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DESCRIPTION 

ROTOR AND RELUCTANCE MOTOR 

TECHNICAL FIELD 

[0001] 

The present disclosure relates to a rotor and a reluctance motor. 

This application is based upon and claims the benefit of priority from Japanese 

Patent Application No. 2016-170040, filed August 31, 2016; the entire content of which 

is incorporated herein by reference. 

BACKGROUND ART 

[0002] 

A technique in which permanent magnets are provided on a rotor of a reluctance 

motor and thereby saliency of the motor is improved is known. 

[0003] 

However, in the related art, a magnetic flux leaked from permanent magnets 

provided on a rotor toward a stator, and an induced voltage was generated. 	As a result, 

an iron loss was generated during no-load rotation, and the energy efficiency of a system 

to which a reluctance motor was applied was sometimes reduced. 	Further, in the case 

where a short circuit occurred between terminals of a motor, such as a failure of a drive 

device during rotation, there was a problem in that a short-circuit current flowed. 

PRIOR ART DOCUMENTS 

PATENT DOCUMENT 

[0004] 

[Patent Document 1] 
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Japanese Unexamined Patent Application, First Publication No. 2011-83066 

[Patent Document 2] 

Japanese Unexamined Patent Application, First Publication No. 2012-178921 

[Patent Document 3] 

Japanese Unexamined Patent Application, First Publication No. 2002-291288 

SUMMARY OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0005] 

The present invention is directed to providing a rotor and a reluctance motor 

capable of increasing a salient pole ratio without generating an induced voltage. 

SOLUTION TO PROBLEM 

[0006] 

According to one embodiment, a rotor includes: a shaft configured to rotate 

about the central axis; and a rotor core fixed to the shaft. 	The rotor core has a plurality 

of flux barriers which are formed side by side in a radial direction of the rotor core and 

each of which ranges from a certain portion to another portion of an outer circumferential 

surface of the rotor core. 	Each of the flux barriers has a plurality of bridges that include 

a bridge forming a part of the outer circumferential surface of the rotor core at opposite 

ends thereof in a longitudinal direction thereof, and one or more barrier regions that have 

a lower permeability than a portion other than each of the flux barriers in the rotor core 

between the plurality of bridges. 	A permanent magnet is provided in at least one of the 

barrier regions. 	A magnetizing direction of the permanent magnet is directed in a 

direction that intersects a longitudinal direction of each of the flux barriers at a position 

at which the permanent magnet is provided. 	When a permeability of a region where the 

permanent magnet is not present in the barrier region is defined as [to, a cross-sectional 
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area of the permanent magnet in a plane that is orthogonal to an extending direction of 

the shaft is defined as SM, a residual magnetic flux density of the permanent magnet is 

defined as Br, a recoil permeability of the permanent magnet is defined as pre, an 

arithmetic mean between a minimum and a maximum of a thickness of the barrier region 

is defined as tFB, and the arithmetic mean between a minimum and a maximum of a 

widths of the bridge is defined as we, a value of (µ0xSmxBr)/(1.trextFexwB) is within a 

range between 1.2 and 3.0. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] 

FIG. 1 is a sectional view that shows a constitution equivalent to one pole of a 

4-pole reluctance motor 1 in a first embodiment and that is orthogonal to a rotating shaft 

8. 

FIG 2 is a schematic diagram showing a certain flux barrier 11 and a rotor core 

9 adjacent thereto. 

FIG 3 is a diagram for showing definitions of parameters of Equation (1). 

FIG 4 is a diagram showing an example of magnetic properties of a permanent 

magnet 100. 

FIG 5 is a diagram showing an example of a magnetic circuit. 

HG 6 is a diagram showing an example of a trend in magnetization 

characteristics of the rotor core 9. 

FIG 7 is a diagram showing an example of the relationship between the 

saturated magnetic flux density Bs  of the rotor core 9, the relative permeability of each 

bridge, and the quantity of a leakage magnetic flux. 

FIG 8 is a diagram showing an example of disposition positions of the 
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permanent magnets 100 in barrier regions 18. 

FIG 9 is a diagram showing another example of the disposition positions of the 

permanent magnets 100 in the barrier regions 18. 

FIG. 10 is a diagram showing an example of an appearance of the reluctance 

motor 1. 

FIG 11 is a sectional view that shows a constitution equivalent to one pole of a 

reluctance motor 1A in a second embodiment and that is orthogonal to a rotating shaft 8. 

FIG 12 is a diagram showing another example of the relationship between the 

saturated magnetic flux density Bs of the rotor core 9, the relative permeability of each 

bridge, and the quantity of a leakage magnetic flux linked to an armature winding 7. 

FIG 13 is a sectional view that shows a constitution equivalent to one pole of a 

reluctance motor 1B in a third embodiment and that is orthogonal to a rotating shaft 8. 

FIG 14 is a sectional view that shows a constitution equivalent to one pole of a 

reluctance motor 1C in a fourth embodiment and that is orthogonal to a rotating shaft 8. 

FIG 15 is a diagram showing another example of the disposition positions of the 

permanent magnets 100 in the barrier regions 18. 

EMBODIMENTS FOR CARRYING OUT THE INVENTION 

[0008] 

Hereinafter, a rotor and a reluctance motor of an embodiment will be described 

with reference to the drawings. 

[0009] 

FIG 1 is a sectional view that shows a constitution equivalent to one pole of a 

4-pole reluctance motor 1 in a first embodiment and that is orthogonal to a rotating shaft 

8. 	In FIG 1, one pole of the reluctance motor 1, that is, only a circumferential angle 
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region of a quarter of a circumference is showed. 	The rotating shaft 8 may be, for 

example, a shaft that is axially supported to be rotatable, extends in an axial direction 

centering on the rotating shaft 8, and is rotated about the rotating shaft 8. 

[0010] 

As showed in FIG. 1, the reluctance motor 1 includes a stator 2 in an 

approximately cylindrical shape, and a rotor 3 that is provided inside the stator 2 in a 

radial direction and is provided to be rotatable relative to the stator 2. 	The stator 2 and 

the rotor 3 are disposed with central axes thereof located on a common axis. 

Hereinafter, the aforementioned common axis is referred to as a central axis 0. 	A 

direction orthogonal to the central axis 0 is referred to as a radial direction, and a 

direction around the central axis 0 is referred to as a circumferential direction. 

[0011] 

The stator 2 has a stator core 4 in an approximately cylindrical shape. 	The 

stator core 4 can be formed by stacking a plurality of electromagnetic steel sheets or by 

pressing a soft magnetic powder. 	A plurality of teeth 5, which protrude toward the 

central axis 0 and are disposed at regular intervals in the circumferential direction, are 

integrally formed on an inner circumferential surface of the stator core 4. 	The teeth 5 

are formed in an approximately rectangular cross section. 	Respective slots 6 are formed 

between neighboring teeth 5. 	Armature windings 7 are wound around the teeth 5 via 

these slots 6. 

[0012] 

The stator core 4 may have an insulator mounted with insulation properties, or 

be coated with an insulating film on an entire outer surface thereof (neither are shown). 

The armature windings 7 are wound around the teeth 5 with the insulator or the 

insulating film therebetween. 
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[0013] 

The rotor 3 includes the rotating shaft 8 that extends along the central axis 0, 

and a rotor core 9 that is externally fitted to the rotating shaft 8 and has an approximately 

cylindrical shape. 	The rotor core 9 can be formed by stacking a plurality of 

electromagnetic steel sheets or pressing a soft magnetic powder. 	An outer diameter of 

the rotor core 9 is set such that a predetermined air gap G is formed between the teeth 5 

that face each other in the radial direction. 

[0014] 

Further, a through-hole 10 drilled along the central axis 0 is formed in the center 

of the rotor core 9 in the radial direction. 	The rotating shaft 8 is, for example, 

press-fitted into the through-hole 10. 	Thus, the rotating shaft 8 and the rotor core 9 are 

rotated together. 

[0015] 

Furthermore, a plurality of flux barriers 11 (e.g., three flux barriers in the present 

embodiment) are formed side by side within one pole (i.e., in the circumferential angle 

region of the quarter of the circumference) in the rotor core 9 so as to pass through one 

diameter that crosses the rotating shaft 8 of the rotor core 9. 	That is, these flux barriers 

11 are formed between a plurality of magnetic paths through which a magnetic flux 

produced by the stator 2 passes from a certain place to another place on an outer 

circumferential surface of the rotor core 9, and separate the magnetic paths. 	In the 

present embodiment, each of the flux barriers 11 has a plurality of barrier regions 18 (e.g., 

two barrier regions in the present embodiment), which are distributed in an 

approximately hyperbolic shape. 	In FIG. 1, a reference sign 18 indicates the bather 

regions with respect to only the flux barrier 11 closest to the central axis 0, and a 

reference sign 100 indicates the permanent magnets. 	However, this applies equally to 
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the other flux barriers 11. 

[0016] 

A direction in which a flow of magnetic flux is not obstructed by the barrier 

regions 18 in the rotor core 9 is defined as a q axis. 	That is, a positive magnetic 

potential (e.g., approaches the N pole of a magnet) is given to a certain circumferential 

angle position A of an outer circumferential surface of the rotor, whereas a negative 

magnetic potential (e.g., approaches the S pole of a magnet) is given to a circumferential 

angle position B shifted by one pole (90 degrees in the case of the present embodiment), 

so that a direction directed to the position A from the central axis 0 when most magnetic 

flux flows in a case where the position A is shifted in the circumferential direction is 

defined as a q axis. 	In the present embodiment, the q axis is set in longitudinal 

directions of the flux barriers 11 that separate the rotor core 9 into a region adjacent to 

the central axis 0 and a region distant from the central axis 0. 

[0017] 

On the other hand, a direction in which a flow of magnetic flux is obstructed by 

the barrier regions 18, that is, a direction that is magnetically orthogonal to the q axis is 

defined as a d axis. 	In the present embodiment, the d axis is set to a direction parallel to 

a direction in which two portions of the rotor core, which are separated into the regions 

adjacent to and distant from the central axis 0 by each flux barrier 11, face each other. 

Further, in a case where the flux barriers 11 are formed in multiple layers (three layers in 

the present embodiment), a direction in which the layers overlap one another is the d axis. 

The flux barriers 11 are not limited to three layers, and may be formed in one or two 

layers, or in four or more layers. 	The number of barrier regions 18 in each flux barrier 

11 is not limited to two, and may be one or three or more. 

[0018] 
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Each of the barrier regions 18 is formed in the shape of an approximately 

circular-arc cross section that is curved in a convex shape from an outer circumferential 

side toward the central axis 0 on an inner side in the radial direction to follow the q axis 

on at least an outer circumferential side and so as for the middle in the circumferential 

direction to be located at an innermost side in the radial direction. 	The shape of each 

barrier region 18 is not limited to a circular arc, and may be a convex shape such as a U 

shape. 	In the present embodiment, six barrier regions 18 having an approximately 

circular-arc shape are formed in each of the circumferential angle regions of the rotor 

core 9. 

[0019] 

In view of a centrifugal force occurring at the rotor core 9, the plurality of 

barrier regions 18 are provided at positions spaced apart from an outer circumference of 

the rotor core 9 by a predetermined distance wo at end portions 200b adjacent to an outer 

circumferential side of the flux barrier 11. 	Thus, the mechanical strength of the rotor 

core 9 located between an outer circumference of the rotor 3 and the end portions 200b of 

the barrier regions 18 can be raised. 	A plurality of bridges including outer 

circumferential bridges BDs are formed at the rotor core 9. 	The outer circumferential 

bridges BDs are bridges that constitute a part (the end portion 200b) of the outer 

circumferential surface of the rotor core 9 at opposite ends of the flux barrier 11 in 

longitudinal directions of the flux barrier 11. 	The outer circumferential bridges BDs 

function to couple (connect) the rotor core 9 to the rotor core 9 that is separated from the 

barrier regions 18 of each flux barrier 11. 	A width wo of each of the outer 

circumferential bridges BDs provided at the opposite ends of the flux barriers 11 is a 

width with respect to a direction directed from an outer circumferential side of the rotor 3 

toward the rotating shaft 8. 
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[0020] 

Further, in a case where the plurality of barrier regions 18 are formed with a 

space in extending directions thereof at a midpoint between the opposite ends of each 

flux barrier 11 in an extending direction of each flux barrier 11 (e.g., at a portion closest 

to the rotating shaft 8 in the radial direction), the barrier regions 18 are formed at an 

interval spaced by a predetermined distance wc. 	Thus, the mechanical strength of the 

rotor core 9 located between the plurality of barrier regions 18 can be raised. 	The 

predetermined distance wc may be identical to or different from the predetermined 

distance wo. 	In the following description, the rotor core 9 located between the barrier 

regions 18 in the vicinity of a convex portion will be referred to as a "center bridge 

BDc." 	The center bridge BDc is an example of an "inner bridge." 

[0021] 

The paired barrier regions 18 between which the center bridge BDc is 

sandwiched have approximately the same shape as each other. 	As with the outer 

circumferential bridges BDs, the center bridges BDc function to couple (connect) the 

rotor core 9 to the rotor core 9 that is separated from the barrier regions 18 of each flux 

barrier 11. 	Even in a state in which the flux barriers 11 are formed, the rotor core 9 is 

united as one member by the above bridges without the rotor core 9 being separated at 

the opposite ends and the midpoint of each of the flux barriers 11. 	The widths wo of the 

outer circumferential bridges BD5 at the opposite ends of the plurality of flux barriers 11 

formed in the radial direction may be different from each other, or may be partly or all 

the same as each other. 	Similarly, in a case where a plurality of center bridges BDc are 

formed, widths wo of the center bridges BDc of the plurality of flux barriers 11 formed in 

the radial direction may be different from each other, or may be partly or all the same as 

each other. 
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[0022] 

In the present embodiment, the permanent magnets 100 are inserted into the 

plurality of barrier regions 18, respectively. 	Each of the permanent magnets 100 in the 

present embodiment is a magnet rather than an electromagnet, and refers to an object that 

can continue to generate an almost constant magnetic field in a case where an age of 

service (a lifespan) of the reluctance motor 1 is considered. 	Each of the permanent 

magnets 100 is, for example, a neodyminum magnet, a ferrite magnet, a samarium iron 

cobalt magnet, or the like. 	The permanent magnets 100 inserted into the bather regions 

18 may be magnetized to undergo magnetization nearly in the direction of a d axis after 

being inserted, and the permanent magnets 100 magnetized in a predetermined direction 

in advance may be inserted such that magnetizing directions thereof are directed in a 

direction of an approximate d axis. 	That is, in the present embodiment, the magnetizing 

directions of the magnets are not limited to being magnetically completely orthogonal to 

the q axis, and may intersect the q axis with a certain degree of angular range from the 

orthogonal angle (e.g., at about 10 degrees). 	In other words, the magnetizing directions 

of the permanent magnets 100 are directed in directions that intersect the longitudinal 

directions of the flux barriers 11 at positions at which the permanent magnets are 

provided. 	To fix the inserted permanent magnets 100, each of the barrier regions 18 

may be filled with a non-magnetic material such as an adhesive resin, and a spacer or the 

like of the non-magnetic material may be inserted into each of the bather regions 18 

along with each of the permanent magnets 100. 	Further, sides of the permanent 

magnets 100 are in contact with the rotor core 9, and thus the permanent magnets 100 

may be fixed. 	The non-magnetic material has a lower permeability than the rotor core 

9. 

[0023] 
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Further, the permanent magnet 100 is disposed to be separated from some 

(preferably all) of surfaces by which an outline (a boundary) of the barrier region 18 is 

defined (200b, 201a, 202a, and 202b to be described below in FIG 3) in a section 

including the q and d axes. 	That is, the permanent magnet 100 is disposed not to be in 

direct contact with the rotor core 9 within the barrier region 18. 	Due to this disposition, 

local irreversible demagnetization occurring at corners or the like of the permanent 

magnet 100 can be suppressed. 	Of course, the permanent magnet 100 may be in contact 

with some or all of the surfaces by which the outline is defined. 	As will be described 

below, regardless of whether or not the permanent magnet 100 is in contact with the side 

(the rotor core 9) of the barrier region 18, if cross-sectional areas of the permanent 

magnets 100 are the same, the magnetic effects which are chiefly expected in the present 

embodiment are the same. 

[0024] 

FIG 2 is a schematic diagram showing a certain flux bather 11 and a rotor core 

9 adjacent thereto. 	As showed, for example, the permanent magnets 100 may be 

lopsidedly arranged close to the center bridge BDc. 	Magnetic flux generated by a 

magnetomotive force of each of the permanent magnets 100 is divided into a magnetic 

flux 101 that is directed in a direction of an approximate d axis which is a magnetizing 

direction, a magnetic flux 102 that goes through the outer circumferential bridge BDs, 

and a magnetic flux 103 that goes through the center bridge BDc. 	Each of the outer 

circumferential bridge BDs and the center bridge BDc is a core, and thus has a saturated 

magnetic flux density according to a material thereof. 	Accordingly, when magnetic flux 

flows to each of the outer circumferential bridge BDs and the center bridge BDc beyond 

the saturated magnetic flux density of the core, a magnetic resistance of each of the 

bridges increases, so that it is difficult for the magnetic flux to flow thereto. 	In the 
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present embodiment, since the magnetic flux generated from each of the permanent 

magnets 100 flows through each of the bridges in a direction that is substantially opposite 

to the direction of the direction of the d axis, hardly any of the magnetic flux flowing in 

from the vicinity of the stator 2 flows in a direction that is approximately opposite to the 

direction of the direction of the d axis at each of the bridges. 	Each of the bridges where 

magnetic flux is saturated allows no further magnetic flux to flow through, and thus 

serves as a flux barrier 11 in a broad sense. 	Due to the effects of the permanent magnets 

100, the quantity of the magnetic flux that flows in the direction that is substantially 

opposite to the direction of the d axis in the quantity of a magnetic flux flowing in from 

the stator 2 is reduced, so that the quantity of a magnetic flux flowing in the direction of 

the q axis can be increased. 	Thus, saliency can be improved, compared to the 

reluctance motor 1 in which no permanent magnets 100 are provided in the bather 

regions 18. 

[0025] 

In a case where the reluctance motor 1 of the present embodiment is applied to 

either motors for high-speed rotation or large motors whose diameters are large, the rotor 

core 9 easily receives a large centrifugal force. 	In this case, there is a need to raise the 

mechanical strength by increasing the widths wo of the outer circumferential bridges Bps 

and the widths we of the center bridges BDc. 	In this case, since the quantity of 

saturated magnetic flux (a product of the saturated magnetic flux density and the width of 

each of the bridges) at each of the bridges is increased, the permanent magnet 100 having 

a stronger magnetomotive force and a large quantity of magnetic flux (i.e., a high 

residual magnetic flux density and a large cross-sectional area) needs to be inserted into 

the barrier region 18. 	However, when the magnetomotive force and the quantity of 

magnetic flux of the permanent magnet 100 are excessively large, the magnetic flux 101, 
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which is generated from the permanent magnet 100 and is directed in the direction of the 

d axis, is linked to the armature winding 7 via the air gap G. 	When the rotor 3 is rotated 

in this state, an induced voltage occurs. 	In this way, the relationship between the width 

of each of the bridges and the magnetomotive force of the permanent magnet 100 and the 

relationship between the width of each of the bridges and the quantity of magnetic flux of 

the permanent magnet 100 have a reciprocal relationship to each other, and there are 

numerical ranges of a suitable magnetomotive force and a suitable quantity of magnetic 

flux (i.e., a residual magnetic flux density and a cross-sectional area) under a constraint 

condition that an induced voltage is not generated. 	The numerical ranges will be 

described with reference to the drawings. 

[0026] 

To suppress the occurrence of an induced voltage, the size of the permanent 

magnet 100 is determined according to a conditional expression represented by Equation 

(1) below. 

[0027] 

[Equation. 1] 

p B 
SM ---." w,t„ 	...(1) 

pa  Br  

[0028] 

In Equation (1), SM indicates a gross cross-sectional area of the permanent 

magnets 100 inserted into the barrier regions 18 of each of the flux barriers 11. 	Further, 

wB indicates the total sum of the widths of all the bridges, and is expressed as 

wB=2wo+wc in the example of FIG. 2. 	Further, triB indicates a thickness of the barrier 

region 18, and tire indicates a recoil permeability of the permanent magnet 100. 

Furthermore, µ0 indicates a permeability of an object with which the barrier region 18 
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excluding the permanent magnet 100 is filled, that is, a permeability of air. 	In a case 

where the barrier region 18 is for example filled with a non-magnetic material (e.g., a 

resin) for fixing the permanent magnet 100, the permeability [to may be a permeability 

corresponding to a physical property of the non-magnetic material. 	Bs  indicates a 

saturated magnetic flux density of the rotor core 9 in a width direction (a transverse 

direction) that is nearly orthogonal to an extending direction of the flux barrier 11, and Br  

indicates a residual magnetic flux density of the permanent magnet 100. 	Among these 

parameters, wo, wo, tEB, and SM may be defined as follows. 

[0029] 

FIG 3 is a view for showing the definitions of the parameters of Equation (1). 

In FIG 3, among the surfaces by which the outline of the barrier region 18 is defined, a 

surface 200b is a surface located on an outer circumference in the extending direction 

(the longitudinal direction) of the flux barrier 11, and a surface 201a is a surface close to 

the central axis 0 in the extending direction of the flux barrier 11. 	Further, a surface 

202a is a surface located on an outer circumference in a width direction of the flux 

barrier 11, and a surface 202b is a surface close to the central axis 0 in the width 

direction of the flux barrier 11. 	In the following description, the surface 200b, the 

surface 201a, the surface 202a, and the surface 202b will be referred to as a tip 200b, a 

tip 201a, an upper lateral surface 202a, and a lower lateral surface 202b. 

[0030] 

The width wo of the outer circumferential bridge BDs is set to a distance 

between the outer circumferential surface 200a of the rotor core 9 and the tip 200b of the 

barrier region 18. 	The tip 200b of the bather region 18 is one of the surfaces by which 

the outline of the barrier region 18 is defined, and is the surface located on the outer 

circumference in the extending direction of the flux barrier 11. 	For example, in a case 
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where curved lines or broken lines that represent the outer circumferential surface 200a 

of the rotor core 9 and the tip 200b of the barrier region 18 are not parallel to each other, 

the width wo of the outer circumferential bridge BDs is defined as an arithmetic mean 

value between a minimum distance and a maximum distance between the curved lines or 

the broken lines. 	For example, an arbitrary reference point is set on the curved line or 

the broken line that indicates the outer circumferential surface 200a of the rotor core 9. 

A straight line showing that a distance from the reference point to the curved line or the 

broken line indicating the tip 200b that is an interface of the barrier region 18 which is 

located on the outer circumferential side is shortest is derived. 	Afterward, a plurality of 

straight lines showing that they are shortest while shifting the reference point are derived 

on the curved line or the broken line that indicates the outer circumferential surface 200a. 

An average of lengths of the plurality of straight lines derived in this way is defined as 

the width wo of each outer circumferential bridge BDs. 	That is, the width wo of each 

outer circumferential bridge BDs becomes the distance between two surfaces facing each 

other. 	Similarly, the width wc of the center bridge BDc crosses the center bridge BDc, 

and is taken as the distance between the surfaces 201a and 201b of the paired barrier 

regions 18 which are close to the center bridge BDc. 	For example, in a case where 

curved lines or broken lines that represent the surfaces 201a and 201b of the barrier 

regions 18 which are close to the center bridge BDc are not parallel to each other, the 

width wc of the center bridge BDc is defined as an arithmetic mean value between a 

minimum value and a maximum value of the distance between the curved lines or the 

broken lines. 

[0031] 

Further, the thickness tpn of the barrier region 18 is defined as an arithmetic 

mean value between a minimum value and a maximum value of the distance between 
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curved lines or broken lines that represent the upper lateral surface 202a of the barrier 

region 18 (the lateral surface close to the outer circumference), and the lower lateral 

surface 202b of the barrier region 18 (the lateral surface close to the central axis 0). 

For example, an arbitrary reference point is set on the curved line or the broken line that 

represents the upper lateral surface 202a of the barrier region 18. 	The distance from the 

reference point to the curved line or the broken line indicating the lower lateral surface 

202b derives a straight line that indicates a shortest straight line. 	Afterward, a plurality 

of straight lines that indicate shortest straight lines are derived on the curved line or the 

broken line indicating the upper lateral surface 202a while shifting the reference point. 

An average of lengths of the plurality of straight lines derived in this way is defined as 

the thickness tFB  of the barrier region 18. 	Further, a width IFB of the barrier region 18 is 

defined as an arithmetic mean value of lengths of the curved lines or the broken lines that 

represent the upper and lower lateral surfaces 202a and 202b of the barrier region 18. 

For example, an arbitrary reference point is set on the curved line or the broken line that 

represents the upper lateral surface 202a of the barrier region 18. 	A distance from the 

reference point to the curved line or the broken line indicating the lower lateral surface 

202b derives a straight line that indicates a shortest straight line. 	Afterward, a plurality 

of straight lines which indicate that a distance from the lower lateral surface 202b is 

shortest are derived on the curved line or the broken line indicating the upper lateral 

surface 202a while shifting the reference point. 	A length of a curved line that passes 

through the midpoints of the plurality of straight lines derived in this way is defined as 

the width IFB of the barrier region 18. 

[0032] 

Further, the gross cross-sectional area SM of the permanent magnets 100 is 

defined as a product of a cross-sectional area of each of the permanent magnets 100, 
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which is obtained by multiplying a width IM  of the permanent magnet 100 by a thickness 

tM of the permanent magnet 100 in each of the flux barriers 11, and the number of 

permanent magnets 100 (two in the example of FIG. 3). 	As with the definition of the 

thickness tFB of the barrier region 18, the thickness tm of the permanent magnet 100 is 

defined as an arithmetic mean value between a minimum distance and a maximum 

distance between curved lines or broken lines that represent an upper lateral surface of 

the permanent magnet 100 (a surface close to the outer circumference in a width 

direction of the flux barrier 11), and a lower lateral surface of the permanent magnet 100 

(a surface close to the central axis 0 in the width direction of the flux barrier 11). 

Further, as with the definition of the width IFB of the barrier region 18, the width IM of the 

permanent magnet 100 is defined as an arithmetic mean value of lengths of the curved 

lines or the broken lines that represent the upper and lower lateral surfaces of the 

permanent magnet 100. 

[0033] 

FIG 4 is a diagram showing an example of magnetic properties of the permanent 

magnet 100. 	As showed in FIG 4, among the above parameters, lire  and Br  can be 

expressed as magnetic properties of the permanent magnet 100 as follows. 	For example, 

the residual magnetic flux density Br  of the permanent magnet 100 can be derived as a 

magnetic flux density (a y-intercept 150 of the graph) in a linear region when a magnetic 

field intensity H is about zero. 	Further, the recoil permeability [ire can be derived as a 

slope of a straight line 151 that represents a change of the magnetic flux density B with 

respect to the magnetic field intensity H in the linear region. 

[0034] 

In a case where constitutions around the flux barrier 11 of the rotor 3 showed in 

FIG 3 are replaced with an equivalent magnetic circuit using parameters that determine 
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dimensions of the permanent magnet 100, the barrier region 18, the outer circumferential 

bridge BDs, and the center bridge BDc which have all been described above, the 

equivalent magnetic circuit can be expressed as in FIG. 5 below. 

[0035] 

FIG 5 is a diagram showing an example of a magnetic circuit. 	For example, a 

magnetomotive force EM  of the permanent magnet 100 in the magnetic circuit can be 

treated as (tm*I3,-)/gre. 	Further, an internal magnetic resistance rM of the permanent 

magnet 100 can be treated as tm/(gm*Im). 	The magnetic circuit is operated in a linear 

region where no irreversible demagnetization occurs. 	When a circuit equation is set up 

for magnetic flux bM that flows through the permanent magnet 100 and magnetic flux 

(NB that flows through the barrier region 18, a condition that a magnetic flux 101 leaking 

out from the magnetic circuit showed in FIG. 5 does not occur can be derived as Equation 

(1) above. 	If an area (a width IM and a thickness tM) of the permanent magnet 100 is 

determined within a range where Equation (1) is satisfied, magnetic flux of each of the 

bridges can be saturated under constraint condition that no magnetic flux leaks out to the 

outside. 	That is, the saliency of the reluctance motor 1 can be improved without 

generating an induced voltage. 	The permanent magnet 100 abuts on a right upper 

lateral surface of the barrier region 18 in FIG. 5, but the condition that no magnetic flux 

leaks out to the outside is expressed by Equation (1) even in a case where the permanent 

magnet 100 is arranged in the middle of the barrier region 18 such that lateral surfaces 

thereof are not in contact with the barrier region 18. 	Further, a cross section of the 

permanent magnet is flat in a direction of the width IM in FIG. 5, but it may be flat in a 

direction of the thickness tM. 	That is, if the cross-sectional areas and the residual 

magnetic flux densities of the permanent magnets are the same regardless of a method of 

arranging the permanent magnet 100, magnetic properties viewed from the outside 
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become equivalent. 

[0036] 

FIG. 6 is a diagram showing an example of a trend in magnetization 

characteristics of the rotor core 9. 	It is generally known that the magnetization 

characteristics of the rotor core 9 vary gently. 	As showed in FIG. 6, in a case where 

magnetic properties vary, the parameter B, of Equation (1) cannot be uniquely 

determined. 	Accordingly, an allowance may be given to the saturated magnetic flux 

density B, of the rotor core 9 within a certain numerical range. 	The numerical range 

will be described below. 

[0037] 

FIG 7 is a diagram showing an example of the relationship between a saturated 

magnetic flux density B, of the rotor core 9, the relative permeability of each of the 

bridges, and the quantity of a leakage magnetic flux linked to the armature winding 7. 

The relative permeability of each of the bridges is a ratio of the permeability of the 

bridge to the vacuum permeability. 	The quantity of the leakage magnetic flux is the 

square value of magnetic flux that flows through a gap G and leaks out to the stator 2. 

Since a non-load iron loss or a loss at the time of a short-circuit accident is proportional 

to the square of the quantity of the magnetic flux that leaks out to the stator 2, it is also 

evaluated by the square value of the quantity of the magnetic flux that leaks out to the 

stator 2 in the present embodiment. 	The results showed in FIG. 7 represent analysis 

results (simulation results) assuming a model in which, in the cross section equivalent to 

one pole for the rotating shaft 8 of the reluctance motor 1, the rotor core 9 is formed of a 

silicon steel sheet (a nonlinear magnetization characteristic), the flux barriers 11 are set to 

three layers, the barrier regions 18 are set to two in each of the flux barriers 11, the center 

bridge BDc is set to three in each of the flux barriers 11, and neodyminum magnets are 
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inserted into the barrier regions 18 sandwiched between the two center bridges BDc. 

This model is equivalent to a model that assumes a reluctance motor 1C showed in FIG 

13 to be described below. 	The saturated magnetic flux density Bs  in the figure is a value 

that is analytically derived using Equation (2) below. 	Parameters in Equation (2) are the 

same as those used in Equation (1) above. 

[0038] 

[Equation. 2] 

/to Sm Br = 	 ...(2) Bs  
pre  tFB  wB  

[0039] 

In the showed example, the relative permeability of each of the bridges has a 

tendency to increase in a range where the saturated magnetic flux density Bs of the rotor 

core 9 ranges from 0 to 1.2 T (teslas). 	That is, each of the bridges is brought into a state 

in which magnetic flux flows easily. 	Further, the relative permeability of each of the 

bridges has a tendency to decrease in a range where the saturated magnetic flux density 

Bs  is equal to or higher than 1.2 T. 	That is, each of the bridges is brought into a state in 

which magnetic flux flows hardly. 	Accordingly, in a case where attention is paid only 

to the relative permeability of each of the bridges, a cross-sectional area and a residual 

magnetic flux density of the permanent magnet 100 are preferably determined such that 

the saturated magnetic flux density Bs is equal to or higher than 1.2 T that is a maximum 

value of the relative permeability of each of the bridges. 

[0040] 

On the other hand, in a case where attention is paid to the quantity of the leakage 

magnetic flux, the quantity of magnetic flux (the square value of magnetic flux) leaking 

out to the stator 2 can be kept to about zero in a range where the saturated magnetic flux 
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density Bs of the rotor core 9 amounts to about 2 T. 	That is, the occurrence of an 

induced voltage can be inhibited in the range where the saturated magnetic flux density 

B, of the rotor core 9 amounts to about 2 T. 	Since the quantity of magnetic flux leaking 

out to the stator 2 increases exponentially in a range where the saturated magnetic flux 

density Bs of the rotor core 9 is equal to or higher than 2 T, an induced voltage occurs 

easily. 	Here, an influence of the leakage magnetic flux can be disregarded if the 

quantity of the leakage magnetic flux is equal to or lower than about 1000 mWb2, and an 

upper limit of the saturated magnetic flux density Bs of the rotor core 9 is preferably set 

within this range. 	To be specific, an intersection of an asymptotic line of a curved line 

that represents the square variation in the quantity of magnetic flux leaking out to the 

stator 2 is set to the upper limit of the saturated magnetic flux density Bs  of the rotor core 

9. 	In the present embodiment, the upper limit is set to 3.0 T as showed. 

[0041] 

As a comparative example of the permanent magnets 100 in the present 

embodiment, in a case where permanent magnets used in a permanent magnet 

synchronous motor (PMSM) or the like are inserted into barrier regions 18, a saturated 

magnetic flux density Bs of each bridge (a rotor core 9) is about 5 T. 	On the other hand, 

in the present embodiment, since the size of the permanent magnet 100 is determined 

such that the saturated magnetic flux density Bs of each bridge falls within a range 

between 1.2 T and 3.0 T, the quantity of a leakage magnetic flux can be reduced to about 

one fourth compared to the permanent magnet synchronous motor as the comparative 

example. 	That is, the permanent magnets 100 that are not to interfere with driving of 

the reluctance motor 1 are inserted into the barrier regions 18, so that the magnetic flux 

of each bridge can become saturated. 

[0042] 
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According to the first embodiment described above, since the cross-sectional 

area and the residual magnetic flux density of the permanent magnet 100 are determined 

such that the saturated magnetic flux density Bs of each bridge is equal to or higher than 

1.2 T, each bridge can be magnetically invalidated by saturation. 	Thus, the saliency of 

the reluctance motor 1 can be improved without generating an induced voltage, and a 

salient pole ratio can be increased. 	As a result, performance (torque, efficiency, a power 

factor, etc.) of the motor can be improved, and energy efficiency can be improved. 

[0043] 

Further, according to the first embodiment described above, since the 

cross-sectional area and the residual magnetic flux density of the permanent magnet 100 

are determined such that the saturated magnetic flux density B, of each bridge is equal to 

or lower than 3 T, the magnetic flux 101 generated from the permanent magnet 100 to be 

linked to the armature winding 7 is extremely small so that the occurrence of an induced 

voltage can be inhibited, and there is no need to separately provide a protective circuit or 

the like for an accidental short-circuit or the like. 	Further, since a non-load iron loss 

does not occur, energy efficiency as a system using the present motor can be improved. 

[0044] 

The above description has been made regarding an electric motor (motor). 

However, the present rotary machine may also be operated as a power generator (a 

generator), and this falls within a range of application of the present embodiment. 

[0045] 

(Modification of the first embodiment) 

Hereinafter, a modification of the first embodiment will be described. 

According to equations (1) and (2) above, if the gross cross-sectional area SM of the 

permanent magnets 100 in the cross section including the d and q axes is constant, each 
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of the bridges can be saturated without depending on the disposition positions of the 

permanent magnets 100 in the barrier regions 18. 	Accordingly, in the modification of 

the first embodiment, for example, the permanent magnets 100 are lopsidedly arranged 

close to the outer circumferential bridges BDs. 

[0046] 

FIG. 8 is a diagram showing an example of the disposition positions of the 

permanent magnets 100 in the barrier regions 18. 	In general, a magnetic path width of a 

core region excluding the bridges is sufficiently wider than a bridge width, and even if 

the bridges are saturated, the core region other than them is not saturated. 	Therefore, 

even if the permanent magnets 100 are inserted, a relative permeability of the core region 

other than the bridges is extremely as large as about several thousands, and becomes a 

negligible resistance value when considered as a magnetic circuit. 	Therefore, as 

showed, even in a case where the permanent magnets 100 are arranged at positions closer 

to the outer circumferential bridges BDs than to the center bridge BDc, nearly the same 

magnetomotive force is applied to the center bridge BDc and the outer circumferential 

bridges BDs, and saturation levels also become equivalent to each other. 	That is, no 

matter where the permanent magnets 100 are arranged in the barrier regions 18, the cores 

of the bridges can be saturated. 

[0047] 

Further, the number of permanent magnets 100 inserted into a single barrier 

region 18 is not limited to one, and may be two or more. 	FIG. 9 is a diagram showing 

another example of the disposition positions of the permanent magnets 100 in the barrier 

regions 18. 	As showed, for example, two permanent magnets 100 may be inserted into 

any one of the paired barrier regions 18 between which the center bridge BDc is 

sandwiched such that the number of permanent magnets 100 is asymmetrical. 	In this 
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case, cross-sectional areas of the permanent magnets 100 in both the paired barrier 

regions 18 may be different if they are within the above numerical range. 

[0048] 

Further, the reluctance motor 1 may have a skew structure. 	FIG. 10 is a 

diagram showing an example of an appearance of the reluctance motor 1. 	As showed in 

FIG. 10(a), in a case where the reluctance motor 1 has a skew structure, the flux barriers 

11 may, as showed in FIG 10(b), have different positions in the cross section defined by 

the d and q axes according to a position of a v axis (i.e., the rotating shaft 8) that is 

orthogonal to the cross section defined by the d and q axes. 	In this case, a shape of the 

permanent magnet 100 may also be a shape corresponding to the skew structure. 

[0049] 

Further, in the first embodiment, the permanent magnet 100 has been described 

as being inserted into each of the barrier regions 18 of each flux barrier 11, but the 

present invention is not limited thereto. 	The flux bathers 11 in which the permanent 

magnet 100 is not inserted into any of the barrier regions 18 may be formed. 	That is, 

the magnetic flux of the bridges are saturated by the permanent magnets 100, and thereby 

the flux barrier 11 that further reduces leakage magnetic flux in the direction of the d axis 

and the flux barrier 11 that simply reduces leakage magnetic flux in the direction of the d 

axis by means of the barrier regions 18 may be combined. 

[0050] 

Further, it has been described that there are four salient poles of the reluctance 

motor 1, but the present invention is not limited thereto. 	The number of salient poles 

may be two poles, six poles, eight poles, or an arbitrary number of poles other than this. 

[0051] 

(Second embodiment) 
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Hereinafter, a reluctance motor 1 A in a second embodiment will be described. 

Here, to differentiate the second embodiment from the first embodiment, the case where 

that the permanent magnet 100 is inserted into only any one of the paired barrier regions 

18 between which the center bridge BDc is sandwiched will be described. 	Hereinafter, 

functions or the like that are the same as in the aforementioned first embodiment will not 

be described. 

[0052] 

FIG 11 is a sectional view that shows a constitution equivalent to one pole of a 

reluctance motor 1A in a second embodiment and that is orthogonal to a rotating shaft 8. 

In the second embodiment, a permanent magnet 100 is inserted into only any one of 

paired barrier regions 18 between which a center bridge BDc is sandwiched, and a 

weight-adjusting member WT having nearly the same weight as the permanent magnet 

100 is inserted into the other barrier region 18. 	That is, the permanent magnet 100 is 

provided in one of the barrier regions 18 which is close to either side with respect to the 

middle of each flux barrier 11 (e.g., a position at which distances from ends of each flux 

barrier 11 are the same in a longitudinal direction of each flux barrier 11), and the 

weight-adjusting member WT is provided in the other barrier region 18 that is not close 

to this side. 	The weight-adjusting member WT is a non-magnetic material. 	The 

barrier region 18 into which the weight-adjusting member WT is inserted may be filled 

with a non-magnetic material such as an adhesive resin in order to fix the 

weight-adjusting member WT, and a spacer or the like of the non-magnetic material may 

be inserted into the barrier region 18 along with the weight-adjusting member WT. 

[0053] 

In FIG. 11, a reference sign 18 that indicates the barrier region, a reference sign 

100 that indicates the permanent magnet, and a reference sign WT that indicates the 
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weight-adjusting member are given for only the flux barrier 11 closest to a central axis 0, 

which applies equally to the other flux barriers 11. 	Further, separated barrier regions 

are indicated as 18a and 18b. 

[0054] 

In a case where the weight-adjusting member WT is inserted into the barrier 

region 18, a cross-sectional area of the weight-adjusting member WT is not included in 

the gross cross-sectional area Sm of the permanent magnets 100 in Equation (1) or (2) 

above. 	That is, a saturated magnetic flux density B, of a rotor core 9 needs to be 

evaluated using only the cross-sectional area of the permanent magnet 100 inserted into 

one of the barrier regions 18. 

[0055] 

Further, in the example of FIG. 11, the weight-adjusting member WT is inserted 

into only the right side of a d axis, but the present invention is not limited thereto. 	The 

disposition of the weight-adjusting member WT may be exchanged in each of the flux 

barriers 11. 

[0056] 

Hereafter, the relationship between the saturated magnetic flux density Bs  of the 

rotor core 9, the relative permeability of each bridge, and the quantity of leakage 

magnetic flux linked to an armature winding 7 in the reluctance motor 1 A of the second 

embodiment will be described. 

[0057] 

FIG. 12 is a diagram showing another example of the relationship between the 

saturated magnetic flux density Bs  of the rotor core 9, the relative permeability of each 

bridge, and the quantity of the leakage magnetic flux linked to the armature winding 7. 

The relative permeability of each bridge is a ratio of the permeability of the bridge to the 
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vacuum permeability. 	As with the first embodiment, in the second embodiment, the 

relative permeability is also evaluated by the square value of the quantity of magnetic 

flux that leaks out to a stator 2. 

[0058] 

The results showed in FIG 12 are analysis results assuming a model of the 

constitution of the reluctance motor lA showed in FIG. 11. 	In the model used for this 

analysis, for example, in a cross section equivalent to one pole for a rotating shaft 8 of 

the reluctance motor 1A, the rotor core 9 is formed of a silicon steel sheet (a nonlinear 

magnetization characteristic), the flux barriers 11 are set to three layers, the barrier 

regions 18 are set to two in each of the flux barriers 11, and the center bridge BDc 

included in each of the flux barriers 11 is set to one. 	Further, in the model used for the 

analysis, permanent magnets 100 having nearly the same cross-sectional area and 

residual magnetic flux density Br  are inserted into both of the two barrier regions 18. 

The saturated magnetic flux density Bs in the figure is a value that is analytically derived 

by Equation (2) above. 

[0059] 

As with the results showed in FIG 7, the results showed in FIG 12 show that, in 

a case where attention is paid to the relative permeability of each bridge, the relative 

permeability of each bridge has a tendency to increase in a range where the saturated 

magnetic flux density Bs of the rotor core 9 ranges from 0 to 1.2 T (teslas). 	Further, the 

relative permeability of each bridge has a tendency to decrease in a range where the 

saturated magnetic flux density Bs is equal to or higher than 1.2 T. 	On the other hand, 

in a case where attention is paid to the quantity of the leakage magnetic flux, the quantity 

of magnetic flux (the square value of magnetic flux) leaking out to the stator 2 is about 

zero in a range where the saturated magnetic flux density Bs of the rotor core 9 amounts 
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to about 2 T, whereas the quantity of magnetic flux leaking out to the stator 2 increases 

exponentially in a range where the saturated magnetic flux density Bs of the rotor core 9 

is equal to or higher than 2 T. 	Accordingly, even in a case where the number of center 

bridges BDc is two, the cross-sectional area of the permanent magnet 100 is determined 

such that the saturated magnetic flux density Bs of each bridge falls within a range 

between 1.2 T and 3.0 T, and thereby the magnetic flux of each bridge can be saturated 

while inhibiting an increase in the quantity of the leakage magnetic flux. 	In this way, 

even in a case where a change in design of changing the number or positions of the 

bridges is performed, the results derived using the theoretical equatione of Equatione (1) 

and (2) show a similar tendency, and the same effect can be obtained if the 

cross-sectional area of the permanent magnet 100 is determined such that the saturated 

magnetic flux density Bs of each bridge falls within the numerical range. 

[0060] 

According to the second embodiment described above, as with the 

aforementioned first embodiment, since the permanent magnets 100 are provided in the 

barrier regions 18 such that the induced voltage of the reluctance motor 1 does not occur, 

saliency can be improved compared to a reluctance motor 1 in which no permanent 

magnets 100 are provided in barrier regions 18. 	As a result, energy efficiency can be 

improved. 

[0061] 

According to the second embodiment described above, since the 

weight-adjusting members WT are inserted instead of the permanent magnets 100, 

mechanical imbalance in the rotor 3 can be eliminated, and stress occurring at the rotor 

core 9 between the flux barriers 11 (also including each bridge) can be dispersed in a 

balanced way. 	As a result, the mechanical strength of the rotor 3 can be improved. 
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[0062] 

(Third embodiment) 

Hereinafter, a reluctance motor 1B in a third embodiment will be described. 

Here, to differentiate the third embodiment from the first and second embodiments, the 

case where either the center bridge BDc or the outer circumferential bridges BDs is not 

present will be described. 	Hereinafter, functions or the as with that are the same as in 

the aforementioned first and second embodiments will not be described. 

[0063] 

FIG. 13 is a sectional view that shows a constitution equivalent to one pole of a 

reluctance motor 1B in a third embodiment and that is orthogonal to a rotating shaft 8. 

In the third embodiment, only outer circumferential bridges BDs are present, and each 

flux barrier 11 has one bather region 18. 	In this case, in Equation (1) above, wB is 

treated as 2wo, and thereby the size of the permanent magnet 100 may be determined. 

In FIG. 13, a reference sign 18 that indicates the bather region, and a reference sign 100 

that indicates the permanent magnet are given for only the flux barrier 11 closest to a 

central axis 0, which applies equally to the other flux bathers 11. 	Further, separated 

barrier regions are indicated as 18a and 18b. 

[0064] 

Further, only the center bridge BDc may be present in the reluctance motor 1B 

showed in FIG. 13. 	In this case, in Equation (1) above, wB is treated as wc, and thereby 

the size of the permanent magnet 100 may be determined. 

[0065] 

According to the third embodiment described above, as with the first and second 

embodiments, since the permanent magnets 100 are provided in the bather regions 18 

such that the induced voltage of the reluctance motor 1 does not occur, saliency can be 
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improved compared to a reluctance motor 1 in which no permanent magnets 100 are 

provided in barrier regions 18. 	As a result, energy efficiency can be improved. 

[0066] 

Further, according to the third embodiment described above, since the number of 

bridges can be reduced, the permanent magnets 100 provided in the barrier region 18 can 

be made small. 

[0067] 

(Fourth embodiment) 

Hereinafter, a reluctance motor 1C in a fourth embodiment will be described. 

Here, to differentiate the third embodiment from the first to third embodiments, the case 

where three or more barrier regions 18 are formed will be described. 	Hereinafter, 

functions or the as with that are the same as in the aforementioned first to third 

embodiments will not be described. 

[0068] 

FIG. 14 is a sectional view that shows a constitution equivalent to one pole of a 

reluctance motor 1C in a fourth embodiment and that is orthogonal to a rotating shaft 8. 

In FIG. 14, a reference sign 18 that indicates a barrier region, and a reference sign 100 

that indicates a permanent magnet are given for only the flux barrier 11 closest to a 

central axis 0, which applies equally to the other flux barriers 11. 	Further, separated 

barrier regions are indicated as 18a, 18b and 18c. 	In the fourth embodiment, since three 

barrier regions 18 are formed at each flux barrier 11, two center bridges BDc are formed 

at a halfway point between opposite ends of each flux barrier 11. 	The permanent 

magnet 100 is mounted in the bather region 18b that is centrally located among the 

barrier regions 18 (is closest to the central axis 0). 

[0069] 
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FIG 15 is a diagram showing another example of a disposition position of the 

permanent magnet 100 in the barrier regions 18. 	The permanent magnet 100 is inserted 

into the barrier region 18 having the shortest distance from the rotating shaft 8 among the 

plurality of bather regions 18 in each flux barrier 11. 	In the showed example, the 

barrier region 18 having the shortest distance from the rotating shaft 8 is the barrier 

region 18b. 	Instead of being inserted into the barrier region 18b sandwiched between 

the two center bridges BDc, the permanent magnet 100 may be inserted into each of the 

barrier regions 18a and 18c located on opposite sides of the barrier region 18b. 	Thus, 

magnetic flux of the permanent magnet 100 readily flows nearly uniformly to the two 

outer circumferential bridges BDs and the two center bridges BDc. 	Further, since the 

permanent magnet 100 is inserted into the central barrier region 18b among the three 

barrier region 18 or each of the barrier regions 18a and 18c located on the opposite sides 

of the barrier region 18b, mechanical imbalance in the rotor 3 can be eliminated, and 

stress occurring at the rotor core 9 between the flux barriers 11 (also including each 

bridge) can be dispersed in a balanced way. 

[0070] 

In the fourth embodiment, a thickness tm of the bather region 18 of each of the 

flux barriers 11 is treated as an average of thicknesses of all the barrier regions 18. 	For 

example, in a case where a width and a thickness of each of the barrier regions 18a and 

18c are defined as Ions and tom, and a width and a thickness of the bather region 18b are 

defined as TCFB and tcFB, the thickness trim of the barrier region 18 can be expressed as 

tFB.(2tom-Ftcm)/3. 	Further, a gross cross-sectional area SM of the permanent magnets 

100 is a product of IM and tm because the number of permanent magnets 100 is one. 

Further, the sum \vs of the widths of all the bridges is expressed as wB=2(wo+wc). 

When these parameters are used, a cross-sectional area and residual magnetic flux 
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density of the permanent magnet 100 can thereby be determined such that leakage 

magnetic flux that flows through a gap G and is linked to an armature winding 7 is 

reduced (i.e., an induced voltage is reduced). 

[0071] 

According to the fourth embodiment described above, as with the 

aforementioned first to third embodiments, since the permanent magnets 100 are 

provided in the barrier regions 18 such that the induced voltage of the reluctance motor 1 

does not occur, saliency can be improved compared to a reluctance motor 1 in which no 

permanent magnets 100 are provided in barrier regions 18. 	As a result, energy 

efficiency can be improved. 

[0072] 

According to at least one embodiment described above, since the cross-sectional 

area and residual magnetic flux density of the permanent magnet 100 are determined 

such that the saturated magnetic flux density Bs of each bridge falls within a range 

between 1.2 T and 3.0 T, each bridge can be magnetically invalidated while minimizing 

the induced voltage. 	Thus, the saliency of the reluctance motor 1 can be improved, and 

the salient pole ratio can be increased. 	As a result, performance (torque, efficiency, a 

power factor, etc.) of the motor can be improved, and energy efficiency can be improved. 

[0073] 

While several embodiments of the present invention have been described, these 

embodiments are presented as examples and are not intended to limit the scope of the 

invention. 	The above embodiments can be realized in various other ways, and various 

omissions, substitutions, and modifications can be made without departing from the spirit 

of the present invention. 	The above embodiments and their modifications are included 

in the invention described in the claims and its equivalent scope in the same way that 
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they are included in the scope and spirit of the invention. 

DESCRIPTION OF REFERENCE NUMERALS 

[0074] 

1 Reluctance motor 

2 Stator 

3 Rotor 

4 Stator core 

5 Teeth 

7 Armature winding 

8 Rotating shaft (shaft) 

9 Rotor core 

11 Flux barrier 

18 Barrier region 

100 Permanent magnet 
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What is claimed is: 

1. 	A rotor, comprising: 

a shaft configured to rotate about the central axis; and 

a rotor core fixed to the shaft, 

wherein the rotor core has a plurality of flux barriers formed side by side in a 

radial direction of the rotor core, each of the flux barriers ranging from a certain portion 

to another portion of an outer circumferential surface of the rotor core, 

each of the flux barriers has: 

a plurality of bridges that include a bridge forming a part of the outer 

circumferential surface of the rotor core at opposite ends thereof in a longitudinal 

direction thereof; and 

one or more barrier regions that have a lower permeability than a 

portion other than each of the flux barriers in the rotor core between the plurality of 

bridges, 

a permanent magnet is provided in at least one of the barrier regions, 

a magnetizing direction of the permanent magnet is directed in a direction that 

intersects a longitudinal direction of each of the flux barriers at a position at which the 

permanent magnet is provided, and 

when a permeability of a region where the permanent magnet is not present in 

the barrier region is defined as [to, 

a cross-sectional area of the permanent magnet in a plane that is orthogonal to an 

extending direction of the shaft is defined as SM, 

a residual magnetic flux density of the permanent magnet is defined as Br, 

a recoil permeability of the permanent magnet is defined as 1.tre, 



35 

an arithmetic mean between a minimum and a maximum of a thickness of the 

barrier region is defined as tFB, and 

an arithmetic mean between a minimum and a maximum of a widths of the 

bridge is defined as WB, 

a value of ([1.0xSmx%)/(µ,extFrixwB) is within a range between 1.2 and 3.0. 

2. The rotor according to Claim 1, wherein the rotor core is formed with one or 

more magnetic paths which are separated by the flux barrier and through which magnetic 

flux produced by a stator passes. 

3. The rotor according to Claim 1, wherein the permanent magnet is provided in 

the barrier region that is formed at a position close to any one of opposite ends of at least 

one of the flux barrier in the longitudinal direction thereof, and a weight-adjusting 

member having nearly the same weight as the permanent magnet is provided in the 

barrier region that is fonned at a position close to the other end. 

4. The rotor according to Claim 1, wherein a non-magnetic material is filled 

between the rotor core and the permanent magnet in the barrier region. 

5. The rotor according to Claim 1, wherein a plurality of barrier regions including 

the barrier region are formed in at least one of the flux barriers, and the permanent 

magnet is provided in the barrier region that is closest to the shaft among the plurality of 

barrier regions. 

6. A reluctance motor, comprising: 
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the rotor defined in Claim 1; 

a stator core disposed on an outer circumference of the rotor core with a space 

from the rotor core and having a plurality 

other in a circumferential direction; and 

of teeth arranged with a space between each 

a multipole multiphase armature winding wound around the plurality of teeth. 


