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Description

Title of Invention: MOTOR AND MOTOR CONTROL CIRCUIT

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Technical Field

Embodiments of the disclosure relate to a motor such as a single-phase claw pole

motor or the like and a motor control circuit.

Background Art

A general single-phase claw pole motor, as shown in Japanese Patent Publication No.
2013-104442, includes a stator and a rotor rotatably installed in the stator. The stator
includes an upper core including a plurality of downward claw poles formed along a
circumferential direction, a lower core including a plurality of upward claw pole
formed along the circumferential direction, and a coil wound in the circumferential
direction.

In more detail, the cores and the coil are configured to alternately arrange the upward
claw poles and the downward claw poles in the circumferential direction and to insert
the coil into the cores.

However, for example, in a case in which a skew angle is formed in an axial
direction at the stator, the stator may be formed by stacking stator elements formed by
combining the cores and coil described above in the axial direction.

In this case, referring to an upper view of FIG. 7 as an example, when one side of a
contact surface between an upper stator element and a lower stator element is a north
pole and the other side is a south pole, a short circuit occurs between these stator
elements.

From this, referring to a lower view of FIG. 7 as an example, the stator elements are

stacked by interposing an insulator between the stator elements.
Disclosure of Invention

Technical Problem
However, in the configuration described above, the insulator interposed between the
stator elements may be an obstacle to miniaturizing the motor or manufacturing costs

may be increased due to the insulator.

Solution to Problem

In accordance with an aspect of the disclosure, a motor includes a stator and a rotor.
The stator includes a plurality of stacked stator elements. Each of the stator elements
may include a plurality of claw poles formed along a circumferential direction of the
stator element and a coil wound in the circumferential direction of the stator element,
and the coils of mutually adjacent stator elements are wound in different directions.

Also, in the mutually adjacent stator elements, the claw poles of one of the stator
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elements and the claw poles of the other of the stator elements are opposite to each
other and arranged to have the same polarity.

In the motor configured as described above, since the coils of the mutually adjacent
stator elements are wound in different directions, all contact surfaces of the stator
elements may become an N polarity or an S polarity, a short circuit may be prevented
without interposing an insulator between the stator elements, and additionally, the
motor may be miniaturized in an axial direction thereof while reducing material costs
more than a general motor.

Here, even when the coils of the mutually adjacent stator elements are wound in
different directions as shown in FIG. 6, the mutually adjacent stator elements are
arranged such that one of the opposite claw poles becomes the N polarity and the other
one of the opposite claw poles becomes the S polarity, and directions of magnetic
fluxes formed between the claw poles of each of the stator elements become opposite
to each other. Due to this, the magnetic fluxes are mutually eliminated and an output of
the motor is reduced.

Compared with this, in the motor configured as described above, since the mutually
adjacent stator elements are configured such that the claw poles of one of the stator
elements and the claw poles of the other of the stator elements are opposite to each
other and have the same polarity, the directions of the magnetic fluxes formed between
the claw poles of each of the stator elements become identical and a decrease in output
of the motor may be prevented.

In the mutually adjacent stator elements, a certain skew angle may be formed
between mutually opposite claw poles.

The rotor may be one of a surface permanent magnet type, an interior permanent
magnet type, and a spoke type.

Also, there is an aspect stated below.

A general claw pole motor, as described in Japanese Patent Publication No.
2009-005421, includes a plurality of claw poles formed along a circumferential
direction and a coil disposed along the claw poles.

In the claw pole motor, when a heat dissipation member or a fan is installed to
dissipate heat generated at the coil, a recent demand for reducing a size of the motor is
not satisfied and material costs increase.

Among the described above, one or more of the inventors intensely and repeatedly
considered a component which dissipated heat generated at a coil without installing an
additional heat dissipation member.

The disclosure may provide a claw pole motor capable of dissipating heat generated
at a coil without installing a heat dissipation member, a fan, or the like which is a result

of intensely and repeatedly considering the above consideration.
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That is, in accordance with an aspect of the disclosure, a claw pole motor may
include a plurality of claw poles and a coil. The claw pole motor may include one pair
of supporting members which support the claw poles and in which the coil is inserted
and a connecting path formed between at least one of the one pair of supporting
members. The connecting path connects a first opening formed at a part opposite to the
coil with a second opening formed at a part not opposite to the coil.

According to the claw pole motor, since the supporting member includes the
connecting path which connects the first opening formed at the part opposite to the coil
with the second opening formed at the part not opposite to the coil, the coil may be
cooled using air which flows in the connecting path. Also, since the connecting path is
formed at the one pair of supporting members in which the coil is inserted, the coil
may be cooled without additionally installing a heat dissipation member, a fan, or the
like.

A concave groove or a slit formed throughout the part opposite to the coil and the
part not opposite to the coil may be a detailed example of the connecting path.

To more certainly cool the coil, each of the supporting members may include a
plurality of such concave grooves.

As an example in which the concave grooves are formed at the supporting member,
each of the supporting members may be formed in an annular plate shape and the
concave groove may have a shape which extends from the part opposite to the coil to
the outside in a diametric direction.

Also, as another example in which heat generated at the coil is efficiently dissipated,
a motor including a plurality of claw poles and a coil may include one pair of
supporting members configured to support the claw poles and into which the coil is
inserted. At least one of the supporting members may include a coil cooling through
hole formed at the part opposite to the coil.

In the configuration described above, since the coil cooling through hole is formed at
the part opposite to the coil of the supporting member, ambient air may come into
direct contact with the coil through the coil cooling through hole and may efficiently
cool the coil.

To provide mechanical strength of the supporting member with a large area of the
coil in contact with air, the coil cooling through holes may be intermittently formed
along the circumferential direction and a reinforcing portion configured to reinforce
the mechanical strength of the supporting member may be formed between mutually
adjacent coil cooling through holes.

To reduce core loss, each of the supporting members may be a nonmagnetic body.

Also, there is an aspect stated below.

It has been described that the general claw pole motor, as described in Japanese
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Patent Publication No. 2009-005421, includes a plurality of claw poles formed along a
circumferential direction and a coil disposed along the claw poles, and each of the claw
poles is formed by stacking a plurality of steel sheets in a u shape in the circum-
ferential direction.

In more detail, since a magnetic flux amount gradually increases from a top end to a
bottom end of the claw pole, the claw pole is configured such that a steel sheet in an
approximate center in the circumferential direction is formed longer than steel sheets
on both sides such that a cross section of the claw pole further increase from the top
end toward the bottom end.

However, the cross section of the claw pole is configured to increase from the top
end toward the bottom end only at a side of each of the claw poles next to the rotor. A
side of each of the claw poles opposite to the rotor is configured to have a uniform
sized cross section from the top end toward the bottom end. In the configuration
described above, the magnetic flux more easily passes through the side opposite to the
rotor than the side next to the rotor, and density of the magnetic flux of the side next to
the rotor decreases in each of the claw poles, thereby actually decreasing efficiency of
the motor.

Accordingly, to overcome the limitations described above, an aspect of the disclosure
is to provide an improved shape of the claw pole to increase efficiency of the claw pole
motor.

That is, in accordance with an aspect of the disclosure, a claw pole motor may
include a stator including an upward claw pole and a downward claw pole alternately
formed along the circumferential direction and a rotor disposed inside or outside the
stator. Each of the claw poles may include a first magnetic pole element opposite to the
rotor and a second magnetic pole element magnetically connected to the first magnetic
pole element. The coil is inserted between the first magnetic pole element and the
second magnetic pole element. The second magnetic pole element of each of the
upward claw pole and the downward claw pole has a thickness which is thinner at a top
end portion thereof than at a bottom end portion thereof.

In the claw pole motor, since the second magnetic pole element positioned opposite
to the rotor is configured such that the thickness of the top end portion is thinner than
the thickness of the bottom end portion, it is possible to concentrate greater magnetic
flux on the first magnetic pole element than on the second magnetic pole element, and
efficiency of the rotor may be further improved than a general motor when currents
which flow through the coil are at the same level.

However, as described above, since a claw pole described in Japanese Patent Pub-
lication No. 2013-104442 has different lengths at an approximate center and both sides

thereof in a circumferential direction, several types of steel sheets are necessary and a
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manufacturing process is complicated.

Accordingly, the upward claw pole may be formed by stacking steel sheets in the
same shape, which forms a u shape when viewed in the circumferential direction of the
stator element, in the circumferential direction and the downward claw pole may be
formed by stacking steel sheets in the same shape, which forms an n shape when
viewed in the circumferential direction of the stator element, in the circumferential
direction.

Through the configuration described above, a manufacturing process may not be
complicated and the thickness of the top end portion of the second magnetic pole
element of each of the claw poles may be thinner than the thickness of the bottom end
portion.

The first magnetic pole element and the second magnetic pole element may be
formed as separate members, and each of the first magnetic pole element and the
second magnetic pole element may be formed by stacking the steel sheets in the same
shape in the circumferential direction of the stator element.

As described above, each of the magnetic pole elements are formed as a separate
member, thereby increasing a yield rate of producing magnetic pole elements in
comparison to a case in which magnetic pole elements are integrated.

To further increase the yield rate, each of the claw poles may further include a third
magnetic pole element which is interposed between the bottom end portion of the first
magnetic pole element and the bottom end portion of the second magnetic pole
element to magnetically connect the magnetic bodies.

To facilitate assembling of the stator, one pair of supporting members which have the
upward claw pole and the downward claw pole inserted therein and support the upward
claw pole and the downward claw pole and in which the coil is inserted is further
included. At each of the one pair of supporting members, a first position determining
portion in which the bottom end portion of one of the upward claw pole and the
downward claw pole is inserted and a second position determining portion in which the
top end portion of the other one may be formed.

When each of the claw poles is formed as a separate magnetic pole element, the one
pair of supporting members which have the upward claw pole and the downward claw
pole inserted therein and support the upward claw pole and the downward claw pole
and in which the coil is inserted is further included to facilitate the assembling of the
stator. At each of the one pair of supporting members, a plurality of position de-
termining portions in which a plurality of such magnetic pole elements which form the
claw poles are inserted may be formed.

However, when the claw pole includes a first magnetic pole element disposed inside

the coil and a second magnetic pole element disposed outside the coil such that the coil
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is inserted therebetween, since an outer circumference of the coil is greater than an
inner circumference thereof, a gap is formed between the second magnetic pole
elements of the claw poles adjacent to each other in the circumferential direction and
magnetic flux leaks through the gap. Accordingly, although currents are increased to
obtain torque, magnetic saturation is reached before necessary torque is reached and it
is impossible to provide the necessary torque.

Accordingly, in accordance with an aspect of the disclosure, a motor which includes
a coil formed by winding a leading wire and a plurality of claw poles formed along the
circumferential direction further may include a magnetic body which forms a magnetic
circuit between one and another of the claw poles to induce magnetic flux which
passes through one of the claw poles arranged outside the coil and mutually adjacent to
the other thereof in the circumferential direction.

In the motor configured as described above, since the magnetic body is installed
between the claw poles adjacent to each other in the circumferential direction and the
magnetic flux which passes through the one of the claw poles is induced to the other
thereof, leakage of the magnetic flux may be suppressed to prevent magnetic
saturation, thereby providing the necessary torque.

As an example, the magnetic body may have a cylindrical shape which surrounds an
outside of the coil.

In this case, for example, since a steel sheet is wound in a cylindrical shape to
provide a random thickness and the magnetic body in the cylindrical shape is installed
outside the coil, it is possible to manufacture or attach the magnetic body without com-
plication.

As another example, the magnetic body may include a plurality of divided magnetic
bodies which surround the outside of the coil.

In this case, for example, the divided magnetic bodies may be formed and manu-
factured simply by stacking a plurality of electronic steel sheets in a diametric
direction.

As described above, as a detailed example in which the magnetic body includes the
plurality of divided magnetic bodies, there is provided a configuration in which each of
the claw poles may include a first magnetic pole element disposed inwardly from the
coil and a second magnetic pole element, wherein the coil is interposed therebetween,
and the divided magnetic body is disposed between the second magnetic pole elements
of claw poles adjacent to each other in a circumferential direction.

Even in this configuration, the leakage of the magnetic flux may be suppressed and
necessary torque may be provided.

However, as described above, when the configuration in which the magnetic body is

installed to suppress the leakage of the magnetic flux is applied to a single-phase
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motor, one or more of the inventors of the application analyzed an electromagnetic
field of a configuration in which the claw pole includes a vertical magnetic pole
element positioned between the coil and the rotor and a horizontal magnetic pole
element which extends from an end portion of the vertical magnetic pole element and
is positioned at a top or bottom of the coil, and the horizontal magnetic pole element
and the magnetic body are in contact with each other.

According to the analysis, as shown in FIG. 34, cogging torque acts in a negative
direction, and, accompanying this, conducting torque acts in the negative direction
when the motor is maneuvered. As a result thereof, since synthetic torque acts in the
negative direction in the above description, the rotor counter-rotates after the motor is
maneuvered and stalls until the synthetic torque becomes zero to be stopped when a
load on a motor is great.

Accordingly, as a result of the intense consideration of the one or more inventors of
the application based on the result of the analysis described above, in the single-phase
motor, the claw pole may include the vertical magnetic pole element positioned
between the coil and the rotor and the horizontal magnetic pole element which extends
from the end portion of the vertical magnetic pole element and is positioned at the top
or bottom of the coil, and a gap may be formed between the horizontal magnetic pole
element and the magnetic body to rotate the rotor forward by providing synthetic
torque which acts in the positive direction when the motor is maneuvered.

When the gap is formed between the horizontal magnetic pole element and the
magnetic body as described above, a phase of the cogging torque deviates, and the
conducting torque and the synthetic torque act in the positive direction when the
horizontal magnetic pole element and the magnetic body are in contact with each other
as a result of analyzing the electromagnetic field. Accordingly, the rotor may be
rotated forward after the motor is maneuvered and may be prevented from stopping.
Meanwhile, a detailed result of the analysis of the electromagnetic field will be
described below.

As a configuration for providing greater torque which acts in the positive direction
when the motor is maneuvered, there is a configuration in which the claw pole is
disposed to be inclined such that the gap increases along a rotation direction of the
rotor or a configuration in which a gap formed between the horizontal magnetic pole
element positioned at the top of the coil and the magnetic body has a size different
from that of a gap formed between the horizontal magnetic pole element positioned at
the bottom of the coil and the magnetic body. Meanwhile, the result of analyzing the
electromagnetic field of the configuration will be described below.

Also, there is an aspect stated below.

There is a general motor control circuit configured to alternately turn on or off one of
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two pairs of transistors diagonally arranged using an H bridge circuit, for example, to
convert a direct current (DC) voltage supplied from a power source into an alternating
current (AC) voltage and apply the AC voltage to a motor.

In this configuration, since a through current may instantaneously flow and there is a
possibility of transistors stalling when all of the two pairs of transistors are simul-
taneously turned on, a time in which all of the transistors are turned off (a so-called a
dead time) is provided during a time from a state in which one pair of the two pairs of
transistors are turned on to a state in which the other pair of the two pairs of transistors
are turned on.

However, in the dead time described above, energy condensed at a coil of the motor
flows through a parasitic diode of the transistor as a regenerative current, and a voltage
increase of a power line occurs due to a so-called kick back, which has a bad influence
on oscillation of the motor or a circuit device.

Accordingly, a motor control circuit described in Japanese Patent Publication No.
2004-135374 maintains a ground side transistor in an ON state for a longer time than a
power source side transistor among one pair of transistors which are turned off to loop
regenerative current at a ground side such that regenerative currents flow through a
parasitic diode to be consumed.

It is an aspect of the disclosure which more certainly suppresses a voltage increase of
a power line caused by kick back than a general motor control circuit is provided by
the one or more inventors as a result of intense consideration.

That is, in accordance with an aspect of the disclosure, a motor control circuit may
include four metal-oxide semiconductor field-effect-transistors (MOSFETs), an H
bridge circuit supplying power from a power source to a motor, and a driving circuit
which outputs a driving signal to each of the MOSFETSs and turns on or off two pairs
of MOSFETs that are diagonally arranged one by one. When one pair of the
MOSFETs are turned off, the control circuit turns off a ground side MOSFET, and
then turns off power a source side MOSFET after a preset certain time passes.

In the motor control circuit described above, when one pair of the MOSFETSs are
turned off, since the ground side MOSFET is turned off, and then the power source
side MOSFET is turned off after the preset certain time passes, a loop which consumes
regenerative currents may be formed at a power source side.

Accordingly, the regenerative currents may flow through not only the parasitic diode
but also several circuit devices such as a condenser or the like installed at the power
source side, regenerative power may be more efficiently consumed than in a general
motor control circuit, and a voltage increase of a power source line caused by kick
back may be more certainly suppressed.

Also, in accordance with an aspect of the disclosure, a motor control circuit may
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include four MOSFETs, an H bridge circuit supplying power from a power source to a
motor, and a driving circuit which turns on/ off two pairs of MOSFETSs diagonally
arranged one by one by outputting a driving signal to each of the MOSFETs. Also, one
pair of regenerative current consuming MOSFETs installed in parallel with two power
source side MOSFETs corresponding to power source side MOSFETs are further
included. The driving circuit turns on a regenerative current consuming MOSFET cor-
responding to a power source side MOSFET turned off when one pair of the
MOSFETs are turned off.

In a case of the motor control circuit, a loop which consumes regenerative currents
may be formed at the power source by turning on the regenerative current consuming
MOSFET corresponding to the power source side MOSFET that is turned off, and
effects similar to those of the configuration described above may be obtained.

Also, in accordance with an aspect of the disclosure, a motor control circuit may
include four MOSFETs, an H bridge circuit supplying power from a power source to a
motor, and a driving circuit which outputs a driving signal to each of the MOSFETs
and turns on or off two pairs of MOSFETSs diagonally arranged one by one in a non-
conducting state in which the four MOSFETsS are turned off. In the motor control
circuit described above, when the two pairs of MOSFETs diagonally arranged are
turned on or off one by one, the driving circuit turns off all four of the MOSFETsS for a
preset time to be in the non-conducting state while turning off a ground side MOSFET
of one pair of the MOSFETS turned on before the one pair of the MOSFETS are in the
non-conducting state and turning on a power source side MOSFET.

In case of the motor control circuit, since the ground side MOSFET of the one pair of
the MOSFETs turned on before the one pair of the MOSFETs are in the non-
conducting state is turned off and the power source side MOSFET is maintained to be
on, the loop which consumes the regenerative currents may be formed at the power
source side and effects similar to the configuration described above may be obtained.

The four MOSFETSs may be N type MOSFETs.

In the configuration described above, compared with a case of using P type
MOSFETs, since the N type MOSFETSs have excellent frequency characteristics, heat
generated at the MOSFETs when pulse width modulation (PWM) is performed may be
suppressed.

Also, in accordance with an aspect of the disclosure, a motor includes a rotor and a
stator including a plurality of stator elements. Each of the stator elements may include
a plurality of claw poles formed along a circumferential direction of the stator element
and a coil wound along the circumferential direction of the stator element. The claw
pole may include a first magnetic pole element and a second magnetic pole element. At

least one of the first magnetic pole element and the second magnetic pole element may
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include a resistor for changing a flow of magnetic flux.
Advantageous Effects of Invention

Therefore, it is an aspect of the disclosure to provide a motor including a plurality of
stator elements stacked in an axial direction without an insulator between the stator
elements.

Additional aspects of the disclosure will be set forth in part in the description which
follows and, in part, will be apparent from the description, or may be learned by
practice of the disclosure.

Brief Description of Drawings

FIG. 1 is a view illustrating a whole configuration of a motor in accordance with an
embodiment of the disclosure;

FIG. 2 is a view illustrating a configuration of a stator element in accordance with an
embodiment of the disclosure;

FIG. 3 is a view illustrating a side configuration of the stator element in accordance
with an embodiment of the disclosure;

FIG. 4 illustrates an experimental result of an effect of the motor in accordance with
an embodiment of the disclosure;

FIG. 5 is a view illustrating a side configuration of a motor in accordance with an
embodiment of the disclosure;

FIG. 6 is a view illustrating a direction of a magnetic pole formed between claw
poles of a motor;

FIG. 7 is a schematic diagram illustrating a configuration of a general motor;

FIG. 8 is a view illustrating a whole configuration of a motor in accordance with an
embodiment of the disclosure;

FIG. 9 is a perspective view mimetically illustrating a part of a rotor of the motor in
accordance with an embodiment of the disclosure;

FIG. 10 is a perspective view mimetically illustrating a coil of the motor in ac-
cordance with an embodiment of the disclosure;

FIG. 11 is a perspective view mimetically illustrating a stator of the motor in ac-
cordance with one embodiment of the disclosure;

FIG. 12 is a perspective view mimetically illustrating a claw pole of the motor in ac-
cordance with an embodiment of the disclosure;

FIG. 13 is a perspective view mimetically illustrating a supporting member of the
stator element of the motor in accordance with an embodiment of the disclosure;

FIG. 14 is a perspective view mimetically illustrating a claw pole and a supporting
member of the motor in accordance with an embodiment of the disclosure;

FIG. 15 is a perspective view mimetically illustrating a connecting path of the motor
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in accordance with an embodiment of the disclosure;

FIG. 16 is an exploded perspective view mimetically illustrating a stator of the motor
in accordance with an embodiment of the disclosure;

FIG. 17 is a perspective view mimetically illustrating the supporting member of the
motor in accordance with an embodiment of the disclosure;

FIG. 18 is a perspective view mimetically illustrating a hole for cooling a coil in ac-
cordance with a modified example of a first embodiment;

FIG. 19 is a perspective view mimetically illustrating a coil and the claw pole of the
motor in accordance with an embodiment of the disclosure;

FIG. 20 is a perspective view mimetically illustrating the claw pole of the motor in
accordance with an embodiment of the disclosure;

FIG. 21 is a mimetic view comparing the claw pole of the motor in accordance with
an embodiment of the disclosure with a general claw pole;

FIG. 22 is a perspective view illustrating the claw pole of the motor in accordance
with an embodiment of the disclosure;

FIG. 23 is a perspective view illustrating the claw pole of the motor in accordance
with an embodiment of the disclosure;

FIG. 24 is a perspective view illustrating the claw pole of the motor in accordance
with an embodiment of the disclosure;

FIG. 25 is a perspective view illustrating the supporting member of the motor in ac-
cordance with an embodiment of the disclosure;

FIG. 26 is a mimetic diagram illustrating a flow of magnetic flux in a claw pole
motor in accordance with a second embodiment;

FIG. 27 is a perspective view of a claw pole motor in accordance with a third em-
bodiment;

FIG. 28 is a perspective view mimetically illustrating a claw pole and a magnetic
body in accordance with the third embodiment;

FIG. 29 is a perspective view mimetically illustrating the magnetic body in ac-
cordance with the third embodiment;

FIG. 30 is a perspective view of a claw pole motor in accordance with a modified
example of the third embodiment;

FIG. 31 is a perspective view of a claw pole motor in accordance with a modified
example of the third embodiment;

FIG. 32 is a perspective view of a claw pole motor in accordance with a fourth em-
bodiment;

FIG. 33 is a perspective view of a gap of the claw pole motor in accordance with the
fourth embodiment;

FIG. 34 is a graph illustrating torque with respect to a rotation angle of a general
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claw pole motor;
FIG. 35 is a graph illustrating torque with respect to a rotation angle of the claw pole

motor in accordance with the fourth embodiment;

FIG. 36 is a graph illustrating a relationship between the torque and a size of the gap
of the claw pole motor in accordance with the fourth embodiment;

FIG. 37 is a perspective view of a gap of a claw pole motor in accordance with a
modified example of the fourth embodiment;

FIG. 38 is a graph illustrating torque with respect to a rotation angle of the claw pole
motor in accordance with the modified example of the fourth embodiment;

FIG. 39 is a perspective view of a claw pole motor in accordance with the modified
example of the fourth embodiment;

FIG. 40 is a partial enlarged view illustrating the gap of the claw pole motor in ac-
cordance with the modified example of the fourth embodiment;

FIG. 41 is a graph illustrating the torque with respect to the rotation angle of a claw
pole motor in accordance with the modified example of the fourth embodiment;

FIG. 42 is a view illustrating a configuration of a motor control circuit in accordance
with an embodiment of the disclosure;

FIG. 43 is a timing diagram illustrating current carrying time of each metal-oxide
semiconductor field-effect-transistor (MOSFET) of the motor control circuit in ac-
cordance with an embodiment of the disclosure;

FIG. 44 is a flowchart illustrating an operation of the motor control circuit in ac-
cordance with an embodiment of the disclosure;

FIG. 45 is a circuit diagram illustrating a flow of a regenerative electric current of the
motor control circuit in accordance with an embodiment of the disclosure;

FIG. 46 is a graph illustrating an effect of the motor control circuit in accordance
with an embodiment of the disclosure;

FIG. 47 is a configuration diagram illustrating a motor control circuit in accordance
with an embodiment of the disclosure; and

FIG. 48 is a circuit diagram illustrating a flow of a regenerative electric current of the

motor control circuit in accordance with an embodiment of the disclosure.

Best Mode for Carrying out the Invention

Reference will now be made in detail to example embodiments which are illustrated
in the accompanying drawings, wherein like reference numerals refer to like elements
throughout. The embodiments are described below to explain the disclosure by
referring to the figures.

Hereinafter, a motor in accordance with one embodiment of the disclosure will be

described with reference to the drawings.
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A motor 100 in accordance with one embodiment of the disclosure is used as a
compressor which forms, for example, a cooling cycle, and includes a stator 20 and a
rotor 10 rotatably installed in the stator 20 as shown in FIG. 1.

First, the rotor 10 will be described.

The rotor 10 is a so-called interior permanent magnet (IPM) including a core 11
formed in a cylindrical shape in which a rotor shaft (not shown) that is a rotating shaft
is attached to a through hole 10H which vertically passes therethrough, and including a
plurality of magnet insertion holes formed along a circumferential portion and a
plurality of permanent magnets 12 to be inserted into the plurality of magnet insertion
holes.

The core 11 has a shape in which a plurality of electrical steel sheets are stacked.

The plurality of permanent magnets 12 are arranged in a V shape with a rotation
center side as an apex and form magnetic poles. 8§ magnets are formed in FIG. 1.
Meanwhile, the number of magnetic poles may be appropriately changed.

Next, the stator 20 will be described.

The stator 20 is formed in a cylindrical shape in which the rotor 10 is rotatably
installed in a through hole 20H which vertically passes therethrough. In FIG. 1, the
stator 20 is formed by stacking a plurality of stator elements 3 in an axial direction.

As shown in FIG. 2, the stator element 3 may include an upper core 4a including a
plurality of downward claw poles 43a along a circumferential direction of the stator
element 3, a lower core 4b including a plurality of upward claw poles 43b along the
circumferential direction of the stator element 3, and a coil 4c¢ inserted into the upper
core 4a and the lower core 4b and wound in the circumferential direction of the stator
element 3.

In more detail, as shown in FIGS. 1 and 2, the upward claw poles 43b and the
downward claw poles 43a are alternately arranged in the circumferential direction of
the stator element 3 and combined such that the coil 4c may be inserted into the upper
core 4a and the lower core 4b.

The upper core 4a may include a substrate portion 41a including a through hole in
the center thereof, for example, in a cylindrical shape, a side panel portion 42a which
extends downward from an outer edge portion of the substrate portion 41a in the axial
direction, and the plurality of downward claw poles 43a which extend downward from
an inner edge of the substrate portion 41a in the axial direction.

The downward claw poles 43a are formed to be equidistant along the circumferential
direction of the stator element 3 and extend downward further than a cross section of
the side panel portion 42a. All of the downward claw poles 43a may have the same
shape, for example, an approximately rectangular shape.

The lower core 4b may include a substrate portion 41b including a through hole in
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the center thereof, for example, having a cylindrical shape, a side panel portion 42b
which extends upward from an outer edge portion of the substrate portion 41b in the
axial direction, and the plurality of upward claw poles 43b which extend upward from
an inner edge of the substrate portion 41b in the axial direction. In one embodiment of
the disclosure, the upper core 4a and the lower core 4b are configured to vertically
oppose each other.

Accordingly, the upward claw poles 43b are formed to be equidistant along the cir-
cumferential direction of the stator element 3 and extend upward further than a cross
section of the side panel portion 42b. All of the upward claw poles 43b may have the
same shape, for example, an approximately rectangular shape.

Meanwhile, as shown in FIG. 1, in one embodiment of the disclosure, in a state in
which the upper core 4a and the lower core 4b are combined, a linear cross section 431
of each of the upward claw poles 43b and a top surface 31 of the upper core 4a are
arranged in the same plane and a linear cross section 431 of each of the downward
claw poles 43a and a bottom surface 32 of the lower core 4b are arranged in the same
plane.

The coil 4c¢ is accommodated in a coil accommodating space formed by the substrate
portions 41a and 41b and the side panel portions 42a and 42b by combining the upper
core 4a and the lower core 4b. Here, the coil 4¢ has a cylindrical shape formed by
winding an insulation coated wire in the circumferential direction.

As shown in FIG. 1, the stator 20 of the motor 100 in accordance with one em-
bodiment of the disclosure is formed in a shape in which the two stator elements 3
described above are stacked in the axial direction.

In more detail, the bottom surface 32 of the stator element 3 on one side (a top side)
is in contact with the top surface 31 of the stator element 3 on the other side (a bottom
side) such that the stator elements 3 are stacked on the same axis.

Also, as shown in FIG. 3, in one embodiment of the disclosure, the coils 4¢ of the
stator elements 3 on the top side and the bottom side are wound in mutually opposite
directions, arranged such that the downward claw poles 43a at the top side and the
upward claw poles 43b at the bottom side overlap each other when viewed in the axial
direction, and arranged such that the upward claw poles 43b at the top side and the
downward claw poles 43a at the bottom side overlap each other when viewed in the
axial direction.

In more detail, the stator element 3 on the one side and the stator element 3 on the
other side overlap each other and are vertically opposite to each other, and the coils 4c
of the stator elements 3 are wound in mutually opposite directions.

In this state, the stator element 3 on the one side is rotated an odd number (1) of claw

poles from the stator element 3 on the other side around a rotating shaft. That is, the
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stator element 3 on the one side is disposed to have an angular difference of 180
electrical degrees with the stator element 3 on the other side.

Accordingly, the downward claw poles 43a at the top side face the front of the
upward claw poles 43b at the bottom side and the upward claw poles 43b at the top
side and the downward claw poles 43a at the bottom side face in opposite directions.

According to the motor 100 in accordance with one embodiment of the disclosure
configured as described above, since the coils 4¢ of adjacent stator elements 3 are
wound in opposite directions as shown in FIG. 3, even though all contact surfaces of
the stator element 3 are a north pole or a south pole, a short circuit may be prevented
without interposing an insulator between the stator elements 3. Since an insulator is not
interposed, it is possible to reduce manufacturing costs and to miniaturize the motor
100 in the axial direction in comparison to general motors.

Also, since the downward claw poles 43a at the top side and the upward claw poles
43b at the bottom side overlap each other when viewed in the axial direction and the
upward claw poles 43b at the top side and the downward claw poles 43a at the bottom
side overlap each other when viewed in the axial direction, all adjacent claw poles in
the axial direction are a north pole or a south pole. Accordingly, since a direction of a
magnetic field formed by the stator element 3 on the one side and a direction of a
magnetic field formed by the stator element 3 on the other side become approximately
identical directions and these magnetic fields do not eliminate each other, there is no
expectation that output of the motor will be reduced.

Experimental data illustrating the above is shown in FIG. 4.

The experimental data is a result of an experiment in which a general motor is
compared with the motor 100 in accordance with one embodiment of the disclosure.
As can be seen from the result of the experiment, the motor 100 in accordance with
one embodiment of the disclosure has approximately the same induced voltage and
outputs torque which is not reduced in comparison to the general motor.

Meanwhile, the disclosure is not limited to the embodiment described above.

For example, in the embodiment described above, the two stator elements 3 are
arranged such that the downward claw poles 43a at the top side and the upward claw
poles 43b at the bottom side face the front of each other and the upward claw poles 43b
at the top side and the downward claw poles 43a at the bottom side oppose each other.
However, as shown in FIG. 5, the two stator elements 3 may be arranged to form a
certain skew angle a at the claw poles 43a and 43b with respect to the axial direction.

In more detail, the downward claw poles 43a at the top side and the upward claw
poles 43b at the bottom side may least partially overlap each other when viewed in the
axial direction. Also, the upward claw poles 43b at the top side and the downward claw

poles 43a at the bottom side may at least partially overlap each other when viewed in
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the axial direction.

Also, the upward claw poles 43b and the downward claw poles 43a which overlap
when viewed in the axial direction are alternately arranged along the circumferential
direction with respect to the axial direction, thereby forming the certain skew angle a
between these claw poles 43a and 43b.

As shown in FIG. 6, according to the motor 100 configured as described above, it is
possible to form the skew angle a at the stator 20 and to reduce cogging torque without
forming an insulator between the stator elements 3.

Also, although the stator in accordance with the embodiment is formed by stacking
two stator elements, the number of stator elements is not limited to the embodiment
and may be three or more.

Also, the rotor in one embodiment is the [PM type but may be a surface permanent
magnet (SPM) type or a spoke type.

Also, in the case of the motor in the embodiment, the rotor is an inner rotor type po-
sitioned inside the stator but may be an outer rotor type positioned outside the stator.

Next, a claw pole motor in accordance with one embodiment of the disclosure will be
described based on one stator element.

As shown in FIG. 8, the motor 100 in accordance with one embodiment of the
disclosure may include the rotor 10, the coil 4c, and the stator 20, and is, for example,
a motor used as a compressor which forms a cooling cycle.

As shown in FIGS. 8 and 9, the rotor 10 is a so-called IPM including the core 11
formed in a cylindrical shape in which a rotor shaft RS that is a rotating shaft is
attached to the through hole 10H which vertically passes therethrough, and including
the plurality of magnet insertion holes formed along the circumferential portion and the
plurality of permanent magnets 12 to be inserted into the plurality of magnet insertion
holes.

The rotor 10 and the rotor shaft RS are rotatably supported by a bearing B at the
stator 20.

As shown in FIGS. 9 and 10, the coil 4¢ has a cylindrical shape formed by winding a
lead wire L, which has a material of a conductive wire, in the circumferential direction,
and is disposed along an outer circumference of the rotor 10.

The coil 4¢ in accordance with one embodiment of the disclosure, as shown in FIG.
10, is formed by pre-winding the lead wire L with a certain circumferential length and
a certain number of winding times to be at a certain height. In detail, the lead wire L is
wound while being aligned using a jig or the like and an adhesive is impregnated or
coated at a curing surface thereof.

As shown in FIG. 11, the stator 20 may include the through hole 20H vertically
passing therethrough in which the rotor 10 is rotatably installed, the plurality of
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upward claw poles 43b, the plurality of downward claw poles 43a, a pair of a lower
supporting member 23 and a upper supporting member 24 which support the claw
poles 43b and 43a and accommodate the coil 4c.

The upward claw poles 43b and the downward claw poles 43a are alternately and in-
termittently formed along the circumferential direction. In one embodiment, the
upward claw poles 43b are formed to be equidistant along the circumferential direction
and are formed in the same shape. Also, the downward claw poles 43a vertically
oppose the upward claw poles 43b, are formed in the same shape, and are formed to be
equidistant along the circumferential direction. In more detail, the upward claw poles
43b are formed in an u shape when viewed in the circumferential direction, and the
downward claw poles 43a are formed in a n shape when viewed in the circumferential
direction.

As shown in FIG. 12, the claw poles 43b and 43a are formed by stacking a plurality
of steel sheets 20x in the circumferential direction. Here, the plurality of steel sheets
20x are stacked in a u shape when viewed from a plane which forms the same shape
and are adhered using, for example, an adhesive, a varnish, etc.

Meanwhile, in one embodiment, a shape of the steel sheet 20x is one type, and is a
left-and-right symmetrical shape.

In FIG. 12, parts indicated by reference numeral 20t are top end portions of the claw
poles 43b and 43a, and parts indicated by reference numeral 20b are bottom end
portions of the claw poles 43b and 43a.

Here, the lower supporting member 23 and the upper supporting member 24 which
support the claw poles 43b and 43a are formed of an insulator which is a nonmagnetic
material, for example, resin or the like.

Since the lower supporting member 23 and the upper supporting member 24 in ac-
cordance with one embodiment of the disclosure have the same shape, the lower
supporting member 23 will be described below as a representative example.

As shown in FIGS. 13 and 14, the lower supporting member 23 is formed in an
annular plate shape including a through hole 23H formed in the center thereof such that
the coil 4c¢ is disposed to be coaxial therewith.

The lower supporting member 23 in accordance with one embodiment of the
disclosure may include a plurality of position determining portions 231 and 232 which
determine positions of the upward claw poles 43b and the downward claw poles 43a.
In more detail, the lower supporting member 23 may include first position determining
portions 231 into which the bottom end portions 20b of the upward claw poles 43b are
inserted and which determine positions of the upward claw poles 43b and second
position determining portions 232 into which the top end portions 20t of the downward

claw poles 43a are inserted and which determine positions of the downward claw poles
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43a. Meanwhile, in the upper supporting member 24, the bottom end portions 20b of
the downward claw poles 43a are inserted into the first position determining portions
231 and the top end portions 20t of the upward claw poles 43b are inserted into the
second position determining portions 232.

The first position determining portions 231 and the second position determining
portions 232 are alternately and intermittently formed along the circumferential
direction and concave portions formed at an opposite side X of the lower supporting
member 23 to the upper supporting member 24.

In more detail, the first position determining portion 231 is a rectangular-shaped
concave portion formed from an inner edge portion of the lower supporting member 23
toward an outer edge portion such that the bottom end portion 20b of the upward claw
pole 43b is stably inserted therein. Also, the second position determining portions 232
are a pair of rectangular-shaped concave portions formed at an inner edge portion and
an outer edge portion of the lower supporting member 23 such that the top end portions
20b on both sides of the downward claw pole 43a to are stably inserted therein.

As shown in FIG. 14, in an embodiment, a depth of the first position determining
portion 231 is less than a height of the bottom end portion 20b (refer to FIG. 12) of the
upward claw pole 43b. Accordingly, when the upward claw pole 43b is inserted in the
first position determining portion 231, an upward side 20U of the bottom end portion
20b of the upward claw pole 43b is positioned above the opposite side X of the lower
supporting member 23.

As shown in an upper portion of FIG. 15, due to the configuration described above,
the coil 4¢ inserted between the lower supporting member 23 and the upper supporting
member 24 (refer to FIG. 11) is in contact with the upward claw poles 43b and the
downward claw poles 43a, and air layers S are formed between the coil 4c and the
lower supporting member 23 and between the coil 4c and the upper supporting
member 24.

However, as shown in FIG. 15, the lower supporting member 23 and the upper
supporting member 24 in accordance with one embodiment of the disclosure include a
first opening P1 formed at an opposite portion M (hereinafter, referred to as a coil
opposite portion M) opposite to the coil 4c, a second opening P2 formed at a portion N
(hereinafter, referred to as a coil non-opposite portion N) which is not opposite to the
coil 4c¢, and a connecting path PL. which connects the first opening P1 with the second
opening P2.

As described above, the lower supporting member 23 and the upper supporting
member 24 form the same shapes. Hereinafter, the connecting path PL and the like
formed at the lower supporting member 23 will be described.

The first opening P1 is open toward the air layer S formed between the lower
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supporting member 23 and the coil 4c, and the second opening P2 is open toward a
space different from the air layer S. That is, the connecting path PL connects the air
layer S with a space separate from the air layer S.

Here, the connecting path PL is a concave groove formed from the coil opposite
portion M toward the coil non-opposite portion N of the lower supporting member 23.
The concave groove, which is the connecting path PL, extends from the coil opposite
portion M toward an outside in a diametric direction to the outer edge of the lower
supporting member 23. In one embodiment, a plurality of such connecting paths PL are
radially formed.

As shown in the upper portion of FIG. 15, the second opening P2 in accordance with
one embodiment of the disclosure is formed throughout an outside of the coil opposite
portion M in the opposite side X of the lower supporting member 23 opposite to the
upper supporting member 24 and a lateral circumferential surface of the lower
supporting member 23.

Meanwhile, as shown in FIG. 13, in one embodiment of the disclosure, a plurality of
connecting paths PL are formed alternately between the first position determining
portion 231 and the second position determining portion 232 that are adjacent to each
other. However, positions and number of the connecting paths PL may be adequately
changed.

Here, a method of assembling the motor 100 in accordance with one embodiment of
the disclosure will be described briefly with reference to FIG. 16.

First, a lower stator element 201 is formed by inserting the plurality of upward claw
poles 43b into the first position determining portions 231 of the lower supporting
member 23, and an upper stator element 202 is formed by inserting the plurality of
downward claw poles 43a into the first position determining portions 231 of the upper
supporting member 24.

Next, the coil 4c¢ is inserted into the lower stator element 201 and the upper stator
element 202, and the top end portions 20t of the upward claw poles 43b are inserted
into the second position determining portions 232 of the upper supporting member 24
such that the top end portions 20t of the downward claw poles 43a are inserted into the
second position determining portions 232 of the lower supporting member 23.

Also, when the rotor 10 is disposed in the stator 20, the top and bottom of the stator
20 are fixed using fixing members Z such as bolts formed with, for example, a resin
material which is an insulator. Meanwhile, the fixing members Z may be screws, nuts,
washers, or the like formed with a resin material which is an insulator in addition to
bolts.

According to the motor 100 in accordance with one embodiment of the disclosure

configured as described above, since the lower supporting member 23 and the upper
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supporting member 24 include the plurality of connecting paths PL. which extend from
the coil opposite portion M to the coil non-opposite portion N, the coil 4c may be
cooled using air which flows through the connecting paths PL.

Also, since heat of the coil 4c is dissipated in the air layers S formed between the coil
4c and the lower supporting member 23 and between the coil 4c and the upper
supporting member 24 and the connecting paths PL are connected to the air layers S,
an enough heat dissipating space of the coil 4c may be provided.

Also, since the concave grooves PL are formed at the lower supporting member 23
and the upper supporting member 24, it is possible for the coil 4¢ to be cooled without
separately installing a heat dissipation member, a fan, increasing manufacturing costs,
and increasing a size of the motor.

Also, since the lower supporting member 23, the upper supporting member 24, and
the fixing members Z are formed as insulators, an amount of magnetic material for
forming the motor 100 may be reduced. Accordingly, since a magnetic circuit is not
formed at an insulator, core loss such as hysteresis loss, eddy current loss, or the like
may be noticeably reduced, thereby providing high efficiency of the motor 100.

However, since the plurality of claw poles 43b and 43a and the supporting members
23 and 24 are separately configured, assembling the motor 100 may be considered to
be difficult. However, since each of the supporting members 23 and 24 include the
plurality of position determining portions 231 and 232 into which the plurality of claw
poles 43b and 43a are inserted and which determine the positions of the claw poles 43b
and 43a, the plurality of claw poles 43b and 43a may be simply attached to each of the
supporting members 23 and 24.

Also, since the coil 4¢ has a shape formed by pre-adhering the lead wire L in a
cylindrical shape, the coil 4c may be simply attached to the supporting members 23
and 24 to which the plurality of claw poles 43b and 43a are attached.

As described above, the motor 100 in accordance with one embodiment of the
disclosure does not complicate a structure or decrease productivity.

Meanwhile, the disclosure is not limited to the embodiment described above.

Although the connecting paths PL. in accordance with the embodiment have a
concave shape, the connecting path PL, for example, as shown in an upper portion of
FIG. 17, may be a slit formed throughout an opposite portion of the upper supporting
member 24 opposite to the coil 4c and a portion that is not opposite to the coil 4c.

Also, as shown in a lower portion of FIG. 17, the connecting path PL may be a
through hole which passes through the opposite portion of the lower supporting
member 23 (or the upper supporting member 24) opposite to the coil 4¢ in a thickness
direction thereof.

Also, as shown in an upper portion of FIG. 18, the lower supporting member 23 or
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the upper supporting member 24 may include coil cooling through holes CH formed at
the opposite portion opposite to the coil 4c.

Compared with the connecting paths PL in accordance with the embodiment
described above configured to connect the first opening P1 formed at the opposite
portion M opposite the coil 4¢ and the second opening P2 formed at the non-opposite
portion N not opposite to the coil 4c, all of the coil cooling through hole CH herein are
formed at a portion opposite to the coil 4c.

Herein, to increase cooling efficiency of the coil 4c, a plurality of such coil cooling
through holes CH are intermittently formed along the circumferential direction.

Meanwhile, as described above, mechanical strength of the lower supporting member
23 or the upper supporting member 24 decreasing due to the plurality of coil cooling
through hole CH and being damaged while being assembled are concerns.

Accordingly, as shown in a lower portion of FIG. 18, reinforcing portions are formed
at the lower supporting member 23 and the upper supporting member 24. A reinforcing
portion W is formed between adjacent coil cooling through holes CH and is formed of
a nonmagnetic material such as a resin or the like integrated with the lower supporting
member 23 or the upper supporting member 24. Meanwhile, the reinforcing portion W
may be a separate member from the lower supporting member 23 or the upper
supporting member 24.

In the configuration described above, ambient air may come into direct contact with
the coil 4¢ to cool the coil with high efficiency, and the reinforcing portion W may
provide mechanical strength of the lower supporting member 23 or the upper
supporting member 24.

Also, although both the lower supporting member 23 and the upper supporting
member 24 have the connecting paths PL in the embodiment, the connecting paths PL.
may be formed at only one of the lower supporting member 23 and the upper
supporting member 24.

Also, although the connecting paths PL in accordance with the embodiment extend
from the portion opposite to the coil 4c to the outside in the diametric direction, the
connecting paths PL may extend inward in the diametric direction or may not have a
linear shape.

Also, since decreasing the mechanical strength of each of the supporting members 23
and 24 due to the connecting paths PL is a concern as compared with a case in which
the connecting paths PL are not formed, the supporting members 23 and 24 may be
formed of an insulating material with strength higher than a resin. For example, a
strength increasing material such as glass fibers or the like may be added.

Next, a motor in accordance with another embodiment will be described.

Since a feature of the motor in accordance with this embodiment is claw poles and
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other components are identical to the embodiment described above, the claw poles cor-
responding to the feature will be described hereinafter in detail.

Like the embodiment described above, in this embodiment, the upward claw poles
43b are formed in the same shape and the downward claw poles 43a are formed in the
same shape.

Hereinafter, the upward claw pole 43b will be described as a representative example.

As shown in FIGS. 19 and 20, the upward claw pole 43b may include a first
magnetic pole element 211 opposite to the rotor 10, a second magnetic pole element
212 which accommodates the coil 4c¢ interposed between the second magnetic pole
element 212 and the first magnetic pole element 211, and a third magnetic pole
element 213 interposed between the first magnetic pole element 211 and the second
magnetic pole element 212 and magnetically connected to the magnetic pole elements
211 and 212.

The upward claw pole 43b is formed by stacking the plurality of steel sheets 20x in
the circumferential direction of the stator element 3. Herein, the steel sheet 20x is a
single shape formed by integrating the first magnetic pole element 211, the second
magnetic pole element 212, and the third magnetic pole element 213.

In more detail, the third magnetic pole element 213 is formed between a bottom end
portion 211b of the first magnetic pole element 211 and a bottom end portion 212b of
the second magnetic pole element 212, and the upward claw pole 43b in accordance
with one embodiment is formed in a u shape when viewed in the circumferential
direction of the stator element 3.

Also, the upward claw pole 43b in accordance with one embodiment is configured
such that a top end portion 212t of the second magnetic pole element 212 is a resistor
of magnetic flux and the magnetic flux is concentrated more on the bottom end portion
212b than the top end portion 212t. In the upward claw pole 43b, the second magnetic
pole element 212 formed opposite to the rotor 10 is configured such that the top end
portion 212t has a thickness thinner than that of the bottom end portion 212b. That is, a
shape of the top end portion 212t of the second magnetic pole element 212 is embodied
as a resistor at which resistance of magnetic flux increases, thereby further con-
centrating the magnetic flux. Meanwhile, since the embodiment concentrates the
magnetic flux on the bottom end portion 212b more than on the top end portion 212,
the thickness of the top end portion 212t is smaller than the thickness of the bottom end
portion 212b, in addition, for example, the top end portion 212t may be formed as a
member that has more difficulty passing through the magnetic flux than the bottom end
portion 212b or the number of steel sheets 20x of the top end portion 212t may be less
than that of the bottom end portion 212b.

Meanwhile, the thickness stated herein is a length in the diametric direction when the
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motor 100 is assembled, that is, when the upward claw pole 43b is supported by the
lower supporting member 23.

In detail, the second magnetic pole element 212 has a thickness which is uniform
from a bottom thereof to a certain height and gradually narrows from the certain height
to a top end surface, and the top end surface of the second magnetic pole element 212
is at the same level as that of the first magnetic pole element 211.

Here, the coil opposite side 212a of the second magnetic pole element 212 opposite
to the coil 4c inclines to gradually recede from the coil 4¢ from the bottom end portion
212b toward the top end portion 212t. Due to this configuration, a space between the
second magnetic pole element 212 and the coil 4c may increase and magnetic flux may
be prevented from leaking from the second magnetic pole element 212 into the coil 4c.

Meanwhile, the first magnetic pole element 211 in accordance with one embodiment
is configured to have a thickness which is approximately uniform throughout the
bottom end portion 211b and the top end portion 21 1t.

According to the motor 100 configured as described above, since the second
magnetic pole element 212 positioned opposite to the rotor 10 is configured such that
the thickness of the top end portion 212t is thinner than the thickness of the bottom end
portion 212b, as shown in FIG. 21, the magnetic flux may be concentrated on the first
magnetic pole element 211 more than on the second magnetic pole element 212, and
efficiency of the motor may increase to be more than a general motor when currents
which flow through the coil 4c are at the same level.

Also, since the thickness of the second magnetic pole element 212 is formed to be
thinner at the top end portion 212t than the bottom end portion 212b, a magnetic flux
amount of all second magnetic pole elements 212 is reduced in comparison to a case in
which the thickness is uniform throughout the bottom end portion 212b and the top end
portion 212t. Accordingly, since an attractive force which occurs between each of the
claw poles 43a and 43b and the rotor 10 decreases, cogging torque may be reduced.

Also, since the upward claw pole 43b and the downward claw pole 43a have the
same shape and each of the claw poles 43b and 43a is formed with the steel sheet 20x
in a single shape, an assembling operation may be facilitated and a manufacturing
process may be simplified.

Meanwhile, the disclosure is not limited to the embodiment described above.

For example, the upward claw pole 43b in accordance with the embodiment is
formed by integrating the first magnetic pole element 211, the second magnetic pole
element 212, and the third magnetic pole element 213, but may be configured as a
plurality of separate magnetic pole elements.

In detail, as shown in FIG. 22, the first magnetic pole element 211 may be formed by
stacking the steel sheets 20x in an L shape (that is, by integrating the first magnetic
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pole element 211 and the third magnetic pole element 213) and the second magnetic
pole element 212 may be formed by stacking the steel sheets 20x in a rectangular
shape (a stripe-like shape). On the other hand, the first magnetic pole element 211 may
be formed by stacking the steel sheets 20x in the rectangular shape (the stripe-like
shape) and the second magnetic pole element 212 may be formed by stacking the steel
sheets 20x in the L shape.

Also, as shown in FIG. 23, the first magnetic pole element 211, the second magnetic
pole element 212, and the third magnetic pole element 213 may be separate members,
and the first magnetic pole element 211 and the third magnetic pole element 213 may
be formed by stacking the steel sheets 20x in the rectangular shape (the stripe-like
shape).

In this configuration, a yield rate of manufacturing the claw poles 43b and 43a may
be increased.

Also, in the embodiment, the second magnetic pole element 212 is configured to
have a thickness which is uniform from a bottom surface thereof to a certain height and
gradually narrows from the certain height to the top end surface. As shown in FIG. 24,
the second magnetic pole element 212 may include a stepped portion 212x in a stepped
shape formed at the top end portion 212t in a rectangular shape in a thickness direction
thereof.

Also, as described above, when the claw poles 43b and 43a are formed as a plurality
of separate magnetic pole elements as shown in FIG. 25, the supporting members 23
and 24 may include a plurality of position determining portions 233 in which the
magnetic pole elements are inserted.

Also, the magnetic pole elements are pre-accommodated in the position determining
portions 233 while being integrated therewith, thereby further simplifying assembling
of the motor 100.

Also, in the embodiment, although the first magnetic pole element 211 is configured
to have an approximately uniform thickness throughout the bottom end portion 211b
and the top end portion 211t, the first magnetic pole element 211 may be configured to
such that the thickness of the top end portion 211t is greater than the thickness of the
bottom end portion 211b to further increase density of magnetic flux of the first
magnetic pole element 211.

Next, a claw pole motor in accordance with the third embodiment of the disclosure
will be described.

Meanwhile, members corresponding to the members described in a second em-
bodiment will be referred to by the same reference numerals.

Like the second embodiment, when a claw pole may include a first magnetic pole

element disposed inside a coil and a second magnetic pole element disposed outside
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the coil such that the coil is inserted therebetween, since an outer circumference of the
coil is larger than an inner circumference thereof, as shown in FIG. 26, a gap is formed
between the second magnetic pole elements of adjacent claw poles along a circum-
ferential direction. Accordingly, the gap leaks magnetic flux (a dotted line portion
shown in FIG. 26).

The claw pole motor in accordance with the third embodiment is configured in con-
sideration of the leakage of magnetic flux.

A claw pole motor 100 in accordance with the embodiment, for example, is used as a
compressor which forms a cooling cycle, and as shown in FIGS. 27 and 28, may
include a coil 4c, a stator 20 which may include a plurality of claw poles 43a and 43b
formed along the circumferential direction, and a rotor 10 rotatably formed inside or
outside the stator 20.

The stator 20, like the second embodiment, has a cylindrical shape in which the rotor
10 is rotatably formed in a through hole 20H vertically passing therethrough, and may
include a plurality of downward claw poles 43a formed along the circumferential
direction and a plurality of upward claw poles 43b formed along the circumferential
direction.

In the embodiment, like the second embodiment, the upward claw poles 43b are
formed in the same shape, the downward claw poles 43a are formed in the same shape,
and the upward claw poles 43b and the downward claw poles 43a are symmetrical to
each other.

Hereinafter, the upward claw poles 43b will be described as a representative
example.

As shown in FIGS. 27 and 28, the upward claw pole 43b may include a first
magnetic pole element 211 disposed inside the coil 4c and interposed between the rotor
10 and the coil 4c.

Although the upward claw pole 43b in accordance with the second embodiment is
formed in a u shape when viewed in the circumferential direction, the upward claw
pole 43b in accordance with the embodiment is formed in an L shape when viewed in
the circumferential direction. That is, the upward claw pole 43b in accordance with the
embodiment further may include a magnetic pole element magnetically connected to a
bottom end portion of the first magnetic pole element 211 (hereinafter, referred to as a
third magnetic pole element 213 to be matched with the second embodiment) and is
disposed so as not to cover the outside of the coil 4c.

Meanwhile, the upward claw pole 43b, like the second embodiment, is formed by
stacking a plurality of steel sheets in the circumferential direction, and may include the
first magnetic pole element 211 and the third magnetic pole element 213 integrated

using one type of shape at the steel sheets.
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Also, as shown in FIGS. 27 and 28, the claw pole motor in accordance with the em-
bodiment, further may include a magnetic body 40 which forms a magnetic circuit
between the downward claw pole 43a and the upward claw pole 43b to induce
magnetic flux which passes through one of the downward claw pole 43a and the
upward claw pole 43b disposed outside the coil and adjacent in the circumferential
direction to the other side.

The magnetic body 40 is disposed to cover an outer circumferential surface of the
coil 4c, and for example, may include steel sheets. In more detail, as shown in FIG. 29,
the magnetic body 40 in accordance with the embodiment is formed, for example, by
winding long electrical steel sheets and has a cylindrical shape with an internal
diameter greater than an external diameter of the coil 4c. An initially wound portion
and a finally wound portion are welded and treated using an annealing process for sup-
pressing spring-back. Also, the electrical steel sheets are wound in a cylindrical shape
and then treated with an impregnating process, thereby adhering gaps among the
electrical steel sheets wound in the cylindrical shape. Also, as shown in FIG. 28, slits
SL along an axial direction are formed at a plurality of random portions in the circum-
ferential direction to reduce core loss caused by an eddy current. That is, the magnetic
body 40 may include a plurality of divided magnetic bodies 41 divided along the cir-
cumferential direction.

In the embodiment, a height of the magnetic body 40 in the axial direction is greater
than a height of the coil 4c in the axial direction. However, the height of the magnetic
body 40 may be adequately changed.

According to the claw pole motor 100 configured as described above, since the
magnetic body 40 is installed between the downward claw pole 43a and the upward
claw pole 43b which are adjacent to each other along the circumferential direction and
the magnetic flux passing through one of the claw poles 43a and 43b is induced to the
other side, it is possible to suppress a leakage of the magnetic flux between the
downward claw pole 43a and the upward claw pole 43b. Accordingly, even when
necessary torque is relatively great, it is possible to prevent magnetic saturation and to
provide the necessary torque.

In more detail, as shown in FIG. 28, a magnetic circuit 1 which passes through the
rotor 10 in the order of the downward claw pole 43a, the magnetic body 40, and the
upward claw pole 43b and then toward the rotor 10 again, and a magnetic circuit 2
which passes through the rotor 10 in reverse order of the upward claw pole 43b, the
magnetic body 40, and the downward claw pole 43a and then toward the rotor 10 again
are formed according to a direction of currents flowing through the coil 4c.

According to the claw pole motor 100 in accordance with the embodiment, since it is

possible to suppress a leakage of magnetic flux in the magnetic circuit 1 and the
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magnetic circuit 2 in comparison to a case in which the claw pole motor 100 is
configured without using the magnetic body 40 (for example, a configuration shown in
FIG. 26), induced voltage may be increased by about 1.55 times and available torque
may be increased by about 1.55 times.

Meanwhile, the disclosure is not limited to the embodiment.

For example, although the magnetic body 40 in accordance with the embodiment is
formed by winding an electric steel sheet in a cylindrical shape as shown in FIG. 30,
the plurality of divided magnetic bodies 41 which cover the outside of the coil 4c may
be arranged in a polygonal shape.

Also, even though the divided magnetic bodies 41 in accordance with the em-
bodiment are formed by dividing an electrical steel sheet wound in a cylindrical shape
by forming slits SL therein in an axial direction thereof as shown in FIG. 30, the
divided magnetic bodies 41 may have, for example, a rectangular parallelepiped shape
formed by arranging the electrical steel sheets in a rectangular shape in a diametric
direction. Meanwhile, the magnetic bodies 41 are not limited to the arranging of the
electrical steel sheets in the rectangular shape, and may be block bodies. Also, the
shape is not limited to the rectangular parallelepiped shape and may be any shape
satisfying a magnetic circuit between adjacent claw poles along a circumferential
direction.

Also, in the embodiment, the claw poles 43a and 43b are arranged without covering
the outer circumference of the coil 4c and are formed in an L. shape when viewed in the
circumferential direction, but the claw poles 43a and 43b, like the second embodiment,
may be formed in an n shape when viewed in the circumferential direction.

In this case, as shown in FIG. 31, the divided magnetic bodies 41 may be disposed on
the outside of the coil 4c between the downward claw pole 43a and the upward claw
pole 43b adjacent to each other along the circumferential direction. In addition, the
disclosure is not limited to the embodiment and may be modified into various forms
without departing from the concept thereof.

Next, a claw pole motor in accordance with the fourth embodiment of the disclosure
will be described.

Meanwhile, members corresponding to the members described in the third em-
bodiment will be referred to by the same reference numerals.

The claw pole motor in accordance with the embodiment is a single-phase claw pole
motor and, as shown in FIGS. 32 and 33, like the third embodiment, in a detailed con-
figuration, may include a downward claw pole 43a and an upward claw pole 43b
formed in an L shape when viewed in a circumferential direction and a magnetic body
40 which forms a magnetic circuit between the downward claw pole 43a and the

upward claw pole 43b.
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The downward claw pole 43a and the upward claw pole 43b are positioned between a
coil 4c and a rotor 10 and include vertical magnetic poles 21T (corresponding to the
first magnetic pole element 211 in the third embodiment) which extend in an axial
direction and horizontal magnetic pole elements 21L (corresponding to the third
magnetic pole element 213 in the third embodiment) which extend from end portions
of the vertical magnetic pole elements 21T in a diametric direction and are positioned
at the bottom or top of the coil 4c.

The magnetic body 40 forms a magnetic circuit which induces magnetic flux which
passes through one of the downward claw pole 43a and the upward claw pole 43b to
the other side, and is formed in a cylindrical shape. At least a part of the magnetic body
40 is installed to overlap the horizontal magnetic pole elements 21L. when viewed in
the axial direction. Here, the horizontal magnetic pole elements 21L extend further to
the outside than the magnetic body 40 in a diametric direction.

Also, in the embodiment, gaps Sx are formed between the magnetic body 40 and the
horizontal magnetic pole elements 21L.

In more detail, guide portions G are formed on opposite surfaces of an upper
supporting member 24 supporting the downward claw poles 43a and a lower
supporting member 23 supporting the upward claw poles 43b, and the magnetic body
40 is installed on the guide portions G to form the gaps Sx with a size according to a
height of bottom plates of the guide portions G.

Here, as shown in FIG. 33, the gaps Sx are formed between the horizontal magnetic
pole element 21L of the downward claw pole 43a and the magnetic body 40 and
between the horizontal magnetic pole element 21L of the upward claw pole 43b and
the magnetic body 40. Here, the gaps Sx have approximately the same sizes. In other
words, all distances of the gaps between the magnetic body 40 and the horizontal
magnetic pole elements 21L are configured to have the same lengths.

Here, a result of analyzing an electromagnetic field of a configuration in which the
horizontal magnetic pole elements 21L and the magnetic body 40 are in contact with
each other is shown in FIG. 34. As can be seen from the result, when the horizontal
magnetic pole elements 21L and the magnetic body 40 are in contact with each other,
cogging torque acts in a negative direction when the motor is maneuvered and
conducting torque also acts in the negative direction accompanying the same. As a
result thereof, since synthetic torque acts in the negative direction, in the above de-
scription, a problem in which the rotor 10 starts reversely rotating after being ma-
neuvered and stalls until the synthetic torque is zero to be stopped when a load to a
motor is great occurs.

Compared with this, a result of analyzing an electromagnetic field of a configuration

in which the gaps Sx are formed between the horizontal magnetic pole elements 21L
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and the magnetic body 40 is shown in FIG. 35. As can be seen from the result, since
the gaps Sx are formed between the horizontal magnetic pole elements 21L and the
magnetic body 40, a phase of cogging torque deviates by 90 degrees in comparison to a
case in which the horizontal magnetic pole elements 21L are in contact with the
magnetic body 40, and conducting torque and synthetic torque act in a positive
direction when the motor is maneuvered. Accordingly, the rotor 10 may be rotated
forward after being maneuvered and may be prevented from stopping.

Meanwhile, when the gaps Sx are formed between the horizontal magnetic pole
elements 21L and the magnetic body 40, a delay of the magnetic field occurring and a
delay of cogging torque with respect to conducting torque occurring when magnetic
flux passes through the gap Sx are considered as a reason of the deviation of the phase
of cogging torque by 90 degree.

However, as shown in FIG. 36, when compared with the same currents, density of
magnetic flux decreases due to a leakage of the magnetic flux from the gap Sx and
magnetic saturation is facilitated when the gap Sx is great. As a result, induced voltage
decreases and torque also decreases. Accordingly, the gap Sx may be from about 0.5
mm to 0.6 mm in consideration of an aspect of manufacturing management and a result
of analyzing an electromagnetic field.

Meanwhile, the disclosure is not limited to the embodiment.

In the embodiment, the gap Sx between the horizontal magnetic pole element 21L of
the downward claw pole 43a and the magnetic body 40 (hereinafter, referred to as a
first gap Sx1) and the gap Sx between the horizontal magnetic pole element 21L of the
upward claw pole 43b and the magnetic body 40 (hereinafter, referred to as a second
gap Sx2) have the same size. However, as shown in FIG. 37, the first gap Sx1 and the
second gap Sx2 may have different sizes.

In more detail, the first gap Sx1 may be formed to be smaller than the second gap
Sx2 to provide great cogging torque when the motor is maneuvered as shown in FIG.
38.

Also, as shown in FIGS. 39 and 40, the downward claw poles 43a and the upward
claw poles 43b may be formed to be inclined such that the gaps Sx increase along a
rotation direction of the rotor (herein, counterclockwise when viewed from above).

In detail, the claw poles 43a and 43b disposed at the first position determining
portions 231 and the second position determining portions 232 are inclined by
inclining bottom surfaces of the first position determining portions 231 and the second
position determining portions 232 formed at the lower supporting member 23 and the
upper supporting member 24. Accordingly, a gap SxB in the rotation direction of the
rotor increases to be larger than a gap SxA in a reverse rotation direction of the rotor

between the horizontal magnetic pole elements 21L and the magnetic body 40.
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In this configuration, as shown in FIG. 41, it is possible to provide greater cogging
torque when the motor is maneuvered.

Next, a motor control circuit in accordance with one embodiment of the disclosure
will be described with reference to the drawings.

A motor control circuit 100z in accordance with one embodiment of the disclosure,
for example, is for driving a single-phase motor Mz as shown in FIG. 42 and, for
example, converts direct current (DC) power supplied from a DC power source 10z
into alternating current (AC) power to be applied to the motor Mz.

Also, the DC power source 10z may be an AC/DC converter.

In detail, the motor control circuit 100z may include a backdraft preventing diode D1
which is installed at a high pressure side of the DC power source 10z, a smoothing
condenser Cz installed together with the DC power source 10z in parallel, an H bridge
circuit 20z which converts DC power supplied from the DC power source 10z into AC
power and applies the AC power to the motor Mz, and a driving circuit 30 which
outputs a driving signal to a metal-oxide semiconductor field-effect-transistor
(MOSFET) which forms the H bridge circuit 20z.

The H bridge circuit 20z may include four MOSFETs each having a parasitic diode
D. Here, all four of the MOSFETSs are N-channel type MOSFETs.

In more detail, the H bridge circuit 20z may include a first MOSFET 2a and a second
MOSFET 2b connected to the DC power source 10z in series and a third MOSFET 2c
and a fourth MOSFET 2d connected to the DC power source 10z in series. The first
MOSFET 2a and the second MOSFET 2b are connected to the third MOSFET 2c¢ and
the fourth MOSFET 2d in parallel. A coil of the motor Mz is connected between a
contact point of the first MOSFET 2a and the second MOSFET 2b and a contact point
of the third MOSFET 2c¢ and the fourth MOSFET 2d.

Hereinafter, for convenience of description, the first MOSFET 2a and the third
MOSFET 2c are referred to as power source side MOSFETs 2x and the second
MOSFET 2b and the fourth MOSFET 2d are referred to as ground side MOSFETs 2y.

The driving circuit 30 turns on/off each of the MOSFETSs by outputting a driving
signal to each of the MOSFETSs and controlling a gate voltage of each of the
MOSFETs.

In more detail, the driving circuit 30 alternately turns on or off one pair of two pairs
of diagonally arranged MOSFETs. In other words, as shown in FIG. 43, the driving
circuit 30 converts between a first conducting state in which the first MOSFET 2a and
the fourth MOSFET 2d are turned on (ON) and the second MOSFET 2b and the third
MOSFET 2c are turned off (OFF) and a second conducting state in which the first
MOSFET 2a and the fourth MOSFET 2d are turned off (OFF) and the second
MOSFET 2b and the third MOSFET 2c¢ are turned on (ON).
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The driving circuit 30 of the motor control circuit in accordance with one em-
bodiment of the disclosure is configured to form a non-conducting state (a so-called
dead time) in which all four of the MOSFETs are turned off, for example, for several
micro seconds pus between the first conducting state and the second conducting state.

Also, as shown in FIG. 43, when one pair of the MOSFETs are turned off from an on
state, the driving circuit 30 turns off the ground side MOSFET 2y, and after a preset
certain time, turns off the power source side MOSFET 2x.

That is, before the non-conducting state, the driving circuit 30 turns off the ground
side MOSFET 2y of the one pair of the MOSFETSs which are turned on, and the power
source side MOSFETSs 2x are maintained as on (ON).

Due to the configuration described above, in one embodiment, the ground side
MOSFETs 2y are conducted, for example, at 160° to 170° and the power source side
MOSFETs 2x are conducted, for example, at 178°.

Hereinafter, an operation of the driving circuit 30 of the motor control circuit in ac-
cordance with one embodiment of the disclosure will be described with reference to a
flowchart of FIG. 44.

When a control signal for rotating the motor Mz is input from the outside, the driving
circuit 30 receives the control signal and simultaneously turns on the first MOSFET 2a
and the fourth MOSFET 2d (S1).

Next, the fourth MOSFET 2d which is the ground side MOSFET 2y among the
MOSFETs which are turned on is turned off (S2). Accordingly, as shown in an upper
portion of FIG. 45, regenerative currents indicated as thick arrows flow through a loop
formed by the parasitic diode D of the third MOSFET 2c and the first MOSFET 2a,
and a part thereof flows through the smoothing condenser Cz.

Also, after the fourth MOSFET 2d is turned off and a preset certain time passes, the
first MOSFET 2a which is the power source side MOSFET 2x is turned off (S3) to be
in the non-conducting state in which all four of the MOSFETS are turned off, for
example, for several micro seconds us (S4).

Sequentially, the second MOSFET 2b and the third MOSFET 2c are simultaneously
turned on (S5).

After that, like S2 to S4, the second MOSFET 2b which is the ground side MOSFET
2y among the MOSFETs which are turned on is turned off (S6). As shown in a lower
portion of FIG. 45, regenerative currents indicated as thick arrows flow through a loop
formed by the parasitic diode D of the first MOSFET 2a and the third MOSFET 2c,
and a part thereof flows through the smoothing condenser Cz.

Also, after the second MOSFET 2b is turned off and a preset certain time passes, the
third MOSFET 2c which is the power source side MOSFET 2x is turned off (S7) to be
in the non-conducting state in which all four of the MOSFETS are turned off, for
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example, for several micro seconds ps (S8).

After that, S1 to S8 are repeated. However, when a control completion signal for
stopping the motor Mz is input from the outside (59), the driving circuit 30 receives
the control completion signal and turns off each of the MOSFETSs to complete the
control of the motor Mz.

According to the motor control circuit 100z in accordance with one embodiment of
the disclosure configured as described above, when one pair of MOSFETs are turned
off, since the ground side MOSFET 2y is turned off, a preset certain time passes, and
the power source side MOSFET 2x is turned off, regenerative currents condensed at
the coil of the motor Mz may be looped and consumed at the power source 10z.

Accordingly, the regenerative currents may flow through several circuit devices such
as the smoothing condenser Cz installed at the power source 10z in addition to the
parasitic diode D of the power source side MOSFET 2x, and regenerative power may
be efficiently consumed. Additionally, as shown in FIG. 46, a voltage increase of a
power line caused by kick back may be more accurately suppressed than general ways.

Also, since all four of the MOSFETSs which form the H bridge circuit 20z are N-
channel type MOSFETs, heat generated while regenerative currents flow through the
parasitic diode D may be suppressed when compared with an H bridge circuit using P-
channel type MOSFETs.

Meanwhile, the disclosure is not limited to the embodiment described above.

For example, as shown in FIG. 47, the motor control circuit 100z may further include
one pair of regenerative current consuming MOSFETs 2z corresponding to the two
power source side MOSFETSs 2x and connected in parallel with the corresponding
power source side MOSFETS 2x.

In this configuration, as shown in FIG. 47, the driving circuit 30 may be configured
to turn off one pair of diagonally arranged MOSFETSs and to turn off the regenerative
current consuming MOSFET 2z corresponding to the power source side MOSFET 2x
which is turned off.

According to the motor control circuit 100z configured as described above, a loop
which consumes the regenerative currents indicated as thick arrows may be formed at
the power source 10z, regenerative power may be more accurately consumed than in a
general motor control circuit, and a voltage increase of a power line caused by kick
back may be accurately suppressed, like the embodiment, as shown in FIG. 48, by
turning on the regenerative current consuming MOSFET 2z corresponding to the
power source side MOSFET 2x which is turned off.

The driving circuit may be configured to, for example, control pulse width mod-
ulations (PWM) of the power source side MOSFETs.

Also, in the embodiment, one pair of the diagonally arranged MOSFETSs are simul-
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taneously turned on. However, the one pair of MOSFETSs may be turned on with a time
difference.

Also, the motor control circuit in accordance with the embodiment is used to control
an AC motor, but may be used to control a DC motor.

In addition, the disclosure is not limited to the embodiment and may be modified into
various forms without departing from the concept thereof.

As is apparent from the above description, since an insulator is unnecessary, for
example, even in a case in which a skew angle is formed at a stator, a motor may be
miniaturized in an axial direction thereof and an increase of manufacturing costs may
be prevented in comparison to a general motor.

Also, in accordance with embodiments of the disclosure, heat which occurs at a coil
may be discharged without installing a heat dissipation member, a fan, or the like.

Also, in accordance with embodiments of the disclosure, high efficiency of a motor
may be provided by configuring a claw pole in a shape which concentrates magnetic
flux.

Also, in accordance with embodiments of the disclosure, efficiency of consuming re-
generative power may be improved and a voltage increase of a power line caused by a
kick back may be more accurately suppressed in comparison to a general motor.

Although example embodiments of the disclosure have been shown and described, it
should be appreciated by those skilled in the art that changes may be made to these em-
bodiments without departing from the principles and spirit of the disclosure, the scope

of which is defined in the claims and their equivalents.
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Claims
A motor, comprising:
a stator which includes a plurality of stator elements, each of the stator
elements including:
a plurality of claw poles disposed along a circumferential direction of
the stator element; and
a coil wound in the circumferential direction of the stator element,
wherein
winding directions of respective coils of mutually adjacent stator
elements among the plurality of stator elements are opposite to each
other, and
the claw poles of the mutually adjacent stator elements are opposite to
each other and mutually opposite claw poles have the same polarity.
The motor of claim 1, wherein the claw poles of the mutually adjacent
stator elements are arranged to have a predetermined skew angle
between the mutually opposite claw poles of the mutually adjacent
stator elements.
The motor of claim 1, wherein
each of the stator elements further includes:
supporting members configured to support the plurality of claw poles
and accommodate the coil, and
at least one connecting path provided in at least one of the supporting
members.
The motor of claim 3, wherein the at least one connecting path includes
a first portion that is disposed opposite to the coil and a second portion
that is disposed not opposite to the coil.
The motor of claim 3, wherein the at least one connecting path has at
least one shape of a concave groove, a slit, and a through hole.
The motor of claim 5, wherein the at least one connecting path includes
the concave groove shape and the slit shape.
The motor of claim 1, wherein for each of the stator elements:
each claw pole among the plurality of claw poles includes a first
magnetic pole element and a second magnetic pole element, and
at least one of the first magnetic pole element and the second magnetic
pole element is configured to comprise a resistor portion configured to
change a flow of magnetic flux.

The motor of claim 7, further comprising a rotor,
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wherein

the first magnetic pole element of the claw pole is configured to be
opposite to the rotor, and

the second magnetic pole element of the claw pole is configured to be
magnetically connected to the first magnetic pole element and to ac-
commodate the coil with the first magnetic pole element.

The motor of claim 7, wherein the second magnetic pole element of the
claw pole is configured to allow magnetic flux to be concentrated more
on a bottom end portion thereof than on a top end portion thereof.

The motor of claim 9, wherein the second magnetic pole element of the
claw pole is configured such that the top end portion has a thickness in
a radial direction of the stator which is thinner than that of the bottom
end portion.

The motor of claim 10, wherein the second magnetic pole element of
the claw pole is configured such that distance between a side of the
second magnetic pole element that faces an outer circumferential side
of the coil increases from the bottom end portion toward the top end
portion.

The motor of claim 7, wherein the second magnetic pole element of the
claw pole is configured such that a top end portion thereof has a
stepped shape.

The motor of claim 1, wherein for each of the stator elements:

the plurality of claw poles include at least one upward claw pole and at
least one downward claw pole,

the at least one upward claw pole includes steel plates stacked in the
circumferential direction of the stator element and having a u shape
when viewed in the circumferential direction of the stator element, and
the at least one downward claw pole includes steel plates stacked in the
circumferential direction of the stator element and having an n shape
when viewed in the circumferential direction of the stator element.

The motor of claim 7, wherein

the first magnetic pole element and the second magnetic pole element
are configured as separate members,

the first magnetic pole element includes steel sheets stacked in the cir-
cumferential direction of the stator element and having a same shape,
and

the second magnetic pole element includes steel sheets stacked in the

circumferential direction of the stator element and having a same shape.
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The motor of claim 7, wherein the claw pole further includes a third
magnetic pole element interposed between a bottom end portion of the
first magnetic pole element and a bottom end portion of the second
magnetic pole element to magnetically connect the first magnetic pole

element and the second magnetic pole element.
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