predetermined speed.
[0105] As described above, since the wiper motor 1a
of the second embodiment includes the determination
portion 402, the wiper motor 1a can be operated accord-
ing to the operation environment of the wiper motor.

(Variation)

[0106] A first variation of the rotor 9 (hereinafter re-
ferred to as a "rotor 9a") of the first embodiment and the
second embodiment is described with reference to FIG.
16.
[0107] FIG. 16 is an enlarged view of the rotor 9a of
the variation. FIG. 16 is a plan view of the rotor 9a as
viewed from the axial direction, and corresponds to FIG.
4 of the first embodiment.
[0108] The rotor 9a is different from the rotor 9 of the
first embodiment and the second embodiment in terms
of having a convex portion and a concave portion on the
outer circumferential surface in the radial direction of the
end portion 35t of the salient pole 35. In
[0109] FIG. 16, the convex portion on the outer circum-
ferential surface in the radial direction of the end portion
35t of the salient pole 35 is a convex portion P351. In
FIG. 16, the concave portion on the outer circumferential
surface in the radial direction of the end portion 35t of
the salient pole 35 is a concave portion P352.
[0110] A second variation of the rotor 9 (hereinafter
referred to as a "rotor 9b") of the first embodiment and
the second embodiment is described with reference to
FIG. 17.
[0111] FIG. 17 is an enlarged view of the rotor 9b of
the variation. FIG. 17 is a plan view of the rotor 9b as
viewed from the axial direction, and corresponds to FIG.
4 of the first embodiment.
[0112] The rotor 9b is different from the rotor 9 of the
first embodiment and the second embodiment in terms
of a concave portion on the outer circumferential surface
on the radial outside of the magnet 33. In FIG. 17, the
concave portion on the outer circumferential surface on
the radial outside of the magnet 33 is a concave portion
P331.
[0113] A third variation of the rotor 9 (hereinafter re-
ferred to as a "rotor 9c") of the first embodiment and the
second embodiment is described with reference to FIG.
18.
[0114] FIG. 18 is an enlarged view of the rotor 9c of
the variation. FIG. 18 is a plan view of the rotor 9c as

viewed from the axial direction, and corresponds to FIG.
4 of the first embodiment.
[0115] The rotor 9c is different from the rotor 9 of the
first embodiment and the second embodiment in terms
of the circumferential end portion 33s of the magnet 33
being in contact with the salient pole 35.
[0116] Moreover, the power module 604 is an example
of the applying portion.
[0117] In addition, all or part of each function of the
controller control portion 400 may be realized by using
hardware such as an application specific integrated cir-
cuit (ASIC), a programmable logic device (PLD), a field
programmable gate array (FPGA), and the like. A pro-
gram may be recorded on a computer-readable recording
medium. The computer-readable recording medium re-
fers to a portable medium, such as a flexible disk, a mag-
neto-optical disk, a ROM, and a CD-ROM, and a storage
device, such as a hard disk built in a computer system.
The program may be transmitted through a telecommu-
nication line.
[0118] Furthermore, the disclosure is not limited to the
embodiments described above, and includes various
modifications of the embodiments described above with-
out departing from the spirit of the disclosure.
[0119] For example, although the wiper motor 1 is ex-
emplified as an example of the motor in the embodiments,
besides being used as the wiper motor 1, the motor ac-
cording to the disclosure may also be used as a drive
source for an electrical component (e.g., a power win-
dow, a sunroof, an electric seat, or the like) mounted on
the vehicle, and for various other purposes.
[0120] In addition, the configuration described in the
above embodiments may be selected or appropriately
changed to another configuration as long as the spirit of
the disclosure is not deviated.

Description of Reference Numerals

[0121]

1: Wiper motor (brushless wiper motor)
2: Motor portion (motor)
8: Stator
9: Rotor
9a: Rotor
9b: Rotor
9c: Rotor
20: Stator core
21: Core portion
22: Teeth
24: Coil
31: Shaft
32: Rotor core
32b: Outer circumferential surface
33: Magnet
33a: Outer circumferential surface
33c: Circumferential intermediate portion (interme-
diate portion in the circumferential direction)
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33s: End portion
35: Salient pole
35s: Facing surface (facing surface on the salient
portion side)
P351: Convex portion
P352: Concave portion
P331: Concave portion
400: Controller control portion
401: Applying control portion
401a: Applying control portion
402: Determination portion
61: Magnetic detection element
62: Controller board
601: CPU
602: Memory
603: Auxiliary storage device
604: Power module
605: Acquisition portion

Claims

1. A motor, characterized in that comprising:

a stator having a stator core that is annular and
a plurality of teeth that protrude inward in a radial
direction from an inner circumferential surface
of the stator core;
a coil wound around the teeth;
a shaft rotating around a rotation axis inside the
stator core in the radial direction;
a rotor core fixed to the shaft and having the
rotation axis as a radial center;
a magnet located on an outer circumferential
surface of the rotor core;
a salient pole located between the magnets cir-
cumferentially adjacent to each other on the out-
er circumferential surface of the rotor core, and
protruding further outward than a circumferential
end of the magnet in the radial direction;
an applying portion applying a voltage to the coil;
and
an applying control portion controlling the apply-
ing portion to apply a voltage that satisfies a pre-
determined condition to the coil,
wherein a ratio of a number of magnetic poles
of the magnet to a number of the teeth is 2:3, a
waveform of the voltage applied to the coil is a
rectangular wave, and the applying control por-
tion controls the applying portion such that volt-
age application to the coil is started when a tip
of the salient pole and an opening portion of the
teeth do not face each other.

2. The motor according to claim 1, wherein
the voltage applied to the coil has an advance angle
that is a predetermined advance angle among ad-
vance angles greater than or equal to 15 degrees

and less than or equal to 45 degrees, and a conduc-
tion angle that is a predetermined conduction angle
among conduction angles greater than or equal to
130 degrees and less than or equal to 150 degrees.

3. The motor according to claim 2, wherein
the advance angle is greater than or equal to 15 de-
grees and less than 30 degrees.

4. The motor according to any one of claim 1 to claim
3, further comprising:

an acquisition portion acquiring information
about an operation environment,
wherein the applying control portion performs
the applying control portion to apply a voltage
having a waveform that is a rectangular wave
and an advance angle or a conduction angle that
is based on the information.

5. A brushless wiper motor, characterized in that com-
prising:
the motor according to any one of claim 1 to claim 4.

19 20 



EP 3 883 118 A1

12



EP 3 883 118 A1

13



EP 3 883 118 A1

14



EP 3 883 118 A1

15



EP 3 883 118 A1

16



EP 3 883 118 A1

17



EP 3 883 118 A1

18



EP 3 883 118 A1

19



EP 3 883 118 A1

20



EP 3 883 118 A1

21



EP 3 883 118 A1

22



EP 3 883 118 A1

23



EP 3 883 118 A1

24



EP 3 883 118 A1

25



EP 3 883 118 A1

26



EP 3 883 118 A1

27

5

10

15

20

25

30

35

40

45

50

55



EP 3 883 118 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 3 883 118 A1

29

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2016214081 A [0007]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

