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Description

[Field of the Invention]

[0001] The present invention relates to an axial gap
motor.
Priority is claimed on Japanese Patent Application No.
2007-261168.

[Background Art]

[0002] In a conventional art, for example, an axial gap
permanent magnet synchronous apparatus including a
pair of stators disposed opposite to each other to sand-
wich a rotor from both sides in a rotation axis direction,
and forming a magnetic flux loop through the pair of sta-
tors for a field magnetic flux by a permanent magnet of
the rotor is known (for example, refer to Japanese Un-
examined Patent Application, First Publication No.
H10-271784 and Japanese Unexamined Patent Appli-
cation, First Publication No. 2001-136721).

[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0003] However, in the above-described permanent
magnet synchronous apparatus according to the conven-
tional art, a field magnetic flux by a permanent magnet
of a rotor is swept between a pair of stators so that the
field magnetic flux straightly passes through the rotor. As
a result, it is possible to reduce an amount of magnetic
flux leakage in the rotor and increase an amount of an
interlinkage magnetic flux interlinking stator windings of
the stator.
In such a permanent magnet synchronous apparatus, it
is necessary to prevent the permanent magnet synchro-
nous apparatus from becoming complicated, prevent an
increase in cost consumed by manufacture thereof, re-
duce eddy current loss due to an armature magnetic flux
generated when current is applied to the stator to improve
operation efficiency of a permanent magnet generator,
and further increase the amount of the interlinkage mag-
netic flux interlinking the stator windings of the stator,
thereby increasing torque potential.
Document US 2004/0070307 A1 shows a dual stator ax-
ial gap DC brushless machine being provided with first
and second stators having equal pole counts, a given
pole arc, and a given slot arc. A rotor is disposed between
the first and second stators, having a pole count greater
than the first and second stators. The rotor includes a
plurality of alternating north and south poles of wedge
shaped permanent magnets mounted on the hub and
separated by spokes. A rotor retaining ring is disposed
around the periphery of the rotor to retain the magnets
to the rotor.
Document JP 2007-151321 A shows a rotor of a rotary
electric machine. In the rotor of the rotary electric ma-

chine comprising a rotor core formed annularly and hav-
ing magnet fixing parts at a plurality of positions along
the circumferential direction, and a plurality of permanent
magnets arranged at respective magnet fixing parts,
each magnet fixing part is provided with an opening hav-
ing an undercut in the direction for inserting the perma-
nent magnet when it is arranged. The permanent magnet
consists of a plurality of rectangular magnet pieces split
along the circumferential direction and having a circum-
ferential width not narrower than the circumferential pro-
jection width of the undercut and an insertion width in-
variant in the inserting direction, and two split magnet
pieces having such a shape as the split magnet piece is
removed from the plan view of the magnet fixing part and
a circumferential width formed not wider than the opening
so that they can be inserted into the magnet fixing part
from the opening.
Document JP 2005-341696 A shows an axial gap type
rotating electric machine comprising a rotor having a rotor
core, composed of a ferromagnet and a permanent mag-
net and a stator having stator teeth and a stator coil
wound to the stator teeth. The rotor and the stator are
arranged in the axial direction, and at least a part of a
face that opposes the stator of the permanent magnet is
covered with the ferromagnet.
Document JP 2007-215291 A shows a rotor for a motor
being equipped with: a magnet assembly which is made
in the shape of a ring plate; a rotor disc which retains the
internal perimetric side of the magnet assembly; and a
peripheral ring which retains the peripheral side of the
magnet assembly. The magnet assembly is composed
of: first and second main magnets whose directions of
magnetization are the directions of their obverses and
reverses and are just opposite to each other; and first
and second sub magnets whose directions magnetiza-
tion are the circumferential directions orthogonal to the
directions of obverses and reverses and are just opposite
to each other. At least one hand of the main magnet and
the sub magnet has a fan-shaped plane. The first and
second main magnets and the first and second sub mag-
nets are arranged so that each plane forms the same
surface of revolution and that the directions of magneti-
zation of adjacent magnets is orthogonal to each other.
[0004] This invention has been made in view of the
above circumstances, and it is an object of the present
invention to provide an axial gap motor capable of pre-
venting its constitution from becoming complicated, pre-
venting an increase in cost consumed by manufacture
thereof, reducing eddy current loss generated when cur-
rent is applied to improve operation efficiency, and further
increasing an amount of an interlinkage magnetic flux
interlinking stator windings of a stator.

[Means for Solving the Problems]

[0005] The present invention refers to an axial gap mo-
tor as defined in the independent claim 1. Further em-
bodiments of the invention are claimed in the dependent
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claims 2 to 5.
[0006] According to the axial gap motor of the present
invention, in a rotor frame including a shaft coupled to an
external drive shaft and to which torque is transmitted,
and a rim connected to the shaft through a plurality of
ribs, the ribs have radial inner ends mounted and fixed
into shaft side rib mounting holes. Since radial outer ends
are mounted and fixed into rim side rib mounting holes,
it is possible to prevent the constitution of the rotor frame
from becoming complicated. Therefore, for example, in
comparison with the case that the entire rotor frame is
manufactured by mechanical machining, since the rotor
frame can be manufactured by assembling a plurality of
non-magnetic members, it is possible to prevent an in-
crease in cost consumed for manufacture thereof. More-
over, since the rotor frame is made of a non-magnetic
material, eddy current loss generated when current is
applied can be reduced to improve operation efficiency
In addition, due to a magnetic flux lens effect by a so-
called Halbach arrangement of the permanent magnet,
magnetic fluxes of each of a main magnet piece and a
sub magnet piece can be converged, thereby increasing
an effective magnetic flux interlinking to the stator.
[0007] The radial inner end and the radial outer end of
the rib may be caulkable with respect to the shaft and
the rim, and at least one of the radial inner end and the
radial outer end of the rib is integrally fixed to at least one
of the shaft and the rim by caulking.
[0008] In this case, the rib can be fixed to the shaft and
the rim by caulking. Therefore, it is possible to prevent
the constitution of the rotor frame from being complicat-
ed, and readily integrally fix the shaft and the rim using
the ribs.
[0009] The rib may have a hollow shape in a part from
the radial inner end to the radial outer end.
[0010] In this case, by forming the rib in a hollow shape,
magnetic insulation can be improved. Therefore, since
magnetic fluxes of each of the magnetic pieces can be
effectively utilized, and eddy current loss due to an ar-
mature magnetic flux generated when current is applied
to the stators can be reduced, torque potential of the axial
gap motor can be increased. Accordingly, since an ex-
cessive increase in temperature due to Joule heat can
be prevented, operation efficiency of the axial gap motor
can be improved.
[0011] At least one of the shaft and the rim may have
a hollow shape.
[0012] In this case, by forming at least one of the shaft
and the rim in a hollow shape, magnetic insulation can
be improved. Therefore, since magnetic fluxes of each
of the magnetic pieces can be effectively utilized, and
eddy current loss due to an armature magnetic flux gen-
erated when current is applied to the stators can be re-
duced, torque potential of the axial gap motor can be
increased. Accordingly, since an excessive increase in
temperature due to Joule heat can be prevented, oper-
ation efficiency of the axial gap motor can be improved.
[0013] The stator may have a pair of stators including

a first stator and a second stator that are disposed op-
posing to each other in the rotation axis direction and
sandwich the rotor from both sides in the rotation axis
direction, and the sub magnet piece may include a pair
of a first sub permanent magnet piece and a second sub
permanent magnet piece that are contained between the
shaft and the rim and disposed at both sides of the rib in
the rotation axis direction.
[0014] In this case, due to a magnetic flux lens effect
by a so-called Halbach arrangement of the permanent
magnet by the main permanent piece, the first sub per-
manent magnet piece, and the second sub permanent
magnet piece, magnetic fluxes can be appropriately con-
verged.

[Effects of the Invention]

[0015] According to an axial gap motor of the present
invention, in a rotor frame including a shaft coupled to an
external drive shaft and to which torque is transmitted
and a rim coupled to the shaft through a plurality of ribs,
radial inner side ends of the ribs are mounted and fixed
into shaft side rib mounting holes. Therefore, since radial
outer side ends are mounted and fixed into rim side
mounting holes, it is possible to prevent the constitution
of the rotor frame from becoming complicated. Accord-
ingly, for example, in comparison with the case that the
entire rotor frame is manufactured by mechanical ma-
chining, since the rotor frame can be manufactured by
assembling a plurality of non-magnetic members, it is
possible to prevent an increase in cost consumed for
manufacture thereof. Moreover, since the rotor frame is
made of a non-magnetic material, eddy current loss gen-
erated when current is applied can be reduced to improve
operation efficiency. In addition, due to a magnetic flux
lens effect by a so-called Halbach arrangement of the
permanent magnet, magnetic fluxes of each of a main
magnet piece and a sub magnet piece can be converged,
thereby increasing an effective magnetic flux interlinking
to the stator.

[Brief description of the Drawings]

[0016]

[FIG. 1] FIG. 1 is a perspective view of an axial gap
motor according to an embodiment of the present
invention;
[FIG. 2] FIG. 2 is an exploded perspective view of a
rotor of the axial gap motor;
[FIG. 3] FIG. 3 is a cross-sectional view of the rotor
of the axial gap motor;
[FIG. 4] FIG. 4 is a cross-sectional view of a major
part of the rotor of the axial gap motor;
[FIG. 5] FIG. 5 is an exploded perspective view of a
rotor frame of the axial gap motor;
[FIG. 6] FIG. 6 is a perspective view of a major part
of a radial rib of the rotor frame of the axial gap motor;
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[FIG. 7] FIG. 7 is a perspective view of the rotor frame
of the axial gap motor;
[FIG. 8] FIG. 8 is a perspective view of a major part
of a radial rib of a rotor frame according to a first
modified example of the axial gap motor;
[FIG. 9] FIG. 9 is a perspective view of a major part
of a radial rib of a rotor frame according to a second
modified example of the axial gap motor; and
[FIG. 10] FIG. 10 is a perspective view of a rotor
frame according to a third modified example of the
axial gap motor.

[Description of Reference Numerals]

[0017]

10: Axial gap motor
11: Rotor
12: Stator (stator, first stator, second stator)
31: Main magnet pole (main magnet)
32: Sub magnet
33: Rotor frame
35: Radial rib (rib)
35a: Radial inner side end
35b: Radial outer side end
36: Shaft
36a: Shaft side rib mounting hole
37: Rim
37a: Rim side mounting hole
41: Main permanent magnet piece (main magnet
piece)
43: Sub permanent magnet piece (sub magnet
piece, first sub permanent magnet piece, second sub
permanent magnet piece)

[Best Mode for Carrying out the Invention]

[0018] Hereinafter, an axial gap motor according to an
embodiment of the present invention will be described
with reference to the accompanying drawings.
An axial gap motor 10 according to the embodiment, for
example, as shown in FIGS. 1 and 2, includes a substan-
tially annular rotor 11, and a pair of stators 12 and 12.
The rotor 11 is installed rotatably about a rotation axis O
of the axial gap motor 10. In addition, the pair of stators
12 and 12 has stator windings with a plurality of phases
that generates a rotating magnetic field for rotating the
rotor 11.
[0019] The axial gap motor 10 is mounted as a drive
source in, for example, a vehicle such as a hybrid vehicle
or an electric vehicle, and has an output shaft coupled
to an input shaft of a transmission (not shown in the fig-
ure), so that a drive force of the axial gap motor 10 is
transmitted to drive wheels (not shown in the figure) of
the vehicle through the transmission.
[0020] When a drive force is transmitted from the drive
wheels to the axial gap motor 10 in deceleration of the
vehicle, the axial gap motor 10 functions as a generator

to generate a so-called regenerative brake force, thereby
recovering kinetic energy of a vehicle body as the energy
(regenerative energy). In addition, for example, in the
hybrid vehicle, when a rotation shaft of the axial gap mo-
tor 10 is coupled to a crankshaft of an internal combustion
engine (not shown in the figure), the axial gap motor 10
functions as a generator to generate the electric power
generation energy, even when an output of the internal
combustion engine is transmitted to the axial gap motor
10.
[0021] Each stator 12 includes a substantially annular
plate-shaped yoke 21, a plurality of teeth 22, ..., and 22,
and stator windings (not shown in the figure) mounted
between appropriate teeth 22 and 22. The plurality of
teeth 22, ..., and 22 project in a rotation axis O direction
from positions at predetermined intervals in a circumfer-
ential direction on an opposite surface of the yoke 21,
which is opposite to the rotor 11, toward the rotor 11 and
also extend in a radial direction.
[0022] Each stator 12 is, for example, a 6N type having
six main poles (for example, U+ , V+ , W+, U- , V- and W-),
which is set such that U+ , V+ and W+ poles of one stator
12 are opposite to U-, V- and W- poles of the other stator
12 in the rotation axis O direction.
For example, in the pair of stators 12 and 12 opposite to
each other in the rotation axis O direction, three teeth 22,
22 and 22 of one stator 12 corresponding to one sides
of U+, V+ and W+ poles and U-, V- and W- poles are set
to be opposite in the rotation axis O direction to three
teeth 22, 22 and 22 of the other stator 12 corresponding
to the other sides of U+, V+ and W+ poles and U- , V- and
W- poles. In addition, a electric current state of the teeth
22 of one stator 12 and a electric current state of the teeth
22 of the other stator 12 that are opposite to each other
in the rotation axis O direction are set to be in a reversed
state in terms of electric angle.
[0023] For example, as shown in FIG. 2, the rotor 11
includes a plurality of main magnet poles 31, ..., and 31,
a plurality of sub magnets 32, ..., and 32, a rotor frame
33 made of a non-magnetic material, and an output shaft
34 made of a magnetic material. The main magnet poles
31 and the sub magnets 32 are contained in the rotor
frame 33 in a state in which they are alternately disposed
in the circumferential direction.
[0024] The rotor frame 33 includes an inner circumfer-
ential side annular shaft 36 and an outer circumferential
side annular rim 37, which are coupled by a plurality of
radial ribs 35, ..., and 35 disposed at predetermined in-
tervals in the circumferential direction. The output shaft
34, coupled to an exterior drive shaft (for example, an
input shaft, etc., of a transmission of a vehicle), is coupled
to an inner circumferential portion of the shaft 36.
[0025] The main magnet pole 31 includes a substan-
tially fan-like plate-shaped main permanent magnet
piece 41 magnetized in a thickness direction (i.e., in the
rotation axis O direction), and a pair of substantially fan-
like plate-shaped magnetic members 42 and 42 to sand-
wich the main permanent piece 41 from both sides in the
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thickness direction. Each of the main permanent mag-
netic pieces 41 and 41 of the main magnet poles 31 and
31 adjacent to each other in the circumferential direction
is set to have different magnetization directions.
[0026] The plurality of main magnet poles 31, ..., and
31 contained in the rotor frame 33 are disposed to be
sandwiched by the shaft 36 and the rim 37 from both
sides in the radial direction and adjacent to each other
through the radial ribs 35 in the circumferential direction.
In the rotor frame 33, the main permanent magnet pieces
41 of each main magnet pole 31 are sandwiched between
two radial ribs 35 from both sides in the circumferential
direction. A thickness of the main permanent magnetic
piece 41 in the rotation axis O direction is equal to a
thickness of the radial rib 35 in the rotation axis O direc-
tion.
[0027] The sub magnet 32 includes a pair of sub per-
manent magnet pieces 43 and 43 to sandwich the radial
ribs 35 from both sides in the rotation axis O direction in
the rotor frame 33. Each of the pair of sub permanent
magnet pieces 43 and 43 opposite to each other in the
rotation axis O direction is magnetized in a direction par-
allel to the rotation axis O direction and the radial direction
(in substantially the circumferential direction) to form dif-
ferent magnetization directions.
A thickness of the sub permanent magnet piece 43 in the
rotation axis O direction is equal to a thickness of the
magnetic member 42 in the rotation axis O direction, and
a circumferential width of the sub permanent magnet
piece 43 is equal to a circumferential width of the radial
rib 35.
[0028] In the rotor frame 33, the sub permanent mag-
net pieces 43 and 43 of the sub magnets 32 and 32 ad-
jacent to each other in the circumferential direction sand-
wich the magnetic member 42 of the main magnet pole
31 from both sides in the circumferential direction.
In FIG. 2 separately showing the rotor frame 33 of the
rotor 11 from other elements except the rotor frame 33
(i.e., the main magnet pole 31 and the sub magnet 32),
spaces 43a in which the radial ribs 35 of the rotor frame
33 are designed to be disposed are formed between the
pair of sub permanent magnet pieces 43 and 43 opposite
to each other in the rotation axis O direction and between
the main permanent magnet pieces 41 and 41 adjacent
to each other in the circumferential direction.
[0029] The pair of sub permanent magnet pieces 43
and 43 opposite to each other in the circumferential di-
rection through the magnetic member 42 have different
magnetization directions.
The pair of sub permanent magnet pieces 43 and 43
disposed at one side in the rotation axis O direction are
disposed to oppose their magnetic poles with the same
polarity as that of one side of the main permanent magnet
piece 41 magnetized in the rotation axis O direction. In
addition, the pair of sub permanent magnet pieces 43
and 43 disposed at the other side in the rotation axis O
direction are disposed to oppose magnetic poles with the
same polarity as that of the other side of the main per-

manent magnet piece 41 magnetized in the rotation axis
O direction.
[0030] That is, for example, in the main permanent
magnet piece 41 having one side with an N polarity and
the other side with an S polarity in the rotation axis O
direction, the pair of sub permanent magnet pieces 43
and 43 sandwiching the magnetic member 42 from both
sides in the circumferential direction at one side in the
rotation axis O direction are disposed to face their re-
spective N poles in the circumferential direction. In addi-
tion, the pair of sub permanent magnet pieces 43 and 43
sandwiching the magnetic member 42 from both sides
in the circumferential direction at the other side in the
rotation axis O direction are disposed to face their re-
spective S poles in the circumferential direction.
Therefore, due to a magnetic flux lens effect by a so-
called Halbach arrangement of the permanent magnet,
magnetic fluxes of each of the main permanent magnet
piece 41 and the sub permanent magnet pieces 43 and
43 are converged. As a result, effective magnetic fluxes
interlinking to each of the stators 12 and 12 can be rela-
tively increased.
[0031] For example, as shown in FIGS. 3 to 7, in the
rotor frame 33, the shaft 36 has shaft side rib mounting
holes 36a as through-holes through which the radial ribs
35 are mounted, and the rim 37 includes rim side rib
mounting holes 37a as through-holes through which the
radial ribs 35 are mounted.
For example, as shown in FIG. 6, the radial rib 35 has a
hollow cylindrical shape, and a radial inner end 35a that
is caulkable is mounted in the shaft side rib mounting
hole 36a, and a radial outer end 35b that can be caulked
is mounted in the rim side rib mounting hole 37a.
[0032] For example, as shown in FIG. 4, the radial inner
end 35a of the radial rib 35 mounted in the shaft side rib
mounting hole 36a is caulked, with an inner diameter of
the radial inner end 35a gradually increased from the
radial outside toward the radial inside thereof. Therefore,
the radial rib 35 is fixed to the shaft 36. In addition, for
example, the radial rib 35 may be coupled to the shaft
35 by welding, etc.
Similarly, the radial outer end 35b of the radial rib 35
mounted in the rim side mounting hole 37a is caulked,
with an inner diameter of the radial outer end 35b grad-
ually increased from the radial inside toward the radial
outside thereof. Therefore, the radial rib 35 is fixed to the
rim 37. In addition, for example, the radial rib 35 is coupled
to the rim 37 by welding, etc.
[0033] An inner circumferential surface 36A of the shaft
36 has a concave surface in which a central part in the
rotation axis O direction is curved inward in the radial
direction. In addition, an outer circumferential surface
37A of the rim 37 has a concave surface in which a central
part in the rotation axis O direction is curved outward in
the radial direction.
On the inner circumferential surface 36A of the shaft 36,
an open end 36b of the shaft side rib mounting hole 36a
has a tapered surface having a diameter that gradually
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increases from the radial outside toward the radial inside
thereof. On the outer circumferential surface 37A of the
rim 37, an open end 37b of the rim side rib mounting hole
37a has a tapered surface having a diameter that grad-
ually increases from the radial inside toward the radial
outside thereof. In addition, the ends 35a and 35b of the
caulked radial rib 35 are in contact with the open ends
36b and 37b.
[0034] For example, as shown in FIG. 4, an outer cir-
cumferential side end 36c of an axial end 36B of the shaft
36 in the rotation axis O direction and an inner circum-
ferential side end 37c of an axial end 37B of the rim 37
in the rotation axis O direction can be caulked. The
caulked ends 36c and 37c are in contact either with cham-
fered parts (not shown in the figure) formed at both radial
outer ends of the magnetic member 42 of the main mag-
net pole 31 in the rotation axis O direction or chamfered
parts 43b formed at both radial outer ends of the sub
permanent magnet piece 43 of the sub magnet 32 in the
rotation axis O direction.
That is, the plurality of main magnet poles 31, ..., and 31
and the plurality of sub magnets 32, ..., and 32 contained
in the rotor frame 33 are fixed by caulking the ends 36c
and 37c of the shaft 36 and the rim 37.
[0035] For example, as shown in FIGS. 3 to 5, the out-
put shaft 34 has substantially a disc shape projecting
outward in the rotation axis O direction from the radial
outside toward the radial inside thereof. An outer circum-
ferential portion 34a of the output shaft 34 and an inner
circumferential side axial end 36d as an inner circumfer-
ential side end of the shaft 36 in the rotation axis O di-
rection have shapes that can be press-fitted to each oth-
er, and for example, coupled to each other by welding,
etc.
[0036] As described above, according to the axial gap
motor 10 according to the embodiment, by fixing the shaft
36 and the rim 37 sandwiched from both sides in the
radial direction by the radial ribs 35 mounted in each of
the rib mounting holes 36a and 37a, it is possible to pre-
vent the constitutions of the plurality of main magnet
poles 31, ..., and 31 and the plurality of sub magnets
32, ..., and 32 contained in the rotor frame 33 from be-
coming complicated. For example, in comparison with
the case in which the entire rotor frame 33 in which the
shaft 36, the rim 37 and the radial ribs 35 are integrally
formed with each other is manufactured by mechanical
machining, the rotor frame 33 can be manufactured by
assembling a plurality of non-magnetic members. There-
fore, it is possible to prevent an increase in cost con-
sumed for manufacture thereof.
[0037] In addition, since the radial ribs 35 can be fixed
to the shaft 36 and the rim 37 by caulking, it is possible
to prevent the constitution of the rotor frame 33 from be-
coming complicated, and readily integrally fix the shaft
36 and the rim 37 using the radial ribs 35.
[0038] Further, by forming the radial rib 35 in a hollow
shape, magnetic insulation can be improved, magnetic
fluxes of each of the magnetic pieces 41 and 43 can be

effectively utilized, and eddy current loss due to an ar-
mature magnetic flux generated when current is applied
to the stators 12 can be reduced. Further, torque potential
of the axial gap motor 10 can be increased, and an ex-
cessive increase in temperature due to Joule heat can
be prevented. As a result, operation efficiency of the axial
gap motor 10 can be improved.
[0039] Moreover, since the main magnet pole 31 and
the sub magnet 32 are fixed to the rotor frame 33 by the
caulked ends 36c and 37c of the shaft 36 and the rim 37,
it is possible to prevent thermal deterioration of a mag-
netic path generated when they are fixed by welding.
Moreover, only the members positioned adjacent to the
main magnet pole 31 and the sub magnet 32 (i.e., the
radial ribs 35, the shaft 36 and the rim 37) are made of
a non-magnetic material, and the output shaft 34, etc.,
not contributing the magnetic path, is made of other struc-
tural materials except the non-magnetic material (for ex-
ample, a magnetic material). Therefore, it is possible to
prevent an increase in cost consumed for the constitution
of the axial gap motor 10, while securing a desired mag-
netic path.
[0040] In the above-described embodiment, while the
radial rib 35 has a hollow cylindrical shape, it is not limited
thereto, but may, for example, as shown in FIG. 8, have
a solid column shape. In addition, for example, as shown
in FIG. 9, the radial rib 35 has a hollow cylindrical shape
and may include beam-like members 35c disposed at
different positions on an inner circumferential surface
thereof.
Further, for example, as shown in FIG. 10, the radial rib
35 may have a square cylindrical shape or a rectangular
column shape having a substantially rectangular cross-
section in the radial direction.
[0041] In the above-described embodiment, at least
one of the shaft 36 and the rim 37 may have a hollow
shape.
In this case, magnetic insulation can be improved, mag-
netic fluxes of each of the magnetic pieces 41 and 43
can be effectively utilized, and eddy current loss due to
an armature magnetic flux generated when current is ap-
plied to the stators 12 can be reduced. In addition, torque
potential of the axial gap motor 10 can be increased, and
an excessive increase in temperature due to Joule heat
can be prevented. As a result, operation efficiency of the
axial gap motor 10 can be improved.
[0042] In the above-described embodiment, the sta-
tors 12 may be installed at any one side in the rotation
axis O direction, and the sub magnet 32 may have the
sub permanent magnet pieces 43 provided at any one
side in the rotation axis O direction.

Claims

1. An axial gap motor including a rotor (11) rotatable
about a rotation axis (O), and a stator (12) disposed
opposing to the rotor (11) from at least one side in a
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rotation axis direction, wherein the rotor (11) com-
prises:

a rotor frame (33) including a plurality of ribs (35)
extending in a radial direction, an inner circum-
ferential side annular shaft (36), and an outer
circumferential side annular rim (37), which are
integrally coupled to each other through the ribs
(35); and
a plurality of main magnets magnetized in the
rotation axis direction, and having a main mag-
net piece (41) disposed between a pair of the
ribs (35) which are adjacent to each other in a
circumferential direction;
characterized in that
the rotor (11) further comprises a plurality of sub
magnets magnetized in a direction perpendicu-
lar to the rotation axis direction and the radial
direction, and having sub magnet pieces (43)
disposed on at least one side of the rib (35) in
the rotation axis direction,
the shaft (36) has shaft side rib mounting holes
(36a) through which the ribs (35) are mounted,
the rim (37) has rim side rib mounting holes (37a)
through which the ribs (35) are mounted,
the ribs (35) have radial inner ends mounted and
fixed into the shaft side rib mounting holes (36a)
and radial outer ends mounted and fixed into the
rim side rib mounting holes (37a), and
in the rotor frame (33), the main magnets and
the sub magnets are alternately disposed in the
circumferential direction, between the shaft (36)
and the rim (37).

2. The axial gap motor according to claim 1, wherein
the radial inner end (35a) and the radial outer end
(35b) of the rib (35) are caulkable with respect to the
shaft (36) and the rim (37), and
at least one of the radial inner end (35a) and the
radial outer end (35b) of the rib (35) is integrally fixed
to at least one of the shaft and the rim (37) by caulk-
ing.

3. The axial gap motor according to claim 1 or 2, where-
in the rib (35) has a hollow shape in a part from the
radial inner end (35a) to the radial outer end (35b).

4. The axial gap motor according to any one of claims
1 to 3, wherein at least one of the shaft and the rim
(37) has a hollow shape.

5. The axial gap motor according to any one of claims
1 to 4, wherein the stator (12) has a pair of stators
(12) including a first stator and a second stator that
are disposed opposing to each other in the rotation
axis direction and sandwich the rotor (11) from both
sides in the rotation axis direction, and
the sub magnet piece (43) includes a pair of a first

sub permanent magnet piece and a second sub per-
manent magnet piece that are contained between
the shaft (36) and the rim (37) and disposed at both
sides of the rib (35) in the rotation axis direction.

Patentansprüche

1. Motor mit Axialspalt, der einen Rotor (11), der dreh-
bar um eine Drehachse (0) angeordnet ist, und einen
Stator (12) umfasst, der aus wenigstens einer Seite
in einer Drehachsenrichtung gegenüberliegend dem
Rotor (11) angeordnet ist, wobei der Rotor (11) auf-
weist:

einen Rotorrahmen (33), der mehrere Rippen
(35) umfasst, die sich in einer Radialrichtung er-
strecken, eine ringförmige Welle (36) auf der In-
nenumfangsseite und einen ringförmigen Kranz
(37) auf der Außenumfangsseite, die durch die
Rippen (35) integral miteinander verbunden
sind; und
mehrere Hauptmagnete, die in der Drehachsen-
richtung magnetisiert sind, und ein Hauptma-
gnetstück (41) zwischen einem Paar von Rippen
(35), die in einer Umfangsrichtung benachbart
zueinander sind, angeordnet haben; dadurch
gekennzeichnet, dass
der Rotor (11) ferner mehrere Nebenmagneten
hat, die in einer Richtung senkrecht zu der Dreh-
achsenrichtung und der Radialrichtung magne-
tisiert sind und der Nebenmagnetstücke (43) auf
wenigstens einer Seite der Rippe (35) in der
Drehachsenrichtung angeordnet hat,
die Welle (36) wellenseitige Rippenmontagelö-
cher (36a) hat, durch welche die Rippen (35)
montiert sind,
der Kranz (37) kranzseitige Montagelöcher
(37a) hat, durch welche die Rippen (35) montiert
sind,
die Rippen (35) radial innere Enden, die in den
wellenseitigen Rippenmontagelöchern (36a)
montiert und befestigt sind und radial äußere
Enden haben, die in den kranzseitigen Rippen-
montagelöchern (37a) montiert und befestigt
sind, und
die Hauptmagnete (33) und die Nebenmagnete
in dem Rotorrahmen (33) in der Umfangsrich-
tung abwechselnd zwischen der Welle (36) und
dem Kranz (37) angeordnet sind.

2. Motor mit Axialspalt nach Anspruch 1, wobei das ra-
dial innere Ende (35a) und das radial äußere Ende
(35b) der Rippe (35) in Bezug auf die Welle (36) und
den Kranz (37) verstemmbar sind, und
das radial innere Ende (35a) und/oder das radial äu-
ßere Ende (35b) der Rippe (35) an der Welle und/
oder dem Kranz (37) durch Verstemmen integral be-
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festigt sind/ist.

3. Motor mit Axialspalt nach Anspruch 1 oder 2, wobei
die Rippe (35) in einem Teil von dem radial inneren
Ende (35a) zu dem radial äußeren Ende (35b) eine
hohle Form hat.

4. Motor mit Axialspalt nach einem der Ansprüche 1
bis 3, wobei die Welle und/oder der Kranz (37) eine
hohle Form haben/hat.

5. Motor mit Axialspalt nach einem der Ansprüche 1
bis 4, wobei der Stator (12) ein Paar Statoren (12)
hat, das einen ersten Stator und einen zweiten Stator
umfasst, die in der Drehachsenrichtung einander ge-
genüberliegend angeordnet sind und den Rotor (11)
von beiden Seiten in der Drehachsenrichtung ein-
schließen, und
das Nebenmagnetstück (43) ein Paar aus einem er-
sten Nebenpermanentmagnetstück und einem
zweiten Nebenpermanentmagnetstück umfasst, die
zwischen der Welle (36) und dem Kranz (37) enthal-
ten sind und in der Drehachsenrichtung auf beiden
Seiten der Rippe (35) angeordnet sind.

Revendications

1. Moteur à entrefer axial comprenant un rotor (11) pou-
vant tourner autour d’un axe de rotation (O), et un
stator (12) disposé à l’opposé du rotor (11) à partir
d’au moins un côté dans une direction d’axe de ro-
tation, dans lequel le rotor (11) comprend :

un châssis de rotor (33) comprenant une plura-
lité de nervures (35) s’étendant dans une direc-
tion radiale, un arbre annulaire du côté circon-
férentiel interne (36) et une collerette annulaire
du côté circonférentiel externe (37), qui sont
couplés de manière solidaire l’un à l’autre par le
biais des nervures (35) ; et
une pluralité d’aimants principaux aimantés
dans la direction d’axe de rotation, et ayant une
pièce d’aimant principal (41) disposée entre une
paire de nervures (35) qui sont adjacentes entre
elles dans une direction circonférentielle ;
caractérisé en ce que :

le rotor (11) comprend en outre une pluralité
de sous-aimants aimantés dans une direc-
tion perpendiculaire à la direction d’axe de
rotation et la direction radiale, et ayant des
pièces de sous-aimant (43) disposées au
moins d’un côté de la nervure (35) dans la
direction d’axe de rotation,
l’arbre (36) a des trous de montage de ner-
vure du côté de l’arbre (36a) à travers les-
quels les nervures (35) sont montées,

la collerette (37) a des trous de montage de
nervure du côté de la collerette (37a) à tra-
vers lesquels les nervures (35) sont mon-
tées,
les nervures (35) ont des extrémités inter-
nes radiales montées et fixées dans les
trous de montage de nervure du côté de l’ar-
bre (36a) et des extrémités externes radia-
les montées et fixées dans les trous de mon-
tage de nervure du côté de la collerette
(37a), et
dans le châssis de rotor (33), les aimants
principaux et les sous-aimants sont dispo-
sés de manière alternée dans la direction
circonférentielle, entre l’arbre (36) et la col-
lerette (37).

2. Moteur à entrefer axial selon la revendication 1, dans
lequel l’extrémité interne radiale (35a) et l’extrémité
externe radiale (35b) de la nervure (35) peuvent être
calfatées par rapport à l’arbre (36) et à la collerette
(37), et
au moins l’une parmi l’extrémité interne radiale (35a)
et l’extrémité externe radiale (35b) de la nervure (35)
est fixée de manière solidaire à au moins l’un parmi
l’arbre et la collerette (37) par calfatage.

3. Moteur à entrefer axial selon la revendication 1 ou
2, dans lequel la nervure (35) a une forme creuse
dans une partie, à partir de l’extrémité interne radiale
(35a) jusqu’à l’extrémité externe radiale (35b).

4. Moteur à entrefer axial selon l’une quelconque des
revendications 1 à 3, dans lequel au moins l’un parmi
l’arbre et la collerette (37) a une forme creuse.

5. Moteur à entrefer axial selon l’une quelconque des
revendications 1 à 4, dans lequel le stator (12) a une
paire de stators (12) comprenant un premier stator
et un deuxième stator qui sont disposés de manière
opposée entre eux dans la direction d’axe de rotation
et prennent en sandwich le rotor (11) des deux côtés
dans la direction d’axe de rotation, et
la pièce de sous-aimant (43) comprend une paire
composée d’une première pièce de sous-aimant
permanent et d’une deuxième pièce de sous-aimant
permanent qui sont contenues entre l’arbre (36) et
la collerette (37) et disposées des deux côtés de la
nervure (35) dans la direction d’axe de rotation.
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