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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a synchronous-type permanent-magnet rotating
machine such as a motor or an electric generator, and more particularly relates to an axial gap
type coreless rotating machine having a rotor and a stator facing each other in a direction of
rotating axis.

BACKGROUND ART

[0002] A permanent-magnet rotating machine is structurally categorized into a radial gap type
and an axial gap type. In the radial gap type, a plurality of permanent magnets are arranged in
a circumferential direction of a rotor, magnetic poles of the permanent magnets are aligned in
a radial direction, and a stator is arranged in a manner to face the permanent magnets.
Generally in the radial gap type, the individual stator coils are wound around an iron core
having a plurality of teeth, so that magnetic fluxes from the rotor poles can efficiently link with
the coils, and a large torque for a motor and a large voltage for a generator can be generated.
In contrast, since an iron core is used, there is caused a loss in torque based on a cogging
torque or a hysteresis loss of the iron core, and, thereby, a starting torque is increased. If such
a structure is used for a wind power generator and the starting torque is too large, the
generator can not be rotated by a weak wind and can not generate electricity.

[0003] If the iron core is removed, such a problem is not caused. This, however, causes the
magnetic efficiency to deteriorate, and it is impossible to obtain a large output in the radial gap
type. In view of this, an axial gap type as shown in Fig. 8 is proposed.

[0004] In Fig. 8, a plurality of layers of disk-shaped magnetic bodies (rotor yokes) 25
comprising a plurality of permanent magnets 26a on the surface thereof are secured together
through spacers to be fitted to a rotating shaft 22 and integrally formed therewith, resulting in a
formation of a rotor 27. In air gaps formed between individual rotor yokes, a stator 1
comprising coils 3 is disposed and fixed to a housing 21. The rotating shaft 22 is rotatably
supported by the housing 21 through bearings 28. According to this structure, it is possible to
increase the output by enlarging the magnetic pole surfaces of the permanent magnets 26a
without using iron cores for the coils 3. Since the axial gap type rotating machine has a
structure using no iron cores for the coils (called "coreless"), it is possible to obtain a high-
output rotating machine as it has no starting torque (for example, refer to such publications as
Japanese Patent Provisional Publication (JP-A) No. 2002-320364 and JP-A No. 2003-348805).
According to the coreless rotating machine, it has a smaller internal loss and offers a high
output and highly efficient performance even at a high rotation speed, because the inductance
of the winding is small, which makes the impedance thereof low. For example, when the
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coreless rotating machine is used as a coreless power generator, since the internal loss is a
result of the product of the impedance and the current, it is possible to supply therefrom a
larger current as the impedance thereof is smaller. The coreless rotating machine has an
advantage for such an application to which a larger current is supplied. However, it is to be
noted that the magnitude of current that is allowed to flow is decided by a cross-sectional area
of the winding wire as the heat generation in the coil should be restricted and is supposed to

be restricted at 5 to 15 A per 1mm? cross-sectional area of the winding wire.
Patent Document 1: 2002-320364A

Patent Document 2: 2003-348805A Patent document with publication number JP H11 187635
discloses an axial gap type rotating machine comprising: a housing; a rotating shaft rotatably
supported in the housing; two rotors capable of rotating integrally with the rotating shaft, the
rotors disposed to face each other with a distance therebetween in an axial direction of the
rotating shaft, comprising two rotating plates and permanent magnets disposed in a circle
around the rotating shaft on at least one of opposing faces of the rotating plates so that
magnetic pole surfaces of the permanent magnets are positioned perpendicular to the rotating
shaft; and a stator fixed to the housing, the stator disposed in an air gap formed between the
rotating plates facing each other, comprising a fixing plate and coils disposed in a circle in the
fixing plate so as to face the circle of the permanent magnets, wherein each of the coils
comprises a winding wire.

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0005] It is preferable to wind a winding wire having a rectangular cross section rather than
that having a circular cross section in order to increase the space factor and achieve a higher
output. In view of this, the inventors manufacture a coil wound with a wire having a rectangular

cross section of 1.6 mm x 1.25 mm with a cross-sectional area of 2 mm? to obtain a current of
30 A, and used the coil in an axial gap type coreless generator. When the axial gap type
coreless generator was rotated at 3600 rpm, the coil generated heat despite no load was
connected thereto, in which no current flowed through the coil. Such generation of heat results
in an internal loss of the generator and causes the generation efficiency to decrease. The
inventors investigated the cause of the heat generation and found that an eddy current flowed
annularly inside the winding wire and generated heat when the magnetic field was linked with
the winding wire of the coil. As a method for reducing the eddy current, making the winding
wire thinner may be conceived. However, such a method prevents a larger current from
flowing.
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MEANS FOR SOLVING THE PROBLEM

[0006] In view of the problems described above, it is an object of the present invention to
provide a high-output and highly efficient axial gap type rotating machine capable of reducing
the eddy current caused inside the winding wire and supplying a larger current.

[0007] The inventors' intensive study to solve the above problem achieved a high-output and
highly efficient axial gap type coreless rotating machine capable of reducing eddy current
generated inside the winding wire and supplying a larger current. The axial gap type coreless
rotating machine of the invention may comprise: a housing; a rotating shaft rotatably supported
in the housing; two rotors capable of rotating integrally with the rotating shaft, the rotor
comprising rotating plates disposed to face each other with a distance therebetween in an axial
direction of the rotating shaft, and permanent magnets disposed in a circle around the rotating
shaft on at least one of opposing faces of the rotating plates disposed to face each other so
that magnetic pole surfaces of the permanent magnets are positioned perpendicular to the
rotating shaft; and a stator fixed to the housing, the stator disposed in an air gap formed by the
rotating plates so as to face each other, the stator comprising a fixing plate and coils disposed
in a circle on the fixing plate so as to face the circles of the permanent magnets, wherein each
of the coils comprises a winding wire formed by a bundle of at least two coil conductors having
rectangular cross sections by aligning at least one of long sides and short sides thereof, and
the winding wire has an outer circumference covered with an insulating coating and is wound
such that the long sides in cross section of the coil conductors are positioned perpendicular to
the magnetic pole surfaces of the permanent magnets.

[0008] According to another aspect of the present invention, the axial gap type coreless
rotating machine may comprise: a housing; a rotating shaft rotatably supported in the housing;
a first end rotor and a second end rotor capable of rotating integrally with the rotating shaft,
being disposed to face each other with a distance therebetween in an axial direction of the
rotating shaft, comprising respective end rotating plates; at least one double-sided magnet
rotor capable of rotating integrally with the rotating shaft, each double-sided rotor being
disposed in an air gap formed between the first and second end rotors, comprising a rotating
plate and permanent magnets concentrically disposed around the rotating shaft on both sides
of the rotating plate so that magnetic pole surfaces are positioned perpendicular to the rotating
shaft; and

at least two stators fixed to the housing, each stator disposed in an air gap formed between the
first end rotor, said double-sided magnet rotor, and the second end rotor, comprising fixing
plates and coils disposed circumferentially at each of the fixing plates so as to face circles of
the permanent magnets, wherein each of the coils comprises a winding wire formed by a
bundle of at least two coil conductors having rectangular cross sections by aligning at least one
of long sides and short sides thereof, and the winding wire has an outer circumference covered
with an insulating coating and is wound such that the long sides in each of the cross sections of
the coil conductors are positioned perpendicular to the magnetic pole surfaces of the
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permanent magnets.

[0009] According to still another aspect of the present invention, the axial gap type coreless
rotating machine may be structured in such a way that permanent magnets are further
provided on opposing faces of the end rotating plates of the first and second end rotors such
that magnetic pole surfaces of the permanent magnets are positioned perpendicular to the
rotating shaft.

[0010] According to the axial gap type coreless rotating machine of the present invention, it is
preferable that the cross section of the coil conductors has a shape in which the ratio of the
length of the long sides to the length of the short sides is at least five.

[0011] According to the axial gap type coreless rotating machine of the present invention, it is
preferable that the length of the short sides in cross section of the coil conductors be not more
than 0.5 mm.

[0012] According to the axial gap type coreless rotating machine of the present invention, an
outer circumference of each of the coil conductors may be covered with an insulating coating.

EFFECT OF THE INVENTION

[0013] According to the present invention, it is possible to achieve a high-output and highly
efficient axial gap type coreless rotating machine even though the cross-sectional area of the
winding wire thereof is such that is capable of passing a larger current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a cross sectional schematic view showing a rotor of the rotating machine according to
the present invention.

Fig. 2 shows, in (a), a coil according to one aspect accommodated in the rotor shown in Fig. 1;
in (b), a cross sectional view as cut along line A-A shown in Fig. 1; and, in (c), an enlarged view
thereof.

Fig. 3 is a front elevation, viewed in a direction of rotation axis, showing how a magnet of the
rotor passes above a stator of the rotating machine according to the present invention.

Fig. 4 depicts views, taken along line A - A and line B - B in Fig. 3, showing how a magnet of
the rotor passes above a stator of the rotating machine according to the present invention.

Fig. 5 shows a cross sectional view of a coil according to another aspect accommodated in the
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stator, taken along line A - A'in Fig. 1 and a schematic view thereof showing an array of
conductors of a single winding wire.

Fig. 6 shows a cross sectional view of a coil according to another aspect accommodated in the
stator, taken along line A - A'in Fig. 1 and a schematic view thereof showing an array of
conductors of a single winding wire.

Fig. 7 is a schematic diagram showing examples of a method and an apparatus for producing
the coil accommodated in the stator shown in Fig. 1.

Fig. 8 is a schematic cross sectional view showing one aspect of an axial gap type rotating
machine according to the present invention.

Fig. 9 is a schematic perspective view showing a rotor that can be employed in an axial gap
type rotating machine according to the present invention.

Fig. 10 is a schematic cross sectional view showing another aspect of an axial gap type
rotating machine according to the present invention.

Fig. 11 is a schematic cross sectional view showing another aspect of an axial gap type
rotating machine according to the present invention.

Fig. 12 is a schematic cross sectional view showing another aspect of an axial gap type
rotating machine according to the present invention.

EXPLANATIONS OF LETTERS AND NUMERALS

[0015]

1 stator

2 coil base

3 coll

4 coil winding wire

5 coil conductor

6 insulating coating
7 permanent magnet
8 magnetic flux

9 eddy current
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10 coil maker

11 conductor supplying section
12 conductor assembling section
13 coil winding section

14 coil conductor sources

15 rotating body

16 hollow coil frame

20, 30, 40, 50 axial gap type rotating machine

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] Hereinafter, the present invention will be described in detail with reference to the
drawings.

[0017] A stator of an axial gap type coreless rotating machine according to the present
invention is shown in Fig. 1. In Fig. 1, the stator 1 has 12 pieces of coils 3 disposed in a circle
and spaced equally from each other about the rotating shaft of a coil base (fixing plate) 2. The
number of coils is decided in accordance with the number of poles of the rotor or whether the
coils are connected in a single-phase manner or a triphasic manner. It is common to set the
ratio of the number of poles to the number of coils as 1:1 for the single phase and 4:3 for the
three-phase, and it is also possible to set the ratio as 16:9, 20:12, or the like. In the example
shown in Fig. 1, 12 pieces of coils are connected in a triphasic manner so as to obtain a
triphasic output with a rotor having 16 poles.

[0018] Note that the stator is not limited to the one having the coils disposed in a single circle
around the rotating shaft in the coil base 2 as shown in Fig. 1, but it is also possible to adopt a
so-called multi-circumferential structure by disposing the coils in at least two concentric circles
having different diameters around the rotating shaft on the coil base 2. In such a case, the
permanent magnets are provided concentrically in each circle having different diameter on a
rotating plate, so that each concentric circles of the rotating plate corresponds to the concentric
circles of the fixing plate on which the coils are disposed.

[0019] The structure of the winding wire used for the above-mentioned stator will be described
further in detail with reference to Fig. 2. As shown in (a) to (c¢) of Fig. 2, the coil 3 is formed by
winding a coil winding wire 4 having a plate-like shape and an insulating coating 6 applied on
an outer surface thereof. Furthermore, as shown in Fig. 2(d), the coil winding wire 4 having a
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plate-like shape is composed of a total of 18 coil conductors 5 having rectangular cross
sections of which long sides and short sides are aligned with each other.

[0020] It is preferable that the thickness of the insulating coating 6 of the coil winding wire 4 be
in the range of 0 to 50 ym and more preferably in the range of 20 pm to 30 pm from the view
point of reducing the eddy current. Additionally, the enamel coating may be applied as the
insulating coating of the winding wire.

[0021] With reference to Figs. 3 and 4, a description will be given of an eddy current flowing
through inside the plate-like coil winding wire 4 when the axial gap type rotating machine is
driven. Fig. 3(a) shows a state in which the permanent magnet 7 of the rotor, along with the
rotation of the rotating shaft, reaches above the winding wire 4 of a specific coil 3 that is
disposed concentrically around the rotating shaft. The cross sectional view taken along line A -
A in this state corresponds to of Fig. 4(a).

[0022] In Fig. 3(b), the rotor further rotates, and the permanent magnet 7 is about to leave
from above the winding wire 4 of the specific coil 3. In this state, the cross sectional view taken
along line B - B corresponds to Fig. 4(b). During the transition from the state shown in section
Fig. 3(a) to the state shown in Fig. 3(b), the magnetic flux 8 penetrating inside the winding wire
4 decreases constantly as shown in (a) and (b) of Fig. 4. Then, an eddy current 9 (induced
current) flows inside the winding wire 4 in such a way to prevent the magnetic flux from
decreasing. Since the eddy current 9 flows in a larger amount through a face through which
the magnetic flux penetrates, the eddy current flows more through a face which is parallel with
the magnetic pole surface than through a face which is parallel with the magnetic flux. This
means that more current flows through the upper and lower faces as shown in Fig. 4(b).
Accordingly, the inventors thought that, if a face parallel with the magnetic pole surface is
divided into smaller segments in a coil of an axial gap type coreless rotating machine, it served
effectively in reducing the eddy current by fragmenting an eddy current path way, and
conceived an idea of making the winding wire by bundling at least two coil conductors having
an identical cross sectional shape together in such a way that long sides and/or short sides in
cross section of the conductors are aligned together as described above.

[0023] It is preferable that the coil conductors 5 that form the winding wire have a rectangular
shape in cross section. It is also preferable that each of the conductors 5 be covered with the
insulating coating 6 as shown in Fig. 2(e) in view of reducing the eddy current. However, since
a thicker insulating coating 6 reduces the space factor of the winding wire and causes a
deduction in output power, a thinner insulating coating is better and, for example, an enamel
wire can be employed preferably. Since the effect in reducing the eddy current can be still
provided even without the insulating coating, the insulating coating of the coil conductors 5 is
not an essential requirement. When the insulating coating 6 is applied to the coil conductors 5,
the thickness of the coating is preferably in the range of 0 to 50 pm, and more preferably in the
range of 20 to 30 ym in view of reducing the eddy current. In addition, it is also possible to
employ a similar material for the insulating coating of the coil conductors 5 as for the insulating
coating of the winding wire.
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[0024] As to the size of the conductors, such a size by which the eddy current is difficult to
flow is selected. The size by which the eddy current is difficult to flow varies according to the
number of poles, the rotation speed, the magnetic field strength, and the like, and it is possible
to calculate the size based on a magnetic field simulation using the finite element method or
the like.

[0025] It is preferable that the length of the short side in cross section of the conductors be
0.5 mm or smaller. Although the reduction in size of the long side in cross section of the
conductors leads to the reduction in eddy current, too thin conductors make the winding work
difficult and lower the space factor of the winding wire. The long side in cross section of the
conductors, i.e., the side positioned perpendicular to the magnetic pole surface of the
permanent magnet when the coil is disposed in the rotating machine, does not need to have a
small value as the short side in cross section of the conductors, i.e., the side positioned parallel
to the magnetic pole surface of the permanent magnet. It is preferable that the shape of the
cross section of the coil conductors have a relation in which the ratio of the length of the long
side in cross section to the length of the short side in cross section is at least five (the ratio =
5).

[0026] Figs. 5 and 6 show other aspects of the coil used in the rotating machine according to
the present invention. In Fig. 5, the coil conductors that form the winding wire are common to
the aspect shown in Fig. 2 with respect to the rectangular cross section but are different from
the aspect shown in Fig. 2 with respect that the coil is formed by winding a winding wire having
a square cross section.

[0027] In Fig. 6, the aspect is common to that shown in Fig, 2 with respect that the coil is
formed by winding a winding wire having a rectangular cross section. However, the short side
in cross section of the coil conductors is larger than that shown in Fig. 2.

[0028] However, in each of these coils, the length of the short side in cross section of the
conductors that form the winding wire is set at 0.5 mm or smaller.

[0029] Fig. 7 shows one example of a method for producing the coil winding wire and the coil
described above. The coil maker 10 shown in Fig. 7 comprises: a conductor supplying section
11 having seven coil conductor sources 14 for feeding out the coil conductors 5 by rotation; a
conductor assembling section 12 for making a single string of the winding wire 4 having a
rectangular cross section by rolling in and bundling together the conductors 5 supplied from
the conductor supplying section by two rotating bodies 15 rotating in directions opposite to
each other; and a coil winding section 13 for winding the coil winding wire 4 obtained in the
conductor assembling section around a hollow coil frame 16. For example, the coil can be
obtained by such a production apparatus as described above. It is also possible to provide,
between the conductor assembling section 12 and the coil winding section, a coating section
for applying an insulating coating to the winding wire obtained in the conductor assembling
section 12.
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[0030] The rotor comprising the coils can preferably be used for the axial gap type rotating
machines shown in Figs. 8, 10, 11, and 12.

[0031] The axial gap type rotating machine 20 shown in Fig. 8 comprises: a housing 21; a
rotating shaft 22 rotatably supported in the housing 21; two rotors 24 and 27 capable of
rotating integrally with the rotating shaft, comprising rotating plates 23 and 25 disposed to face
each other with a distance therebetween in an axial direction of the rotating shaft 22, and
permanent magnets 26a disposed concentrically around the rotating shaft on one of opposing
faces of the rotating plates 23 and 25 so that magnetic pole surfaces of the permanent
magnets are positioned perpendicular to the rotating shaft; and a stator fixed to the housing,
comprising a fixing plate 1 disposed in the air gap formed between the rotating plates 23 and
25 facing each other, and coils 3 disposed in a circle at the fixing plate so as to face in a circle
of the permanent magnets.

[0032] The magnetic fluxes generated from the permanent magnets of the rotor intermittently
link with the inside of each of the coils 3 that are disposed concentrically as the rotating shaft
rotates.

[0033] Fig. 9 discloses the rotor 27 used in the axial gap type rotating machine 20. The rotor
27 has 16 pieces of the permanent magnets 7 disposed on the surface of the rotor yoke 25 so
that the poles thereof alternate. The number of the permanent magnets is an even number. It
is possible to obtain a high output power by using an Nd-Fe-B base sintered magnet having a
strong magnetic force as the permanent magnets.

[0034] The axial gap type coreless rotating machine 30 shown in Fig. 10 is different from the
aspect shown in Fig. 8 in that the permanent magnets 34a and 34b are disposed concentrically
around the rotating shaft 32 on both of the faces of the rotating plates 35a and 36b which are
facing each other so that the magnetic pole surfaces are positioned perpendicular to the
rotating shaft.

[0035] According to the aspect shown in Fig. 10, since the permanent magnets are disposed
on both of the surfaces of the rotating plate (rotor yoke), it is possible to improve the magnetic
efficiency as compared with the aspect shown in Fig. 8. The rotating plate may be formed by
embedding a magnet into a through hole formed in the rotating plate.

[0036] The axial gap type coreless rotating machine 40 shown in Fig. 11 comprises: a housing
41; a rotating shaft 42 rotatably supported in the housing; first and second end rotors capable
of rotating integrally with the rotating shaft, comprising respective end rotating plates 43 a and
43b disposed to face each other with a gap therebetween in an axial direction of the rotating
shaft 42; at least one double-sided magnet rotor comprising a rotating plate 44 disposed in an
air gap formed between the first and second end rotors capable of rotating integrally with the
rotating shaft, comprising the permanent magnets 45 disposed concentrically around the
rotating shaft 42 on both sides of the rotating plate 44 so that the magnetic pole surfaces are
positioned perpendicular to the rotating shaft; and a stator fixed to the housing, each stator
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disposed in an air gap formed between the first end rotor, said at least one double-sided
magnet rotor, and the second end rotor, the stator comprising the fixing plates 1 and the coils 3
disposed circumferentially at the fixing plates so as to face circles of the permanent magnets.

[0037] The axial gap type coreless rotating machine shown 50 in Fig. 12 is different from the
aspect shown in Fig. 11 in that the permanent magnets 54 are provided on the opposing faces
of the end rotating plates 53a and 53b of the first and second end rotors so that the magnetic
pole surfaces are positioned perpendicular to the rotating shaft.

[0038] When a plurality of rotors and stators are disposed in an axial direction as shown in
Fig. 11 or 12, the output power increases as much as the number of coils, making a high-
output rotating machine. The generators shown in Figs. 11 and 12 comprise three rotors and
two stators disposed therein. The number of stators is an integer equal to 2 or higher, and the
number of rotors may be equal to the result obtained by adding one to the number of stators.

[0039] Hereinafter, the Examples will be described in detail. Although the description will be
given of a case using the Nd»>-Fe4-B base permanent magnets, the present invention is not

limited to the Nd-Fe-B base magnets. The permanent magnet used in the present invention
has properties, where Br: 13.7 kG, iHc: 16 kOe, and (BH)max: 46MGOe.

Comparative Example 1

[0040] First, the generated energy and the loss were measured when the axial gap type
rotating machine shown in Fig. 10 was used as a generator. The generator had a structure
having 16 poles and 12 coils. Fig. 9 shows the rotor 25 obtained by disposing the permanent
magnets 7 on the rotor yoke 27. As the rotor yoke 27, a disk made of a material of $15C and
having a diameter of 200 mm and a thickness of 5 mm was used. As the permanent magnets
27, the Nd-Fe-B base magnets as described previously having a width of 20 mm, a length of
35 mm, and a depth of 3 mm in magnetization direction were used. On the surface of the rotor
yoke 27, 16 magnets were disposed so that the magnetic pole surfaces of N-pole and S-pole
alternated, and were adhered thereto with an elastic adhesive (EP001 of Cemedine Co., Ltd).
The magnets were laid in such a manner that the magnets of opposite poles faced each other
across the air gap as shown in Fig. 10. The size of the air gap was 8 mm in which the stator 1
was disposed.

[0041] As shown in Fig. 1, 12 pieces of coils 3, each of which was formed of 30 turns of
winding on the coil base 2 made of Bakelite material having a thickness of 5 mm, were
provided in the stator 1. The coils 3 were arranged in a triphasic star connection where four
pieces of coils 3 were connected in series for each phase. Each of the coils 3 was fixed to the
coil base 2 with an epoxy adhesive (EW2040 of Sumitomo 3M Limited). When the stator was
built into the axial gap type rotating machine shown in Fig. 10, the cross section of the coil had
a 5 mm side that was perpendicular to the magnetic pole surface of the permanent magnet
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and a 12 mm side that was parallel to the magnetic pole surface of the permanent magnet. In
this comparison example, a string of conductor (made of cupper material and having insulating
coating) having rectangular cross sections having a short side of 1.25 mm and a long side of
1.6 mm in cross section was used as a winding wire and was wound in the axial gap type
rotating machine shown in Fig. 10 such that the short side in cross section of each coil winding
wire was positioned perpendicular to the magnetic pole surface of the permanent magnet. The

cross-sectional area of the winding wire was 2 mm?2.

[0042] Then, when the rotor of the resulting axial gap type coreless generator was rotated at
3600 rpm with a load connected, a line current of 30 A, a line voltage of 100 V, and a triphasic
power output of 5200 W were obtained. A torque meter was connected to the input side of the
generator, and the input power of the generator was measured from the rotation speed and
the torque. The input power was 6500 W. Since the copper loss of the winding wire was 300 W
that was obtained from the resistance value thereof and the current value, it was confirmed
that the remaining loss of 1000 W was attributed to the eddy current loss in the winding wire,
and other losses such as a mechanical loss and a windage loss were on the level that could be
almost neglected.

Comparative Example 2

[0043] When a single string of coil conductor having a long side of 5 mm and a short side of
0.4 mm in cross section was provided into the axial gap type rotating machine shown in Fig. 10
as a winding wire, the coil conductor was wound such that the long side in cross section
thereof was positioned perpendicular to the magnetic pole surface of the permanent magnet,
and others were arranged in the same manner as in Comparative Example 1.

[0044] Then, when the rotor of the resulting axial gap type coreless generator was rotated at
3600 rpm with a load connected, a line current of 30 A, a line voltage of 100 V, and a triphasic
power output of 5200 W were obtained. At the same time, the input power was 5700 W. Since
the copper loss of the winding wire was 300 W that was obtained from the resistance value
thereof and the current value, it was confirmed that the remaining loss of 200 W was attributed
to the eddy current loss in the winding wire. Consequently, it was also confirmed that, when the
conductor of the winding wire is made smaller in a direction perpendicular to the air gap, the
eddy current loss in the winding wire could be reduced.

Example 1

[0045] The coil conductors, each having a long side of 5 mm and a short side of 0.1 mm in
cross section, were bundled together in four rows by aligning the long sides thereof, and an
assembly of conductors having a long side of 5 mm and a short side of 0.4 mm in cross section
was obtained. An enamel coating was applied to the assembly to obtain the winding wire, and
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others were arranged in the same manner as in Comparative Example 2.

[0046] Then, when the rotor of the resulting axial gap type coreless generator was rotated at
3600 rpm with a load connected, a line current of 30 A, a line voltage of 100 V, and a triphasic
power output of 5200 W were obtained. At the same time, the input power was 5620 W. Since
the copper loss of the winding wire was 300 W that was obtained from the resistance value
thereof and the current value, it was confirmed that the remaining loss of 120 W was attributed
to the eddy current loss in the winding wire. Consequently, it was possible to reduce the eddy
current loss in the winding wire when compared with Comparative Example 2 and obtain a
highly efficient generator.

Example 2

[0047] The coil conductors, each having a long side of 1.25 mm and a short side of 0.4 mm in
cross section, were bundled together in four rows by aligning the short sides thereof, and an
assembly of conductors having a long side of 5 mm and a short side of 0.4 mm in cross section
was obtained. An enamel coating was applied to the assembly to obtain the winding wire, and
others were arranged in the same manner as in Comparative Example 2.

[0048] Then, when the rotor of the resulting axial gap type coreless generator was rotated at
3600 rpm with a load connected, a line current of 30 A, a line voltage of 100 V, and a triphasic
power output of 5200 W were obtained. At the same time, the input power was 5610 W. Since
the copper loss of the winding wire was 300 W that was obtained from the resistance value
thereof and the current value, the remaining loss of 110 W was attributed to the eddy current
loss in the winding wire. Consequently, it was possible to reduce the eddy current loss in the
winding wire when compared with Comparison Examples and obtain a highly efficient
generator.

Example 3

[0049] A total of 16 coil conductors, each having a long side of 1.25 mm and a short side of
0.1 mm in cross section, were bundled together in four lines and four rows by aligning the
longer and short sides thereof, and an assembly of conductors having a long side of 5 mm and
a short side of 0.4 mm in cross section was obtained. An enamel coating was applied to the
assembly to obtain the winding wire, and others were arranged in the same manner as in
Comparative Example 2.

[0050] Then, when the rotor of the resulting axial gap type coreless generator was rotated at
3600 rpm with a load connected, a line current of 30 A, a line voltage of 100 V, and a triphasic
power output of 5200 W were obtained. At the same time, the input power was 5550 W. Since
the copper loss of the winding wire was 300 W that was obtained from the resistance value
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thereof and the current value, it was confirmed that the remaining loss of 50 W was attributed
to the eddy current loss in the winding wire. It was not only possible to reduce the eddy current
loss in the winding wire down to 1/20 when compared with Comparative Example 1 and down
to 1/4 when compared with Comparative Example 2, but also possible to obtain a further highly
efficient generator than the one in Example 1 or 2.
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_1_
Patentkrav
1. Kernefri rotationsmaskine med aksialspalte (20, 30), der
omfatter:

et hus (21, 31);

en roterende aksel (22, 32), der er roterbart understegttet i
huset;

to rotorer (24, 27), der er i stand til at rotere integralt
med den roterende aksel, hvor rotorerne er anbragt til at
vende mod hinanden med en afstand derimellem i en aksial
retning af den roterende aksel, der omfatter to roterende
plader (23, 25, 33a, 33b), og permanente magneter (7, 26a,
34a, 34b), der er anbragt i en cirkel omkring den roterende
aksel pa 1 det mindste en af de modstaende flader af de
roterende plader (23, 25, 33a, 33b), sa at magnetiske
poloverflader af de permanente magneter er placeret vinkelret
pa den roterende aksel;

og

en stator (1), der er fastgjort til huset, hvor statoren er
anbragt 1 en luftspalte, der er dannet mellem de roterende
plader (23, 25, 33a, 33b), som vender mod hinanden, der
omfatter en fikseringsplade og spoler (3), der er anbragt i en
cirkel i fikseringspladen for at vende mod cirklen af de
permanente magneter,

hvor hver af spolerne (3) omfatter en viklingstrad (4), der er
dannet af et bundt af i det mindste to spoleledere (5), som
har rektangulaere tversnit ved at ensrette i1 det mindste en af
lange sider og korte sider deraf, og viklingstraden (4) har en
ydre omkreds, der er dakket af en isolerende belagning (6), o©og
er saledes opviklet, at de lange sider i tvaersnit af
spolelederne (5) er placeret vinkelret pa de magnetiske

poloverflader af de permanente magneter (7, 26a, 34a, 34b).

2. Kernefri rotationsmaskine med aksialspalte (40, 50), der
omfatter:

et hus (41, 51);

en roterende aksel (42, 52), der er roterbart understegttet i

huset;
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en fgrste enderotor og en anden enderotor, der er i stand til
at rotere integralt med den roterende aksel (42, 52), hvor
hver enderotor er anbragt til at wvende mod den anden med en
afstand derimellem i en aksial retning af den roterende aksel
(42, 52), hvor hver enderotor omfatter endedrejeplader (43a,
43, 53a, 53b);:

i det mindste en dobbeltsidet magnetrotor, der er i stand til
at rotere integralt med den roterende aksel (42, 52), hvor
hver dobbeltsidede magnetrotor er anbragt i en luftspalte, der
er dannet mellem den fgrste og anden enderotor, hvor den
dobbeltsidede magnetrotor omfatter en drejeplade (44, 55) og
permanente magneter (45, 56), der er anbragt koncentrisk
omkring den roterende aksel pa begge sider af drejepladen (44,
55), sa& at magnetiske poloverflader er placeret vinkelret pa
den roterende aksel (42, 52); og

i det mindste to statorer (1), der er fastgjort til huset (40,
50), hvor hver stator (1) er anbragt i en luftspalte, der er
dannet mellem den forste enderotor, den dobbeltsidede
magnetrotor og den anden enderotor, hvor hver stator (1)
omfatter en fikseringsplade og spoler (3), der er anbragt i en
cirkel i hver af fikseringspladerne for saledes at vende mod
cirkler af de permanente magneter (45, 56),

hvor hver af spolerne (3) omfatter en viklingstrad (4), der er
dannet af et bundt af i det mindste to gspoleledere (5), der
har rektangulaere tversnit ved at ensrette i1 det mindste en af
lange sider og korte sider deraf, og viklingstraden (4) har en
ydre omkreds, der er dakket af en isolerende belagning (6), o©og
er saledes opviklet, at de lange sider i hvert af tvarsnittene
af spolelederne (5) er placeret vinkelret pa de magnetiske

poloverflader af de permanente magneter (45, 56).

3. Kernefri rotationsmaskine med aksialspalte ifglge krav 2,
hvor permanente magneter (54) vyderligere er tilvejebragt pa
modstaende flader af endedrejepladerne af den fegrste og anden
enderotor, sa&a at magnetiske poloverflader af de permanente

magneter er placeret vinkelret pd den roterende aksel (52).

4, Kernefri rotationsmaskine med aksialspalte ifglge krav 1



DK/EP 2190103 T3

eller 2, hvor hvert af tversnittene af spolelederne (5) har en
form, i hvilken forholdet mellem langden af de lange sider og

lengden af de korte sider i det mindste er fem.

5. Kernefri rotationsmaskine med aksialspalte ifglge krav 1,
hvor en ydre omkreds af hver af spolelederne (5) er dzkket med

en isolerende belagning (6).

6. Kernefri rotationsmaskine med aksialspalte ifglge krav 1,
hvor lengden af de korte sider 1 hvert af tversnittene af

spolelederne (5) ikke er stgrre end 0,5 mm.
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DRAWINGS
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Fig. 3
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Fig. 5
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Fig. 7
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Fig. 10
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Fig. 11
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Fig. 12
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