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SYNCHRONOUS RELUCTANCE ROTATING ELECTRICAL MACHINE

FIELD
[0001]
Embodiments described herein relate generally to a synchronous reluctance

rotating electrical machine.

BACKGROUND
[0002]

The synchronous reluctance rotating electrical machine includes arotor and a
stator.  The rotor includes a shaft which rotatably pivots and extends axially around a
rotating shaft, and arotor core which is externally fitted to and fixed to the shaft. The
stator includes a stator core which is disposed around an outer peripheral portion of the
rotor core while being spaced apart from the rotor core and has a plurality of teeth
arranged at intervalsin acircumferential direction, and a multi-phase armature winding
with multiple poles, which is wound on each of the plurality of teeth.

[0003]

In the rotor core, a plurality of cavity portions for each pole are formed parallel
to each other in aradial direction. It isoften the case that, in order to conform to aflow
of magnetic flux formed when the armature winding is energized, each of the cavity
portions is formed to be curved inward in aradia direction, so that apole center is
located innermost in the radial direction.

By forming the cavity portion in this manner, adirection in which it iseasy for a
magnetic flux to flow and a direction in which it is difficult for the magnetic flux to flow

areformed in therotor core.  Also, a synchronous reluctance rotating electrical machine
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uses the rel uctance torque generated by the cavity portions to rotate the shaft.
[0004]

By the way, it can be expected that a synchronous reluctance rotating electrical
machine should be able to be applied in various fields and achieving higher output and
reductionin sizeisrequired. Accordingly, it is desired to realize alarger capacity and a
higher rotation speed for a synchronous reluctance rotating electrical machine.  Onthe
other hand, if cavity portions are formed in the rotor core, the rotor core can be deformed
easily. For thisreason, when arotor coreisrotated at a high speed, thereis alikelihood
that the rotor core will be deformed by a centrifugal force generated by the high-speed
rotation. Thus, thereisacase in which deformation of the rotor core is made difficult
by increasing the thickness of a portion called a bridge formed between both
circumferential ends of a cavity portion and the rotor core, or by forming a structure
called a center bridge at a center of a cavity portion in the circumferential direction.
[0005]

However, if the thickness of abridge isincreased or a center bridge isformed,
there are cases in which magnetic saturation of these bridgesis prevented.  For this
reason, it is then difficult to obtain a desired reluctance torque, and there isalikelihood
that the torque characteristics of a synchronous reluctance rotating electrical machine will
deteriorate.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0006]

[PATENT DOCUMENT 1] Japanese Unexamined Patent Application, First
Publication No. H11-89193

[PATENT DOCUMENT 2] Japanese Unexamined Patent Application, First
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SUMMARY

PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

The task that the present invention has the aim of resolving is providing a
synchronous reluctance rotating electrical machine in which deformation of the rotor core
is made difficult and in which deterioration of torque characteristicsis ableto be
prevented.

MEANS FOR SOLVING THE PROBLEMS
[0008]

The synchronous reluctance rotating electrical machine of an embodiment
includes a shaft and arotor core.  The rotor coreisfixed to the shaft, in which cavity
portions being formed in a projected shape inward in aradial direction are formed into
multilayers for each pole and bridges are respectively formed between the cavity portions
and an outer circumferential surface. When a center of the one pole in a circumferential
direction is a pole center and both ends in the circumferential direction are pole ends, an
outermost bridge positioned outermost on the pole end side among the plurality of
bridges is formed such that the thickness of the outermost bridge becomes gradually
thicker from the pole center side toward the pole end side. An intermediate bridge
positioned on the pole center side of the outermost bridge with one bridge interposed
therebetween among the plurality of bridgesis formed such that the thickness of the
intermediate bridge becomes gradually thicker from the pole end side toward the pole

center side.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0009]

FIG 1isacross-sectional view perpendicular to arotational axiswhich shows
part of a configuration of a synchronous reluctance rotating electrical machine according
to afirst embodiment.

FIG 2isanenlarged view of asectionAin FIG. 1.

FIG 3isastressdistribution diagram of arotor core of the first embodiment;

FIG 4 isacross-sectional view perpendicular to arotational axiswhich shows
part of a configuration of arotor core of a second embodiment;

FIG 5isastress distribution diagram of arotor core of the second embodiment.

DETAILED DESCRIPTION
[0010]

Hereinafter, a synchronous reluctance rotating electrical machine of an
embodiment will be described with reference to the drawings.
[0011]

FIG lisacross-sectional view perpendicular to arotating shaft 8 which shows
part of a configuration of a synchronous reluctance rotating electrical machine
(hereinafter, simply referred to as a rotating electrical machine) 1. Also, FIG. 1 showsa
1/4 sector of the rotating electric machine 1, i.e., only a 1/4 circumferential angular
region.

As shown in the figure, the rotating electric machine 1 includes a substantially
cylindrical stator 2, and arotor 3 which is disposed radially inside the stator 2 and
provided to be rotatable relative to the stator 2.  The stator 2 and the rotor 3 are arranged
with their central axes positioned on acommon axis. Hereinafter, the common axisis

referred to as a central axis (rotational axisline) O, adirection perpendicular to the
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central axis O isreferred to as aradial direction, and a direction of rotation around the
central axis O isreferred to as a circumferential direction.
[0012]

The stator 2 has a stator core 4 having a substantially cylindrical shape. The
stator core 4 can be formed by stacking a plurality of electromagnetic steel sheets or by
press molding a soft magnetic powder. A plurality of teeth 5 which protrude toward the
central axis O and are arranged at equal intervalsin the circumferential direction are
integrally formed on an inner circumferential surface of the stator core4. Theteeth 5
are formed in a substantially rectangular shape in a cross section. Also, aplurality of
dots 6 are formed at regular intervalsin the circumferential direction such that each slot
6 is disposed between neighboring teeth 5. An armature winding 7 is wound around
each of the teeth 5 through these slots 6. In each tooth 5, the armature winding 7 is
wound on an insulator or an insulating film.

[0013]
(First Embodiment)

The rotor 3 includes arotating shaft 8 extending along the central axis O, and a
rotor core 9 which has a substantially circular columnar shape and fitted outside and
fixed to the rotating shaft 8.

The rotor core 9 can be formed by stacking a plurality of electromagnetic steel
sheets or press molding a soft magnetic powder. An outer diameter of the rotor core 9is
determined such that a predetermined air gap G is formed between the rotor core 9 and
each of the teeth 5 which face each other in the radial direction.

Also, athrough hole 10 which passes through along the central axis O isformed
at the radial center of therotor core9. The rotating shaft 8 isfitted into this through

hole 10 by press-fitting or the like and the rotating shaft 8 and the rotor core 9 rotate
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[0014]

In addition, in each of 1/4 circumferential angular regions of the rotor core 9,
four-layered cavity portions (flux barrier) 11, 12, 13 and 14 (afirst cavity portion 11, a
second cavity portion 12, athird cavity portion 13 and afourth cavity portion 14) are
formed in parald in theradial direction. That is, thefirst cavity portion 11 isformed
on the outermost side in the radial direction, and in the radially inward direction from the
first cavity portion 11, the second cavity portion 12, the third cavity portion 13 and the
fourth cavity portion 14 are formed in parallel.  Also, the fourth cavity portion 14 is
disposed on the innermost side in the radial direction.

[0015]

In addition, the cavity portions 11 to 14 are formed along aflow of magnetic
flux formed when the armature winding 7 is energized.  In other words, each of the
cavity portions 11 to 14 is formed to be curved such that its center in the circumferential
direction is positioned innermost in the radial direction (so asto be formed in a projected
shapeintheradialy inward direction). With this, in the rotor core 9, adirection in
which the magnetic flux is easy to flow and a direction in which the magnetic flux is
difficult to flow are formed.

[0016]

Here, in the present embodiment, the direction in which the magnetic flux is
easy to flow isreferred to asa g-axis.  The direction along the radial direction
electrically and magnetically orthogonal to the g-axisisreferred to asad-axis. Thatis,
each of the cavity portions 11 to 14 forms a multilayer structure in the radial direction
along the d-axis.

More specifically, the g-axis direction in the rotor core 9 is such that the
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direction in which the flow of amagnetic flux is not obstructed by the cavity portions 11
to 14 isreferred to asthe g-axis.  In other words, a positive magnetic position (for
example, bringing an N pole of a magnet closer) is applied at an arbitrary circumferential
angular position on an outer circumferential surface 9a of the rotor core 9.  In addition,
a negative magnetic position (for example, bringing an S pole of a magnet closer) is
applied to another arbitrary circumferential angular position displaced by one pole (a
mechanical angle of 90 degreesin the case of the present embodiment) relative to the
positive magnetic position.  Also, in this case, the direction toward the arbitrary position
from the central axis O when most magnetic flux flows in the case where the arbitrary
position is deviated in the circumferential direction is defined asthe g-axis. Also, the
longitudinal direction in the cavity portions 11 to 14 is the g-axis.

[0017]

On the other hand, the direction in which the flow of the magnetic flux is
obstructed by each of the cavity portions 11 to 14, that is, the direction magnetically
orthogonal to the g-axisis referred to asthe d-axis. In the present embodiment, the
d-axisisthe direction parallel to the direction in which two portions of the rotor core
separated by the respective cavity portions 11 to 14 and respectively formed into aregion
close to the central axis O and aregion distant from the central axis O face each other.

In the case where the cavity portions 11 to 14 are formed as multiple layers (four layers
in the present embodiment), the direction in which the layers overlap isthe d-axis. In

the present embodiment, the d-axisis not limited to being electrically and magnetically
orthogonal to the g-axis and may intersect at a certain angle size (for example, about 10
degrees in mechanical angle) from an orthogonal angle.

[0018]

As such, the rotor core 9 has four poles and the four cavity portions 11, 12, 13,
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and 14 are formed for each pole (1/4 circumferential angular region of the rotor core 9).
Also, the one pole refers to the region between the g-axes.

Further, in the following description, the d-axisis referred to as a pole center C1
and the g-axis (both of the circumferential ends of the 1/4 circumferential angular region)
isreferredtoasapoleend E1.  In other words, each of the cavity portions 11 to 14 is
curved inward in the radial direction so that the pole center C1 islocated innermost in the
radial direction.

[0019]

Each of the cavity portions 11 to 14 isformed to be curved such that both ends
in the longitudinal direction are positioned on an outer peripheral portion of the rotor
core 9 when viewed from a central axis O direction. Further, each of the cavity portions
11 to 14 isformed such that it follows the pole ends E1 at positions closer to both endsin
the longitudinal direction and becomes closer to being orthogonal to the pole center C1
as a position becomes closer to the center in the longitudinal direction. In addition, the
cavity portions 11 to 14 are formed such that their opening areas become respectively
gradually larger from thefirst cavity portion 11.

[0020]

FIG 2isanenlarged view of asection A of FIG. 1.

As shown in the figure, bridges 16, 17, 18, and 19 (afirst bridge 16, a second
bridge 17, athird bridge 18 and a fourth bridge 19) are provided between the ends of the
cavity portions 11 to 14 in the circumferential direction and the outer circumferential
surface 9a of the rotor core 9. More specifically, the bridges 16 to 19 refer to what are
formed in an area of the cavity portions 11 to 14 near the outer peripheral portion of the
rotor core 9 and in an area in which its thickness changes rapidly (the same appliesto the

following second embodiment).
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Also, the thickness refers to the thickness in a direction normal to the outer
circumferential surface 9a of the rotor core 9 (the same applies to the following second
embodiment).

[0021]

More specifically, in the outer peripheral portion of the rotor core 9, there are
points of rapid change in thickness P41 and P42, in which the thickness drastically
changes respectively on the pole center C1 side and the pole end E1 side, at a position
corresponding to the fourth cavity portion 14, and the portion between the rapid change
points in thickness P41 and P42 becomes the fourth bridge 19.

Also, in the outer peripheral portion of the rotor core 9, there are points of rapid
change in thickness P31 and P32, in which the thickness drastically changes respectively
on the pole center C1 side and the pole end E1 side, at a position corresponding to the
third cavity portion 13, and the portion between the rapid change points in thickness P31
and P32 becomes the third bridge 18.

[0022]

Further, in the outer peripheral portion of the rotor core 9, there are points of
rapid change in thickness P21 and P22, in which the thickness drastically changes
respectively on the pole center C1 side and the pole end E1 side, at a position
corresponding to the second cavity portion 12, and the portion between the rapid change
points in thickness P21 and P22 becomes the second bridge 17.

In addition, in the outer periphera portion of the rotor core 9, there are points of
rapid change in thickness P11 and P12, in which the thickness drastically changes
respectively on the pole center C1 side and the pole end E1 side, at a position
corresponding to the first cavity portion 11, and the portion between the rapid change

points in thickness P11 and P12 becomes the first bridge 16.
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[0023]

Here, the rapid change point of thickness P21 of the rotor core 9 in the second
bridge 17 will be described in agreater detail. A side surface 12athat becomes a
radially outer side of the second cavity portion 12 in the rotor core 9 has an inwardly
curved surface 21 which is curved toward the radially inward direction, and an outwardly
curved surface 22 which is positioned on an outer circumferential side of the rotor core 9
with respect to the curved surface 21 and is curved outward in the radia direction. The
connection point (inflection point) between the inwardly curved surface 21 and the
outwardly curved surface 22 is the rapid change point of thickness P21.

[0024]

Although each of the bridges 16 to 19 is intended to make the rotor core 9 less
susceptible to deformation, it also becomes a cause of magnetic flux leakage.

Here, the thickness t1 of the first bridge 16 and the thickness t3 of the third
bridge 18 are set to be substantially uniform along the outer circumferential surface 9a of
therotor core9. These thicknesses t1 and t3 are set to have thicknesses such that
magnetic saturation is caused in the first bridge 16 and the third bridge 18 so that almost
no magnetic flux leakage occurs.

[0025]

In contrast, the thickness t4 of the fourth bridge 19 is set to become gradually
thicker from the pole center C1 side toward the pole end E1 side.  In other words, the
thickness t4 of the fourth bridge 19 is set such that the thickness t4max at the rapid
change point in thickness P42 becomes the thickest.

On the other hand, the thickness of a thin portion t4min formed to be thinnest in
the fourth bridge 19 is set to substantially the same as the thickness t1 of the first bridge

16 and the thickness t3 of the third bridge 18.
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[0026]

Further, the thickness t2 of the second bridge 17 positioned on the pole center
C1 side of the fourth bridge 19 with one bridge 18 (the third bridge 18) interposed
therebetween, is set to gradually increase in size from the pole end E1 side toward the
pole center C1side. In other words, the thickness t2 of the second bridge 17 is set such
that the thickness t2max at the rapid change point of thickness P21 becomes the thickest.

On the other hand, the thickness of a thin portion t2min formed to be thinnest in
the second bridge 17 is set to substantially the same thickness as the thickness t1 of the
first bridge 16 and the thickness t3 of the third bridge 18.

[0027]

Here, according to the shape of the respective cavity portions 11 to 14, core
members are disposed between the cavity portions 11 to 14 in each pole of the rotor core
9. Thatis, afirst core member is disposed between the first cavity portion 11 and the
second cavity portion 12, a second core member is disposed between the second cavity
portion 12 and the third cavity portion 13, athird core member is disposed between the
third cavity portion 13 and the fourth cavity portion 14. The weight of the core
members becomes heavier as they become disposed further inward in the radial direction.
That is, the weight of the second core member is larger than the weight of the first core
member, and the weight of the third core member is larger than the weight of the second
core member. In addition, the centrifugal forces of the core members generated when
the rotor core 9 is rotated are supported by the bridges 16 to 19.

Further, the bridges 16 to 19 are connected to each other, and the bridges 16 to
19 sequentially positioned further radially inward support the centrifugal forces of the
core members which occur in the bridges 16 to 19 positioned radially outward therefrom.

[0028]
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More specifically, because of aforce due to the centrifugal force applied to the

rotor core 9 (third core member) between the third cavity portion 13 and the fourth cavity
portion 14 in the rotor core 9, stress is mainly generated in the third bridge 18. In
addition to this, astressis also generated in the fourth bridge 19.

In addition, a force by the centrifugal force applied to the rotor core 9 (second
core member) between the second cavity portion 12 and the third cavity portion 13 in the
rotor core 9 generates a stress in the second bridge 17.

Further, the weights of the core members (the first core member, the second core
member and the third core member) disposed between the cavity portions 11 to 14 in
each pole of the rotor core 9 are formed such that the closer the core member is
positioned inward in the radial direction, the heavier the weight of the core member
becomes. Thus, among the bridges 16 to 19, increasing stresses are generated as they
become located closer to the pole end E1 side.

[0029]

Here, in the rotor core 9:

(2) Thefourth bridge 19 is formed such that the thickness t4 gradually increases
from the pole center C1 side toward the pole end E1 side.  Further, the second bridge 17
is formed such that the thickness t2 gradually increases from the pole end E1 side toward
the pole center C1 side.

Then, when formed in this way,

(2) when acurved line passing through the side surface of the second bridge 17
on the second cavity portion 12 side and the side surface of the fourth bridge 19 on the
fourth cavity portion 14 sideisavirtual curved line L1, a straight line L2 connecting the
central axis O and a point P1 on theimaginary curved line L1, which is most distant from

the central axis O, passes through the third bridge 18.  In other words, the third bridge
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18 can be made difficult to deform.

From these (1) and (2), it is possible to make it difficult to deform the second
bridge 17 to the fourth bridge 19 on which alarge stressis applied due to aforce dueto a
centrifugal force. Asaresult, it is possible to make the entire rotor core 9 less
deformable.

[0030]

FIG 3isastress distribution diagram applied to the rotor core 9 when the rotor 3
is rotated at a high speed.

As shown in the figure, it can be confirmed that the average stress applied to all
of the bridges (the first to fourth bridges 16 to 19) is reduced and the maximum stress
applied to each of the bridges 16 to 19 is suppressed.

Here, the second bridge 17 and the fourth bridge 19 are not formed to be thick as
awhole, but gradually thicken along the outer circumferential surface 9a of the rotor core
9. For thisreason, magnetic saturation occurs in the thin portion t2min of the second
bridge 17 and the thin portion t4min of the fourth bridge 19. Asaresult, magnetic flux
leakage at the second bridge 17 and the fourth bridge 19 can be minimized.

[0031]

Therefore, according to the af orementioned first embodiment, it is possible to
make the rotor core 9 less deformable and to prevent the torque characteristics of the
rotating electric machine 1 from deteriorating.

[0032]
(Second Embodiment)
Next, a second embodiment will be described.
FIG 4 isacross-sectional view perpendicular to arotating shaft 8 which shows a

configuration of a 1/4 circumferential angular region in arotor core 209 of the second
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embodiment.

As shown in the figure, a difference between the first embodiment and the
second embodiment is that, the rotor core 9 of the first embodiment has four layers as
cavity portions 11 to 14 formed for each pole, whereas the rotor core 209 of the second
embodiment has six layers of cavity portions 211 to 216 formed for each pole (afirst
cavity portion 211, a second cavity portion 212, athird cavity portion 213, afourth cavity
portion 214, afifth cavity portion 215 and a sixth cavity portion 216).

[0033]

That is, the first cavity portion 211 isformed on athe radially outermost side,
and the second cavity portion 212, the third cavity portion 213, the fourth cavity portion
214, the fifth cavity portion 215 and the sixth cavity portion 216 are parallelly formed in
this order from the first cavity portion 211 in the radialy inward direction.  Also, the
sixth cavity portion 216 is disposed on the radially innermost side.

[0034]

In addition, each of the cavity portions 211 to 216 is curved inward in the radial
direction so that the pole center C1 is positioned on the radially innermost side.  Further,
each of the cavity portions 211 to 216 isformed to be curved such that both longitudinal
ends thereof are positioned on the outer peripheral portion of the rotor core 9 when
viewed from the central axis O direction. Also, each of the cavity portions 211 to 216 is
formed such that it follows the pole ends E1 at positions closer to both ends in the
longitudinal direction and becomes closer to being orthogonal to the pole center C1l asa
position becomes closer to the center in the longitudinal direction.  Furthermore, the
cavity portions 211 to 216 are formed such that the respective opening areas thereof
increase sequentially from the first cavity portion 211.

[0035]
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Moreover, at the circumferential center (on the pole center C1) of each of the
cavity portions 211 to 216, center bridges 241 to 246 (afirst center bridge 241, a second
center bridge 242, athird center bridge 243, afourth center bridge 244, afifth center
bridge 245 and a sixth center bridge 246) are respectively formed. These center bridges
241 to 246 are for making the rotor core 209 less deformable.

[0036]

Also, between both ends of each of the cavity portions 211 to 216 in the
circumferential direction and the outer circumferential surface 209a of the rotor core 209,
bridges 231 to 236 (afirst bridge 231, a second bridge 232, a third bridge 233, afourth
bridge 234, afifth bridge 235 and a sixth bridge 236) are respectively formed.

[0037]

Here, the thickness t21 of the first bridge 231, the thickness t22 of the second
bridge 232, the thickness t23 of the third bridge 233 and the thickness t24 of the fifth
bridge 235 are set to be substantially uniform along the outer circumferential surface
209a of the rotor core 209.

In contrast, the thickness t26 of the sixth bridge 236 formed between the radially
innermost sixth cavity portion 216 and the outer circumferential surface 209a of the rotor
core 209 is set to become gradually thicker from the pole center C1 side toward the pole
end E1side. More specificaly, the sixth bridge 236 is formed in substantially the same
shape as the fourth bridge 19 (see FIG. 2) of the aforementioned first embodiment.

[0038]

Further, the thickness t24 of the fourth bridge 234 formed between the fourth
cavity portion 214 positioned on the pole center C1 side of the sixth cavity portion 216
with one cavity portion 215 (the fifth cavity portion 215) therebetween and the outer

circumferential surface 209a of the rotor core 209 is set to be thicker gradually from the
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pole end E1 side toward the pole center C1 side. More specifically, the fourth bridge

234 isformed in substantially the same shape as the second bridge 17 (see FIG 2) of the
aforementioned first embodiment.
[0039]

Furthermore, a vertex P2 of animaginary curved line L3 passing through aside
surface of the fourth bridge 234 on the fourth cavity portion 214 side and a side surface
of the sixth bridge 236 on the sixth cavity portion 216 side is at a position corresponding
to the fifth bridge 235 located between the fourth bridge 234 and the sixth bridge 236.
Therefore, it is possible to make it difficult to deform the fourth bridge 234 to the sixth
bridge 236, to which the stress generated by the force due to the centrifugal forceis
greatly applied. Asaresult, it isdifficult for the entire rotor core 209 to be deformed.
[0040]

FIG 5isastress distribution diagram applying to the rotor core 209 when the
rotor 203 is rotated at a high speed, which corresponds to FIG. 3 described above.

As shown in the figure, it can be confirmed that since the average stress applied
to all the bridges (the first to the sixth bridges 231 to 236) is reduced, the maximum
stress applied to each bridge 231 to 236 is suppressed.

[0041]

Therefore, according to the af orementioned second embodiment, it is possible to
provide the same effects as those of the first embodiment.

Also, as in the second embodiment, even if the rotor core 209 has six layers of
cavity portions 211 to 216, the sixth bridge 236 positioned closest to the pole end E1 side
and the fourth bridge 234 positioned on the pole center C1 side across the interposed fifth
bridge 235 from the sixth bridge 236 are respectively formed to have substantially the

same shape as the fourth bridge 19 and the second bridge 17 in the above-described first
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embodiment, whereby it is possible to make the entire rotor core 209 less deformable.
[0042]

In addition, the configuration of the center bridges 241 to 246 in the second
embodiment may be adapted in the rotor core 9 of the first embodiment described above.

Further, in the af orementioned embodiment, the case where the cavity portions
11 to 14 and 211 to 216 are smply formed in the rotor cores 9 and 209 has been
described. However, the present invention is not limited thereto, and a nonmagnetic
material (for example, a nonconductive resin), a permanent magnet, a secondary
conductor (aluminum, copper, or the like), etc., may be inserted into the cavity portions
11 to 14 and 211 to 216.

[0043]

Also, in the af orementioned embodiment, the case where the rotor cores 9 and
209 are configured to have four poles so that four salient poles are formed on the outer
circumferential surfaces 9a and 209a has been described. However, the configuration of
the poles of the rotor cores 9 and 209 is not limited to four poles.

Further, the number of cavity portions 11 to 14 and 211 to 216 for each poleis
not limited to four or six and may be four or more plural.

[0044]

In at least one embodiment described above, in the rotor cores 9 and 209, the
thicknesses t4 and 26 of the bridges (the fourth bridge 19 and the sixth bridge 236)
formed between the radially innermost cavity portions (the fourth cavity portion 14 and
the sixth cavity portion 216) and the outer circumferential surfaces 9a and 209a of the
rotor cores 9 and 209 are set to be gradually thicker from the pole center C1 side toward
the pole end E1 side.

Further, in the rotor cores 9 and 209, the thicknesses t2 and 24 of the bridges
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(the second bridge 17 and the fourth bridge 234) formed between the cavity portions (the

second cavity portion 12 and the fourth cavity portion 214) positioned radially inward
across one cavity portion (the third cavity portion 13 and the fifth cavity portion 215)
from the radially innermost cavity portions (the fourth cavity portion 14 and the sixth
cavity portion 216) and the outer circumferential surfaces 9a and 209a of the rotor cores
9 and 209 are set to be gradually thicker from the pole end E1 side toward the pole center
Clside. For thisreason, the rotor cores 9 and 209 are made less deformable and
deterioration of the torque characteristics of the rotating electrical machine 1 can be
prevented.

[0045]

That is, irrespective of the number of layers in the cavity portions, the bridge
located closest to the pole end E1 side and the bridge located on the pole center C1 side
of the outermost bridge with one bridge interposed therebetween are formed to be the
same as the bridges 19, 17, 236 and 234. Thus, it is possible to make the entire rotor
cores 9 and 209 less deformable.  Asaresult, deterioration of the torque characteristics
of the rotating electric machine 1 can be prevented.

[0046]

While certain embodi ments have been described, these embodiments have been
presented by way of example only, and are not intended to limit the scope of the
inventions. Indeed, the novel embodiments described herein may be embodied in a
variety of other forms; furthermore, various omissions, substitutions and changes in the
form of the embodiments described herein may be made without departing from the
inventions. The accompanying claims and their equivalents are intended to cover such

forms or modifications as would fall within the scope of the inventions.
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CLAIMS

1 A synchronous reluctance rotating electrical machine comprising:

ashaft which rotates around arotational axis line; and

arotor core fixed to the shaft, in which cavity portions being formed in a
projected shape toward aradially inward direction are formed into multilayers for each
pole and bridges are respectively formed between the cavity portions and an outer
circumferential surface;

wherein when a center of the one pole in a circumferential direction isapole
center and both ends in the circumferential direction are pole ends, an outermost bridge
positioned outermost on the pole end side among the plurality of bridgesis formed such
that the thickness of the outermost bridge becomes gradually thicker from the pole center
side toward the pole end side, and

an intermediate bridge positioned on the pole center side across one interposed
bridge from the outermost bridge among the plurality of bridges isformed such that the
thickness of the intermediate bridge becomes gradually thicker from the pole end side

toward the pole center side.

2. The synchronous rel uctance rotating electrical machine according to Claim 1,

wherein when a curved line passing through a side surface of the outermost
bridge on a cavity portion side and a side surface of the intermediate bridge on a cavity
portion side isan imaginary curved line, a straight line connecting the rotational axisline
and a point on the imaginary curved line which is most distant away from the rotational
axis passes through the bridge interposed between the outermost bridge and the

intermediate bridge.
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3. The synchronous reluctance rotating electrical machine according to Claims 1 or

wherein the rotor core has four poles and has four layers of the cavity portions

for each pole.



