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Specification 

Brushless DC Motor 

Technical Field 

The present invention relates to a brushless DC motor. 

More particularly, the present invention relates to a brushless 

DC motor including a stator and a rotor, which rotor includes 

permanent magnets each having a plate shape and a 

predetermined thickness therein so that the permanent 

magnets are parallel to a rotation axis of the rotor, and which 

rotor includes spaces for flux barrier each of which space 

elongates from an edge section of a permanent magnet 

housing space in a direction which is vertical to the rotation 

axis to a rotor surface. 

Background Art 

From past, investigation and development are advanced 

for applying a brushless DC motor to various fields in view of 

advantage of possibility of improving of efficiency due to lack 

of secondary copper losses. A brushless DC motor is 

classified into two groups. One group has an arrangement that 

permanent magnets are mounted on a rotor surface 
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(h~reinafter, referred to as a surface DC motor). The other 

group has an arrangement that permanent magnets are built in 

and maintained in an interior of the rotor (hereinafter, referred 

to as a built in DC motor). 

The built in DC motor includes a rotor in an interior of a 

stator, which rotor includes permanent magnets each having a 

plate shape· and a predetermined thickness therein so that the 

permanent magnets are parallel to a rotation axis of the ~otor, 

and which rotor includes spaces for flux barrier each of which 

space elongates from an edge section of a permanent magnet 

housing space in a direction which is vertical to the rotation 

axis to an rotor surface, as is illustrated in JapaD:ese Patent 

Laied-Open Gazette No. Hei 5-236686, and "Interior 

Permanent-Magnet Synchronous Motors for Adjustable-Speed 

Drives", IEEE TRANSACTIONS ON INDUSTRY 

APPLICATIONS, VOL. IA-22, NO. 4, JULY/AUGUST 

1986, for example. A built in DC motor has advantages in 

comparison to a surface DC motor that driving in a wider 

range is possible, a higher torque is generated, and driving 

with higher efficiency is possible due to higher torque. 

Further, a built in DC motor builts in and maintains 

permanent magnets within a rotor at predetermined positions 

which are near a rotation axis of the rotor so that a volume of 

each permanent magnet is smaller in comparison to a surface 

DC motor, therefore rare earth element permanent magnets 
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having larger energy products are employed as permanent 

magnets . 

. In a built in DC motor having the above arrangement, a 

plate shaped permanent ·magnet is housed in an entirety of 

each permanent magnet housing space which elongates in a 

direction which is parallel to a rotation axis. Therefore, a 

negative magnetic field converges at edge sections of the 

permanent magnet ( esch edge section faces a space for flux 

barrier) so that an operating point of the permanent magnet 

exceeds an inflection point and demagnetization of the 

permanent magnet occurs (refer to points A and B and an 

arrow of characteristic curves of a rare earth element 

permanent magnet illustrated in Fig. 12, for example), when a 

negative magnetic field is applied to the permanent magnet 

which is built in and maintained in an interior of a rotor such 

that when the built in DC motor is started, when an inverter is 

in trouble, when the built in DC motor is driven by magnetic 

flux weakening control and the like. Specifically, lines of 

magnetic force under a condition that a negative magnetic 

field is applied to a permanent magnet are lines of magnetic 

force illustrated in Fig. 13. When the permanentmagnet is 

virtually divided into 2 X 16 number of small regions and a 

magnetic flux density of each region is measured, the 

measured magnetic flux densities are magnetic flux densities 

illustrated in Fig. 14 and magnetic flux densities at both 
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regions which are located_ at edges are extremely smaller than 

that of other regions. In actual, the both edge regions exceed 

the inflection point so that magnetic flux densities of the both 

edge regions are 0. Further, each numeral illustrated in Fig. 14 

represents a magnetic flux density at a central point of each 
. region. 

When demagnetization of a permanent magnet occurs, an 

initial performance of a built in DC motor cannot be 

maintained so that reliability of a built in DC motor is 

lowered. 

To prevent these disadvantages from occurrence, it can 

be thought that permanent magnets having greater thicknesses 

are employed for a conventional built in DC motor, the 

thickness being determined so that a negative magnetic field is 

not converged at edge sections of the permanent magnets and 

demagnetization does not occur. When this arrangement is 

realized, needed quantity of rare earth element permanent 

magnet having a higher cost is increased so that a cost of a 

rotor is raised and causes a cost of a built in DC motor to be 

raised. 

Further, it can be thought that a flowing current is limited 

so that an operating point of a rare earth element permanent 

magnet does not exceed an inflection point, or that a 

temperature of a rare earth element permanent magnet is 

lowered. When such limitations are applied, an operating 
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range becomes narrower, a sufficiently great torque cannot be 

generated, driving with sufficiently high efficiency cannot be 

performed. Consequently, advantages of a built in DC motor 

cannot be sufficiently realized. 

The present invention was made in view of the above 

problems. 

It is an object of the present invention to offer a brushless 

DC motor which prevents convergence of a negative magnetic 

field at edge sections of each permanent magnet from 

occurrence and prevents demagnetization of each permanent 

magnet from occurence without an increase in thickness of 

each permanent magnet so that sufficient performance of a 

brushless DC motor is realized. 

Disclosure of The Invention 

A brushless DC motor according to claim 1 determines a 

permanent magnet housing space and a space for flux barrier 

so that a minimum value of a distance from a portion of a 

boundary face of the permanent inagnet housing space in a 

rotor surface side which boundary face corresponds to an edge 

section in an width direction of the permanent magnet to a 

boundary face of the permanent magnet housing space and the 

space for flux barrier in a rotation axis side of the rotor, is 

greater than a distance of the permanent magnet housing space 
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in its thickness direction at the edge section in the width 

direction of the permanent magnet. 

When the brushless DC motor accoding to claim 1 is 

employed, the brushless DC motor includes a stator and a 

rotor, and the permanent magnet housing spaces are formed at 

predetermined positions which spaces are parallel to the 

rotation axis of the rotor, and each permanent magnet having a 

predetermined thickness and width is housed in corresponding 

permanent magnet housing space, and each space for flux 

barrier is formed in the rotor which space elongates from 

corresponding edge section of the permanent magnet housing 

space in the width direction. of the permanent m~gnet towards 

a rotor surface. In the brushless DC motor, the permanent 

magnet housing space and the space for flux barrier are 

determined so that the minimum value of the distance from 

the portion of the boundary face of the permanent magnet 

housing space in the rotor surface side which boundary face 

corresponds to the edge section in the width direction of the 

permanent magnet to the boundary face of the permanent 

magnet housing space and the space for flux barrier in the 

rotation axis side of the rotor, is greater than the distance of 

the permanent magnet housing space in its thickness direction 

at the edge section in the wi4th direction of the permanent 

magnet. . Therefore, a negative magnetic field never converges 

at edge sections of each permanent magnet so that a negative 



7 

magnetic field is applied almost uniformly to an entirety of 

each permanent magnet, even when the negative magnetic 

field is applied to the permanent magnet. . Consequently, 

demagnetization due to convergence of the negative magnetic 

field is prevented from occurrence without increase of 

thickness· of the permanent magnet. Performance of a built in 

DC motor is sufficiently realized. An increse in cost of a built 

in DC motor due to enlarging the permanent magnets in their 

sizes is prevented from occurrence. 

A brushless DC motor accoding to claim 2 determines a 

width and a ~ousing position of each permanent magnet so 

that a minimum value of a distance from a portion of a 

boundary face of the permanent magnet housing space in a 

rotor surface side which boundary face corresponds to an edge 

section in an width direction of the permanent magnet to a 

boundary face of the permanent magnet housing space and the 

space for flux barrier in a rotation axis side of the rotor, is 

greater than a distance of the permanent magnet housing space 

in its thickness direction at the edge section in the width 

direction of the permanent magnet. 

When the brushless DC motor accoding to claim 2 is 

employed, the brushless DC motor includes a stator and a 

rotor, and the permanent magnet housing spaces are formed at 

predetermined positions which spaces are parallel to the 

rotation axis of the rotor, and each permanent magnet having a 
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predetermined thickness and width is housed in corresponding 

permanent magnet housing space, and each space for flux 

barrier is formed in the rotor which space elongates from 

corresponding edge section of the permanent magnet housing 

space in the width direction of the permanent magnet towards 

an rotor surface. In the hrushless DC motor, the width and the 

housing position of each permanent magnet are determined so 

that the minimum value of the distance from the portion of the 

·boundary face of the permanent magnet housing space in a 

rotor surface side which boundary face corresponds to the 

edge section in an width direction of the permanent magnet to 

the boundary face of the permanent magnet housing space and 

the space for flux barrier in the rotation axis side of the rotor, 

is greater than the distance of the permanent magnet housing 

space in its thickness direction at the edge section in the width 

direction of the permanent magnet. Therefore, a negative 

magnetic field never converges at edge sections of each 

permanent magnet so that a negative magnetic field is applied 

almost uniformly to an entirety of each permanent magnet, 

even when the negative magnetic field is applied to the 

permanent magnet. Consequently, demagnetization due to 

convergence of the negative magnetic field is prevented from 

occurrence without increase of thickness of the permanent 

magnet. Performance of a built in DC motor is sufficiently 

realized. An increse in cost of a built in DC motor due to 
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enlarging the permanent magnets in their sizes is prevented 

from occurrence. 

A brushless DC motor accoding to claim 3 determines a 

formula of Ir~ Im (1 +cos 92) I sin92-(lw2-lm2
)

112 in 

correspondence to formulae of lw < lm/sin(82/2) and Ir.::; Ir', 

and determines a formula of Ir > Im (1 +cos92/sin92) 

2+(lw2-lm2
)

112 in correspondence to formulae of lw < 

Im/sin(82/2) and Ir> Ir', when an angle between boundary 

faces in rotation axis side of a permanent magnet housing 

space and a space for preventing short circuit of magnetic flux 

from occurence is determined to be 2, a length of the 

permanent magnet housing space in its thickne$s direction is 

determined to be Im, a distance between a connection section 

of boundary faces of the permanent magnet.housing space and 

the space for flux barrier in a rotor surface side and a 

connection section of boundary faces of the permanent magnet · 

housing space and the space for flux barrier in an rotation axis 

side is determined to be lw, a distance from a connection 

section of the boundary face of the permanent magnet housing 

space in a rotor surface side. and corresponding boundary face 

of the space for flux barrier to an edge section of the 

permanent magnet in its width direction is determined to be Ir, 

and a distance from a connection section of the boundary face 

of the permanent magnet housing space in an rotation axis side 

and corresponding boundary face of the space for flux barrier 
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to an corresponding edge section of the permanent magnet in 

its width direction is determined to be Ir'. 

When the brushless DC motor according to claim 3 is 

employed, functions which are similar to those of claim 2 are 

performed because the formula of Ir> Im (l+cos02) I 

sin82-(lw2-lm2)112 in correspondence to formulae of lw < 

lm/sin(02/2) and Ir< Ir', and determines the formula of Ir> Im 

(1 +cos82)/sin82+(lw2-lm2)112 in correspondence to formulae of 

lw < lm/sin(82/2) and Ir> Ir', when the angle between 

boundary faces in rotation axis side of the permanent magnet 

housing space and the space for preventing short circuit of 

magnetic flux from occurence is determined to,_be 2, the 

length of the permanent magnet housing space in its thickness 

direction is determined to be Im, the distance between the 

connection section of boundary faces of the permanent magnet 

housing space and the space for flux barrier in a rotor surface 

side and the connection section of boundary faces of the 

permanent magnet housing space and the space for flux barrier 

in an rotation axis side is determined to be lw, the distance 

from the connection section of the boundary face of the 

permanent magnet housing space in a rotor surface side and 

corresponding boundary face of the space_ for flux barrier to 

the edge section of the permanent magnet in its width 

direction is determined to be Ir, and the distance from the 

connection section of the boundary face of the permanent 
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magnet housing space in an rotation axis side and 

corresponding boundary face of the space for flux barrier to 

the corresponding edge section of the permanent magnet in its 

width direction is determined to be Ir'. 

A brushless DC motor according to claim 4 further 

includes projection sections for preventing movement of a 

permanent magnet in its width direction which projection 

sections are formed at a bondary face of a permanent magnet 

housing space. 

The brushless DC motor according to claim 4 prevents a 

disadvantage from occurrence that the permanent magnet 

moves to a position at which a negative magnetic field may 

converge so that functions which are similar to those of one of 

claims 1 through 3 are performed, because the brushless DC 

motor further includes projection sections for preventing 

movement of the permanent magnet in its width direction 

which projection sections are formed at the bondary face of 

the permanent magnet housing space. 

A brushless DC motor according to claim 5 determines a 

space for flux barrier to be formed from an edge section of a 

permanent magnet housing section towards a rotor surface in 

an linear manner, and determines a width of a permanent 

magnet to be smaller than a width of a permanent magnet 

housing space. 

When the brushless DC motor according to claim 5 is 
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employed, the brushless DC motor includes a stator and a 

rotor, and the permanent magnet housing spaces are formed at 

predetermined positions which spaces are parallel to the 

rotation axis of the rotor, and each permanent magnet having a 

predetermined thickness and width is housed in corresponding 

permanent magnet housing space, and each space for flux 

barrier is formed in the rotor which space elongates from 

corresponding edge section of the permanent magnet housing 

space in the width direction of the permanent magnet towards 

a rotor surface. In the brushless DC motor, the space for flux 

barrier to be formed from the edge section-of the permanent 

magnet housing section towards the rotor surfa_ce in an linear 

manner, and determines the width of the permanent magnet to 

be smaller than the width of the permanent magnet housing 

space. Therefore, a negative magnetic field never converges at 

edge sections of each perm~ent magnet so that a negative 

magnetic field is applied almost uniformly to an entirety of 

each permanent magnet, even when the negative magnetic 

field is applied to the permanent magnet. Consequently, 

demagnetization due to convergence of the· negative magnetic 

field is prevented from occurrence without increase of 

thickness of the permanent magnet. Performance of a built in 

DC motor is sufficiently realized. An increse in cost of a built 

in DC motor due to enlarging the permanent magnets in their 

sizes is prevented from occurrence. 
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A brushless DC motor according to claim 6 determines a 

thickness of a space for flUx. barrier to be equal or smaller than 

a distance of a permanent magnet housing space in a thickness 

direction of a permanent magnet which distance is a distance 

at an edge section of the permanent magnet housing space in a 

width direction of the permanent magnet. 

When the brushless DC motor according to claim 6 is 

employed, the permanent magnet is positioned at a position of 

a rotor following a decrease in size of the space for flux 

barrier which position is more close position to a rotation axis 

of the rotor so that an iron section in an outer surface side of 

the permanent magnet and a magnetic flux flows more easily, 

therefore a reluctance torque is effectively utilized, in addition 

to the function of claim 5, because the brushless DC motor 

determines the thickness of the space for flux barrier to be 

equal or smaller than the distance of the permanent magnet 

housing space in a thickness direction of the permanent 

magnet which distance is a distance at the edge section of the 

permanent magnet housing space in a width direction of the 

permanent magnet. 

A brushless DC motor according to claim 7 forms a 

permanent magnet housing space and a space for flux barrier 

so that a minimum value of a distance from a portion of a 

bundary face of the permanent magnet housing space in a rotor 

swface side which portion corresponds to an edge section of a 
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permanent magnet in its width direction to. boundary faces of 

the both spaces in a rotation axis side of the rotor, is greater 

than a distance of the permanent magnet housing space in its 

thickness direction at the edge section of the permanent 

magnet in its width direction, and determines a formula of Im 

?: Im' when the distance of the permanent magnet housing 

space in its thickness direction is determined to be Im, and a 

distance of the space for flux barrier in a circumferential 

direction is detemined to be Im'. 

When the brushless DC motor according to claim 7 is 

employed, a negative magnetic field never converge at edge 

sections of each permanent magnet so that the negative 

magnetic field almost uniformly applied to the permanent 

magnet in its entirety even when the negative magnetic field is 

applied to the permanent magnet, because the brushless DC 

motor forms the permanent magnet housing space and the 

space for flux barrierc flux so that the minimum value of the 

distance from the portion of the bundary face of the permanent 

magnet housing space in the rotor surface side which portion 

· corresponds to the edge section of the permanent magnet in its 

width direction to boundary faces of the both spaces in a 

rotation axis side of the rotor, is greater than the distance of 

the permanent magnet housing space in its thickness direction 

at the edge section of the permanent magnet in its width 

direction, and determines the formula of Im > lb when the 
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distance of the permanent magnet housing space in its 

thickness direction is determined to be Im, and the distance of 

the space for flux barrier in a circumferential direction is 

determined to be lb. Consequently, demagnetization due to 

convergence of the negative magnetic field is prevented from 

occurrence without increase of thickness of the permanent 

magnet. Performance of a built in DC motor is sufficiently 

realized. An increse in cost of a built in DC motor due to 

enlarging the permanent magnets in their sizes is prevent~d 

from occurrence. Further, a magnetic resistance of the space 

for flux barrier is smaller when magnetic resistances of the 

permanent magnet section and the space for flux barrier are 

compared to one another, therefore a magnetic flux from a 

stator easily passes through the space for flux barrier within a 

negative magnetic field (during demagnetizing operation) so 

that demagnetizing operation to the permanent magnet is 

reduced. Furthermore, the permanent magnet is positioned in 

a position which is more close position to the rotation axis of 

the rotor following a decrease in size of the space for· flU.X 

barrier so that an iron section in an outer surface side of the 

permanent magnet and a magnetic flux flows more easily, 

therefore a reluctance torque is effectively utilized. 

Brief Description of The Drawings 
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Figure 1 is a cross sectional view schematically 

illustrating a brushless DC motor of an embodiment according 

to the present invention, 

Figure 2 is an enlarged diagram of a main portion in Fig. 

1, 

Figure 3 is a schematic diagram illustrating a main 

portion of a brushless DC motor of another embodiment 

according to the present invention, 

Figure 4 is a diagram illustrating lines of magnetic flux 

within a rotor when the embodiment illustrated in Fig. 3 is 

employed, 

Figure 5 is a diagram illustrating lines of IJlagnetic flux 

wothin a conventional rotor, 

Figure 6 is a schematic diagram illustrating a main 

portion in an enlarged condition of a brushless DC motor of a 

further embodiment according to the present invention, 

Figure 7 is a schematic diagram illustrating a main 

portion in an enlarged condition of a brushless DC motor of a 

further embodiment according to the. present invention, 

Figure 8 is a schematic diagram illustrating a main 

portion in an enlarged condition of a brushless DC motor of a 

further embodiment according to the present invention, 

Figure 9 is a cross sectional view taken along a line IX­

IX in Fig. 8, 

Figure 10 is a diagram illustrating a projection portion in 
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an enlarged condition, 

Figures 1 l(A) throgh 1 l(D) are schematic diagrams 

illustrating a main portion of brushless DC motors of further 

embodiments according to the present invention, 

Figure 12 is a diagram illustrating characteristic curves of 

a rare earth element permanent magnet, 

Figure 13 is a diagram illsutrating lines of magnetic force 

under a condition that a negative magnetic field is applied to a 

permanent magnet, and 

Figure 14 .is a diagram illustrating a measurement result 

of a magnetic flux density of each region when a permanent 

magnet is virtually divided into 2 X 16 small regions. 

Best Modes For Utilizing The Present Invention 

Hereinafter, referring to the attached drawings, we 

explain the present invention in detail. 

Fig. 1 is a cross sectional view schematically illustrating 

a brushless DC motor of an embodiment according to the 

present invention, while Fig. 2 is an enlarged diagram of a 

main portion in Fig. 1. 

The brushless DC motor includes a stator 1 having stator 

windings 2 and a rotor 3 having permanent magnets 4. The 

rotor 3 is made by laminating a plurality of electromagnetic 

steel plates and the rotor has a rotation shaft (rotation axis) 3a 
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which passes through their center in the shaft direction. 

Further, the rotor 3 _includes permanent magnet housing spaces 

3b each having a predetermined width and a predetermined 

thickness of Im and speces 3c for flux barrier. Each 

permanent magnet housing space 3b crosses atright angle to a 

radius at rotation symmetry position by 90 degrees, and 

elongates in the direction of the rotation shaft, and is 

positioned at a predetermined position which is a close 

position to the rotation shaft, because the brushless DC motor 

of this embodiment has a four pole arrangement. Each space 

3c for flux barrier elongates from an edge section of 

corresponding permanent magnet housing spac~ 3b towards a 

rotor surface 3. A permanent magnet 4 made of rare earth 

elememt magnet and the like is housed in each permanent 

magnet housing space 3b. Further, a first cross line of a 

boundary face 3bl of the permanent magnet housing space 3b 

in the rotation shaft side and a corresponding boundary face 

3c 1 of the space 3c for flux barrier is represented with a, a 

second cross line ofa boundary face 3b2 of the permanent 

magnet housing space 3b in a rotor surface side and a 

corresponding boundary face 3c2 of the space 3c for flux 

barrier is represented with b, an angle between the boundary 

face 3b 1 of the permanent magnet housing space 3b in the 

rotation shaft side and the corresponding boundary face 3c 1 of 

the space 3c for flux barrier is represented with 2, and an 
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edge section of the permanent magnet 4 on a face which is in 

the rotor surface side and in a direction which crosses at right 

angle to a radial direction of the rotor 3 is represented with c. 

Furthermore, a distance Im' between the second cross line b 

and the boundary face 3cl of the space 3c for flux barrier 

which boundary face 3c 1 corresponds to the boundary face 

3b 1 of the permanent magnet housing space 3b in the rotation 

shaft side, is determined to be shorter than a distance Im 

between the boundary faces 3bl and 3b2 of the permanent 

magnet housing space 3b. A distance Ir between the edge 

section c of the permanent magnet 4 and the second cross line 

b is determined to be longer than a distance Ir' between an 

edge section f on a face of the permanent magnet 4 which face 

is rotation shaft side and in a direction which crosses at right 

angle to the radial direction of the rotor 3 and the first cross 

line a. That is, the first cross line a is positioned outer side 

with respect to the second cross line b. 

Referring to Fig. 2, description is made in more detail. 

Further, a first and second dashed lines d and e and the solid 

line 3c 1 which are applied "11" in Fig. 2 are parallel to one 

another. Futhermore, the second dashed line e is a dashed line 

which represents a plane which passes through the second 

cross line b, the first dashed line d is a dashed line which 

represents a plane which passes through a straight line 

opposite to the first cross line a on an elongated portion of the 
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rotation shaft-ward boundary face 3b 1 of the permanent 

magnet housing space 3b. 

In this embodiment, the thickness Im' of the space 3c for 

flux barrier is determined to be smaller than the thickness Im 

of the permanent magnet housing space 3b and the first cross 

line a is positioned outward with respect to the second cross 

line b, therefore a distance between the both dashed lines d 

and e in an elongate direction of the boundary face 3bl of the · 

permanent magnet housing space 3b in an rotation shaft side 

of the rotor 3 is (lw2 + lm2)1'2, a distance betWeen the first 

dashed line d and the boundary face 3c 1 of the space 3c for 

flux barriere is -lmcos02, and a distance betwe~n the first 

dashed line d and the edge section c of the permanent magnet 

4 is {(lw2 + lm2)112 + lr}sin02. Consequently, a distance 

between the boundary face 3c 1 of the space 3c for flux barrier 

and the edge section c of the permanent magnet 4 is -lmcos02 

+ {(lw2 + lm2
)

1
'
2 + lr}sin02. When the distance is greater than 

. Im, a reverse magnetic field never converge at edge sections of 

the permanent magnet 4, therefore a formula of Ir > lm(l + 
cos 02) I sin02 - (lw2 + lm2)u2 is obtained by putting the 

relationship in order. 

Consequently, when the edge section c of the permanent 

magnet 4 is apart from the second cross line b so that the 

distance Ir satisfies the above formula, a negative magnetic 

field never converge the edge sections of the permanent 



21 
THIS SHEET HAS BEEN 

REPLACED 

magnet 4 an.d the negative magnetic field is applied uniformly 

to the permanent magnet 4 in its entirety. As. a result, 

demagnetization due to convergence of the negative magnetic 

field is prevented from occurrence without increase of 

thickness of the permanent magnet 4. Performance of a built 

in DC motor is sufficiently realized. An increse in cost of a 

built in DC motor due to enlarging the permanent magnets in 

their sizes is prevented from occurrence. 

Second Embodiment 

Fig. 3 is a schematic diagram illustrating ~ main portion 

of a brushless DC motor of another embodiment according to 

the present invention. 

This embodiment differs from the above embodiment in 

that the first cross line a is positioned at an inner position with 

respect to the second cross line b. 

When this embodiment is employed, a distance between 

the both dashed lines d and e in an elongate direction of the 

boundary face 3bl of the permanent magnet housing space 3b 

in an rotation shaft side of the rotor 3 is (lw2 + lm2)1'2, a 

distance between the first dashed line d and the boundary face 

3cl of the space 3c for flux barrier is -lmcos ·2, and a distance 

between the first dashed line d and the edge section c of the 

permanent magnet 4 is {Ir - (lw2 + lm2
)

112
} sin 02. 
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Consequently, a distance between the boundary face 3c 1 of the 

space 3c for flux barrier and the edge section c of the 

permanent magnet 4 is -Imcos 02 +{Ir - (lw2 + lm2
)

112}sin02. 

When the distance is greater than Im, a negative magnetic field 
.. 

never converge at edge sections of the permanent magnet 4, 

. therefore a formula of Ir > lm(l + cos92) I sin92 + (lw2 + 

Im2)112 is obtained by putting the relationship in order. 

Consequently, when the edge section c of the permanent 

magnet 4 is apart from the second cross line b so that the 

distance Ir satisfies the above formula, a negative magnetic 

field never converge the edge sections of the permanent 

magnet 4 and the negative magnetic field is applied uniformly 

to the permanent magnet 4 in its entirety. As a result, 

demagnetization due to convergence of the negative magnetic 

field is prevented from occurrence without increase of 

thickness of the permanent magnet 4. Performance of a built 

in DC motor is sufficiently realized. An increse in cost of a 

built in DC motor due to enlarging the permanent magnets in 

their sizes is prevented from occurrence .. 

Fig. 4 is .a diagram illustrating lines of magnetic flux 

within a rotor when the embodiment illustrated in Fig. 3 is 

employed, while Fig. 5 is a diagram illustrating lines of 

magnetic flux within a conventional rotor. 

In Fig. 5, a magnetic flux of a permanent magnet is 

suppressed in edge sections of the permanent magnet due to 
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influence of a negative magnetic field, but in Fig. 4, a 

magnetic flux goes out from a permanent magnet to a core of a 

rotor for entire extent of the permanent magnet. Therefore, it 

is understood that local convergence of a negative magnetic 

field is prevented from occurrence. 

Further, the thickness Im' of the space 3c for flux barrier 

is determined to be equal to or smaller than the thickness Im 

of the.permanent magnet housing space 3b, that is the 

thickness of the permanent magnet 4, in the case illustrated in 

Fig. 4, therefore permanent magnets 4 are possibly positioned 

at close positions to the rotation shaft 3a of the rotor 3, and 

iron sections (steel core) located in an outer siqe with respect 

to outer faces of the permanent magnets 4 are increased their 

volumes. In this case, a magnetic flux flows more easily due 

to the increase of the iron sections located in an outer side 

with respect to outer faces of the permanent magnets 4, 

therefore a reluctance torque is utilized more effectively. 

Further, a magnetic resistance of the space 3c for flux barrier 

is smaller than a magnetic resistance of the permanent magnet 

4, therefore a magnetic flux from the stator 1 passes through 

the space 3c for flux barrier more easily within a negative 

magnetic field (during demagnetizing operation is performed) 

so that demagnetizing operation to the permanent magnet 4 is 

weakened. 
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Third Embodiment 

Fig. 6 is a schematic diagram illustrating a main portion 

in an enlarged condition of a brushless DC motor of a further 

embodiment according to the present invention. 

This embodiment differs from the embodiment illustrated 

in Fig. 2 in that a minimum value of a distance between the 

second cross line b and a point on a boundary face of the space 

3c for flux barrier which boundary face corresponds to a 

boundary face of the permanent magnet housing space 3b in a 

rotation shaft side of the rotor, is determined to be equal to or 

greater than a distance of the permanent magnet housing space 

3b in a radial direction of the rotor. Further, in Fig. 6, a solid 

line represents a case in which the minimum value is equal to 

the distance of the permanent magnet housing.space 3b in a 

radial direction of the rotor, while a dashed line represents a 

case in which the minimum value is greater than the distance 

of the permanent magnet housing space 3b in a radial direction 

of the rotor. 

In this embodiment, when the edge section c is apart 

from the second cross line b so that a formula of Ir > 0 is 

satisfied (when Ir= 0, the edge section c is coincident to th~ 

second cross line b ), a negative magnetic field never converge 

the edge sections of the permanent magnet 4 and the negative 

magnetic field is applied uniformly to the permanent magnet 4 
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in its entirety. As a result, demagnetization due to 

convergence of the negative magnetic field is prevented from 

occurrence without increase of thickness of the permanent 

magnet 4. Performance of a built in DC motor is sufficiently 

realized. An increse in cost of a built in DC motor due to 

enlarging the permanent magnets in their sizes is prevented 

from occurrence. 

Further, in any one of the above embodiments, · 

description was made for a case in which the first cross line a 

actually exists. When the above boundary face of the 

permanent magnet housing space 3b and the above boundary 

face of the space 3c for flux barrier are smoothly connected in 

an arc shape, an operation which is similar to the operation of 

any one of the above embodiments is·performed by supposing 

a virtual cross line of the both boundary faces and by applying 

any one of the above embodiments. Furthermore, it is 

possible that a minimum value of a distance from a portion on 

a boundary face of the permanent magnet housing space in a 

rotor surface to a boundary face of the space for flux barrier in 

a rotation shaft side of the rotor, is determined to be greater 

than a thickness of the permanent magnet housing space 3b, 

and a step section is formed at a connection section qf the both 
'··. 

spaces, as is illustrated in Fig. 7. 

Fourth Embodiment 
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Fig. 8 is a schematic diagram illustrating a main portion 

in an enlarged condition of a brushless DC motor of a further 

embodiment according to the present invention, while Fig. 9 is 

a cross sectional view taken along a line IX-IX in Fig. 8. 

This embodiment differs from the above embodiment in 

that projection sections 3d for regulating a position of the 

permanent magnet 4 in its width direction are provided at 

predetermined positions of the rotor 3 so that the distances Ir 

at both edge sections of the permanent magnet 4 are securely 

maintained, which projection sections 3d are positioned at 

predetermined positions in an interor of the peonanent magnet 

housing space 3b. Each projection section 3d may be formed 

in an entire extent of the rotor 3 in a direction which is parallel 

to the rotation axis. Each projection section 3d also may be 

provided at least two positions which are different from one 

another and each projection section 3d may be formed in one 

body with one or more electromagnetic steel plates. Further, 

the thickness Im of the permanent magnet housing space 3b is 

locally decreased at a portion corresponding to the projection 

section 3d. Therefore, the thickness of the permanent magnet 

is determined to be greater so that a thickness It which is a 

locally decreased thickness is equal or greater than the 

thickness Id of the permanent magnet 4, as is illustrated in Fig. 

1 O, and convergence of a negative magnetic field to the edge 
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sections of the permanent magnet 4 is prevented from 

occurrence. Further, an extent for determining the thickness 

of the permanent magnet housing space 3b to be greater, is 

determined to be a predetermined extent (a predetermined 

extent for preventing convergence of a negative magnetic field 

from occurrence) in a direction which is parallel to the rotation 

shaft with respect to the position at which the projection 

section 3d is provided, when the projection sections 3d are 

locally provided. 

Therefore, the distances Ir are securely maintained at both 

edge sections of the permanent magnet 4, and an operations 

which is similar to the operation of the above embodiment is 

performed, when this embodiment is employed. 

Fifth Embodiment 

Figs. 1 l(A) throgh 1 l(D) are schematic diagrams 

illustrating a main portion of brushless DC motors of further 

embodiments according to the present invention. 

In these embodiments, a step section is provided at a 

connecion section of the space 3c for flux barrier to the 

permanent magnet housing section 3b so that the thickness Im' 

of the space 3c for flux barrier is greater than the thickness lm 

of the permanent magnet housing space 3b. Further, the step 

section is formed toward the rotation shaft 3a of the rotor 3. 
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Further, in Figs. l l{A) and 1 l(B), the thickness Im' of the 

space 3c for flux barrier is determined to· be smaller than the 

thickness Im of the permanent magnet housing space (the 

thickness of the permanent magnet 4 ), and the edge section of 

the permanent magnet 4 is apart to a center side of the 

permanent magnet housing space 3b by a predetermined 

distance with respect to a connection section of a face of the 

permanent magnet housing space 3b in a rotor surface side to a 

corresponding face of the space 3c for flux barrier (the width 

of the permanent magnet is determined to he smaller than the 

width of the permanent magnet housing space 3b ). 

When the embodiments illustrated in Figsf 1 l(A) and 

11 (B) are employed, the permanent magnets 4 are possibly 

disposed at close positions to the rotation shaft 3a of the rotor 

3 so that iron sections (steel cores) which are positioned outer 

side with respect to permanent magnets 4 are increased, 

because the thickness Im' of the space 3c for flux barrier is 

determined to be greater than the thickness Im of the 

permanent magnet housing space 3b, that is the thickness of 

the permanent magnet 4. In this case, a magnetic flux flows 

more easily due to the increase of the iron sections located in 

an outer side with respect to outer faces of the permanent 

magnets 4, therefore a re~uctance torque is utilized more 

effectively. Further, a magnetic resistance of the space 3c for 

flux barrier is smaller than a magnetic resistance of the 
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permanent magnet 4, the~efore a magnetic flux from the stator 

1 passes through the space 3c for flux barrier more easily 

within a negative magnetic field (during demagnetizing 

operation is performed) so that demagnetizing operation to the 

permanent magnet 4 is weakened. 

Further, in Figs. 1 l(C) and l l(D), the thickness Im' of the 

space 3c for flux barrier is determined to be equal to the 

thickness Im of the permanent magnet housing space (the 

thickness of the permanent magnet 4 ), and the permanent 

magnet 4 is housed within the permanent magnet housing 

space 3b so that the edge section of the permanent magnet 4 is 

coincident to a connection section of a face of the permanent 

magnet housing space 3b in a rotor surface side to a . 

corresponding face of the space 3c for flux barrier (the width 

of the permanent magnet is determined to be equal to the 

width of the permanent magnet housing space 3b). 

When the embodiments illustrated in Figs. 11 (C) and 

1 l(D) are employed, the permanent magnets 4 are possibly 

disposed at close positions to the rotation shaft 3a of the rotor 

3 {slightly apart positions with respect to the positions of Figs. 

1 l(A) and 1 l(B)} so that iron sections (steel cores) which are 

positioned outer side with respect to permanent magnets 4 are 

increased {quantities of increase of iron sections are slightly 

smaller than quantities of increase of iron sections of Figs. 

l l(A) and l l(B)}, because the thickness Im' of the space 3c 
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for flux barrier is determined to be equal to the thickness Im of 

the permanent magnet housing space 3b, that is the thickness 

of the permanent magnet 4. In this case, a magnetic flux flows 

more easily due to the increase of the iron sections located-in 

an outer side with respect to outer faces of the permanent 

magnets 4, therefore a reluctance torque is utilized more 

effectively. Further, magnetic resistances of the permanent 

magnet 4 and the space 3c for flux barrier are same to _one 

another, therefore the permanent magnet 4 can be housed 

·within the permanent magnet housing space 3b in its entirety. 

Possibility of Industrial Utilization 

Stable performance is achieved by suppressing 

demagnetization of permanent magnets and reluctance torque 

is effectively ~tilized when a brushless DC motor in which 

permanent magnets are provided at inner positions with 

respect to a surace of a rotor. 
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What Is Claimed Is: 

1. A brushless DC niotor comprising a stator (1) and a 

rotor (3), and permanent magnet housing spaces (3b) are 

formed at predetermined positions which spaces are parallel to 

a rotation shaft (3a) of the rotor (3), and permanent magnets. 

( 4) having a predetermined thickness and width are housed in 

corresponding permanent magnet housing space (3b ), and 

spaces (3c) for flux barrier is formed in the rotor (3) each of 

which space (3c) elongates from corresponding edge section 

of the permanent magnet housing space (3b) in the width 

direction of the permanent magnet ( 4) towards ,a rotor surface, 

and wherein the permanent magnet housing space (3b) and the 

space (3c) for flux barrier are determined so that the minimum 

value of the distance from the portion of the boundary face of 

the permanent magnet housing space (3b) in the rotor surface 

side which boundary face corresponds to the edge section in 

the width direction of the permanent magnet ( 4) to the 

boundary face of the permanent magnet housing space (3b) 

and the space (3c) for flux barrier in the.rotation axis side of 

the rotor (3), is greater than the distance of the permanent 

magnet housing space (3b) in its thickness direction at the 

edge section in the width direction of the permanent magnet 

(4). 

2. A brushless DC motor comprising a stator (1) and a 
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rotor (3), and permanent magnet housing spaces (3b) are 

formed at predetermined positions which spaces are parallel to 

a rotation shaft (3a) of the rotor (3), and permanent magnets 

( 4) having a predetermined thickness and width are housed in 

corresponding permanent magnet housing space (3b ), and 

spaces (3c) for flux barrier is formed in the rotor (3) each of 

which space (3c) elongates from corresponding edge section 

of the permanent magnet housing space (3b) in the width 

direction of the permanent magnet ( 4) towards a rotor surface, 

and wherein a width and a housing position of each permanent 

magnet ( 4) is determined so that a minimum value of a 

distance from a portion of a boundary face of the permanent 

magnet housing space (3b) in a rotor surface side which · 

boundary face corresponds to an edge section in an width 

direction of the permanent magnet (4) to a boundary face of 

the permanent magnet housing space (3b) and the space (3c) 

for flux barrier in a rotation axis side of the rotor (3), is greater 

than a distance of the permanent magnet housing space (3b) in 

its thickness direction at the edge section in the width 

direction of the permanent magnet (4). 

3. A brushless DC motor as set forth in claim 2, wherein 

a formula of Ir> Im (l+cos02)/sin02-(lw2-lm2)112 is 

determined in correspondence to formulae of lw < 

lm/sin(02/2) and Ir< Ir', and a formula of Ir > lm (1 +cos02) 

/sin02+(lw2-lm2)112 is determined in correspondence to 
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formulae of lw < Im I sin(02/2) and Ir > Ir', when an angle 

between boundary faces in rotation axis side of the permanent 

magnet housing space (3b) and the space (3c) for flux barrier 

is determined to be 2, a length of the permanent magnet 

housing space (3b) in its thickness direction is determined to 

be Im, a distance between a connection section of boundary 

faces of the permanent magnet housing space (3b) and the 

space (3c) for flux barrier in a rotor surface side and a 

connection section of boundary faces of the permanent 

magnet housing space (3b) and the space (3c) for flux barrier 

in a rotation axis side is determined to be lw, a distance from a 

connection section of the boundary face of the permanent 

magnet housing space (3b) in a rotor surface side and 

corresponding boundary face of the space (3c) for flux barrier · 

to an edge section of the permanent magnet ( 4) in its width 

direction is determined to be Ir, and a distance from a 

connection section of the boundary face of the permanent 

magnet housing space (3b) in a rotation axis side and 

corresponding boundary face of the space (3c) for flux barrier 

· to an corresponding edge section of the permanent magnet ( 4) 

in its width direction is determined to be Ir'. 

4. A brushless DC motor as set forth in one of claims 1 

through 3, further comprising projection sections (3d) for 

preventing movement of a permanent magnet ( 4) in its width 

direction which projection sections (3d) are formed at a 
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bondary face of a permanent magnet housing space (3b). 

5. A brushless DC motor comprising a stator (1) and a 

rotor (3), and permanent magnet housing spaces (3b) are 

formed at predetermined positions which spaces are parallel to 

a rotation shaft (3a) of the rotor (3), and permanent magnets 

( 4) each having a predetermined thickness and width are 

housed in corresponding permanent magnet housing space 

(3b ), and spaces (3c) for flux barrier are formed in the rotor 

(3) each of which· space (3c) elongates from corresponding 

edge section of the permanent magnet housing space (3b) in 

the width direction of the permanent magnet ( 4) towards a 

rotor surface, and wherein the space (3c) for flux barrier is 

formed from the edge section of the permanent magnet 

housing section (3b) towards a rotor surface in an linear 

. manner, and a width of the permanent magnet (4) is 

determined to be smaller than a width of the permanent 

magnet housing space (3b). 

6. A brushless DC motor as set forth in claim 5, wherein 

a thickness of the space (3c) for flux barrier is determined to 

be equal to or smaller than a distance of the permanent magnet 

housing space (3b) in a thickness direction of the permanent 

magnet ( 4) which distance is a distance at an edge section of 

the permanent magnet housing space (3b) in a width direction 

of the permanent magnet (4). 

7. A brushless DC motor comprising a stator (1) and a· 
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rotor (3), and permanent magnet housing spaces (3b) are 

formed at predetermined positions which spaces are parallel to 

a rotation shaft (3a) of the rotor (3), and permanent magnets 

( 4) each having a predetermined thickness and width are 

housed in corresponding permanent magnet housing space 

(3b ), and spaces (3c) for flux barrier are formed in the rotor 

(3) each of which space (3c) elongates from corresponding 

edge section of th~ permanent magnet housing space (3b) in 

the width direction of the permanent magnet ( 4) towards a 

rotor surface, and wherein the permanent magnet housing 

space (3b) and the space (3c) for flux barrier are formed so 

· that a minimum value of a distance from a portion of a 

bundary face of the permanent magnet housing space (3b) in a 

rotor ·surface side which portion corresponds to an edge 

section of the permanent magnet ( 4) in its width direction to 

boundary faces of the both spaces (3b )(3c) in a rotation axis 

side of the rotor (3 ), is greater' than a distance of the permanent 

magnet housing space (3b) in its thickness direction at the 

edge section of the permanent magnet (4) in its ·width 

direction, and a formula of Im > Im' is determined when the 

distance of the permanent magnet housing space (3b) in its 

thickness dire.ction is determined to be Im, and a distance of 

the space (3c) for flux barrier in a circumferential direction is 

determined to be Im'. 
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