DESCRIPTION

SYNCHRONOUS RELUCTANCE MOTOR AND

ROTOR FOR SYNCHRONOUS RELUCTANCE MOTOR

TECHNICAL FIELD
[Q001]
The present invention relates to a synchronous reluctance

motor and a rotor therefor.

BACKGROUND ART
[0002]

Among known conventional synchronous electric motors are:
a permanent magnet synchronous electric motor (PMSM), which
includes a permanent magnet in a rotor; a synchronous electric motor
which includes £ield coils in a rotor (FCSM: Field Coil Synchronous
Motor) ; and a reluctance motor {RM), which includes magnetic salient
poles in a rotor. |
[0003]

A PMSM has no power loss in magmetic creation and is high
in efficiency. However, field-weakening control needs to be
performed at the time of high-speed rotation. WMoreover, there are
problems related to the mechanical strength and thermal durability
of the permanent magnet
[0004]

An RM, or a motor without any permanent magnet, has gained
attention because of the problems associated with the PMSMs and
a surge in the prices of magnets. As the RM, a synchromnous

reluctance motor (SynRM), which rotatesg in synchronization with
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a sine wave rotating £field, a switched reluctance motor (SRM), which
is rotated by a switching field, and the like have been known. The
SynRM is known to be lower in noise and vibration than the SRM.
[0005] |

As for a rotor of the SynRM, the direction of amain magnetic
flux is referred to as g-axis, and a direction that is electrically
and magnetically orthogonal to that direction is referred to as
d-axis. The rotor of the SynRM has, for example, five layers of
flux barriers (slits) within a region between twe g-axes whose
electrical angles are, for example, n (180 degrees) apart each
other.

[0006]

Accordingly, the d-axisg direction inductance of the rotor,
or d~axis inductance Ld, is smaller than g-axis direction inductance,
or g-axis inductance Lg. As a result, the reluctance torgue (=
(Ld-Lg) - Id * Ig) can be increased. Here, Id is a current that
creates a d-axis direction magnetic flux, and Ig is a current that
creates a g-axis direction magnetic flux.

[00071

In another example of the configuration of the rotor of the
SynRM, concave grooves are provided near a d-axis on an outer
peripheral surface of a rotor core, and a rotox coil is wound around
the concave grooves. As DC current £lows through the rotor coil,
the torgue is generated by current flux i in addition to the
reluctance torgue.

[0008]

The concave grooves are provided near the d-axis, which is

defined as described above. Therefore, it is possible to prevent

a decrease in the reluctance torgue. As a result, it is possible
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to improve the torgue and the efficiency.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0009]
Patent Document 1: Japanese Patent Application Laid-Open
Publication No. 20r06-121821 :
Patent Document 2: Japanese Patent Application Laid-Open

Publication No. 2008-194845

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0010]

However, according to the configuration of the rotor of the
SynRM, lavers of flux barriers that are large inmagnetic resistance
need to be disposed to increase a salient pole ratio (Ig / 1d) in
order to increase the torque and ﬁhe power factor.

[0011]

According to the configuration of the conventional SynRM,
in its structure, the width of a magnetic path on the side of an
upper layer {(or in a radial-direction outer-gide portion
perpendicular to the awis of the rotor) of multi-layered magnetic
paths is relatively narrow. Accordingly, the problem is that a
large magnetic resistance occurs locally, leading toc a decrease
in the g-axis inductance (Lg) of the entire rotor and resulting
in a drop in the torgue and the power factor.

[0012]
The present invention has been made to golve the above

problems. The object of the present invention is to raise the
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salient pole ratio (Lg / Ld) of the synchronous reluctance motor

and increase the torgue and power factor.

MEANS FOR SOLVING THE PROBLEM
[0013]

According to the present invention, there is provided a
synchronous reluctance motor comprising: a rotor shaft which is
supported in a rotatable manner and axially extends at a rotation
axig; a rotor core on which a plurality of flux barriersg are formed
and which is fixed to the rotor shaft and extends in the direction
of the rotation axis; a stator core which is disposed on an outer
periphery of the rotor core in such a way as to form a gap between
the rotor core and the stator core and on which a plurality of
protruding stator teeth are formed in such a way as to be spaced
out in a circumferential direction each other and extend in the
direction of the rotation-awxis; and multiphase armature windings
of a plurality of poles which are wound around the plurality of
stator teeth, wherein the flux barriers include a plurality of
first flux barriers which are formed in such a way as to be spaced
out in the circumferential direction each other and extend in a
radial direction, and a plurality of second fluw barriers which
are formed in each of circumferential angular regions sandwiched
between the first flux barriers in such a way as to form a curved
surface protruding toward the center of the rotation-axis and to
spread and be mutually spaced out in the circumferential direction.

[0014]

According to the present invention, there is provided a rotor

of a synchronous reluctance motor equipped with a stator core

including an armature winding, comprising: a rotor shaft which is
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supported in a rotatable mannér and axially extends at a rotation
axis; and a rotor core on which a plurality of flux barriers are
formed and which is fixed to the rotor shaft and extends in the
direction of the rotation axis, wherein the flux barriers include
a plurality of first £lux barriers which are formed in such a way
as to be spaced out in the circumferential direction each other
and extend in a radial direction, and a plurality of second flux
barriers which are formed in each of circumferential angular regions
sandwiched between the first flux barriers in such & way as to form
a curved surface convex toward the rotation-axis center and to
spread and be spaced out in the circumferential direction each

other.,

ADVANTAGE OF THE INVENTION
[0015]
According to the present invention, it is possible to raise
the salient pole ratio (Lg / Ld) of the synchronous reiuctancé motor

and increase the torgue and power factor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a cross-sectional view of a synchronous reluctance
motor, which is perpendicular to the direction of a rotation axis,
according i:o a first embodiment.

FIG. 2 is a detailed, partial cross-sectional view of the
synchronous reluctance motor, which is perbendicular to the
direction of the rotaﬁion axis, according to the first embodiment.

FIG. 3 is a wiring diagram of armature windings of the

synchronous reluctance motor according to the firsgt embodiment.
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FIG. 4 is a schematic magnetic flux distribution diagram of
a cross section of a conventional synchronous reluctance motor,
which is perpendicular to the direction of a rotation axis.

FIG. 5 is a schematic magnetic flux distribution diagram of
a cross section of the synchronous reluctance motor qf the first
embodiment, which is perpendicular to the direction of the rotation
axis.

FIG. 6 ig a comparigon diagram of average rotor shaft torgue
of the comventional synchronous reluctance motor and synchronous
reluctance motor of the first embodiment.

FIG. 7 is a comparigon diagram of the power factors of the
conventional synchromous reluctance motor and synchronous
reluctance motor of the/first embodiment.

FIG. 8 is a cross-sectional view of a synchronous reluctance
motor of a second embodiment, which is perpendicular to the
direction of & rotation axis.

FIG. 9 is a partial cross-sectional view showing details of
a cross section of a synchronous reluctance motor of a third
embodiment, which is perpendicular to the direction of a rotation
axis.

FIG. 10 is a partial cross-sectional view showing details
of a cross section of a synchronous reluctance motor of a fourth
embodiment, which is perpendicular to the direction of a rotation
axis. The preseﬁt embodiment, too, is a variant of the first

embodiment .

EMBODIMENTS FOR CRRRYING OUT THE INVENTION

{00171

[FIRST EMBODIMENT]



FIG. 1 is a crosg-gectional view of a synchronoué reluctance
motor, ‘which is perpendicular to the direction of a rotation axisg,
according to a first e@odiment. FIG. 2 is a detailed, partial
;:ross—sectional view of the synchronous reluctance motor, which
is perpendicular to the direction of the rotation axis, according
to the first embodiment. FIG. 2 is a cross-sectional view of
one-fourth of the synchronous reluctance motor. However, FIG. 2
is a diagram showing the one~fourth portion only because of ease
of explanation. This does not mean that the synchronous reluctance
motor can be divided on a one-fourth basis.

[0018]

A synchronoug reluctance motor 100 includes, in a housing
{not shown), a stator 10 and a rotor 20.

[0019]

The stator 10 includes a stator core 11 and a plurality of
stator teeth 12.

[0020]

The stator core 11 has a structure in which electromagnetic
steel sheetg, which are thin plates pioduceé by adding silicon to
iron, in order to reduce an eddy current loss, are stacked in the
direction of a rotation awxis. The stator core 11 is cylindrical
in shape, extending in a direction of the rotation-axis of a rotor
shaft 23.

(0021}

The gtator teeth 12 are arranged on an inner peripherv of
the stator 10 and are mutually spaced out in a circumferential
direction. The stator teeth 12 extend in the direction of the
rotation-axis of the rotor shaft 23. Each of the stator teeth 12

protrudes toward a rotation center of the rotor 20 from the side
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of the stator core 11. The tip of each of the stator teeth 12 faces
an outer periphery of the rotor 20 across a radial-direction gap
25.

[0022]

Between adjacent stator teeth 12, stator slots 14 are formed
in such a way as to extend in the direction of the rotation-axis
of the rotor shaft 23.

[0023]

FIG. 3 is a wiring diagram of armature windings of the
synchronous reluctance motor according to the first embodiment.
[0024]

Armature windings 15 are wound around the stator teeth 12
and are housed inside the stator slots 14.

[0025]

That is, multiphase armature windings 15, for example,
three-phase armature windings 15, of a plurality of poles axre wound.
Through each armature winding 15, AC current of one of U-phase,
v-phase, or W-phase flows.

[0026)

In the synchronous reluctance motor 100, there isg no field
winding provided.
[0027]

&g shown in FIGS. 1 and 2, on the inner side of the stator
10, the rotor 20 is disposed in such a way as Lo create space between
the rotor 20 and the stator 10. As described above, no field winding
is wound around the rotor 20. The rotor 20 includes a rotor core
21 and the rotor vshaft 23.

[0028]

The rotor shaft 23 extends coaxially with the rotation axis.
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The rotor shaft 23 is supported by bearings (not shown), which are
Provided in the housing, in a rotatable manner. The bearings may
be rolling bearings such as roller bearings or ball bearings, or
sliding bearings.

[0029]

The rotor core 21 has a structure in which electromagnetic
steel sgheets, which are thin plates produced by adding silicon to
iron in order to reduce an eddy current loss, are stacked in the
direction of the rotation axis. The rotor core 21, in which the
thin plates are stacked, is cylindrical in shape and occupies around
the rotor shaft 23 in such a way as to be thick in the radial
direction.

[0030]

In order to keep the mechanical strength of the rotor 20,
on an outer peripheral portion of the rotor core 21, a bridge portion
24 ig provided.

{00311

In the cross gection of the rotor 20, the direction of a
main magneﬁic flux is referred to as g-axis, and a direction that
is electrically and magnetically orthogonal to that direction is
referred to as d-axis. On the rotor core 21, first flux barrier
and second flux barrier, which are magnetic barriers extending in
the direction of the rotation~axis, are formed.

[0032] .

‘I‘hé first Flux barriers are a plurality of g-axis direction
flux barriers 41, wﬁich are formed in such a way as to be spaced
out in the circumferential direction each other, and extend in the
radial direction. The g-axis direction flux barriers 41 are formed

in such a way as to pierce through each of electromagnetic steel
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plates that make up the rotor core 21. The g~axis direction flux .
barriers 41 extend in the radial direction along the g-axis
direction.

[0033]

In each of the steel plates, a plurality of penetration
portions are formed for the g-axis direction Fflux barriers 41.
[0034]

The second flux barriers are a plurality of d-axis
peripheral flux barriers 31 that are provided in each of
circumferential~direction angular regions (referred to as
circumferential angular regiomns, hereinafter) sandwiched between
adjacent g-axis direction flux barriers 41.

[0035]

The d-axis peripheral flux barriers 31 mutually spread in
the circumferential direction in each of the circumferential
angular regions. The d-awxig peripheral flux barriers 31 extend
toward the rotation axig of the rotor shaft in such a way as to
form a convex curved surface. Both ends of the curved surface do
not cross the g-axis direction flux barriers 41; the two ends of
' the curved surface reach the bridge portion 24.

[0036]

Adjacent d-axis peripheral flux barriers 31 are spaced out
in such a way as not to cross or contact each other.
(00371

Although not shown in FIGS. 1 and 2, due to the first flux
barriers, or g-axis direction £flux barriers 41, and the second flux
barriers, or d-axis peripheral flux barriers 31, the rotor core
21 appears to be completely divided into pieces. However, the

adjacent steel-plate portions of the rotor core 21 between which
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the g-axis direction flux barriers 41 or d-axis peripheral flux
barriers 31 are gandwiched are partially conmected to each other,
thus making it possible to keep the relative positional relations.
[0038]

According to the above~described configuration, a rotating
magnetic field is generated around the rotation awis of the rotor
20. The rotor 20 ig attracted by the rotating magnetic field and
rotating aroqnd the rotor shaft 23,

[0039]

FIG. 4 is a schematic magnetic flux distribution diagram
of a cross section of a conventional synchronous reiuctance motor,
ﬁhich is berpendicular to the direction of a rotation axis. In this
case, in the conventional synchronous reluctance mtdr, g-axis
direction f£lux barriers 41 are not provided. That is, FIG. 4 shows
a magnetic flux distribution when there are no q-axis direction
flux barriers 41. The diagram shows the magnetic flux distribution
of a one-sixth section of the rotor 20.

[0040] |

In FIG. 4, broken line al represents g-axis magnetic fluxes,
with' major magnetic fluxes traveling along g-axis. Meanwhile, bl
repregents d-axig magnetic fluwxes, with major magnetic fluxes
traveling along d-axis.

[0041]

In the synchronous reluctance motor 100, the rotor 20¢
rotétes at the same angular velocity as the stator 10. Therefore,
on the rotor 20, the positions of those magnetic fluxes remain
unchanged, and the magnetic fluxes stay at the same positions. That
is, when viewed from a stationary system, those magnetic fluxes

rotate at the same angular valocity as the rotor 20.
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[0042]

On the rotor 20, g-axis niagnetic fluges pass through each
of portions of the rotor core 21 that are divided by d-axis
peripheral flux barriers 31. MNoreover, g-axis magnetic fluxes
enter the side of the stator 10 after passing through a gap 25 betweén
the stator 10 and the rotor 20. The magnetic £luxes within the rotor
20 and the magnetic fluxes passing through the stator 10 form a
closed loop as a whole, and form magnetic fluxes traveling along
g-axis in the vicinity of g-axis.

[0043]

Meanwhile, magnetic fluxres bl are connected to magnetic
fluxes in an adjacent one-gixth section, which is not shown in FIG.
4., As shown in FIG. 4, magnetic fluxes bl form magnetic fluxes
traveling along the d-axis direction in the wvicinity of d-~axis.
[0044]

FIG. 5 is a schematic magnetic flux distribution diagram
of a cross section of the synchronous reluctance motor of the first
embodiment, which is perpendicular to the direction of the rotation
axis. That is, the diagram shows a magnetic flux distribution when
the g-axis direction flux barriers 41 are provided.

[0045]

In FIG. 5, broken line a2 represents g~axis magnetic fluxes,
with major magnetic fluwes traveling along g-axis. Meanwhile, b2
represents d-axis magunetic fluxes, with major magnetic fluxes
traveling along d-axis.

[0046]

According to the present embodiment , on paths of d-axis

magnetic fluxes, the g-axis direction flux barriers 41 exist. The

g-axis direction £lux barriers 41 are air layers, and are smaller
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in pexmeability than the steel-plate portions of the rotor core
21l. Asaresult, the existence of the g-axis direction fluxbarriers
41 makes it difficult for d-axis magnetic fluxes to pass
_ therethrough.

[0047]

The magnetic flux lines are being shown qualitatively.
Based on the number of q-;axis magnetic flux lines, d~axis magnetic
flux lines are shown. Accordingly, it is assumed that the number
of magnetic flux lines of g-axis magnetic fluxes shown in FIG. 4
is equal to the number of magnetic flux lines of g-axis magnetic
fluxes ghown in FIG. 5.

[06048] _

When d-axis magnetic fluxes bl in FIG. 4 are compared with
d-axis magnetic fluxes b2 in FIG. 5, the number of magnetic flux
lines of d-axis magnetic Ffluxes b2 in FIG. 5 is smaller than the
number of magnetic flux lines of d-axis magnetic fluxes bl in FIG.
4. That is, the percentage of d-awis magnetic fluwxes relative to
g-axis magnetic fluxes in the present embodiment shown in FIG. 5
is smaller than the percentage of d-axis magnetic fluxes relative
to g-axis magnetic fluwxes in the conventional structure shown in
FIG. 4.

[0049]

The conventional SynRYM has been configured in such a way
as to make the passage of d-axis magnetic fluxes more Aifficult
than that of g-axis magnetic fluxes. However, according to the
present embodiment, the g-awxis direction flux barriers 41 are
provided. Therefore, the d-axis magnetic fluxes face much more
difficulty in passing than the g-axis magnetic fluxes.

[0050]
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Asg a result, compared with g-axis direction self-inductance,
or g-axis inductance Lg, d-axis direction self-inductance, or
d-axis inductance 1d, becomes further smaller. That is, salient
pole ratio Lqg / L4 increases further,

[0051]

FIG. 6 is a comparison diagram of average rotor shaft torgue
of the conventional synchronous reluctance motor and synchronous
reluctance motor of the first embodiment.

[0052]

- The g-axis direction inductance of the rotor 20, or g-axis
inductance, is represented by I«zy. The d-axis direction inductance,
or d-axis inductance, is represented by Id. The g-axis direction
component of current flowing through the rotor core 21 is
represented by Ig, and the d-axis direction component by Id. In
this case, the reluctance torgue is gained as (Id - Lg) * Id * Iq.
That is, as the difference betweén 1.4 and Lg becomes larger, the
reluctance torgue increases. ‘

[0053]

As shown in FIG. 6, the torgue of the synchronous reluctance
motor of the present embodiment is significantly larger, or about
1% larger, than the torque of the conventional synchronous
reluctance motor.

[0054]

FIG. 7 is a comparison dlagram of the power factors of the
conventional synchronous reluctance motor and synchronous
reluctance motor of the first embodiment.

{0055]

As shown in FIG. 7, the power factor of the synchronous

reluctance motor of the present embodiment is about 2% larger than
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the power factor of the conventional synchronous reluctance motor.
In this manner, the power factor hés been significantly improved.
"{0056]

As described above, according to the present embodiment,
the salient pole ratio (Lg / Ld) of the synchronous reluctance motor
becomes larger. Therefore, it is possible to increasgse the torgue
and power factor.

[0057] .

[SECOND EMBODIMENT]

FIG. 8 is a cross-sectional view of a synchronous reluctance
motor of a second embodiment, which is perpendicular to the
direction of a rotation axis. The present embodiment is a variant
of the first embodiment.

[o058]

A star-shaped rotor shaft 50 includes four radial plates
51, which extend toward a radial-direction outer gide. The four
radial plates 51 are arranged in such a way as to be spaced out
in a circumferential direction and extend in the direction of a
rotation axis of the rotor 20, What is shown here ig the four radial
- plates 51. However, the number of radial plates 51 is not limited
to four. A plurality of radial plates 51, e.g., six radial plates
51, may be provided.

[0058]

The radial plates 51 of the second embodiment are disposed
in regions corresponding to where the g~axis direction flux barriers
41 are forme&- in the first embodiment. The star-shaped rotor shaft
50 is made of nonmagnetic material. Accordingly, as in the case
of the g-axis direction flux barriers 41 of the first embodiment,

the radial plates 51 ig high in magmetic resistance, and does not
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allow a magnetic flux to eaé:’.ly pass therethrough.
{00601

On both sides of each radial plate 51, dovetail projections
are formed in such a way ag to extend in the direction of the
rotation-axis and protrude in the circumferential direction. On
the rotor core 21, fitting portions 52 in which grooves are formed
in such a way as to fit onto the dovetail projections are provided.
Since the radial plates 51 are fitted into the rotor core 21, a
positional shift between the radial plates 51 and the rotor core
21 does not occur.

[0061]

What are shown here are the fitting portioms 52 that are
dovetail-ghaped. However, the fitting portions 52 are not limited
to be dovetail~-shaped. The fitting portions 52 may be rectangular
or triangular in shape, for example.

[0062]

what is shown here is that, in the fitting portions 52, the
sides of the radial plates 51 are convex, and the side of the rotor
core 21 is concave. Ingtead, grooves may be formed on side surfaces
of the radial plates 51, and projections may be formed on the side
of the rotor core 21.

[0063]

According to the present embodiment, which is configured
as described above, the radial plates 51 of the star-ghaped rotor
shaft 50 act in the same way as the g-axis direction flux barriers
of the first embodiment. Therefore, the salient pole ratio (Lg /
ILd) becomes larger than that of the‘conventiona,l synchronous
reluctance motor, thereby increasing the torgue and power factor.

[0064]
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Moreover, by employing the rotor shaft 23 with the side of
the radial plates 51 that include the fitting portions 52 with the
rotor core 21, it is possible to improve the mechanical strength
of the rotor 20, as well as to further strengthen the fixation of
the rotor core 21.

[0065]

[THIRD EMBODIMENT]

FIG. 9 is a partial cross-sectional view showing details of
a cross section of a syanchronous reluctance motor of a third
embodiment, which is perpendicular to the direction of a rotation
axis. The present embodiment is a variant of the first embodiment.
[0066]

Accoxrding to the first embodimenﬁ, the d-axis peripheral
flux barriers 31 and the g-axis direction flux barriers 41 are air
layers. Inthe case of the third embodiment, d-axis peripheral flux
barriers 32 and g-axis direction flux barriers 42 are filled with
nonmagnetic-material resin.

[0067]

According to the present embodiment, which is configured
as described above, there is nonmagnetic-material resin inside the
d-axis peripheral flux barriers 32 and g-axis direction flux
barriers 42, Therefore, it is possible to form magnetic barriers,
as in the case of the first embodiment.

[0068]

Accordingly, the g-axis direction flux barriers 42 act in
the same way as the g-axis direction fiux barriers 41 of the first
- embodiment. Therefore, the salient pole ratio (Lq / 1d) becomes
larger, increasing the torgue and power factor.

[0068]
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Moreover, the d-axis peripheral flux barriers 32 and the
g-axis direction flux barriers 42 are both filled with resin.
Therefore, it is possible to secure the mechanical strength of the
rotor core 21.

[00701

What is described in the present embodiment is the case where
both the d-axis peripheral flux barriers 32 and the g-axis direction
. £lux barriers 42 are filled with nonmagnetic—mtez;ial resin.
However, the present invention is not limited to this.

[0071]

For example, only either the d-axis peripheral flux barriers
32 or the g-axis direction flux barriers 42, or a portion that should
be desirably reinforced in terms of structural strength, may be
filled with nonmé.g‘netic-mterial resin.

[0072] .

Alternatively, only portions of the d-axis peripheral flusx
barriers 32 may be fillleé with nonmagnetic-material resin.
[0073]

['THIRD EMBODIMENT]

FIG. 10 is a partial cross-sectional view showing details
of a cross section of a synchronous reluctance motor of a fourth
embodiment, which ig perpendicular to the direction of a rotation
axis. The present embodiment, too, is a variant of the first
embodiment.

[0074]

According to the first embodiment, the d~axis peripheral
flux barriers 31 and the g-axis direction flux barriers 41 ave air
layers. In the case of the fourth embodiment, d~axis peripheral

permanent magnets 33, which are permanent magnets, are provided
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as d-axis peripheral flux barriers.
[0075]

According to the present embodiment, which is configured
described above, the d-axis peripheral £lux barriers are permanent
magnaté 33. Therefore, it is possible to form magnetic barriers,
as in the case of the first embodiment.

[0076]

Moreover, the g-axis direction flux barriers 41 are air
layers, and act in the same way as in the first embodiment.
Therefore, the salient pole ratio (Lg / Ld) becomes larger,
increasing the torgue and power factor.

[0077]

What is described in the present embodiment is the case where
permanent magnets are prbvided in the vicinity of d-axis. However,
the present invention is not limited to this.

[0078]

For example, permanent magnets may be provided both in the
vicinity of d-axis and in the direction of g-axis; or permanent
magnets may be provided only in portions arcund d-axis.

[0078]

[OTHER EMBODIMENTS]

The present invention is described aboﬁe by way of several
embodiments. However, the embodiments are presented only as
exanples without any intention of limiting the scope of the present
invention.

[0080]

The features of each embodiment may be used in combination.

For example, the star-shaped rotoxr shaft 51, which is a feature

of the second embodiment, may be used in combination with the flux
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barriers filled with nonmagmetic-material resin, which are a
feature of the third embodiment.
[oosil
Instead, the star-shaped rotor shaft 50, which is a feature

of the second e:nbodimeht, méy be used in combinetion with the
installment of permanent magnets, which is a feature of the fourth
embodiment.
[00821

Furthermore, the above-described embodiment may be put to
use in various different wavs and, if appropriate, any of the
components théreof may be omitted, replaced or altered in various
different ways wit;.hout departing from the spirit and scope of the
invention.
[0083]

Therefore, all the above-described embodiments and the
modifications made to them are within the spirit and scope of the
present invention, which is specifically defined by the appended

claims, as well as their eguivalents.

EXPLANATION OF REFERENCE SYMBOLS
[0084]
10: statoxr, 1l1l: stator core, 12: stator teeth, 14: stator slots,
15: armature winding, 20: rotor, 21: rotor core, 23: rotor shaft,
24 bridge portion, 28: gap, 31,32: d-axis peripheral flux
barrier, 33: permanent magnet, 41,42: g-axis direction flux
barrier, 50: star-ghaped rotor shaft, 51: radial plate, 52:

fitting portion, 100: synchronous reluctance motor
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AMENDMENT

DESCRIPTION

{0041]

In the synchronous reluctance motoxr 100, the rotor 20

rotates at the same angular velocity as the rotating magnetic field.

Therefore, on the rotor 20, the positions of those magnetic fluxes
remain unchanged, and the magnetic £luxes stay at the same positions.
That is, when viewed from a stationary system, those magnetic fluxes

rotate at the same angular velocity as the rotor 20,



CLAIMS

1 A synchronous reluctance motor comprising:

a rotor shaft which is supported in a rotatable manner and
axially extends at a rotation axis;

a rotor core on which a plurality of flux barriers are formed
and which is fixed to the rotor shaft and extends in the direction
of the rotation axis;

a stator core which is disposed on an outer periphery of the
rotor core in such a way as to form a gap between the rotor core
and the stator core and on which a plurality of protruding stator
teeth are formed in such a way as to be spacedout ina circumferential
direction each other and extend in the direction of the
rotation-axig; and

multiphase armature windings of a plurality of poles which
are wound around the plurali_ty of stator teeth, wherein

the flux barriers include

a plurality of first flux barriers which are formed
in such a way as to be spaced out in the circumferential direction
each other and extend in a radial direction, and

a plurality of second flux barriers which are formed
in each of circumferential angular regions sandwiched between the
first flux barriers in such a way as to form a curved surface
protruding toward the center of the rotation-axis and to spread

and be mutually spaced out in the civcumferential direction.

2, The synchronous reluctance motor according to claim
1, wherein:

the rotor shaft includes a plurality of projecting portions
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which are made of nonmagnetic material and spaced ocut in the
circumferential direction and which extend towdrd a
radial-direction outer side and extend in the direction of the
rotation-axis each oi;her; and

the convex portions are disposed in the first flux barriers.

3. The synchronous reluctance motor according to claim
2, wherein
fitting portions are formed on the projecting portioms and

the rotor core in order to prevent a positional shift therebetween.

4. The synchronous reluctance motor according to claim
3, wherein

the fitting portions are dovetail-shaped.

5. The synchronous reluctance motoxr according to any one
of claims 1 to 4, wherein
at least the first flux barriers or the second flux barriers

are filled with nommagnetic resin.

6. The synchronous reluctance motoyr according to any one
of claims 1 to 5, wherein
air lavers are formed in at least the first flux barriers

or the second flux barriers.

7. The synchronous reluctance motor according to any one
of claime 1 to 6, wherein
permanent magnets ave disposed in at least the first flux

- barriers or the second flux barriers.

22



8. A rotor of a synchronous reluctance motor equipped with
a stator core including an armature winding, comprising:
a rotor shaft which is supported in a rotatable manner and
axially extends at a rotation axis; and
a rotor core on which a plurality of flux barriers are formed
and which is fixed to the rotor shaft and extends in the direction
of the rotation axis, wherein
the flux barriers include
a plurality of first flux barriers which are formed
in such a way as to be spaced out in the circumferential direction
each other and extend in a radial direction, and
a plurality of second flux barriers which are formed
in each of circumferential angular regions éandwiched,between.the
first flux barriers in such a way as to form a curved surface convex
toward the rotation-axis center and to spread and be spaced out

in the circumferential direction each other.
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