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the outside in the radial direction; and an insertion hole inner edge side positioned to the inside in the radial direction. The
gap has: an outer edge side that extends from the circumferential edge of the insertion hole outer edge side toward the outer
circumference; and an inner edge side facing the outer edge side. The gap has: a first portion where the outer edge side
and the inner edge side face each other across a width W1; and a second portion where the outer edge side and the inner
edge side face each other across a width W2 wider than the width W1. The second portion is positioned between the first
portion and the permanent magnet. At least a portion of the first portion is positioned to the outside in the radial direction
with respect to a reference line where the magnetic pole surface has been stretched in a plane orthogonal to the axis line.

GNEW: O—%F #MBEALOETI2EAAMICEETZABRE, HEEROLETE2REAMICEW
THARBR LY ERAICHNET 2MAHRALE, MABAALORFRAOWMIPIC ORI’ Z2EREERFT S
A—4%37¢& WMABAAICREIN, BARONNICHBEHABE T2 KAWMAEEET %, WA
AL, BAEAOAAICABE T 2 AANNmLE., RAROABICAIET %38 AFLAMIRE &
T %, ZRIE BEAAAEZOREAAOREBNSSHABICHET TELET 24 0mD &, Hlin
BiItwmTr2AAlmLEA2ET 5, ZRIZ. AL EAMRLZEDNREWI ARBTTHETHE
&, AL ERAELEDPIBEWT LY EEWVWIEW2 5B TTINETZ2E2E92E42HT %,
B2, FI1EDEXRABAEOBICAELTWS, F1Ho0 R ES—EIE, #@RICE
T HENTHAIBE A ZER L7 EERIOH LT, FAROMUICAE L TWS,



19 Jan 2024

2020444066

DESCRIPTION

TITLE OF THE INVENTION
ROTOR, MOTOR, COMPRESSOR, AND AIR CONDITIONER

TECHNICAL FIELD
[0001]
The present disclosure relates to a rotor, a motor, a

compressor, and an air conditioner.

BACKGROUND ART
[0002]

In a permanent magnet embedded rotor, a permanent magnet is
disposed in a magnet insertion hole formed in a rotor core.
Protrusions for positioning the permanent magnet are provided on both
sides of the magnet insertion hole (see, for example, Patent

Reference 1).

PRIOR ART REFERENCE
PATENT REFERENCE
[0003]
Patent Reference 1: Japanese Patent Application Publication No.

2009-247131 (see FIG. 1)

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0004]

Meanwhile, when a large current flows through a stator coil,
such as when a heavy load is applied to the motor, the permanent
magnet may be demagnetized due to magnetic flux from a stator. If
the above-described protrusions are provided, the magnetic flux from
the stator is likely to flow to the permanent magnet through the
protrusions, and thus the permanent magnet 1is 1likely to be

demagnetized.
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[0005]
The present disclosure is intended to solve the above-described
problem, and embodiments of the present disclosure seek to suppress

the demagnetization of a permanent magnet.

MEANS OF SOLVING THE PROBLEM
[0006]

A rotor in accordance with an embodiment of the present
disclosure includes a rotor core having an outer circumference
extending in a circumferential direction about an axis, a magnet
insertion hole located on an inner side of the outer circumference
in a radial direction about the axis, and an opening connected to an
end of the magnet insertion hole in the circumferential direction,
and a permanent magnet disposed in the magnet insertion hole. The
magnet insertion hole has an insertion hole outer end edge located
on an outer side in the radial direction and an insertion hole inner
end edge located on an inner side in the radial direction. The
opening has an outer end edge extending from an end of the insertion
hole outer end edge in the circumferential direction toward the outer
circumference, and an inner end edge facing the outer end edge. The
opening has a first portion where the outer end edge and the inner
end edge face each other across a width W1, and a second portion
where the outer end edge and the inner end edge face each other
across a width W2 wider than the width Wl. The second portion is
located between the first portion and the permanent magnet. When a
reference line is defined as a straight line obtained by extending a
magnetic pole surface of the permanent magnet on an outer side in
the radial direction in a plane perpendicular to the axis, at least
a part of the first portion is located on an outer side in the radial
direction with respect to the reference line.

[0006a]

A first aspect of the present disclosure provides a rotor
comprising:

a rotor core having an outer circumference extending in a

2
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circumferential direction about an axis, a magnet insertion hole
located on an inner side of the outer circumference in a radial
direction about the axis, and an opening connected to an end of the
magnet insertion hole in the circumferential direction; and

a permanent magnet disposed in the magnet insertion hole,

wherein the magnet insertion hole has an insertion hole outer
end edge located on an outer side in the radial direction and an
insertion hole inner end edge located on an inner side in the radial
direction,

wherein the opening has an outer end edge extending from an
end of the insertion hole outer end edge in the circumferential
direction toward the outer circumference, and an inner end edge
facing the outer end edge,

wherein the opening has a first portion where the outer end
edge and the inner end edge face each other across a width Wl, and a
second portion where the outer end edge and the inner end edge face
each other across a width W2 wider than the width W1,

wherein the second portion is located between the first portion
and the permanent magnet,

wherein, when a reference line is defined as a line obtained
by extending, in a plane perpendicular to the axis, a magnetic pole
surface of the permanent magnet that is located on the outer side of
the magnet insertion hole in the radial direction, at least a part
of the first portion is located on an outer side in the radial
direction, toward the outer circumference, with respect to the
reference line,

wherein a convex portion protruding toward the outer end edge
of the opening is formed on the inner end edge of the opening, and
the first portion is formed between the outer end edge of the opening
and the convex portion, and

wherein a protrusion for positioning the permanent magnet is
formed in the opening, and the outer end edge of the opening and the
protrusion face each other across the width W2.
[0006b]

20532307 _1 (GHMatters) P119881.AU



19 Jan 2024

2020444066

A second aspect of the present disclosure provides a motor
comprising the rotor according to the first aspect and a stator
surrounding the rotor from outside in the radial direction.

[0006c]

A third aspect of the present disclosure provides a compressor
comprising the motor according to the second aspect and a compression
mechanism part to be driven by the motor.

[0006d]

A fourth aspect of the present disclosure provides an air
conditioner comprising:

the compressor according to the third aspect;

a condenser to condense refrigerant sent out from the
compressor;

a decompression device to decompress the refrigerant condensed
by the condenser; and

an evaporator to evaporate the refrigerant decompressed by the

decompression device.

EFFECTS OF THE INVENTION
[0007]

According to the present disclosure, a bypass path for a stator
magnetic flux, which runs through the first portion having the
narrower width Wl in the opening, is formed. Since the first portion
is located on the outer circumferential side with respect to the
magnetic pole surface of the permanent magnet, the magnetic flux
flowing through the bypass path is less likely to reach the permanent
magnet. Consequently, the demagnetization of the permanent magnet

can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1 is a sectional view illustrating a motor of a first
embodiment.

FIG. 2 is a sectional view illustrating a rotor of the first

4
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embodiment.

FIG. 3 is an enlarged sectional view illustrating a part of
the rotor of the first embodiment.

FIG. 4 is a sectional view illustrating a rotor of Comparative
Example 1.

FIG. 5 is a diagram illustrating the flow of a reverse magnetic
flux in the rotor of Comparative Example 1.

FIG. 6 i1s a sectional view illustrating a rotor of Comparative
Example 2.

FIG. 7 is a diagram illustrating the flow of a reverse magnetic
flux in the rotor of Comparative Example 2.

FIG. 8 is a diagram illustrating the flow of a reverse magnetic
flux in the rotor of the first embodiment.

FIG. 9 1s a diagram illustrating comparison of the
demagnetization characteristics among the first embodiment,
Comparative Example 1, and Comparative Example 2.

FIG. 10 is a graph illustrating the relationship between a
width W1 of a first portion of an opening and the amount of magnetic
flux interlinked with a coil of a stator.

FIG. 11(A) is a sectional view illustrating a rotor of a second
embodiment, and FIG. 11(R) is an enlarged sectional view illustrating
a part of the rotor.

FIG. 12(A) is a sectional view illustrating a rotor of a third
embodiment, and FIG. 12(BR) is an enlarged sectional view illustrating
a part of the rotor.

FIG. 13(A) is a sectional view illustrating a rotor of a fourth
embodiment, and FIG. 13(BR) is an enlarged sectional view illustrating
a part of the rotor.

FIG. 14 (A) is a sectional view illustrating a rotor of a fifth
embodiment, and FIG. 14 (B) is an enlarged sectional view illustrating
a part of the rotor.

FIG. 15(A) is a sectional view illustrating a rotor of a sixth
embodiment, and FIG. 15(BR) is an enlarged sectional view illustrating

a part of the rotor.
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FIG. 16(A) 1is a sectional view illustrating a rotor of a
seventh embodiment, and FIG. 16(B) 1s an enlarged sectional view
illustrating a part of the rotor.

FIG. 17(A) is a sectional view illustrating a rotor of an
eighth embodiment, and FIG. 17(B) is an enlarged sectiocnal view
illustrating a part of the rotor.

FIG. 18(A) is a sectional view illustrating a rotor of a ninth
embodiment, and FIG. 18(R) is an enlarged sectional view illustrating
a part of the rotor.

FIG. 19 is a sectional view illustrating a compressor to which
the motor of each embodiment is applicable.

FIG. 20 is a diagram illustrating an air conditioner that

includes the compressor illustrated in FIG. 19.

MODE FOR CARRYING OUT THE INVENTION
[0009]

First Embodiment

(Configuration of Motor)

First, a motor 100 of a first embodiment will be described.
FIG. 1 is a sectional view illustrating the motor 100 of the first
embodiment. The motor 100 is a permanent magnet embedded motor that
has permanent magnets 20 embedded in a rotor 1. The motor 100 is
used in, for example, a compressor 300 (FIG. 19).

[0010]

The motor 100 includes the rotor 1 that is rotatable and a
stator 5 that is provided to surround the rotor 1. An air gap of,
for example, 0.3 to 1.0 mm, is formed between the stator 5 and the
rotor 1. The stator 5 is fixed to a cylindrical shell 6, which is a
part of the compressor 300.

[0011]

Hereinafter, the direction of an axis Cl, which is a rotating
axis of the rotor 1, is referred to as an "axial direction". The
circumferential direction about the axis Cl (indicated by an arrow

R1 of FIG. 1) is referred to as a "circumferential direction”". The

6
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radial direction about the axis Cl is referred to as a "radial
direction".

[0012]

(Configuration of Stator)

The stator 5 includes a stator core 50, an insulating part 54
fixed to the stator core 50, and a coil 55 wound on the stator core
50 via the insulating part 54.

[0013]

The stator core 50 is formed of steel sheets which are stacked
and fixed together in the axial direction by crimping or the like.
Each steel sheet is, for example, an electromagnetic steel sheet.
The sheet thickness of the steel sheet is, for example, 0.1 to 0.7
mm, and is 0.35 mm in this example.

[0014]

The stator core 50 has a yoke 51 having an annular shape about
the axis Cl and a plurality of teeth 52 extending inward in the
radial direction from the yoke 51. An outer circumference of the
yoke 51 is fixed to an inner side of the shell 6.

[0015]

The teeth 52 are formed at equal intervals 1in the
circumferential direction. The number of teeth 52 is nine in this
example, but only needs to be two or more. A slot 53 for housing
the coil 55 is formed between adjacent teeth 52.

[0016]

The stator core 50 has a plurality of split cores 50A divided
so that each split core 50A includes one tooth 52. The number of
split cores 50A is, for example, nine. These split cores 50A are
joined at split surfaces 58 formed in the yoke 51, and are coupled
together in the circumferential direction. Incidentally, the stator
core 50 is not limited to the configuration in which a plurality of
split cores 50A are coupled together.

[0017]
The insulating part 54 is provided between the stator core 50

and the coil 55. The insulating part 54 is formed of, for example,

7
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an insulator disposed on an end of the stator core 50 in the axial
direction and an insulating film disposed on an inner surface of the

slot 53.

[0018]

The insulator is formed of a resin such as polybutylene
terephthalate (PBT). The insulating film is formed of a resin such
as polyethylene terephthalate (PET). The insulating film has a

thickness of 0.1 to 0.2 mm. Incidentally, the insulating part 54 is
not limited to such a configuration, but may be of any configuration
as long as the insulating part 54 insulates the stator core 50 and
the coil 55 from each other.

[0019]

The coil 55 is composed of, for example, a magnet wire and
wound around the tooth 52 wvia the insulating part 54. The wire
diameter of the coil 55 is, for example, 0.8 mm. The coil 55 is
wound in concentrated winding around each tooth 52, for example, in
70 turns. Incidentally, the wire diameter and the number of turns
of the coil 55 are determined depending on the reguired rotation
speed, torque, or applied voltage, or the sectional area of the slot
53.

[0020]

Crimping portions 56a and 56b are formed in the yoke 51. The
crimping portions 56a and 56b are used to fix the plurality of steel
sheets of the stator core 50 in the axial direction. The crimping
portion 56a is formed on a straight line in the radial direction that
passes through the center of each tooth 52 in the circumferential
direction, while the crimping portions 56b are formed at two
locations that are symmetric in the circumferential direction with
respect to the straight line. However, the number and arrangement
of the crimping portions 56a and 56b may be changed as appropriate.
[0021]

Concave portions 57 are formed on the outer circumference of
the yoke 51. A refrigerant passage in the compressor 300 is formed

between the concave portion 57 and the shell 6.

8
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[0022]
(Configuration of Rotor)

The rotor 1 has a cylindrical rotor core 10, the permanent
magnets 20 fixed to the rotor core 10, and a shaft 25 fixed to a
central portion of the rotor core 10. The center axis of the shaft
25 1s the axis Cl described above. The rotor core 10 has an outer
circumference 10a and an inner circumference 10b. Each of the outer
and inner circumferences 10a and 10b is annular about the axis Cl1.
[0023]

The rotor core 10 is formed of steel sheets which are stacked
in the axial direction and integrated together by crimping or the
like. FEach steel sheet is, for example, an electromagnetic steel
sheet. The sheet thickness of the steel sheet is, for example, 0.1
to 0.7 mm, and is 0.35 mm in this example. The shaft 25 is fixed to
the inner circumference 10b of the rotor core 10 by shrink-fitting
or press-fitting.

[0024]

A plurality of magnet insertion holes 11 are formed along the
outer circumference 10a of the rotor core 10. The plurality of
magnet insertion holes 11 are formed at equal intervals in the
circumferential direction. The magnet insertion hole 11 reaches from
one end to the other end of the rotor core 10 in the axial direction.
The magnet insertion hole 11 extends linearly i1in a plane
perpendicular to the axis Cl. Incidentally, the magnet insertion
hole 11 may have a V-shape or a curved shape (see FIGS. 13(A) and
18 (A)).

[0025]

One permanent magnet 20 is disposed in each magnet insertion
hole 11. Each magnet insertion hole 11 corresponds to one magnetic
pole. The number of magnet insertion holes 11 is six in this example,
and therefore the number of magnetic poles is six. Incidentally,
the number of magnetic poles is not limited to six, but only needs
to be two or more. The permanent magnets 20 adjacent to each other

in the circumferential direction have opposite poles on the outer

9

20532307 _1 (GHMatters) P119881.AU



19 Jan 2024

2020444066

side in the radial direction.
[0026]

The permanent magnet 20 is a member having a flat plate shape.
The permanent magnet 20 has a width in the circumferential direction
and a thickness in the radial direction of the rotor core 10. The
thickness of the permanent magnet 20 is, for example, 2 mm. The
permanent magnet 20 is composed of a neodymium rare earth magnet that
contains, for example, neodymium (Nd), iron (Fe), and boron (B). The
permanent magnet 20 is magnetized in the thickness direction.

[0027]

The neodymium rare earth magnet has the characteristic such
that its coercive force decreases as temperature increases. When
the motor 100 is used in the compressor 300, the temperature of the
permanent magnet 20 reaches 100°C or higher, and its coercive force
decreases at a decreasing rate of -0.5 to -0.6 %/K depending on the
temperature. Thus, dysprosium (Dy) may be added to the permanent
magnet 20 to improve the coercive force.

[0028]

However, when Dy is added to the permanent magnet 20, the
residual magnetic flux density of the permanent magnet 20 decreases.
As the residual magnetic flux density decreases, the magnet torque
of the motor 100 decreases and the current required to generate the
desired torque increases, with the result that copper loss increases.
In order to improve the motor efficiency, it is desirable that the
adding amount of Dy is as little as possible.

[0029]

Holes 102 and 103, which serve as passages for the refrigerant,
are formed on the inner side of the magnet insertion holes 11 in the
radial direction. The hole 102 is formed at a position corresponding
to a pole center, while the hole 103 is formed at a position
corresponding to an inter-pole portion. However, the arrangement of
the holes 102 and 103 may be changed as appropriate.

[0030]

FIG. 2 is a diagram illustrating a region corresponding to one

10
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magnetic pole of the rotor 1, i.e., a region including one magnet
insertion hole 11. The center of the magnet insertion hole 11 in
the circumferential direction is the pole center P. A straight line
that passes through the pole center P in the radial direction is
referred to as a magnetic pole center line. The boundary between
adjacent magnetic poles is the inter-pole portion M.

[0031]

The magnet insertion hole 11 extends 1in a direction
perpendicular to the magnetic pole center line. The permanent magnet
20 has a magnetic pole surface 20a on the outer side in the radial
direction, a magnetic pole surface 20b on the inner side in the
radial direction, and end surfaces 20c on both sides 1in the
circumferential direction. The magnetic pole surface 20a is also
referred to as a first magnetic pole surface, while the magnetic pole
surface 20b is also referred to as a second magnetic pole surface.
[0032]

Each of the magnetic pole surfaces 20a and 20b extends in a
direction perpendicular to the magnetic pole center line. An
extension line of the magnetic pole surface 20a in a plane
perpendicular to the axis Cl is defined as a reference line Ll1. The
reference line L1 is a straight line in the first embodiment, but is
not limited to a straight line (see FIG. 18(A)).

[0033]

The magnet insertion hole 11 has an outer end edge 1la on the
outer side in the radial direction and an inner end edge 1lb on the
inner side in the radial direction. The outer end edge 1lla is also
referred to as an insertion hole outer end edge. The inner end edge
11b is also referred to as an insertion hole inner end edge. The
outer end edge 1la of the magnet insertion hole 11 faces the magnetic
pole surface 20a of the permanent magnet 20, while the inner end edge
11b of the magnet insertion hole 11 faces the magnetic pole surface
20b of the permanent magnet 20.

[0034]

Openings 12 are formed on both sides of the magnet insertion

11
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hole 11 in the circumferential direction. The openings 12 are
provided to suppress the leakage of magnetic flux between the
adjacent magnetic poles.

[0035]

Protrusions 14 that are in contact with the end surfaces 20c
of the permanent magnet 20 are formed on both sides of the magnet
insertion hole 11 in the circumferential direction. Each protrusion
14 is formed on an end edge portion 123 (FIG. 3) of an inner end edge
12b, which will be mentioned later, of the opening 12 so as to contact
the end surface 20c of the permanent magnet 20.

[0036]

The protrusion 14 has a tip end 14a on the outer side in the
radial direction, a side end 14b that is in contact with the end
surface 20c of the permanent magnet 20, and a side end 1l4c opposite
to the side end 14b. The side end 14b of each protrusion 14 is in
contact with the end surface 20c of the permanent magnet 20, whereby
the permanent magnet 20 is positioned so as not to move within the
magnet insertion hole 11.

[0037]

FIG. 3 is an enlarged diagram illustrating a part of the rotor
1. Slits 101 are formed on the outer side of the magnet insertion
hole 11 in the radial direction. Fach slit 101 has a side 111
extending along the outer circumference 10a of the rotor core 10, a
side 112 extending along the magnet insertion hole 11, and sides 113
and 114 each of which is inclined so as to approach the pole center
P toward the outer side in the radial direction. Two slits 101 (FIG.
2) are formed symmetrically with respect to the pole center P in each
magnetic pole.

[0038]

The slits 101 are used to smooth the distribution of magnetic
flux from the permanent magnet 20 toward the stator 5 to thereby
suppress torgque pulsation. Incidentally, the number, arrangement,
and shapes of the slits 101 are not limited. The rotor core 10 may

also be configured to have no slit 101.

12
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[0039]

Next, the specific shape of each opening 12 will be described.
The opening 12 is connected to an end of the magnet insertion hole
11 in the circumferential direction. The magnet insertion hole 11
is a portion in which the permanent magnet 20 is inserted, while the
opening 12 is a portion located on the outer side of the permanent
magnet 20 in the circumferential direction.

[0040]

The opening 12 extends from the end of the magnet insertion
hole 11 in the circumferential direction along the reference line L1
and further extends beyond the above-described reference line L1 to
the outer side 1in the radial direction, 1i.e., toward the outer
circumference 10a of the rotor core 10.

[0041]

The opening 12 has an outer end edge 12a extending from an end
of the outer end edge 1lla of the magnet insertion hole 11, the inner
end edge 12b extending from an end of the inner end edge 1lb of the
magnet insertion hole 11, and a circumferential end edge 12c
extending along the outer circumference 10a of the rotor core 10.
[0042]

The outer end edge 12a has an end edge portion 121 located on
an extension line of the outer end edge 1lla of the magnet insertion
hole 11 and an end edge portion 122 extending from a terminal end of
the end edge portion 121 toward the outer circumference 10a. The
end edge portion 121 is also referred to as a first end edge portion.
The end edge portion 122 is also referred to as a second end edge
portion.

[0043]

The inner end edge 12b has the end edge portion 123 located on
an extension line of the inner end edge 11lb of the magnet insertion
hole 11, and an end edge portion 124 extending from a terminal end
of the end edge portion 123 toward the outer circumference 10a. The
end edge portion 123 is also referred to as a first end edge portion.

The end edge portion 124 is also referred to as a second end edge

13
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portion.
[0044]

Of the outer end edge 12a and the inner end edge 12b, the outer
end edge 12a is located on the side closer to the pole center P, and
the inner end edge 12b is located on the side closer to the inter-
pole portion M.

[0045]

The outer end edge 12a and the inner end edge 12b face each
other. More specifically, the end edge portion 121 of the outer end
edge 12a and the end edge portion 123 of the inner end edge 12b face
each other, while the end edge portion 122 of the outer end edge 12a
and the end edge portion 124 of the inner end edge 12b face each
other. The end edge portions 121 and 123 are parallel to each other,
but they are not necessarily parallel to each other. The end edge
portions 122 and 124 are parallel to each other, but they are not
necessarily parallel to each other.

[0046]

The circumferential end edge 12c¢ connects a radially outer end
of the outer end edge 12a and a radially outer end of the inner end
edge 12b. A thin-walled portion is formed between the
circumferential end edge 12c¢ and the outer circumference 10a of the
rotor core 10. The width of the thin-walled portion is desirably as
narrow as possible in order to suppress leakage magnetic flux between
adjacent magnetic poles. In this example, the width of the thin-
walled portion is the same as the thickness of the steel sheet of
the rotor core 10.

[0047]

A convex portion 13 protruding toward the outer end edge 12a
is formed on the inner end edge 12b. In this example, the convex
portion 13 protrudes from the end edge portion 124 of the inner end
edge 12b toward the end edge portion 122 of the outer end edge 12a.
The convex portion 13 has a tip end 13a facing the outer end edge
12a of the opening 12, a side end 13b facing the circumferential end

edge 12c¢, and a side end 13c facing the end surface 20c of the
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permanent magnet 20.
[0048]

A part of the tip end 13a of the convex portion 13 is located
on the outer side in the radial direction with respect to the
reference line Ll1. However, the entire tip end 13a of the convex
portion 13 may be located on the outer side in the radial direction
with respect to the reference line L1. That is, it is sufficient
that at least a part of the tip end 13a of the convex portion 13 is
located on the outer side in the radial direction with respect to
the reference line L1.

[0049]

An area between the outer end edge 12a of the opening 12 and
the tip end 13a of the convex portion 13 is defined as a first portion
Al. In this example, the first portion Al is an area between the
end edge portion 122 of the outer end edge 12a and the tip end 13a
of the convex portion 13. The width of the first portion Al, i.e.,
the shortest distance between the outer end edge 12a of the opening
12 and the tip end 13a of the convex portion 13 is referred to as a
width Wl.

[0050]

On the permanent magnet 20 side with respect to the first
portion Al in the opening 12, an area where the distance between the
outer end edge 12a and the inner end edge 12b is shortest is an area
between the end edge portion 121 of the outer end edge 12a and the
tip end 1l4a of the protrusion 14. This area is defined as a second
portion A2. The width of the second portion A2, i.e., the shortest
distance between the outer end edge 12a of the opening 12 and the
tip end 1l4a of the protrusion 14 is referred to as a width W2.
[0051]

The opening 12 also has a third portion A3 located on the outer
circumference 10a side with respect to the first portion Al and
having a width W3 wider than the width WI1. The width W3 is the
shortest distance between the outer end edge 12a and the inner end

edge 12b, in an area on the outer circumference 10a side with respect
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to the first portion Al.
[0052]

In this example, the width W3 is wider than the width W2 (W2
< W3). However, the width W2 and the width W3 may be the same.
[0053]

That is, the opening 12 has the first portion Al having the
width W1, the second portion A2 having the width W2 wider than the
width W1, and the third portion A3 having the width W3 wider than
the width Wl. The second portion A2 is located on the permanent
magnet 20 side with respect to the first portion Al, i.e., between
the first portion Al and the permanent magnet 20. The third portion
A3 is located on the outer circumference 10a side with respect to
the first portion Al, i.e., between the first portion Al and the
outer circumference 10a.

[0054]

A part of the first portion Al of the opening 12 is located on
the outer circumference 10a side with respect to the reference line
L1, i.e., on the outer side in the radial direction. However, the
entire first portion Al of the opening 12 may be located on the outer
side in the radial direction with respect to the reference line L1.
That is, it is sufficient that at least a part of the first portion
Al is located on the outer side in the radial direction with respect
to the reference line L1.

[0055]

The shortest distance from the end surface 20c of the permanent
magnet 20 to the first portion Al of the opening 12 is referred to
as a distance D1. This distance D1 is greater than or equal to the
width W1 of the first portion Al of the opening 12 (D1 > Wl).

[0056]
(FUNCTION)

Here, Comparative Examples 1 and 2 to be compared with the
first embodiment will be described. FIG. 4 is a diagram illustrating
a rotor 1I of Comparative Example 1. The rotor 1I of Comparative

Example 1 differs from the rotor 1 of the first embodiment in that
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no convex portion 13 (FIGS. 2 and 3) is provided in the opening 12.
The rotor 1I of Comparative Example 1 is configured in a similar
manner to the rotor 1 of the first embodiment in other respects.
[0057]

In the motor 100, there are cases where a current larger than
that during a normal operation may flow through the coil 55 of the
stator 5. Such cases are, for example, when a large load is applied
to the motor 100, when the operation of the motor 100 is locked, when
the motor 100 starts up, when the coil 55 of the stator 5 is short-
circuited, or the like.

[0058]

When a large current flows through the coil 55 of the stator
5, the magnetic flux generated by the current in the coil 55 acts on
the permanent magnet 20. The magnetic flux flowing through the
permanent magnet 20 in the direction opposite to the magnetization
direction is referred to as a reverse magnetic flux. When the reverse
magnetic flux flows through the permanent magnet 20, demagnetization
of the permanent magnet 20 may occur.

[0059]

In particular, when the coil 55 is wound in concentrated
winding, a closed loop of the magnetic flux is generated between
adjacent teeth 52. For example, the magnetic flux flows from one
tooth 52 around which a U-phase coil 55 is wound to the adjacent
tooth 52 around which a V-phase coil 55 is wound. Thus, the reverse
magnetic flux from the stator 5 is likely to flow into an outer
circumferential region of the rotor core 10 facing both teeth 52.
[0060]

FIG. 5 is a diagram illustrating the flow of reverse magnetic
flux from the stator 5 in the rotor 1I. The reverse magnetic flux
flowing into the rotor core 10 tends to flow through a portion having
a lower magnetic resistance, and thus the reverse magnetic flux is
directed to the thin-walled portion between the outer circumference
10a of the rotor core 10 and the opening 12 while circumventing the

magnet insertion hole 11 and the opening 12 which have a high magnetic
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resistance. However, since the magnetic path in the thin-walled
portion 1is narrow, when a certain amount of magnetic flux flows,
magnetic saturation occurs and no magnetic flux flows through the
thin-walled portion. The magnet insertion hole 11 and the opening
12 are hollow inside and therefore have high magnetic resistance,
but the width of the opening 12 is reduced in an area where the
protrusion 14 is formed, and thus the magnetic resistance partially
decreases.

[0061]

Therefore, the reverse magnetic flux from the stator 5 flows
to the protrusion 14 concentratedly as indicated by an arrow F. As
the protrusion 14 is in contact with the end surface 20c of the
permanent magnet 20, demagnetization of the permanent magnet 20
occurs at the end surface 20c when the reverse magnetic flux is
concentrated on the protrusion 14.

[0062]

FIG. 6 is a diagram illustrating a rotor 1J of Comparative
Example 2. The rotor 1J of Comparative Example 2 differs from the
rotor 1I of Comparative Example 1 (FIGS. 4 and 5) in that a protrusion
9 is provided on the outer end edge 12a of the opening 12. The
protrusion 9 protrudes toward the protrusion 14 and faces the
protrusion 14.

[0063]

FIG. 7 is a diagram illustrating the flow of reverse magnetic
flux from the stator 5 in the rotor 1J of Comparative Example 2. 1In
the rotor 1J of Comparative Example 2, the protrusion 9 is provided
on the outer end edge 12a of the opening 12, and the outer
circumferential region of the rotor core 10 is continuous to the
protrusion 9. The magnetic resistance is locally reduced in an area
where the protrusions 9 and 14 face each other in the opening 12.
[0064]

Thus, the reverse magnetic flux from the stator 5 flows from
the outer circumferential region of the rotor core 10 to the

protrusion 14 through the protrusion ¢ as indicated by the arrow F.
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If the reverse magnetic flux is concentrated on the protrusion 14,
the demagnetization occurs at the end surface 20c of the permanent
magnet 20, as in Comparative Example 1. Further, if the magnetic
saturation occurs at the protrusion 9, the magnetic flux flows to
the permanent magnet 20 in vicinity of the protrusion 9, and causes
the demagnetization at the end surface 20c of the permanent magnet
20.

[0065]

FIG. 8 1s a diagram illustrating the flow of the reverse
magnetic flux from the stator 5 in the rotor 1 of the first embodiment.
In the first embodiment, the opening 12 includes the first portion
Al having the width Wl and the second portion A2 having the width W2.
[0066]

The second portion A2 of the opening 12 is the narrowest
portion at the permanent magnet 20 side with respect to the first
portion Al. The width W2 of the second portion A2 is wider than the
width Wl of the first portion Al. 1In other words, a portion in the
opening 12 located on the permanent magnet 20 side with respect to
the first portion Al is wider than the first portion Al and thus the
magnetic resistance therein is high.

[0067]

Thus, the reverse magnetic flux from the stator 5 flows from
the outer circumferential region of the rotor core 10 through the
first portion Al of the opening 12 as indicated by the arrow F. That
is, a bypass path for the reverse magnetic flux running through the
first portion Al is formed.

[0068]

At least a part of the first portion Al is located on the outer
side in the radial direction with respect to the reference line L1
obtained by extending the magnetic pole surface 20a of the permanent
magnet 20. Thus, the reverse magnetic flux flowing through the
bypass path that runs through the first portion Al is directed in a
direction away from the permanent magnet 20. Consequently, the

reverse magnetic flux reaching the permanent magnet 20 can be reduced,
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and the demagnetization of the permanent magnet 20 can be suppressed.
[0069]

Meanwhile, if the magnetic saturation occurs in the bypass
path including the first portion Al of the opening 12, the magnetic
flux tends to flow around the first portion Al. For this reason,
the distance D1 from the end surface 20c of the permanent magnet 20
to the first portion Al of the opening 12 is set to be greater than
or equal to the width Wl. The distance D1 is, for example, 1.5 mm.
[0070]

Since the distance D1 from the end surface 20c of the permanent
magnet 20 to the first portion Al of the opening 12 is secured in
this way, the magnetic flux is less likely to reach the permanent
magnet 20, and thus the demagnetization of the permanent magnet 20
can be suppressed.

[0071]

In this example, the opening 12 is provided with the protrusion
14. However, it is also possible to employ a configuration in which
no protrusion 14 is provided. In that case, the shortest distance
between the end edge portion 121 of the outer end edge 12a of the
opening 12 and the end edge portion 123 of the inner end edge 12b of
the opening 12 is the width W2.

[0072]
(Demagnetization Characteristics)

FIG. 9 is a graph illustrating comparison of the
demagnetization characteristics of the permanent magnet 20 between
the first embodiment and Comparative Examples 1 and 2. The
horizontal axis indicates the current value of the current flowing
through the coil 55. The vertical axis indicates the demagnetization
rate of the permanent magnet 20.

[0073]

The demagnetization rate is represented by the rate of decrease
in the amount of magnetic flux interlinked with the coil 55 (the
amount of interlinked magnetic flux). Here, the demagnetization rate

1s defined as the rate of decrease in the amount of interlinked
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magnetic flux with respect to a reference value which is the amount
of interlinked magnetic flux when the rotor 1 is rotated by an
external power without applying current to the coil 55. Thus, the
demagnetization rate is a negative value.

[0074]

The motor 100 is placed in the atmosphere of 140°C. This
temperature is the highest temperature at which the motor 100 is used
in the compressor 300.

[0075]

When the current value in the coil 55 is small, the permanent
magnet 20 is not demagnetized, and the demagnetization rate is zero.
As the current wvalue increases, the amount of magnetic flux
interlinked with the coil 55 decreases due to the demagnetization of
the permanent magnet 20.

[0076]

The demagnetization of the permanent magnet 20 leads to
decrease in the output of the motor 100, and causes deterioration in
the performance of the compressor 300 or an air conditioner 400.
Further, an induced voltage generated by the magnetic flux
interlinked with the c¢oil 55 changes, which may affect the
controllability of the motor 100.

[0077]

In general, it is required to suppress the demagnetization
rate of the motor 100 to 1% or less. Thus, an inverter circuit that
controls the motor 100 is provided with a current cut-off circuit to
cut off the current before the demagnetization rate reaches 1%.
[0078]

In FIG. 9, a current value at the demagnetization rate of 1%
is 14.7 [A] in Comparative Example 1 and 15.6 [A] in Comparative
Example 2, but it increases to 17.0 [A] in the first embodiment. In
the first embodiment, a larger current can be made to flow without
causing demagnetization of the permanent magnet 20, and thus the
motor efficiency can be improved.

[0079]
21
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When the same current flows through the coils 55 in the first
embodiment and Comparative Examples 1 and 2, demagnetization of the
permanent magnet 20 is less likely to occur in the first embodiment
than in Comparative Examples 1 and 2. Thus, it is possible to reduce
the amount of a rare earth element such as Dy added to the permanent
magnet 20.

[0080]

By reducing the content of the rare earth element in the
permanent magnet 20, preferably to 0% by weight, the residual
magnetic flux density of the permanent magnet 20 can be increased.
Thus, the magnet torque can be increased, and the current wvalue
required to generate the same output can be reduced. That is, the
copper loss generated in the coil 55 can be reduced, so that the
motor efficiency can be improved.

[0081]
(Optimal Range of Width W1l of First Portion Al of Opening 12)

In order to efficiently guide the reverse magnetic flux from
the stator 5 to the bypass path running through the first portion Al
of the opening 12, it is desirable to make the width W1 of the first
portion Al narrow. Meanwhile, if the width Wl of the first portion
Al is too narrow, the magnetic flux exiting from the permanent magnet
20 may be short-circuited through the first portion Al. That is,
for example, the magnetic flux exiting from the magnetic pole surface
20a may return to the magnetic pole surface 20b through the first
portion Al.

[0082]

FIG. 10 is a graph showing the relationship between the width
W1l of the first portion Al and the amount of magnetic flux interlinked
with the coil 55. The horizontal axis indicates a value obtained by
dividing the width W1l of the first portion Al by the thickness T of
the permanent magnet 20, i.e., W1/T. The vertical axis indicates
the amount of magnetic flux interlinked with the coil 55 when no
current flows through the coil 55. The amount of magnetic flux

interlinked with the coil 55 is expressed as the rate of change with
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respect to a reference value which is the amount of interlinked
magnetic flux when W1/T = 1.
[0083]

As can be seen from FIG. 10, the amount of magnetic flux
interlinked with the coil 55 is small when W1/T is less than 0.2.
This is because the magnet flux exiting from the permanent magnet 20
is short-circuited through the first portion Al since the width Wl
of the first portion Al is too narrow.

[0084]

When W1/T increases to 0.2 or more, the amount of magnetic
flux interlinked with the coil 55 increases and converges to a
constant value. However, if W1/T exceeds 0.5, the effect of guiding
the reverse magnetic flux to the bypass path including the first
portion Al and suppressing the demagnetization of the permanent
magnet 20 decreases.

[0085]

Thus, in order to achieve both the effect of preventing short-
circuit of the magnetic flux exiting from the permanent magnet 20
and the effect of suppressing the demagnetization of the permanent
magnet 20, it is desirable that the W1/T is within a range of 0.2 <
W1/T < 0.5.

[0086]
(Effects of Embodiment)

As described above, in the rotor 1 of the first embodiment,
the opening 12 has the outer end edge 12a extending outward in the
radial direction from the end of the outer end edge 1lla of the magnet
insertion hole 11 in the circumferential direction, and the inner
end edge 12b facing the outer end edge 12a. In the first portion Al
of the opening 12, the outer end edge 12a and the inner end edge 12b
(more specifically, the tip end 13a of the convex portion 13) face
each other across the width Wl. In the second portion A2, the outer
end edge 12a and the inner end edge 12b face each other across the
width W2 wider than the width Wl. The second portion A2 is located
between the first portion Al and the permanent magnet 20. At least
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a part of the first portion Al is located on the outer side in the
radial direction with respect to the reference line L1 obtained by
extending the magnetic pole surface 20a of the permanent magnet 20.
[0087]

With such a configuration, the reverse magnetic flux from the
stator 5 flows through the bypass path running through the first
portion Al of the opening 12. At least a part of the first portion
Al is located on the outer side in the radial direction with respect
to the reference line L1, and thus the reverse magnetic flux flowing
through the bypass path is directed in a direction away from the
permanent magnet 20. Consequently, the reverse magnetic flux
reaching the permanent magnet 20 can be reduced, and thus the
demagnetization of the permanent magnet 20 can be suppressed.

[0088]

The third portion A3 having the width W3 wider than the width
Wl is provided on the outer circumference 10a side, i.e., on the
outer side in the radial direction, with respect to the first portion
Al. Thus, the length in the circumferential direction of the thin-
walled portion between the opening 12 and the outer circumference
10a can be increased. Thus, the magnetic flux leakage between the
adjacent magnetic poles can be suppressed.

[0089]

Since the convex portion 13 is formed on the inner end edge
12b of the opening 12, the outer circumferential region of the rotor
core 10 and the convex portion 13 are not continuous to each other.
Thus, the reverse magnetic flux from the stator 5 is less likely to
flow to the permanent magnet 20 through the convex portion 13, and
thus the effect of suppressing the demagnetization of the permanent
magnet 20 can be enhanced.

[0090]

In addition, the distance D1 from the end surface 20c of the
permanent magnet 20 in the circumferential direction to the first
portion Al is greater than or equal to the width W1 of the first

portion Al of the opening 12. Thus, the reverse magnetic flux is

24

20532307 _1 (GHMatters) P119881.AU



19 Jan 2024

2020444066

less likely to reach the permanent magnet 20, even when the magnetic
saturation occurs in the bypass path including the first portion Al.
Thus, the effect of suppressing the demagnetization of the permanent
magnet 20 can be enhanced.

[0091]

Since the width Wl of the first portion Al of the opening 12
and the thickness T of the permanent magnet 20 satisfy 0.2 < W1/T <
0.5, the demagnetization of the permanent magnet 20 can be suppressed
while preventing the short-circuit of the magnetic flux exiting from
the permanent magnet 20.

[0092]

Further, since the protrusion 14 is provided in the opening 12
for positioning the permanent magnet 20, the movement of the
permanent magnet 20 within the magnet insertion hole 11 is restricted,
and thus vibration and noise can be suppressed.

[0093]
Second Embodiment

FIG. 11(A) is a diagram illustrating a rotor 1A of a second
embodiment. In the rotor 1A of the second embodiment, the length in
the circumferential direction of a protrusion 15 for positioning the
permanent magnet 20 is longer than the length in the circumferential
direction of the protrusion 14 of the first embodiment.

[0094]

The shape of the outer end edge 12a of the opening 12 is the
same as in the first embodiment. The protrusions 15 are formed on
the inner end edge 12b of the opening 12. Each protrusion 15 has a
tip end 15a facing the outer side in the radial direction and a side
end 15b that is in contact with the end surface 20c of the permanent
magnet 20.

[0095]

FIG. 11(B) is an enlarged diagram illustrating a part of the
rotor 1A of the second embodiment. As described in the first
embodiment, the opening 12 has the outer end edge 12a, the inner end

edge 12b, and the circumferential end edge 12c. The outer end edge
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12a has the end edge portions 121 and 122, and the inner end edge
12b has the end edge portions 123 and 124.
[0096]

The tip end 1b5a of the protrusion 15 extends in parallel to
the end edge portion 121 of the outer end edge 12a and also extends
to reach the end edge portion 124 of the inner end edge 12b. That
is, the end edge portion 123 of the inner end edge 12b is constituted
by the tip end 15a of the protrusion 15. The end edge portion 124
of the inner end edge 12b extends outward in the radial direction
from the terminal end of the end edge portion 123.

[0097]

As described in the first embodiment, the convex portion 13
protruding toward the end edge portion 122 of the outer end edge 12a
is formed on the end edge portion 124 of the inner end edge 12b. At
least a part of the tip end 13a of the convex portion 13 is located
on the outer side in the radial direction with respect to the above-
described reference line L1.

[0098]

An area between the end edge portion 122 of the outer end edge
12a and the tip end 13a of the convex portion 13 is defined as the
first portion Al. The width of the first portion Al, i.e., the
shortest distance between the outer end edge 12a of the opening 12
and the tip end 13a of the convex portion 13 is the width Wl. An
area between the end edge portion 121 of the outer end edge 12a and
the tip end 15a of the protrusion 15 is defined as the second portion
A2. The width of the second portion A2 is the width W2 (> Wl).
[0099]

That is, the opening 12 has the first portion Al having the
width Wl and the second portion A2 having the width W2 wider than
the width W1, and the second portion A2 is located on the permanent
magnet 20 side with respect to the first portion Al. At least a part
of the first portion Al is located on the outer side in the radial
direction with respect to the reference line Ll.

[0100]
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Thus, the reverse magnetic flux from the stator 5 flows in a
direction away from the permanent magnet 20 through the bypass path
running through the first portion Al. Consequently, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced, and
thus the demagnetization of the permanent magnet 20 can be suppressed.
[0101]

The third portion A3 having the width W3 wider than the width
Wl is provided on the outer side in the radial direction with respect
to the first portion Al of the opening 12. Thus, the length in the
circumferential direction of the thin-walled portion between the
opening 12 and the outer circumference 10a can be increased, and thus
the magnetic flux leakage between the adjacent magnetic poles can be
suppressed.

[0102]

The distance D1 from the end surface 20c of the permanent
magnet 20 to the first portion Al of the opening 12 is greater than
or equal to the width Wl of the first portion Al. Thus, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced even
when the magnetic saturation occurs in the bypass path including the
first portion Al.

[0103]

In other respects, the motor of the second embodiment is
configured in a similar manner to the motor 100 of the first
embodiment.

[0104]

In the second embodiment, the length in the circumferential
direction of the protrusion 15 is longer than the length in the
circumferential direction of the protrusion 14 in the first
embodiment, and thus the protrusion 15 has high strength. Thus, in
addition to the effects of the first embodiment, the reliability of
the motor 100 can be enhanced.

[0105]
Third Embodiment
FIG. 12(A) is a diagram illustrating a rotor 1B of a third
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embodiment. In the rotor 1B of the third embodiment, the opening 12
has a shape such that the outer circumference 10a side thereof
protrudes toward the pole center P.

[0106]

The outer end edge 12a of the opening 12 of the third embodiment
has a concave portion 125 extending toward the center pole P. The
concave portion 125 is located on the outer side in the radial
direction with respect to the convex portion 13. In this example,
an outer end edge of the concave portion 125 in the radial direction
is on an extension line of the circumferential end edge 12c¢, and an
inner end edge of the concave portion 125 in the radial direction is
on an extension line of the side end 13b of the convex portion 13.
[0107]

FIG. 12(B) is an enlarged diagram illustrating a part of the
rotor 1B of the third embodiment. As described in the first
embodiment, the opening 12 has the outer end edge 12a, the inner end
edge 12b, and the circumferential end edge 12c. The outer end edge
12a has the end edge portions 121 and 122, and the inner end edge
12b has the end edge portions 123 and 124. The protrusion 14 for
positioning the permanent magnet 20 is formed on the end edge portion
123 of the inner end edge 12b.

[0108]

As described in the first embodiment, the convex portion 13
protruding toward the end edge portion 122 of the outer end edge 12a
is formed on the end edge portion 124 of the inner end edge 12b. At
least a part of the tip end 13a of the convex portion 13 is located
on the outer side in the radial direction with respect to the above-
described reference line L1.

[0109]

An area between the end edge portion 122 of the outer end edge
12a and the tip end 13a of the convex portion 13 is defined as the
first portion Al. The width of the first portion Al, i.e., the
shortest distance between the outer end edge 12a of the opening 12

and the tip end 13a of the convex portion 13 is the width Wl. An
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area between the end edge portion 121 of the outer end edge 12a and
the tip end 1l4a of the protrusion 14 is defined as the second portion
A2. The width of the second portion A2 is the width W2 (> Wl).
[0110]

That is, the opening 12 has the first portion Al having the
width Wl and the second portion A2 having the width W2 wider than
the width W1, and the second portion A2 is located on the permanent
magnet 20 side with respect to the first portion Al. At least a part
of the first portion Al is located on the outer side in the radial
direction with respect to the reference line Ll.

[0111]

Thus, the reverse magnetic flux from the stator 5 flows in a
direction away from the permanent magnet 20 through the bypass path
running through the first portion Al. Consequently, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced, and
thus the demagnetization of the permanent magnet 20 can be suppressed.
[0112]

The opening 12 also has the third portion A3 located on the
outer circumference 10a side with respect to the first portion Al
and having the width W3 wider than the width Wl. The width W3 is
the shortest distance between the outer end edge 12a and the inner
end edge 12b, in the area located on the outer circumference 10a side
with respect to the first portion Al.

[0113]

In the third embodiment, since the outer end edge 12a has a
concave portion 125 on the outer circumference 10a side with respect
to the first portion Al, the width W3 of the third portion A3 of the
opening 12 is wider than the width W2 of the second portion A2. Thus,
the length in the circumferential direction of the thin-walled
portion between the opening 12 and the outer circumference 10a can
be increased, and thus the magnetic flux leakage between the adjacent
magnetic poles can be suppressed.

[0114]
As illustrated in FIG. 12(A), the area sandwiched between two
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openings 12 in the rotor core 10 is an area where the magnetic flux
enters into and exits from the permanent magnet 20. The width of
this area in the circumferential direction is also referred to as an
opening width of the magnetic pole.

[0115]

In the third embodiment, the opening width of the magnetic
pole can be set to an appropriate width by adjusting the protruding
amount of the concave portion 125 of the outer end edge 12a of each
opening 12 toward the pole center P side. Thus, the harmonic
component of the magnetic flux distribution can be reduced and
cogging torque can be reduced, so that noise of the motor can be
reduced.

[0116]

The distance D1 from the end surface 20c of the permanent
magnet 20 to the first portion Al of the opening 12 is greater than
or equal to the width W1l of the first portion Al, as in the first
embodiment. Thus, the reverse magnetic flux reaching the permanent
magnet 20 can be reduced even when the magnetic saturation occurs in
the bypass path including the first portion Al.

[0117]

In other respects, the motor of the third embodiment is
configured in a similar manner to the motor 100 of the first
embodiment.

[0118]

In the third embodiment, the outer end edge 12a of the opening
12 has the concave portion 125 protruding toward the pole center P
side, so that the opening width of the magnetic pole can be set to
an appropriate width. Thus, noise of the motor can be reduced in
addition to the effects of the first embodiment.

[0119]

Since the width W3 of the third portion A3 is wider than the
width W2 of the second portion A2, the thin-walled portion between
the third portion A3 and the outer circumference 10a can be elongated.

Therefore, the effect of suppressing leakage magnetic flux between
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adjacent magnetic poles can be enhanced.
[0120]
Fourth Embodiment

FIG. 13(A) is a diagram illustrating a rotor 1C of a fourth
embodiment. The rotor 1C of the fourth embodiment has V-shaped
magnet insertion holes 17, instead of the linear magnet insertion
holes 11 of the rotor 1 of the first embodiment.

[0121]

The rotor core 10 of the rotor 1C is provided with the V-shaped
magnet insertion holes 17. Each magnet insertion hole 17 has its
center in the circumferential direction which is convex toward the
inner circumference 10b side. Two permanent magnets 20 are disposed
in each magnet insertion hole 17. Fach magnet insertion hole 17
constitutes one magnetic pole. The center of the magnet insertion
hole 17 in the circumferential direction corresponds to the pole
center P.

[0122]

Each permanent magnet 20 has the magnetic pole surface 20a on
the outer side in the radial direction and the magnetic pole surface
20b on the inner side in the radial direction. The reference line
L1 is defined by an extension line of the magnetic pole surface 20a
in a plane perpendicular to the axis Cl1.

[0123]

The magnet insertion hole 17 has an outer end edge 17a located
on the outer side in the radial direction and an inner end edge 17b
located on the inner side in the radial direction. The outer end
edge 17a is also referred to as an insertion hole outer end edge.
The inner end edge 17b is also referred to as an insertion hole inner
end edge. The outer end edge 17a extends in a V-shape such that its
center in the circumferential direction is convex toward the inner
circumference 10b side.

[0124]
The inner end edge 17b of the magnet insertion hole 17 extends

in a V-shape such that its center in the circumferential direction
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is convex toward the inner circumference 10b side, as 1s the case
with the outer end edge 17a. A protrusion 17c¢c is formed at the
center of the inner end edge 17b in the circumferential direction.
The protrusion 17c is located between two permanent magnets 20. The
opening 12 is formed at each side of the magnet insertion hole 17 in
the circumferential direction.

[0125]

FIG. 13(B) is an enlarged diagram illustrating a part of the
rotor 1C of the fourth embodiment. As described in the first
embodiment, the opening 12 has the outer end edge 12a, the inner end
edge 12b, and the circumferential end edge 12c. The outer end edge
12a has the end edge portions 121 and 122, and the inner end edge
12b has the end edge portions 123 and 124.

[0126]

The protrusion 14 for positioning the permanent magnet 20 is
formed on the end edge portion 123 of the inner end edge 12b. Each
permanent magnet 20 is positioned in the circumferential direction
by being sandwiched between the protrusion 17c¢ and the protrusion 14.
[0127]

As described in the first embodiment, the convex portion 13
protruding toward the end edge portion 122 of the outer end edge 12a
is formed on the end edge portion 124 of the inner end edge 12b. At
least a part of the tip end 13a of the convex portion 13 is located
on the outer side in the radial direction with respect to the
reference line L1.

[0128]

An area between the end edge portion 122 of the outer end edge
12a and the tip end 13a of the convex portion 13 is defined as the
first portion Al. The width of the first portion Al, i.e., the
shortest distance between the outer end edge 12a of the opening 12
and the tip end 13a of the convex portion 13 is the width Wl. An
area between the end edge portion 121 of the outer end edge 12a and
the tip end 1l4a of the protrusion 14 is defined as the second portion

A2. The width of the second portion A2 is the width W2 (> Wl).
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[0129]

That is, the opening 12 has the first portion Al having the
width Wl and the second portion A2 having the width W2 wider than
the width W1, and the second portion A2 is located on the permanent
magnet 20 side with respect to the first portion Al. At least a part
of the first portion Al is located on the outer side in the radial
direction with respect to the reference line Ll.

[0130]

Thus, the reverse magnetic flux from the stator 5 flows in a
direction away from the permanent magnet 20 through the bypass path
running through the first portion Al. Consequently, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced, and
thus the demagnetization of the permanent magnet 20 can be suppressed.
[0131]

The third portion A3 having the width W3 wider than the width
Wl is provided on the outer side in the radial direction with respect
to the first portion Al of the opening 12. Thus, the length in the
circumferential direction of the thin-walled portion between the
opening 12 and the outer circumference 10a can be increased, and thus
the magnetic flux leakage between the adjacent magnetic poles can be
suppressed.

[0132]

The distance D1 from the end surface 20c of the permanent
magnet 20 to the first portion Al of the opening 12 is greater than
or equal to the width W1l of the first portion Al, as in the first
embodiment. Thus, the reverse magnetic flux reaching the permanent
magnet 20 can be reduced even when the magnetic saturation occurs in
the bypass path including the first portion Al.

[0133]

In other respects, the motor of the fourth embodiment is
configured in a similar manner to the motor 100 of the first
embodiment.

[0134]

In the fourth embodiment, in the rotor 1C in which two
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permanent magnets 20 are disposed in each V-shaped magnet insertion
hole 17, the first portion Al having the narrower width Wl is formed
by the outer end edge 12a of the opening 12 and the convex portion
13, and the second portion A2 having the wider width W2 is formed on
the permanent magnet 20 side with respect to the first portion Al.
Thus, the bypass path running through the first portion Al is formed.
Since at least a part of the first portion Al is located on the outer
side in the radial direction with respect to the reference line L1,
the reverse magnetic flux flowing through the bypass path is less
likely to be directed toward the permanent magnet 20. Conseguently,
the reverse magnetic flux reaching the permanent magnet 20 can be
reduced, and thus the demagnetization of the permanent magnet 20 can
be suppressed, as in the first embodiment.

[0135]

Fifth Embodiment

FIG. 14(A) is a diagram illustrating a rotor 1D of a fifth
embodiment. The rotor 1D of the fifth embodiment has a convex portion
23 protruding from the end edge portion 123 of the inner end edge
12b of the opening 12, instead of the convex portion 13 of the first
embodiment.

[0136]

FIG. 14(B) is an enlarged diagram illustrating a part of the
rotor 1D of the fifth embodiment. As described in the first
embodiment, the opening 12 has the outer end edge 12a, the inner end
edge 12b, and the circumferential end edge 12c. The outer end edge
12a has the end edge portions 121 and 122, and the inner end edge
12b has the end edge portions 123 and 124. The protrusion 14 for
positioning the permanent magnet 20 is formed on the end edge portion
123 of the inner end edge 12b.

[0137]

The convex portion 23 protrudes from the end edge portion 123
of the inner end edge 12b toward the outer end edge 12a of the opening
12. The convex portion 23 has a tip end 23a facing the outer end

edge 12a of the opening 12, a side end 23b facing the outer
34

20532307 _1 (GHMatters) P119881.AU



19 Jan 2024

2020444066

circumference 10a, and a side end 23c facing the permanent magnet 20.
[0138]

At least a part of the tip end 23a is located on the outer
side in the radial direction with respect to the reference line L1
which is the extension line of the magnetic pole surface 20a of the
permanent magnet 20. In this example, the side ends 23b and 23c of
the convex portion 23 extend in parallel to the end surface 20c of
the permanent magnet 20. The side end 23b on the outer circumference
10a side is longer than the side end 23c at the permanent magnet 20
side.

[0139]

An area between the end edge portion 122 of the outer end edge
12a and the tip end 23a of the convex portion 23 is defined as the
first portion Al. The width of the first portion Al, i.e., the
shortest distance between the outer end edge 12a of the opening 12
and the tip end 23a of the convex portion 23 is the width Wl. An
area between the end edge portion 121 of the outer end edge 12a and
the tip end 1l4a of the protrusion 14 is defined as the second portion
A2. The width of the second portion A2 is the width W2 (> Wl).
[0140]

That is, the opening 12 has the first portion Al having the
width Wl and the second portion A2 having the width W2 wider than
the width W1, and the second portion A2 is located on the permanent
magnet 20 side with respect to the first portion Al. At least a part
of the first portion Al is located on the outer side in the radial
direction with respect to the reference line Ll.

[0141]

Thus, the reverse magnetic flux from the stator 5 flows in a
direction away from the permanent magnet 20 through the bypass path
running through the first portion Al. Consequently, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced, and
thus the demagnetization of the permanent magnet 20 can be suppressed.
[0142]

The third portion A3 having the width W3 wider than the width
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Wl is provided on the outer circumference 10a side with respect to
the first portion Al. The width W3 is the shortest distance between
the outer end edge 12a and the inner end edge 12b, in the area located
on the outer circumference 10a side with respect to the first portion
Al. Thus, the length in the circumferential direction of the thin-
walled portion between the opening 12 and the outer circumference
10a can be increased, and thus the magnetic flux leakage between the
adjacent magnetic poles can be suppressed.

[0143]

The distance D1 from the end surface 20c of the permanent
magnet 20 to the first portion Al of the opening 12 is greater than
or equal to the width W1l of the first portion Al, as in the first
embodiment. Thus, the reverse magnetic flux reaching the permanent
magnet 20 can be reduced even when the magnetic saturation occurs in
the bypass path including the first portion Al.

[0144]

In other respects, the motor of the fifth embodiment is
configured in a similar manner to the motor 100 of the first
embodiment.

[0145]

In the fifth embodiment, the first portion Al having the
narrower width W1 is formed by the outer end edge 12a of the opening
12 and the convex portion 23, and the second portion A2 having the
wider width W2 is formed on the permanent magnet 20 side with respect
to the first portion Al. Thus, the bypass path running through the
first portion Al is formed. Since at least a part of the first
portion Al is located on the outer side in the radial direction with
respect to the reference line L1, the reverse magnetic flux flowing
through the bypass path is less likely to be directed toward the
permanent magnet 20. Consequently, the reverse magnetic flux
reaching the permanent magnet 20 can be reduced, and thus the
demagnetization of the permanent magnet 20 can be suppressed, as in
the first embodiment.

[0146]
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Sixth Embodiment

FIG. 15(A) is a diagram illustrating a rotor 1E of a sixth
embodiment. The rotor 1E of the sixth embodiment has a convex portion
33 protruding from the end edge portions 123 and 124 of the inner
end edge 12b of the opening 12, instead of the convex portion 23 of
the fifth embodiment.

[0147]

FIG. 15(B) is an enlarged diagram illustrating a part of the
rotor 1E of the sixth embodiment. As described in the first
embodiment, the opening 12 has the outer end edge 12a, the inner end
edge 12b, and the circumferential end edge 12c. The outer end edge
12a has the end edge portions 121 and 122, and the inner end edge
12b has the end edge portions 123 and 124. The protrusion 14 for
positioning the permanent magnet 20 is formed on the end edge portion
123 of the inner end edge 12b.

[0148]

The convex portion 33 of the rotor 1E protrudes from the end
edge portions 123 and 124 of the inner end edge 12b of the opening
12 toward the end edge portion 122 of the outer end edge 12a. The
convex portion 33 has a tip end 33a facing the outer end edge 12a, a
side end 33b facing the circumferential end edge 12c¢, and a side end
33¢c facing the end surface 20c of the permanent magnet 20.

[0149]

At least a part of the tip end 33a is located on the outer
side in the radial direction with respect to the above-described
reference line L1. 1In this example, the side end 33b of the convex
portion 33 extends in parallel to the circumferential end edge 12c,
and the side end 33c extends in parallel to the end surface 20c of
the permanent magnet 20. The area of the convex portion 33 in a
plane perpendicular to the axis Cl is larger than the area of the
convex portion 23 (FIG. 14(B)) of the fifth embodiment.

[0150]
An area between the end edge portion 122 of the outer end edge

12a and the tip end 33a of the convex portion 33 is defined as the
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first portion Al. The width of the first portion Al, i.e., the
shortest distance between the outer end edge 12a of the opening 12
and the tip end 33a of the convex portion 33 is the width Wl. An
area between the end edge portion 121 of the outer end edge 12a and
the tip end 1l4a of the protrusion 14 is defined as the second portion
A2. The width of the second portion A2 is the width W2 (> Wl).
[0151]

That is, the opening 12 has the first portion Al having the
width Wl and the second portion A2 having the width W2 wider than
the width W1, and the second portion A2 is located on the permanent
magnet 20 side with respect to the first portion Al. At least a part
of the first portion Al is located on the outer side in the radial
direction with respect to the reference line Ll.

[0152]

Thus, the reverse magnetic flux from the stator 5 flows in a
direction away from the permanent magnet 20 through the bypass path
running through the first portion Al. Consequently, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced, and
thus the demagnetization of the permanent magnet 20 can be suppressed.
[0153]

The third portion A3 having the width W3 wider than the width
Wl is provided on the outer circumference 10a side with respect to
the first portion Al. The width W3 is the shortest distance between
the outer end edge 12a and the inner end edge 12b, in the area located
on the outer circumference 10a side with respect to the first portion
Al. Thus, the length in the circumferential direction of the thin-
walled portion between the opening 12 and the outer circumference
10a can be increased, and thus the magnetic flux leakage between the
adjacent magnetic poles can be suppressed.

[0154]

The distance D1 from the end surface 20c of the permanent
magnet 20 to the first portion Al of the opening 12 is greater than
or equal to the width Wl of the first portion Al. Thus, the reverse

magnetic flux reaching the permanent magnet 20 can be reduced even
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when the magnetic saturation occurs in the bypass path including the
first portion Al.
[0155]

In other respects, the motor of the sixth embodiment is
configured in a similar manner to the motor 100 of the first
embodiment.

[0156]

In the sixth embodiment, the first portion Al having the
narrower width W1 is formed by the outer end edge 12a of the opening
12 and the convex portion 33, and the second portion A2 having the
wider width W2 is formed on the permanent magnet 20 side with respect
to the first portion Al. Thus, the bypass path running through the
first portion Al is formed. Since at least a part of the first
portion Al is located on the outer side in the radial direction with
respect to the reference line L1, the reverse magnetic flux flowing
through the bypass path is less likely to be directed toward the
permanent magnet 20. Consequently, the reverse magnetic flux
reaching the permanent magnet 20 can be reduced, and thus the
demagnetization of the permanent magnet 20 can be suppressed, as in
the first embodiment.

[0157]
Seventh Embodiment

FIG. 16(A) is a diagram illustrating a rotor 1F of a seventh
embodiment. The rotor 1F of the seventh embodiment has a convex
portion 43 protruding from the end edge portions 123 and 124 of the
inner end edge 12b of the opening 12, instead of the convex portion
33 of the sixth embodiment.

[0158]

FIG. 16(B) is an enlarged diagram illustrating a part of the
rotor 1F of the seventh embodiment. As described in the first
embodiment, the opening 12 has the outer end edge 12a, the inner end
edge 12b, and the circumferential end edge 12c. The outer end edge
12a has the end edge portions 121 and 122, and the inner end edge
12b has the end edge portions 123 and 124.
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[0159]

In the seventh embodiment, the end edge portion 121 of the
outer end edge 12a extends from an end of the outer end edge 1lla of
the magnet insertion hole 11 so as to be inclined outward in the
radial direction with respect to the outer end edge 1lla. The end
edge portion 122 of the outer end edge 12a extends from a terminal
end of the end edge portion 121 so as to be inclined with respect to
the end edge portion 121.

[0160]

The convex portion 43 protruding toward the end edge portion
122 of the outer end edge 12a is formed on the end edge portions 123
and 124 of the inner end edge 12b. The convex portion 43 has a tip
end 43a facing the outer end edge 12a, a side end 43b facing the
circumferential end edge 12c of the opening 12, and a side end 43c
facing the end surface 20c of the permanent magnet 20.

[0161]

The entire tip end 43a of the convex portion 43 is located on
the outer side in the radial direction with respect to the reference
line L1 which is the extension line of the magnetic pole surface 20a
of the permanent magnet 20. In this example, the side end 43b extends
in parallel to the end edges 1la and 1lb of the magnet insertion hole
11, and the side end 43c extends in parallel to the end surface 20c
of the permanent magnet 20.

[0162]

The protrusion 15 formed on the inner end edge 12b reaches the
end edge portion 124 of the inner end edge 12b, as is the case with
the protrusion 15 (FIG. 11(B)) of the second embodiment. However,
instead of the protrusion 15, the protrusion 14 (FIG. 3) described
in the first embodiment may be formed.

[0163]

An area between the outer end edge 12a of the opening 12 and
the tip end 43a of the convex portion 43 is defined as the first
portion Al. The width of the first portion Al, i.e., the shortest

distance between the outer end edge 12a of the opening 12 and the
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tip end 43a of the convex portion 43 is the width Wl. An area between
the end edge portion 121 of the outer end edge 12a and the tip end
15a of the protrusion 15 is defined as the second portion A2. The
width of the second portion A2 is the width W2 (> Wl).

[0164]

That is, the opening 12 has the first portion Al having the
width Wl and the second portion A2 having the width W2 wider than
the width W1, and the second portion A2 is located on the permanent
magnet 20 side with respect to the first portion Al. The entire
first portion Al of the opening 12 is located on the outer side in
the radial direction with respect to the reference line Ll.

[0165]

Thus, the reverse magnetic flux from the stator 5 flows in a
direction away from the permanent magnet 20 through the bypass path
running through the first portion Al. Consequently, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced, and
thus the demagnetization of the permanent magnet 20 can be suppressed.
[0166]

The third portion A3 having the width W3 wider than the width
Wl is provided on the outer circumference 10a side with respect to
the first portion Al. The width W3 is the shortest distance between
the outer end edge 12a and the inner end edge 12b, in the area located
on the outer circumference 10a side with respect to the first portion
Al. Thus, the length in the circumferential direction of the thin-
walled portion between the opening 12 and the outer circumference
10a can be increased, and thus the magnetic flux leakage between the
adjacent magnetic poles can be suppressed.

[0167]

The distance D1 from the end surface 20c of the permanent
magnet 20 to the first portion Al of the opening 12 is greater than
or equal to the width Wl of the first portion Al. Thus, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced even
when the magnetic saturation occurs in the bypass path including the

first portion Al.
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[0168]

In other respects, the motor of the seventh embodiment is
configured in a similar manner to the motor 100 of the first
embodiment.

[0169]

Incidentally, the end edge portion 121 of the outer end edge
12a is inclined with respect to the outer end edge 1lla of the magnet
insertion hole 11, but may be in parallel to the outer end edge lla
of the magnet insertion hole 11, as in the end edge portion 121 of
the first embodiment.

[0170]

In the seventh embodiment, the first portion Al having the
narrower width Wl is formed by the outer end edge 12a of the opening
12 and the convex portion 43, and the second portion A2 having the
wider width W2 is formed on the permanent magnet 20 side with respect
to the first portion Al. Thus, the bypass path running through the
first portion Al is formed. Since the entire first portion Al is
located on the outer side in the radial direction with respect to
the reference line L1, the reverse magnetic flux flowing through the
bypass path is much less likely to reach the permanent magnet 20,
and thus the effect of suppressing the demagnetization of the
permanent magnet 20 can be enhanced.

[0171]
Eighth Embodiment

FIG. 17(A) is a diagram illustrating a rotor 1G of an eighth
embodiment. In the rotor 1G of the eighth embodiment, the convex
portion 13 is not formed on the inner end edge 12b of the opening 12,
but a convex portion 18 is formed on the outer end edge 12a.

[0172]

FIG. 17(B) is an enlarged diagram illustrating a part of the
rotor 1G of the eighth embodiment. As described in the first
embodiment, the opening 12 has the outer end edge 12a, the inner end
edge 12b, and the circumferential end edge 12c. The outer end edge

12a has the end edge portions 121 and 122, and the inner end edge
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12b has the end edge portions 123 and 124.
[0173]

The convex portion 18 of the eighth embodiment extends from
the end edge portion 122 of the outer end edge 12a toward the end
edge portion 124 of the inner end edge 12b. The convex portion 18
has a tip end 18a facing the inner end edge 12b, a side end 18b
facing the circumferential end edge 12c¢, and a side end 18c facing
the end surface 20c of the permanent magnet 20. At least a part of
the tip end 18a is located on the outer side in the radial direction
with respect to the above-described reference line L1.

[0174]

An area between the inner end edge 12b of the opening 12 and
the tip end 18a of the convex portion 18 is defined as the first
portion Al. The width of the first portion Al, i.e., the shortest
distance between the inner end edge 12b of the opening 12 and the
tip end 18a of the convex portion 18 is the width Wl. An area between
the end edge portion 121 of the outer end edge 12a and the tip end
1l4a of the protrusion 14 is defined as the second portion A2. The
width of the second portion A2 is the width W2 (> Wl).

[0175]

That is, the opening 12 also has the first portion Al having
the width Wl and the second portion A2 having the width W2 wider than
the width W1, and the second portion A2 is located on the permanent
magnet 20 side with respect to the first portion Al. The entire
first portion Al of the opening 12 is located on the outer side in
the radial direction with respect to the reference line Ll.

[0176]

Thus, the reverse magnetic flux from the stator 5 flows in a
direction away from the permanent magnet 20 through the bypass path
running through the first portion Al. Consequently, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced, and
thus the demagnetization of the permanent magnet 20 can be suppressed.
[0177]

The third portion A3 having the width W3 wider than the width
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Wl is provided on the outer circumference 10a side with respect to
the first portion Al. The width W3 is the shortest distance between
the outer end edge 12a and the inner end edge 12b, in the area located
on the outer circumference 10a side with respect to the first portion
Al. Thus, the length in the circumferential direction of the thin-
walled portion between the opening 12 and the outer circumference
10a can be increased, and thus the magnetic flux leakage between the
adjacent magnetic poles can be suppressed.

[0178]

The distance D1 from the end surface 20c of the permanent
magnet 20 to the first portion Al of the opening 12 is greater than
or equal to the width Wl of the first portion Al. Thus, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced even
when the magnetic saturation occurs in the bypass path including the
first portion Al.

[0179]

In other respects, the motor of the eighth embodiment is
configured in a similar manner to the motor 100 of the first
embodiment.

[0180]

In the eighth embodiment, the first portion Al having the
narrower width Wl is formed by the convex portion 18 and the inner
end edge 12b of the opening 12, and the second portion A2 having the
wider width W2 is formed on the permanent magnet 20 side with respect
to the first portion Al. Thus, the bypass path running through the
first portion Al is formed. Since at least a part of the first
portion Al is located on the outer side in the radial direction with
respect to the reference line L1, the reverse magnetic flux flowing
through the bypass path is less likely to be directed toward the
permanent magnet 20. Consequently, the reverse magnetic flux
reaching the permanent magnet 20 can be reduced, and thus the
demagnetization of the permanent magnet 20 can be suppressed.

[0181]
Ninth Embodiment
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FIG. 18(A) is a diagram illustrating a rotor 1H of a ninth
embodiment. In the rotor 1H of the ninth embodiment, each of end
edges 1%a and 19b of a magnet insertion hole 19 has a curved shape.
[0182]

The rotor core 10 of the rotor 1H is provided with magnet
insertion holes 19 each of which is in an arc shape such that its
center in the circumferential direction is convex toward the inner
circumference. One permanent magnet 20 is disposed in each magnet
insertion hole 1%. Each magnet insertion hole 19 constitutes one
magnetic pole. The center of the magnet insertion hole 19 in the
circumferential direction corresponds to the pole center P.

[0183]

The magnet insertion hole 19 has the outer end edge 1%a on the
outer side in the radial direction and the inner end edge 1%9b on the
inner side in the radial direction. The outer end edge 19a is also
referred to as an insertion hole outer end edge. The inner end edge
19 is also referred to as an insertion hole inner end edge. Each
of the end edges 1% and 19 is formed in an arc shape such that its
center in the circumferential direction is convex toward the inner
circumference. Each of the magnetic pole surfaces 20a and 20b of
the permanent magnet 20 is formed in an arc shape such that its
center in the circumferential direction is convex toward the inner
circumference, as is the case with those of the magnet insertion hole
19. The reference line L1 is defined by an arc, which is an extension
line of the magnetic pole surface 20a in a plane perpendicular to
the axis CI1.

[0184]

The opening 12 extends from an end of the magnet insertion
hole 19 in the circumferential direction toward the outer
circumference 10a of the rotor core 10. As described in the first
embodiment, the opening 12 has the outer end edge 12a, the inner end
edge 12b, and the circumferential end edge 12c.

[0185]
FIG. 18(B) is an enlarged diagram illustrating a part of the
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rotor 1H of the ninth embodiment. The outer end edge 12a of the
opening 12 has an end edge portion 121 located on an extension line
(an arc) of the outer end edge 1%a of the magnet insertion hole 19,
and an end edge portion 122 extending from the terminal end of the
end edge portion 121 toward the outer circumference 10a.

[0186]

The inner end edge 12b of the opening 12 has an end edge
portion 123 located on the extension line (an arc) of the inner end
edge 1%b of the magnet insertion hole 19, and an end edge portion
124 extending from the terminal end of the end edge portion 123
toward the outer circumference 10a. The protrusion 14 for
positioning the permanent magnet 20 1is provided on the end edge
portion 123 of the inner end edge 12b.

[0187]

A convex portion 13 protruding toward the end edge portion 122
of the outer end edge 12a is formed on the end edge portion 124 of
the inner end edge 12b. At least a part of the tip end 13a of the
convex portion 13 is located on the outer side in the radial direction
with respect to the reference line L1.

[0188]

An area between the outer end edge 12a of the opening 12 and
the tip end 13a of the convex portion 13 is defined as the first
portion Al. The width of the first portion Al, i.e., the shortest
distance between the outer end edge 12a of the opening 12 and the
tip end 13a of the convex portion 13 is the width Wl. An area between
the end edge portion 121 of the outer end edge 12a and the tip end
1l4a of the protrusion 14 is defined as the second portion A2. The
width of the second portion A2 is the width W2 (> Wl).

[0189]

That is, the opening 12 has the first portion Al having the
width Wl and the second portion A2 having the width W2 wider than
the width W1, and the second portion A2 is located on the permanent
magnet 20 side with respect to the first portion Al. At least a part
of the first portion Al of the opening 12 is located on the outer
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side in the radial direction with respect to the arc-shaped reference
line L1.
[0190]

Thus, the reverse magnetic flux from the stator 5 flows in a
direction away from the permanent magnet 20 through the bypass path
that runs through the first portion Al. Consequently, the reverse
magnetic flux reaching the permanent magnet 20 can be reduced, and
thus the demagnetization of the permanent magnet 20 can be suppressed.
[0191]

The third portion A3 having the width W3 wider than the width
Wl is provided on the outer circumference 10a side with respect to
the first portion Al. The width W3 is the shortest distance between
the outer end edge 12a and the inner end edge 12b, in the area located
on the outer circumference 10a side with respect to the first portion
Al. Thus, the length in the circumferential direction of the thin-
walled portion between the opening 12 and the outer circumference
10a can be increased, and thus the magnetic flux leakage between the
adjacent magnetic poles can be suppressed.

[0192]

The distance D1 from the end surface 20c of the permanent
magnet 20 to the first portion Al of the opening 12 is greater than
or equal to the width W1l of the first portion Al, as in the first
embodiment. Thus, the reverse magnetic flux reaching the permanent
magnet 20 can be reduced even when the magnetic saturation occurs in
the bypass path including the first portion Al.

[0193]

In other respects, the motor of the ninth embodiment is
configured in a similar manner to the motor 100 of the first
embodiment.

[0194]

In the ninth embodiment, in the rotor 1H in which the permanent
magnets 20 are disposed in the curved magnet insertion holes 19, the
first portion Al having the narrower width Wl is formed between the

outer end edge 12a of the opening 12 and the convex portion 13, and
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the second portion A2 having the wider width W2 is formed on the
permanent magnet 20 side with respect to the first portion Al. Thus,
the bypass path running through the first portion Al is formed.
Since at least a part of the first portion Al is located on the outer
side in the radial direction with respect to the reference line L1,
the reverse magnetic flux flowing through the bypass path is less
likely to be directed toward the permanent magnet 20. Conseguently,
the reverse magnetic flux reaching the permanent magnet 20 can be
reduced, and thus the demagnetization of the permanent magnet 20 can
be suppressed, as in the first embodiment.

[0195]

The first to ninth embodiments described above can be combined
as appropriate. For example, the magnet insertion hole 11 of any of
the second, third, and fifth to eighth embodiments may be formed in
a V-shape as in the magnet insertion hole 17 of the fourth embodiment,
or in a curved shape as in the magnet insertion hole 19 of the ninth
embodiment.

[0196]

In the third to sixth, eighth and ninth embodiments, the
protrusion 15 of the second embodiment may be provided in place of
the protrusion 14. The concave portion 125 of the third embodiment
may be provided in the opening 12 of any of the second and fourth to
ninth embodiments. The combinations are not limited thereto, but
other combinations of the first to ninth embodiments can be made.
[0197]

(Compressor)

Next, the compressor 300 to which the motors of the first to
ninth embodiments are applicable will be described. FIG. 19 is a
longitudinal-sectional view of the compressor 300 to which the motors
of the first to ninth embodiments are applicable. The compressor
300 is a rotary compressor, and 1is used, for example, in the air
conditioner 400 (FIG. 20).

[0198]

The compressor 300 includes a compression mechanism part 310,
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the motor 100 that drives the compression mechanism part 310, the
shaft 25 that connects the compression mechanism part 310 and the
motor 100, and a closed container 301 that houses these components.
[0199]

The closed container 301 is a container made of a steel sheet
and has a cylindrical shell and a container top that covers the top
of the shell. The stator 5 of the motor 100 is assembled inside the
shell of the closed container 301 by shrink-fitting, press-fitting,
welding, or the like.

[0200]

The container top of the closed container 301 is provided with
a discharge pipe 307 for discharging the refrigerant to the outside
and terminals 305 for supplying electric power to the motor 100. An
accumulator 302 that stores a refrigerant gas is fixed to the outside
of the closed container 301. At the bottom of the closed container
301, refrigerant oil is retained for lubricating bearings of the
compression mechanism part 310.

[0201]

The compression mechanism part 310 has a cylinder 311 with a
cylinder chamber 312, a rolling piston 314 fixed to the shaft 25, a
vane dividing the inside of the cylinder chamber 312 into a suction
side and a compression side, and an upper frame 316 and a lower frame
317 which close both ends of the cylinder chamber 312 in the axial
direction.

[0202]

Both the upper frame 316 and the lower frame 317 have bearings
that rotatably support the shaft 25. An upper discharge muffler 318
and a lower discharge muffler 319 are fixed to the upper frame 316
and the lower frame 317, respectively.

[0203]

The cylinder 311 is provided with the cylinder chamber 312
having a cylindrical shape about the axis Cl. An eccentric shaft
portion of the shaft 25 is located inside the cylinder chamber 312.

The eccentric shaft portion has the center that is eccentric with
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respect to the axis Cl. The rolling piston 314 is fitted to the
outer circumference of the eccentric shaft portion. When the motor
100 rotates, the eccentric shaft portion and the rolling piston 314
rotate eccentrically within the cylinder chamber 312.

[0204]

A suction port 313 through which the refrigerant gas is sucked
into the cylinder chamber 312 is formed in the cylinder 311. A
suction pipe 303 that communicates with the suction port 313 is fixed
to the closed container 301, whereby the refrigerant gas is supplied
from the accumulator 302 to the cylinder chamber 312 via the suction
pipe 303.

[0205]

The compressor 300 is supplied with a mixture of a low-pressure
refrigerant gas and a liguid refrigerant from a refrigerant circuit
of the air conditioner 400 (FIG. 20). If the liquid refrigerant
flows into and is compressed by the compression mechanism part 310,
it may cause the failure of the compression mechanism part 310. Thus,
the accumulator 302 separates the refrigerant into the liquid
refrigerant and the refrigerant gas and supplies only the refrigerant
gas to the compression mechanism part 310.

[0206]

For example, R410A, R407C, or R22 may be used as the
refrigerant, but it is desirable to use a refrigerant with a low
global warming potential (GWP) from the viewpoint of preventing
global warming. Examples of the low GWP refrigerant include the
following refrigerants.

[0207]

(1) First, a halogenated hydrocarbon having a carbon-carbon
double bond in its composition, for example, HFO (Hydro-Fluoro-
Olefin)-1234yf (CFsCF=CH;), can be used. The GWP of HFO-1234yf is 4.

(2) Alternatively, a hydrocarbon having a carbon-carbon double
bond in its composition, for example, R1270 (propylene), may be used.
The GWP of R1270 is 3, which is lower than that of HF0-1234yf, but
R1270 has higher flammability than HFO-1234vyf.
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(3) A mixture containing at least one of a halogenated
hydrocarbon having a carbon-carbon double bond in its composition
and a hydrocarbon having a carbon-carbon double bond in its
composition may be used. For example, a mixture of HF0O-1234yf and
R32 may be wused. HFO-1234yf described above i1s a low-pressure
refrigerant and thus tends to increase a pressure drop, which may
lead to reduction 1in the performance of a refrigeration cycle
(particularly, an evaporator). For this reason, a mixture of the
HFO-1234yf with R32 or R41, which is a high-pressure refrigerant as
compared with HFO-1234yf, is desirably used in practice.

[0208]

The operation of the compressor 300 is as follows. The
refrigerant gas supplied from the accumulator 302 is supplied through
the suction pipe 303 into the cylinder chamber 312 of the cylinder
311. When the motor 100 is driven to rotate the rotor 1, the shaft
25 rotates with the rotor 1. Then, the rolling piston 314 fitted to
the shaft 25 eccentrically rotates inside the cylinder chamber 312,
and compresses the refrigerant in the cylinder chamber 312. The
compressed refrigerant passes through the discharge mufflers 318 and
319, rises inside the closed container 301 through the holes 102 and
103 and the like provided in the motor 100, and is then discharged
through the discharge pipe 307.

[0209]

The motor 100 described in each embodiment has a high motor
efficiency because the demagnetization of the permanent magnet 20 is
suppressed. Thus, by using the motor 100 described in any of the
embodiments as a power source of the compressor 300, the operating
efficiency of the compressor 300 can be improved.

[0210]
(Air Conditioner)

Next, the air conditioner 400 as a refrigeration cycle
apparatus including the compressor 300 illustrated in FIG. 19 will
be described. FIG. 20 is a diagram illustrating the configuration

of the air conditioner 400. The air conditioner 400 includes a
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compressor 401, a condenser 402, a throttle device (a decompression
device) 403, and an evaporator 404.
[0211]

The compressor 401, the condenser 402, the throttle device 403,
and the evaporator 404 are coupled together by a refrigerant pipe
407 to configure the refrigeration cycle. That is, the refrigerant
circulates through the compressor 401, the condenser 402, the
throttle device 403, and the evaporator 404 in this order.

[0212]

The compressor 401, the condenser 402, and the throttle device
403 are provided in an outdoor unit 410. The compressor 401 is
composed of the compressor 300 illustrated in FIG. 19. The outdoor
unit 410 is provided with an outdoor fan 405 that supplies outdoor
air to the condenser 402. The evaporator 404 is provided in an
indoor unit 420. The indoor unit 420 is provided with an indoor fan
406 that supplies indoor air to the evaporator 404.

[0213]

The operation of the air conditioner 400 is as follows. The
compressor 401 compresses the sucked refrigerant and sends out the
compressed refrigerant. The condenser 402 exchanges heat between
the refrigerant flowing in from the compressor 401 and outdoor air
to condense and liquefy the refrigerant and sends out the liquefied
refrigerant to the refrigerant pipe 407. The outdoor fan 405
supplies outdoor air to the condenser 402. The throttle device 403
adjusts the pressure or the like of the refrigerant flowing through
the refrigerant pipe 407 by changing the opening degree of the
throttle device 403.

[0214]

The evaporator 404 exchanges heat between the refrigerant
brought into a low-pressure state by the throttle device 403 and
indoor air to cause the refrigerant to remove heat from the air,
thereby evaporating (vaporizing) the refrigerant, and then sends out
the evaporated refrigerant to the refrigerant pipe 407. The indoor

fan 406 supplies indoor air to the evaporator 404. Thus, cooled air
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from which the heat is removed in the evaporator 404 is supplied to
the interior of a room.
[0215]

The air conditioner 400 has the compressor 401 whose operating
efficiency is improved by applying the motor 100 described in each
embodiment. Thus, the operating efficiency of the air conditioner
400 can be improved.

[0216]

Although the desirable embodiments have been specifically
described above, various modifications and changes can be made to
the above-described embodiments.

[0217]

In the claims which follow and in the preceding description of
the invention, except where the context requires otherwise due to
express language or necessary implication, the word “comprise” or
variations such as “comprises” or “comprising” i1is used in an
inclusive sense, i.e. to specify the presence of the stated features
in various embodiments of the invention.

[0218]

It is also to be understood that, if any prior art publication
is referred to herein, such reference does not constitute an
admission that the publication forms a part of the common general

knowledge in the art, in Australia or any other country.
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DESCRIPTION OF REFERENCE CHARACTERS
[0217]

1, 1A, 1B, 1¢C¢, 1D, 1E, 1F, 1G, 1lH: rotor, 5: stator, 8:
protrusion, 9: protrusion, 10: rotor core, 10a: outer
circumference, 10b: inner circumference, 11: magnet insertion hole,
1lla: outer end edge (insertion hole outer end edge), 1lb: inner end
edge (insertion hole inner end edge), 12: opening, 12a: outer end
edge, 12b: inner end edge, 12c: circumferential end edge, 13:
convex portion, 13a: tip end, 13b, 13c: side end, 14: protrusion,
l4a: tip end, 14b, 1l4c: side end, 15: protrusion, 15a: tip end,
15b: side end, 17: magnet insertion hole, 17a: outer end edge,
17b: inner end edge, 17c: protrusion, 20: permanent magnet, 20a:
magnetic pole surface, 20b: magnetic pole surface, 20c: end surface,
23: convex portion, 23a: tip end, 23b, 23c: side end, 33: convex
portion, 33a: tip end, 33b, 33c: side end, 43: convex portion,
43a: tip end, 43b, 43c: side end, 50: stator core, 55: coil, 100:
motor, 121, 123: end edge portion (first end edge portion), 122,
124: end edge portion (second end edge portion), 125: concave
portion, 300: compressor, 301: closed container, 310: compression
mechanism part, 330: convex portion, 331: tip end, 43b, 333: side
end, 400: air conditioner, 401: compressor, 402: condenser, 403:
throttle device, 404: evaporator, 407: refrigerant pipe, Al: first

portion, A2: second portion, Ll: reference line.
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WHAT IS CLAIMED IS:

1. A rotor comprising:

a rotor core having an outer circumference extending in a
circumferential direction about an axis, a magnet insertion hole
located on an inner side of the outer circumference in a radial
direction about the axis, and an opening connected to an end of the
magnet insertion hole in the circumferential direction; and

a permanent magnet disposed in the magnet insertion hole,

wherein the magnet insertion hole has an insertion hole outer
end edge located on an outer side in the radial direction and an
insertion hole inner end edge located on an inner side in the radial
direction,

wherein the opening has an outer end edge extending from an
end of the insertion hole outer end edge in the circumferential
direction toward the outer circumference, and an inner end edge
facing the outer end edge,

wherein the opening has a first portion where the outer end
edge and the inner end edge face each other across a width Wl, and a
second portion where the outer end edge and the inner end edge face
each other across a width W2 wider than the width W1,

wherein the second portion is located between the first portion
and the permanent magnet,

wherein, when a reference line is defined as a line obtained
by extending, in a plane perpendicular to the axis, a magnetic pole
surface of the permanent magnet that is located on the outer side of
the magnet insertion hole in the radial direction, at least a part
of the first portion is located on an outer side in the radial
direction, toward the outer circumference, with respect to the
reference line,

wherein a convex portion protruding toward the outer end edge
of the opening is formed on the inner end edge of the opening, and
the first portion is formed between the outer end edge of the opening

and the convex portion, and
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wherein a protrusion for positioning the permanent magnet is
formed in the opening, and the outer end edge of the opening and the

protrusion face each other across the width W2.

2. The rotor according to claim 1, wherein the opening has a third
portion which is located on an outer side in the radial direction
with respect to the first portion and where the outer end edge and
the inner end edge face each other across a width W3 wider than the

width W1.

3. The rotor according to claim 2, wherein a concave portion is
formed on the outer end edge in the third portion to extend in a
direction away from the inner end edge, and

wherein the width W3 of the third portion is wider than the
width W2 of the second portion.

4. The rotor according to any one of the preceding claims, wherein

the protrusion extends to reach the inner end edge.

5. The rotor according to any one of the preceding claims, wherein
the width W1l of the first portion is narrower than a thickness T of

the permanent magnet in the radial direction.

6. The rotor according to claim 5, wherein the width W1 of the
first portion and the thickness T of the permanent magnet satisfy
0.2 < WL/T £ 0.5.

7. The rotor according to any one of the preceding claims, wherein
a distance from an end of the permanent magnet in the circumferential
direction to the first portion is greater than or equal to the width

Wl.

8. The rotor according to any one of the preceding claims, wherein

the inner end edge of the opening has a first end edge portion located
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on an extension line of the insertion hole inner end edge, and a
second end edge portion extending toward the outer circumference so
as to be inclined with respect to the first end edge portion, and
wherein the convex portion protruding toward the outer end
edge of the opening is formed on the first end edge portion of the

inner end edge.

9. The rotor according to any one of claims 1 to 7, wherein the
inner end edge of the opening has a first end edge portion located
on an extension line of the insertion hole inner end edge, and a
second end edge portion extending toward the outer circumference so
as to be inclined with respect to the first end edge portion, and
wherein the convex portion protruding toward the outer end
edge of the opening is formed on the first end edge portion and the

second end edge portion of the inner end edge.

10. The rotor according to any one of the preceding claims, wherein
the entire first portion is located on the ocuter side of the reference

line in the radial direction.

11. The rotor according to any one of the preceding claims, wherein
the magnet insertion hole has a V-shape that is convex toward an
inner side in the radial direction in a plane perpendicular to a

direction of the axis.

12. The rotor according to any one of the preceding claims, wherein
the magnet insertion hole has a curved shape in a plane perpendicular

to a direction of the axis.

13. A motor comprising:
the rotor according to any one of the preceding claims; and
a stator surrounding the rotor from outside in the radial

direction.
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14. A compressor comprising:
the motor according to claim 13; and

a compression mechanism part to be driven by the motor.

15. An air conditioner comprising:

the compressor according to claim 14;

a condenser to condense refrigerant sent out from the
compressor;

a decompression device to decompress the refrigerant condensed
by the condenser; and

an evaporator to evaporate the refrigerant decompressed by the

decompression device.
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