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ABSTRACT

Stators 12 and 13 are disposed with required air gaps

1n an axlal direction of a rotor 11 so as to face each other,

a plurality of field bodies 15 or permanent magnets 33 are
disposed 1n the rotor 11, and a plurality of armature coils
17 and 19 are disposed 1n the stators 12 and 13 around the
axis. At least one of the field bodies 15 or permanent

magnets 33 and the armature coils 17 and 19 are formed from

a superconductive material such that their magnetic flux

directions are directed to the axial direction.
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DESCRIPTION

AXIAL GAP TYPE SUPERCONDUCTING MOTOR

[Technical Field]
[0001]

The present invention relates to an axlal gap type
superconducting motor, and more specifically, to a high-
torque motor which is used as a driving source of cars and
ships.

[Related Art]
[0002]

Conventionally, there are provided a radial gap type
motor and an axial gap type motor as motors. As the radial
gap type, a motor in which a rotor provided 1n a hollow part
of a stator having an annular cross-section such that the
magnetic flux directions of coils are directed to a radial
direction 1s widely and generally used. Meanwhile, the
axial gap type motor, as disclosed 1in Japanese Unexamlned
Patent Application Publication No. 2004-14093/, has stators
disposed to face each other in the axial direction of a

-

rotor such that the magnetic-flux directions of colls are

directed to the axial direction.
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(0003]
In the conventional axial gap type motor, however,
permanent magnets or coils such as copper wires are used for

a magnetic field, and copper wires are used for armature

coils. As clear from the fact that output torque is given
as the product of a current and a magnetic field, there 1is a
limit to motor output. Further, 1n order to i1ncrease output,
the size of a motor inevitably increases so that the weight
thereof 1ncreases. Further, 1f the amount of a current

grmy,
o

increases, the energy efficiency 1s lowered due to a copper

loss or the like.
[Patent Document 1]
Unexamined Japanese Patent Application Publication No.

2004-140937

[Disclosure of the Invention]

[Problems to be solved by the Invention]

(0004 ]

The invention 1is made in view of the above problems.
It is therefore an object of the invention to provide an
axial gap type motor which realizes high output, 1s small

and lightweight, has high efficiency, and particularly, 1s

suitably used as a propulsion motor for ships and the like.

(Means for solving the Problems]
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[0005]

In order to solve the above problems, according to the
invention, there 1s provided an axlal gap type

superconducting motor, including:

stators disposed with required air gaps 1n an axial

direction of a rotor so as to face each other,

a plurality of field bodies disposed in any one of the

rotor and the stators around the axis of the rotor,

gy

a plurality of armature coils disposed 1n the other

one around the axis, whereiln
at least one of the field bodies and the armature
coils are formed from a superconductive material such that

the magnetic flux directions thereof are directed to the

axlal direction.
[0006]

In such a configuration, a superconductive material 1s
used for the magnetic field and/or armatures of the axial
gap type motor. Thus, a large current can be applied, and

p——

the size and weight of the motor can be reduced while high-

output motor torque 1s obtalned. Further, by using the
superconductive material, an enerqgy loss can be

significantly reduced without a copper loss, which makes 1t

possible to realize high efficiency. Further, since the
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stators are disposed in the axial direction of the rotor as

the axial gap type structure, the diameter can be reduced so

that noises caused by rotation can be reduced. In the axial
gap type motor, coil ends which do not contribute to motor

torque is not formed unlike a radial gap type motor. Thus,

it is possible to obtain a high-efficiency and high-output

motor.

[0007]

Preferably, the field bodies are field coils, and both

of the field coils and the armature coils are formed from a

superconductive material.

As the superconductive material, a Dbismuth-based or

vttrium-based high-temperature superconductive material 1s

suiltably used.

Further, the superconductive material may be formed 1n
clumps like a high-temperature superconductive bulk magnet

or a permanent magnet. The high-temperature superconductive

bulk magnet is a magnet that 1is made of a high-temperature
superconductive lngot obtained by dispersing a non-
superconductive phase 1in an RE-Ba-Cu-O high-temperature

superconductor to make the phase melt and grow, and that 1is

N el

capable of trapping and magnetizing a larger magnetic field

than a high-performance permanent magnet.
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10008 ]

Further, the field bodies may be permanent magnets

made of materials other than a superconductive material, and
the armature coils may be formed from a superconductive
material.

If this configuration 1s adopted, the permanent

magnets may be simply disposed in any one of the rotor and

the manufacturing efficiency of the

the stators. Therefore,

axial gap type superconducting motor can be enhanced, which

makes it possible to simplify the structure.

Further, although permanent magnets made of materilals

other than a superconductive material are used as the field

bodies, it is possible to sufficiently cope with any

situation, if the output of the superconducting motor 1is 1

kW to 5 MW. As a result, it is possible to reduce the size

of the axial gap type superconducting motor.

[0009]
Preferably, the stator are disposed on both sides of

the rotor in the axial direction of the rotor, a rotary

shaft fixed to the rotor is hung so as to pass through

bearings of the stators, and the field Dbodies and the

armature coils are disposed on the same axis with alr gaps

in the axial direction.
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If this configuration 1is adopted, a pair of stators
are provlided on both sides of the rotor 1in the axial
direction, with an ailr gap therebetween. Thus, compared
with when a stator 1s disposed only on one side, the
magnetic field to the rotor 1s strengthened, which makes it
possible to obtaln high-output motor torque.

10010]

Preferably, flux collectors of magnetic bodies are
disposed 1n hollow parts of field coills serving as the field

bodies and/or the armature coils.

If this configuration 1is adopted, as magnetic bodies
are provided 1n the coill hollow parts, the magnetic fluxes

of the coilils can be strengthened, which makes it possible to

realize a high-output motor. Further, as the motor has high
output, the number of wound coils can be lessened so that
the size and weight of the motor can be further reduced.
Further, the flux collectors fulfill a role of forming a
magnetic path of magnetic flux to be generated in the coils.
Therefore, the magnetlc flux direction can be specified, and
a leakage magnetic field can be prevented from being
generated in a direction where the magnetic flux does not

contribute to torque. Further, the magnetic bodies are

buried 1n the coill hollow parts, thereby enhancing the
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mechanical strength of the coils.

[0011]

Preferably, the leading ends of the flux collectors
are set in the same position as the leading end surfaces of
the coils where the flux collectors are disposed or 1in
positions which recede from the leading end surfaces of the

colls.

[0012]

Particularly when permanent magnets or superconductive

bulk magnets are provided on the facing counterpart side,

the flux collectors do not project from the 1leading end

P

surfaces of the coils surrounding the flux collectors. In

this case, an attraction force caused by a magnetic force 1s
hardly generated between the magnets and the facing
counterpart side, during assembling, etc. Further, the
collision between the rotor and the stators does not occur.
Therefore, positioning is easily performed while a gap 1s
maintained at a set distance.

However, the flux collectors may be provided to

project from the leading end surfaces of the coils in which

the flux collectors are disposed. In this case, the gap
between the collectors and the facing counterpart side (the

rotor or the stators) can be reduced. Thus, the magnetic
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flux between the rotor and the stators can be strengthened,

which leads to an improvement 1n output tordgue.

[0013]

Preferably, the stators and/or the rotor is/are formed

from a magnetic body.

If this configuration is adopted, the stators and/or

fulfills a role as a voke, and a magnetic flux

the rotor

passing therethrough can be shielded from leaking to the
rear side thereof. Therefore, a magnetic field 1S

strengthened, which makes it possible to realize high-output

torque.

10014]

Preferably, a material having high magnetic £flux

density/high magnetic permeability is used for the magnetic

body.

High flux density means a flux density where saturated

flux density is 0.5 to 10 telsa. Preferably, the flux

density may be set to 1.5 to 4 telsa.

Further, a material having high magnetic permeabllity

means a material the specific magnetic permeability of which

is 500 to 10000000. Preferably, the specific magnetic

permeability may be set to 2000 to 10000.

Particularly, it 1is more preferable that a material
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having high magnetic flux density/high magnetic permeabillity

1s permendur.

Permendur has a magnetic permeability about ten times

larger than that of iron, and the magnetic-field saturation
thereof 1i1is more than 2 telsa. Therefore, a current To be
supplied to the coils can generate at least a large magnetic
field such that motor output can be increased, and the size
of the motor can be reduced. However, as the magnetic body,
silicon steel, iron, permalloy and the like may be used.
[0015]

Preferably, air gaps are provided in the hollow parts

of the armature coils, or non-magnetic bodies are disposed

in the hollow parts.

Further, preferably, alr gaps are provided 1in the
hollow parts of the field coils, or non-magnetic bodies are
disposed 1n the hollow parts.

[00106]

Particularly when permanent magnets or superconductive
bulk magnets are provided on the facing counterpart side,

magnetic bodies are not present in the hollow parts of the

colls. In this case, an attraction fore caused by a

magnetic force is not generated between the magnets and the

facing counterpart side, during assembling, etc. Therefore,
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positioning can be easily performed while the gap Dbetween
the rotor and the stators is maintained at a set distance.
Further, as air gaps are provided in the coill hollow
parts or light non-magnetic bodies are disposed in the coil
hollow parts, it is possible to reduce the weight of the
motor. Particularly, if air gaps are provided in the co1il
hollow parts of the rotor or light non-magnetic bodies such
as resin are disposed in the coil hollow parts, the weight

iy

of the motor can be reduced so that an inertia force during

rotation is reduced. Further, responsiveness to a change 1in
rotational speed 1mproves.

In addition, as the light non-magnetic bodies to be
disposed in the coil hollow parts, resin, FRP, aluminum and
the like may be exemplified.

[0017]

As a refrigerant supply means for cooling a
superconductive material for forming the field bodies and/or
the armature coils, when the superconductive matérial 1S

attached to the rotor side, 1t 1s preferable that a flow

passage for refrigerant 1including 1liquid nitrogen or the
like is provided inside a rotary shaft fixed to the rotor so
as to pass through the center of the rotor. Meanwhlle, when

the superconductive material 1is attached to the stator side,

10
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it 1is preferable that a flow passage for refrigerant
including liguid nitrogen or the like 1is provided 1in each

attaching position of the superconductive material 1in the

stator. In any case, it is preferable that the refrigerant

flow passage 1s coated with a heat-insulating layer up to a

position where the refrigerant approaches the disposed

position of the superconductive material serving as the
magnetic flux bodies or the armature coils.

[Effects of the Invention]

[0018]

As clear from the above description, according to the
invention, a superconductive material is used for the field
bodies and/or the armature coils of the axial gap type motor.
Thus, a large current can be applied with high efficiency,
without a copper 1loss. Further, high-output motor torque
can be obtained, and the size and weight of the motor can be
reduced. Further, since the stators are disposed 1n the
axial direction of the rotor as the axial gap type structure,
the size of the motor can be reduced, and nolses caused by

rotation can also be reduced.

In addition, the flux collectors of magnetic bodies
are disposed 1in the <coil hollow parts. Therefore, the

magnetic flux of the coils can be strengthened, which makes

11
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it possible to realize a high-output motor. Further, the
size and weight of the motor can be reduced. Providing flux
collectors contributes to specification of the magnetic flux
directions, and a reduction in leakage magnetic flux.

F

[Brief Description of the Drawings]

(0019]
[Fig. 1]

Fig. 1 is a sectional view of an axlal gap type
superconducting motor according to a first embodiment of the
invention.

[Fig. 2]
Fig. 2 1s a perspective view of the axial gap type

superconducting motor according to the first embodiment.

(Fig. 3]
Fig. 3 1is a sectional view of an axlal gap type

superconducting motor according to a second embodiment of

the invention.
[Fig. 4]
Fig. 4 1is a sectional view of an axial gap type

superconducting motor according to a third embodiment of the

invention.
[F1g. 5]

Fig. 5 1s a graph showing the relatlionship between

12
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coll currents and magnetic fluxes.
[Fi1g. 6]

Fig. 6 1s a sectional view of an axial gap type
superconducting motor according to a fifth embodiment of the
invention.

[Fig. 7]

Fig. 7 1s a sectional view of an axial gap 'type
superconducting motor according to a sixth embodiment of the
lnvention.

[Reference Numerals]

10020]

10: AXIAL GAP TYPE SUPERCONDUCTING MOTOR
11: ROTOR

12, 13: STATOR

14: ROTARY SHAFT

15: FIELD COIL (FIELD BODY)

16, 18, 20: FLUX COLLECTOR
17, 19: ARMATURE COIL

21: LIQUID HYDROGEN TANK

33: PERMANENT MAGNET (FIELD BODY)

S:  SPACE

[Best Mode for Carrying Out the Invention]

(0021 ]

13
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Hereinafter, embodiments of the 1invention will be

described with reference to the drawings.
Figs. 1 and 2 show an axial gap type superconducting
motor 10 according to a first embodiment of the invention.

pr—
e

The axial gap type superconducting motor 10 has a palr of

stators 12 and 13 disposed to face each other on both sides

g pirta.

of a rotor 11 in an axial dilrection of the rotor 11 fixed to

a rotary shaft 14. The rotary shaft 14 fixed to the rotor
11 is hung so as to pass through bearings 31 and 32 of the
stators 12 and 13.

10022 ]

The rotor 11 is formed 1in a disk shape, and the rotary
shaft 14 1s fixed to the rotor 11 so as to pass through the
center thereof. The rotor 11 has a plurality of coil
attachment holes 1l1la, which are provided at regular

intervals in a peripheral direction on the outer peripheral

side thereof, and a plurality of field coils 15 buried 1in
the coil attachment holes 1la, the field coils 15 being made
of a superconductive material. As such, the plurality of

field coi1ils 15 are attached at regular 1intervals 1n a
peripheral direction around the axis of the rotor such that

the magnetic-flux directions of the respective field coils

15 are directed to the axial direction. In a hollow part of

14
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each of the field coils 16, a flux collector (magnetic body)

16 made of permendur 1s disposed. Any one of the flux

collectors 16 and the field coils 15 is not made to project

from both side surfaces of the rotor 11.

As a material for the rotor 11, a magnetic material

such as permendur, silicon steel, 1ron, or permalloy, 1is
used. Further, as a superconductive material for forming
the field coils 15, a Dbilsmuth-based or vyttrium-based

superconductive material 1s used. These field coils 15 are

configured so as to be supplied with required power from a
power source (not shown).
[0023]

The stators 12 and 13 have mutually symmetrical shapes.
The stators 12 and 13 fixed to a ground surface G have a
plurality of «coil attaching concave parts 12a and 13a
provided 1in the surfaces thereof facing the rotor 11. The
plurality of coil attaching concave parts 12a and 13a are
provided at regular intervals in the peripheral direction on

the outer peripheral side such that a plurality of armature

colls 17 and 19 made of a superconductive material are
buried in the coi1l attaching concave parts 12a and 13a. As
such, the plurality of armature coils 17 and 19 are attached

at 1ntervals 1n the peripheral direction around the axis

15
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such that theilir magnetic flux directions are directed to the

axlal direction. In hollow parts of the respective armature

colls 17 and 19, flux collectors (magnetic body) 18 and 20

pron

made of permendur are dilsposed. Any one of the flux

collectors 18 and 20 and the armature coils 17 and 19 are
not made to project from the side surfaces of the stators 12
and 13, respectively. The armature coils 17 and 19 are
configured so as to be supplied with required power from a

power source (not shown).

[0024]

As a material for the stators 12 and 13, a magnetic

material, such as permendur, silicon steel, i1ron, or

permalloy, 1s used so as to fulfill a role as a back voke.

Further, as a superconductive material for forming the
armature coils 17 and 19, bismuth-based or yttrium-based
superconductive material is used.

The armature coils 17 and 19 and the field coils 15

are positioned so that the radial distances from the shaft
center of the rotary shaft 14 to the respective coils

colncide with each other. Further, the distance between a

rotating end surface of the rotor 11 and the end surface of
the stator 12 or 13 on the side of the rotor is set to 0.1

mm to 1 mm (0.5 mm 1n this embodiment) as a gap.

16
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[0025]

g—.
p—

Lrom d

Since  the field <coils 15 are formed
superconductive material, liquid nitrogen stored in a liquid
nitrogen tank 21 is introduced into a hollow part 14a of the
rotary shaft 14 so as to cool down the field coils 15.

More specifically, the rotary shaft 14 has the hollow

part l4a provided to extend to the disposed position of the

rotor 11, the hollow part being opened towards one end of

the rotary shaft 1in the axial direction. A plpe 22 1is
inserted into the hollow part 14a through a bearing 26 from

the liquid hydrogen tank 21 so as to be terminated

immediately before the disposed position of the rotor. The
pipe 22 has a double-tube structure, including an inner
peripheral flow passage 24 serving as an outgoing passage
and an outer peripheral flow passage 25 serving as an
lncoming passage, such that liquid nitrogen flowing -"u‘:hrough
Che 1nner peripheral flow passage 24 at a leading end of the
pipe 1s moved and circulated to the peripheral flow passage
25. The pipe 22 has a vacuum heat-insulating layer 23
provided on the outer peripheral surface thereof except for
a poslition corresponding to the rotor 11.

[0026]

Since the armature coils 17 and 19 are also formed

17
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from a superconductive material, liquid nitrogen stored in
the 1liguid nitrogen tank 21 1s wused to cool down the
armature coills 17 and 19.

More specifically, a double-tube pipe 27 1s derived

from the 1ligquid hydrogen tank 21, the pipe 27 having an

inner peripheral flow passage 28 serving as an outgoing
passage and an outer peripheral flow passage 29 serving as
an lncoming passage. In such a structure, 1liquid nitrogen

"lowing through the 1nner peripheral flow passage 28 at the

[ - |

leading end of the pipe 1s moved and circulated to the
peripheral flow passage 29. The pipe 27 1s bifurcated into
the rear side of the stator 12 and the rear side of the
stator 13 such that the bifurcated pipes 27 extend to the

=

central positions of the attaching parts of the field coils

17 and 19 of the respective stators 12 and 13. The leading
ends of the bifurcated pipes 27 communicate with refrigerant

introducing holes 12b and 13b concaved in the rear sides of

the stators 12 and 13, respectively, so as to introduce the

refrigerant. The refrigerant introducing holes 12b and 13b
are disposed 1in positions corresponding to the field coils
17 and 19, respectively. The pipe 27 has a vacuum heat-

1nsulating layer 30 provided on the outer peripheral surface

of the pipe 27 except for portions which are fitted into the

18
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refrigerant introducing holes 12b and 13b of the stators 12
and 13.

[0027]

According to the axial gap type superconducting motor

10 configured 1n such a manner, the field coils 15 are

formed from a superconductive material. Thus, 1t 1is
possible to apply a large current with high efficiency,
without a copper loss, etc. As a result, it is possible to
realize high-output motor torque and to reduce size and

welght. Further, as an axial gap structure, the stators 12

and 13 are disposed in the axial direction of the rotor 11.
Therefore, the diameter can be reduced, and rotation noises
can also be reduced. Further, since the stators 12 and 13

are disposed on both sides of the rotor 11, a magnetic field

can be strengthened, which makes it possible to realize

higher output. 1In addition, a magnetic material is used for

the stators 12 and 13 to serve as back vokes such that

N

generation of a leakage magnetic field is prevented. Thus,

a magnetlic field 1is further strengthened, which makes it

possible to realize high-output torque. Further, 1in the

hollow parts of the field coils 15 and the armature coils 17

and 19, magnetic bodies (permendur) are provided as the flux

collectors 16, 18, and 20. Thus, a magnetic field 1is

19
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strengthened, which makes it possible to realize high output.
In addition, 1n this embodiment, the field coils 15 of

the rotor 11 and the armature coills 17 and 19 of the stators

12 and 13 are formed from a superconductive material.

g

However, only one of them 1s formed from a superconductive

material, and the other one may be formed from a normal

conductive material. In this case, the distance between the

-

rotating end surface of the rotor 11 and the end surfaces of

the stators 12 and 13 on the side of the rotor may be set to
1 mm to 20 mm. That 1s, a gap may be provided therebetween.

Further, the stators 12 and 13 and the flux collectors

18 and 20 are separately formed. However, when the stators

12 and 13 and the flux collectors 18 and 20 are formed from
the same material, they may be integrally formed. As the
refrigerant, liquid neon, 1liquid helium or the like can be
used, 1n addition to the liquid nitrogen.

[0028]

gr——

Next, a second embodiment of the 1invention will be

described.

As shown 1n Fig. 3, a difference from the first

embodliment 1s that flux collectors 35 disposed in hollow

g

parts of the field coils 15 of the rotor 11 are buried so as

not to project from the end surfaces of the field coils 15.

20
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If this configuration is adopted, the flux collectors
35 do not project from the leading end surfaces of the field
colls 15. Thus, an attraction force caused by a magnetic

force 1is hardly dgenerated between the stators 12 and 13

during assembling, etc. Further, any collision between the

rotor 11 and the stators 12 or 13 does not occur. Therefore,

positioning 1s easily performed while a gap is maintained at

a set distance.

[0029]

Next, a third embodiment of the invention will be

described.

As shown 1n Fig. 4, a difference from the first
embodiment 1s that air gaps S are provided in the hollow
parts of the armature coils 17 and 19 of the stators 12 and

13.

If this configuration 1s adopted, magnetic bodies are

not present in the hollow parts of the armature coils 17 and
19 facing the flux collectors 16 of the rotor 11, and an
attraction force caused by a magnetic force between field
bodies 1s not generated during assembling, etc. Thus,
positioning can be easily performed while the gap between

the rotor ll and the stators 12 or 13 is maintained at a set

distance.

21
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In general, when flux collectors are disposed 1in

F

hollow parts of coils, a magnetic field is strengthened. As

shown 1in Fig. 5, however, a magnetic flux does not almost
lncrease after a current exceeds a certain value. Rather,
when flux collectors are not provided, the magnetic field
tends to be strengthened. . That 1is, the axial gap type
superconducting motor 40 of this embodiment can realize
high-output torque when the upper limit of a current can be
set to a high value. Further, it 1s possible to reduce the

.

welght of the motor as much as the flux collectors are not

provided. The other parts of this embodiment are same as
those o0of the first embodiment. Therefore, like reference
numerals are given to the same parts as those of the first

=

embodiment, and description thereof is omitted. Further,

since Dbaslic conditions change 1in accordance with the
presence or absence of flux collectors, the shapes of the
colls also changes largely. It 1s noted that it 1is not
described that the performance is changed in accordance with

[~

the presence or absence of flux collectors as the same coils

are used.
[0030]
In this embodiment, air gaps are provided 1in the

hollow parts of the armature coils 17 and 19 of the stators

272
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12 and 13. However, even when non-magnetic bodies such as
FRP (Fiber Reinforced Plastics) or the like are disposed in

the hollow parts as a modification of this embodiment, it is

possible to obtain the same effects. Particularly when air
gaps are not provided 1in the hollow parts but the non-
magnetlic bodiles are disposed 1in the hollow parts, the coils

are supported by the non-magnetic bodies such that attaching

stability 1s enhanced.

0031 ]

Next, a fourth embodiment of the invention will be

described.

A difference from the first embodiment 1is that the

stators 12 and 13 are formed from FRP that is a non-magnetic
body.

That 1s, the stators 12 and 13 are not formed from a
magnetic body (such as 1iron) the weight of which is

relatively heavy, but are formed from a light non-magnetic

body such as resin or the 1like. Therefore, the weight of

the motor can be reduced. Particularly, 1n many cases, a

large-sized motor to be used for ships is configured as a
series coupling synchronous motor in which rotors and
stators are alternately disposed 1in an axial direction.

Therefore, by reducing the weights of the respective stators

2 3
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12 and 13, the welght of the motor can be significantly

reduced. The effects are remarkably large. The other parts

p—
Bl

of this embodiment are the same as those of the first

embodliment, and thus description thereof is omitted.

In this embodiment, the stators 12 and 13 are formed

from FRP. However, the rotor 11 may be formed from FRP.

Further, the configuration where the stators 12 and 13
and/or the rotor 11 are formed from non-magnetic bodies such

as FRP can be applied to all the embodiments of the

iLnvention.

[0032]

Next, a fifth embodiment of the invention will be

described.

As shown 1n Fig. 6, differences from the first
embodiment are that armature colls 54 made of a
superconductive material are provided in a rotor 51, field
colls 55 and 56 made of a superconductive material are
provided 1in stators 52 and 53, and alir gaps S are provided
in hollow parts of the armature coils 54.

{0033]

P

In this embodiment, the rotor 51 of the axial gap type

superconducting motor 50 has a rotary shaft 14 fixed to the

center thereof sc as to pass through the center, a plurality
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of coll attachment holes b5la which are provided at regular

intervals 1n the peripheral direction on the outer

peripheral side of the rotor 51, and a plurality of armature
colls 54 Dburied 1in the coil attachment holes 51a, the
armature colls beiling made of a superconductive material. As

gt

such, the plurality of armature coils 54 are attached at

regular 1ntervals 1n the peripheral direction around the

griv
—

axls of the rotor such that the magnetic flux directions of

the respective armature coils 54 are directed to the axial

direction. The armature colls 54 are formed so as not to

project from both side surfaces of the rotor 51. As a
material for the rotor 51, a magnetic material, such as
permendur, silicon steel, iron, or permalloy 1s used.

g

Further, as a superconductive material for forming the

armature colls 54, a bismuth-based or yttrium-based
superconductive material 1is used. The respective armature

colls 54 are configured so as to be supplied with required

power from a power source (not shown).

10034 ]

The stators 52 and 53 have mutually symmetrical shapes.

The stators 52 and 53 fixed to a ground surface G have a

plurality of coill attaching concave parts 52a and 53a formed

in the surfaces thereof facing the rotor, these coil
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attaching concave parts 52a and 53a being formed at regular

intervals 1n the peripheral direction on the outer
peripheral side. The plurality of field coils 55 and 56
made of a superconductive material are buried in the coil
attachlng concave parts 52a and 53a, respectively. As such,
the plurality of field coils 55 and 56 are attached at
regular 1intervals 1n the peripheral direction around the
axls such that their magnetic flux directions are directed

to the axial direction. In hollow parts of the respective

field coils 55 and 56, flux collectors (magnetic bodies) 18

and 20 made of permendur are disposed. Any one of the flux

collectors 18 and 20 and the field coils 55 and 56 are not
made to project from the side surfaces of the stators 52 and

03. The field coils 55 and 56 are configured so as to be

supplied with required power from a power source (not shown).
As a material of the stators 52 and 53, a magnetic

material, such as permendur, sillicon steel, lron, or

permalloy, 1s used so as to fulfill a role as a back yoke.

Further, as a superconductive material for forming the field
colls 55 and 50, a bismuth-based or vttrium-based
superconductive material 1s used.

[0035]

The wvarilations among the above-described embodiments,
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that 1s, the presence or absence of flux collectors in the
coll hollow parts, the materials of the rotor and/or the
stators and the like can also be applied to a case where the
field' colls 55 and 56 are provided in the stators 52 and 53
as 1n this embodiment.

Further, 1n this embodiment and the above-described

third embodiment, any one of the rotor and the stators has

=
=

magnetic bodles disposed in the coil hollow parts thereof.

However, both of the rotor and the stators may have air gaps
(0r non-magnetic bodies such as FRP) formed in the coil
hollow parts thereof, without the magnetic bodies.
[00306]

Next, a sixth embodiment of the invention will be
described.

As snown 1n Fig. 7, a difference from the first
embodlment 1s that permanent magnets 33 made of a material

other than a superconductive material are used as the field

bodies to be attached in a rotor 11'. The permanent magnets
33 are attached in a plurality of attachment holes 11a°

which are provided in the rotor 11' at regular intervals in

the peripheral direction of the rotor. In this case, the

magnetic flux directions of the permanent magnets 33 are

directed to the axial direction of the rotor 11°'.
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[0037]

If this configuration 1s adopted, the permanent

magnets 33 may be simply disposed 1n the rotor 11°'.

Therefore, the manufacturing efficliency of the axial gap
type superconducting motor 60 I1mproves. Further, a device
for supplying power to the field bodies or a cooling
structure 1s not needed, which makes 1t possible to simplify

.

the structure of the motor.

Further, although the permanent magnets 33 are used as
the field bodies, 1t 1s possible to sufficiently cope with
any situation, 1f the output is 1 kW to 5 MW. Further,
compared with when coils are used as the field coils 33 as
in the first embodiment, 1t 1s possible to reduce the size
of the motor.

The other parts and operational effects of this
embodlment are the same as those of the first embodiment.

Therefore, 1like reference numerals are given to the same

parts as those of the first embodiment, and thus description

thereof 1s omitted.
The configuration 1n which the field bodies are
magnetic bodies, not coils, can be applied to the third to

fifth embodiments.

[ Industrial Applicability]
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([0038]
The axial gap type superconducting motor according to
the 1nvention can obtain high output and reduce the size

thereof. Therefore, the motor 1s suitably used as a driving

motor for transportation vehicles, such as cars, trains, and
ships. Particularly, the motor 1s suilitably used as a

propulsion motor of ships.
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CLAIMS

1. An axial gap type superconducting motor, comprising: stators disposed with
required air gaps in an axial direction of a rotor so as to face each other, each of the
stators comprising a plurality of concave parts and the rotor defining a plurality of
holes, a plurality of field bodies disposed within the plurality of concave parts or the
plurality of holes around the axis of the rotor, a plurality of armature coils disposed
within the other of the plurality of concave parts or the plurality of holes around the
axis, wherein the field bodies and the armature coils are formed from a
superconductive material such that the magnetic flux directions thereof are directed
to the axial direction, and wherein air gaps are provided in hollow parts of the

armature coils, or non-magnetic bodies are disposed in the hollow parts.

2. The axial gap type superconducting motor according to claim 1, wherein the
field bodies are field coils: and both of the field coils and the armature coils are

formed from a superconductive material.

3. The axial gap type superconducting motor according to claim 2, wherein air
gaps are provided in hollow parts of the field coils, or non-magnetic bodies are

disposed in the hollow parts.

4. The axial gap type superconducting motor according to claim 1, wherein the
field bodies are permanent magnets, and the armature coils are formed from a

superconductive material.

5. The axial gap type superconducting motor according to claim 1, wherein the
stators are disposed on both sides of the rotor in the axial direction of the rotor, a

rotary shaft fixed to the rotor is hung so as to pass through bearings of the stators,
and the field bodies and the armature colls are disposed on the same axis with air

gaps in the axial direction.

0. The axial gap type superconducting motor according to claim 5, wherein the
field bodies are field coils and air gaps are provided in hollow parts of the field coils,

or non-magnetic bodies are disposed in the hollow parts.
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7. The axial gap type superconducting motor according to claim 1, wherein flux
collectors of magnetic bodies are disposed in hollow parts of field coils serving as the

field bodies and/or the armature coilis.

8. The axial gap type superconducting motor according to claim 7, wherein the
leading ends of the flux collectors are set in the same positions as the leading end
surfaces of the coils where the flux collectors are disposed or in positions which

recede from the leading end surfaces of the colls.

9. The axial type superconducting motor according to claim 7, wherein a matertial
having at least one of high magnetic flux density and high magnetic permeability is

used for the magnetic body.

10.  The axial gap type superconducting motor according to claim 9, wherein the
material having at least one of high magnetic flux density and high magnetic

permeability is permendur.

11.  The axial gap type superconducting motor according to claim 7, wherein air
gaps are provided in hollow parts of the field coils, or non-magnetic bodies are

disposed In the hollow parts.

12.  The axial gap type superconducting motor according to claim 1, wherein the

stators and/or the rotor is/are formed from a magnetic body.

13. The axial gap type superconducting motor according to claim 12, wherein a
material having at least one of high magnetic flux density and high magnetic

permeability is used for the magnetic body.

14, The axial gap type superconducting motor according to cltaim 13, wherein the
material having at least one of high magnetic flux density and high magnetic

permeability Is permendur.

31



CA 02592161 2012-03-12

15.  An axial gap type superconducting motor, comprising: stators disposed with
required air gaps in an axial direction of a rotor so as to face each other, each of the
stators comprising a plurality of concave parts and the rotor defining a plurality of
holes, a plurality of field bodies disposed within the plurality of concave parts or the
plurality of holes around the axis of the rotor, a plurality of armature colls disposed
within the other of the plurality of concave parts or the plurality of holes around the
axis, wherein the field bodies and the armature colls are formed from a
superconductive material such that the magnetic flux directions thereof are directed
to the axial direction, wherein the field bodies are field coils; and both of the field
coils and the armature coils are formed from a superconductive material; and
wherein air gaps are provided in the hollow parts of the field coils, or non-magnetic

bodies are disposed in the hollow parts.

16. An axial gap type superconducting motor, comprising: stators disposed with
required air gaps in an axial direction of a rotor so as to face each other, each of the
stators comprising a plurality of concave parts and the rotor defining a plurality of
holes, a plurality of field bodies disposed within the plurality of concave parts or the
olurality of holes around the axis of the rotor, a plurality of armature coils disposed
within the other of the plurality of concave parts or the plurality of holes around the
axis. wherein the field bodies and the armature coils are formed from a
superconductive material such that the magnetic flux directions thereof are directed
to the axial direction, wherein flux collectors of magnetic bodies are disposed in
hollow parts of field coils serving as the field bodies and/or the armature coils; and
wherein air gaps are provided in hollow parts of the field coils, or non-magnetic

bodies are disposed in the hollow parts.
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