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section of "What Is Claimed Is:" in pages 18 through 20 6. Subject Matter
of Amendment: As per the attached sheets (page 8 is canceled) 7. List of
Attached Documents:     New papers for the section of "Disclosure of The  





Invention"     one     New papers for the section of "What Is Claimed Is:"
one    



3        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 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 reversed 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 accoding to claim 3 comprises a stator and a rotor,
and permanent magnet housing spaces are formed at predetermined positions
which spaces are parallel to a rotation shaft of the rotor, and permanent
magnets having a  



4   predetermined thickness and width are housed in 



corresponding permanent magnet housing space, and spaces for flux barrier
is formed in the rotor each of 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, and a width and a housing
position of each permanent magnet is determined 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 oundary 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, and
wherein a formula of lr> 1m (1+cos[err]2)/sin[err]2-(1w[err]-1m[err])[err]
is determined in correspondence to formulae of 1w < 1m/sin(02/2) and 1r >
1r', and a formula of 1r < 1m
(1+cos[err]2)/sin[err]2+(1w[err]-1m[err])[err] is determined in 



correspondence to formulae of 1w < 1m/sin([err]2/2) and 1r > 1r', when an
angle between boundary faces in rotation axis side of a permanent magnet
housing space and a space for flux barrier is determined to be 2, a length
of the permanent magnet housing space in its thickness direction is
determined to be 1m, a distance between a connection section of boundary
faces of 



5   



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 a rotation
axis side is determined to be 1w, 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 1r, and a distance from a connection section of the boundary face of
the permanent magnet housing space in a rotation axis side and
corresponding boundary face of the space for flux barrier to a 



corresponding edge section of the permanent magnet in its width direction
is determined to be 1r'.      When the brushless DC motor according to
claim 3 is employed, 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 enlarging the permanent magnets in their
6  



sizes is prevented from occurrence. Because the brushless DC motor includes
the stator and the 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, and 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. And because the formula of 1r > 1m (1 +cos
[err]2)/sin[err]2-(1w[err]-1m[err])[err] is determined in correspondence to
formulae of 1w < 1m/sin([err]2/2) and 1r < 1r', and the formula of 1r<1m
(1+cos[err]2)/sin[err]2+(1w[err]-1m[err])[err] is 



determined in correspondence to formulae of 1w < 1m/sin([err]2/2) and 1r >
1r', when the angle between boundary                                   7 



faces in rotation axis side of the permanent magnet housing space and the
space for flux barrier is determined to be 2, the length of the permanent
magnet housing space in its thickness direction is determined to be 1m, 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 a rotation axis side is determined to be 1w, 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 1r, and the distance from
the connection section of the boundary face of the permanent magnet housing
space in a 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 1r'.      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    



8   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 that of claim 3, 



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 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 is determined to be formed
from the edge section of the   



9   permanent magnet housing section towards a rotor surface, and the width
of the permanent magnet is determined to be 



smaller than the width of the permanent magnet housing space. 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 enlarging the permanent
magnets in their sizes is prevented from occurrence. 



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 surface side which portion corresponds to an edge section of a
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 1m > 1m' when the distance of the permanent magnet
housing  



10   space in its thickness direction is determined to be 1m, and a 



distance of the space for flux barrier in a circumferential direction is
determined to be 1m'.      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 is 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 barrier so that the minimum
value of the distance from the portion of the bundary face of the permanent
magnet housing space in a rotoe 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 1m > lb when
the 



distance of the permanent magnet housing space in its thickness direction
is determined to be 1m, 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 reverse 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. 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 flux 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.   



12   What Is Claimed Is:  



1. (Cancel)      2. (Cancel)      3. (After Amendment) 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) 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 



13   



(4), and wherein a formula of 1r 1m (1+cos 2)/sin 2-(1w2- 1m2)1/2 is
determined in correspondence to formulae of lw < 1m/sin( 2/2) and 1r < 1r',
and a formula of 1r 1m (1+cos 2)/sin 2+(1w2-1m2)1/2 is determined in
correspondence to formulae of 1w < 1m/sin( 2/2) and 1r > 1r', 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 1m, 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 1w, 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 1r, 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
a corresponding edge section of the permanent magnet (4) 



in its width direction is determined to be 1r'.
14                                                   THIS SHEET HAS BEEN 



REPLACED       4. (After Amendment) A brushless DC motor as set forth in
claim 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 



bondary face of a permanent magnet housing space (3b).      5. (After
Amendment) 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 an edge section of a permanent magnet
housing section (3b) towards a rotor surface in an linear manner, and a
width of a permanent magnet (4) is determined to be smaller than a width of
the permanent magnet housing space (3b).      6. (Cancel) 



7. (After Amendment) 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 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 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 a 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 1m > 1m' is determined when the distance of the permanent magnet
housing space (3b) in its thickness direction is determined to be 1m, and a
distance of the space (3c) for flux barrier in a circumferential direction
is 



determined to be 1m'.    




















