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(54) MAGNET MANUFACTURING METHOD AND MAGNET MAGNETIZING METHOD

(57) A method for manufacturing a magnet includes
(1) a step of preparing three or more unmagnetized mag-
net materials of which magnetization easy axes are ori-
ented in predetermined directions, and adhering the un-
magnetized magnet materials with each other to make
an assembly, and (2) a step of applying a curved pulse
magnetic field to the assembly to magnetize the assem-

bly, wherein in the step (2), the unmagnetized magnet
materials are magnetized into magnet blocks, and an an-
gle θ (where 0≤θ≤180 degrees holds) formed by mag-
netization directions of at least a pair of magnet blocks
adjacent to each other is in a range of 30 degrees to 120
degrees.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for manufacturing a magnet and a method for magnetizing a magnet.

BACKGROUND ART

[0002] In machine tools, vehicles, aircraft, wind power generators, and the like, a generator is used to convert me-
chanical kinetic energy transmitted from an engine and the like into electrical energy, and a motor that conversely
converts electrical energy into mechanical kinetic energy and the like is used.
[0003] In recent years, so-called Halbach magnets have been proposed with respect to permanent magnets used for
such motors and the like in order to further improve the magnetic characteristics.
[0004] A Halbach magnet is a magnet made by combining a plurality of permanent magnet blocks in an array called
a Halbach array. In the Halbach magnet, the magnetic field strength in a specific direction can be improved by optimizing
the directions of the magnetic poles of the permanent magnet blocks.

Citation List

Patent Document

[0005] Patent Document 1: Japanese Laid-Open Patent Publication No. 2016-029880

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] However, in order to make a Halbach magnet, it is necessary to bond a plurality of permanent magnet blocks
in a state where the permanent magnets are repelled and/or attracted to each other. For this reason, the conventional
methods for manufacturing Halbach magnets are low in productivity and have a problem in that it is difficult to mass
produce the Halbach magnets. Moreover, in the conventional manufacturing methods, the precision of assembly tends
to be deteriorated due to the influence of the above-described repulsions and/or attractions, and there is a possibility
that desired characteristics cannot be obtained in the resulting Halbach magnet.
[0007] As a method for dealing with this problem, it is conceivable to, instead of using pre-magnetized permanent
magnet blocks, form an assembly by arraying unmagnetized magnet blocks and magnetize the assembly later.
[0008] However, according to Patent Document 1, it is reported that in such a method, for example, magnetization
cannot be performed in a manner in which the magnetization directions differ by 90 degrees between adjacent unmag-
netized magnet blocks (Patent Document 1). This is because, since the magnetic field usually has continuity, it is
impossible in principle to apply a magnetic field along the orientation directions of the magnetization easy axes to
adjacently arranged unmagnetized magnet blocks having different orientation directions of magnetization easy axes.
[0009] As explained above, the conventional method has a problem that it is difficult to manufacture a Halbach magnet
with a high productivity.
[0010] The present invention has been made in view of such a background, and it is an object of the present invention
to provide a method for manufacturing a Halbach magnet with a higher productivity than the conventional method and
a method for magnetizing an unmagnetized magnet with a higher productivity than a conventional method.

Means for Solving the Problems

[0011] The present invention provides a method for manufacturing a magnet, including:

(1) a step of preparing three or more unmagnetized magnet materials of which magnetization easy axes are oriented
in predetermined directions, and adhering the unmagnetized magnet materials with each other to make an assembly;
and
(2) a step of applying a curved pulse magnetic field to the assembly to magnetize the assembly,

wherein in the step (2), the unmagnetized magnet materials are magnetized into magnet blocks, and an angle θ (where
0≤θ≤180 degrees holds) formed by magnetization directions of at least a pair of magnet blocks adjacent to each other
is in a range of 30 degrees to 120 degrees.
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[0012] The present invention also provides a magnetizing method comprising:

(1) a step of preparing three or more unmagnetized magnet materials of which magnetization easy axes are oriented
in predetermined directions, and adhering the unmagnetized magnet materials with each other to make an assembly;
and
(2) a step of applying a curved pulse magnetic field to the assembly to magnetize the assembly,

wherein in the step (2), the unmagnetized magnet materials are magnetized into magnet blocks, and an angle θ (where
0≤θ≤180 degrees holds) formed by magnetization directions of at least a pair of magnet blocks adjacent to each other
is in a range of 30 degrees to 120 degrees.

Effect of the Invention

[0013] The present invention can provide a method for manufacturing a Halbach magnet with a higher productivity
than the conventional method and a method for magnetizing an unmagnetized magnet with a higher productivity than
a conventional method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a drawing schematically illustrating an example of a flow of a method for manufacturing a Halbach magnet
according to an embodiment of the present invention;
FIG. 2 is a perspective view schematically illustrating a form of an unmagnetized magnet material;
FIG. 3 is a perspective view schematically illustrating a configuration example of an assembly according to an
embodiment of the present invention;
FIG. 4 is a perspective view schematically illustrating a configuration example of another assembly according to an
embodiment of the present invention;
FIG. 5 is a perspective view schematically illustrating a configuration example of still another assembly according
to an embodiment of the present invention;
FIG. 6 is a perspective view schematically illustrating a configuration example of still another assembly according
to an embodiment of the present invention;
FIG. 7 is a cross-sectional view schematically illustrating a configuration example of a magnetization apparatus that
can be used for magnetization process of an assembly;
FIG. 8 is a drawing schematically illustrating an example of magnetization directions of a magnetized body obtained
through magnetizing process using the magnetization apparatus illustrated in FIG. 7;
FIG. 9 is a drawing schematically illustrating a configuration example of a magnetized body of which magnetization
direction angle difference θ is 90 degrees;
FIG. 10 is a cross-sectional view schematically illustrating a configuration example of another magnetization appa-
ratus that can be used for magnetization process of an assembly;
FIG. 11 is a drawing schematically illustrating an example of magnetizing directions of a magnetized body obtained
through magnetizing process using the magnetization apparatus illustrated in FIG. 10;
FIG. 12 is a perspective view schematically illustrating a form of a Halbach magnet obtained after the magnetization
in Example 1;
FIG. 13 is a perspective view schematically illustrating a form of a Halbach magnet obtained after the magnetization
in Example 6;
FIG. 14 is a drawing schematically illustrating a configuration of a Helmholtz coil device; and
FIG. 15 is a graph illustrating an example of a relationship between a moving distance of a sample and an induced
voltage V obtained in the Helmholtz coil device.

MODES FOR CARRYING OUT THE INVENTION

[0015] Hereinafter, an embodiment of the present invention will be described with reference to the drawings.

(A method for manufacturing a Halbach magnet according to an embodiment of the present invention)

[0016] An example of a method for manufacturing a Halbach magnet according to an embodiment of the present
invention will be described with reference to FIG. 1 to FIG. 9.
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[0017] FIG. 1 schematically illustrates a flow of a method for manufacturing a Halbach magnet (hereinafter referred
to as "first manufacturing method") according to an embodiment of the present invention.
[0018] As illustrated in FIG. 1, the first manufacturing method includes:

(1) a step (step S110) of preparing three or more unmagnetized magnet materials of which magnetization easy axes
are oriented in predetermined directions, and adhering the unmagnetized magnet materials with each other to make
an assembly; and
(2) a step (step S120) of applying a curved pulse magnetic field to the assembly to magnetize the assembly.

[0019] The "curved (pulse) magnetic field" in step S120 means a (pulse) magnetic field in which the directions of the
magnetic field lines passing through the interior of the assembly (magnetization target body) are not straight lines but
curved lines.
[0020] An example of an unmagnetized magnet material in which the magnetization easy axis is oriented in a prede-
termined direction includes a parallel oriented unmagnetized magnet material in which the magnetization easy axes are
aligned in a single direction. Here, the term "parallel oriented" means, for example, an orientation in which a difference
in the orientation directions of the magnetization easy axes at three points which equally divide into four a diagonal line
on a face yielding the maximum surface magnetic flux density, when the unmagnetized magnet material is magnetized,
is within 15 degrees.
[0021] Hereinafter, each of the steps will be explained.

(Step S110)

[0022] First, three or more unmagnetized magnet materials are prepared.
[0023] FIG. 2 is a perspective view schematically illustrating a form of an unmagnetized magnet material.
[0024] As illustrated in FIG. 2, this unmagnetized magnet material 110 has a substantially rectangular parallelepiped
shape. In the unmagnetized magnet material 110, a magnetization easy axis 140 of the magnetic particles is oriented
in a predetermined direction. For example, in the example illustrated in FIG. 2, in the unmagnetized magnet material
110, the magnetization easy axis 140 is oriented in the vertical direction (Z direction of FIG. 2).
[0025] However, this is merely an example, and the orientation direction of the magnetization easy axis of the unmag-
netized magnet material is determined based on a Halbach array of a Halbach magnet to be manufactured later. For
example, the magnetization easy axis 140 of the unmagnetized magnet material 110 may be oriented in a direction
parallel to the Z axis in FIG. 2, or may be at a predetermined angle (for example, 30 degrees, 45 degrees, or 90 degrees)
with respect to the Z axis.
[0026] In a case where the unmagnetized magnet material 110 is substantially a cuboid, the length of the shortest
side of the unmagnetized magnet material 110 is, for example, in a range of 1 mm to 6 mm. The length of the shortest
side is preferably in a range of 2 mm to 4 mm. On the other hand, the length of the longest side of the unmagnetized
magnet material 110 is, for example, in a range of 5 mm to 50 mm.
[0027] The unmagnetized magnet material 110 may be, for example, a rare earth sintered magnet in an unmagnetized
state. The rare earth sintered magnet may be a neodymium-iron-boron alloy.
[0028] Since the manufacturing method of the unmagnetized magnet material 110 is known to those skilled in the art,
further explanation is omitted here.
[0029] Next, multiple unmagnetized magnet materials are adhered with each other to form an assembly.
[0030] Fig. 3 schematically illustrates a configuration example of the assembly.
[0031] As illustrated in FIG. 3, the assembly 160 has a substantially cuboid shape, and includes an upper face 162,
a bottom face 164, and four side faces 166.
[0032] The assembly 160 is made by arraying three materials, i.e., a first unmagnetized magnet material 110A, a
second unmagnetized magnet material 110B, and a first unmagnetized magnet material 110A, into a row in this order.
Hereinafter, the direction in which the unmagnetized magnet materials are arrayed (direction X in FIG. 3) will also be
referred to as an "array direction (of an unmagnetized magnet material)".
[0033] Although not illustrated in FIG. 3 for the sake of clarity, an adhesive is actually interposed between the first
unmagnetized magnet material 110A and the second unmagnetized magnet material 110B adjacent to each other. The
first unmagnetized magnet material 110A and the second unmagnetized magnet material 110B are bonded to each
other via this adhesive.
[0034] The first unmagnetized magnet material 110A includes a first upper face 112A, a first bottom face 114A, and
four first side faces 116A. It should be noted that, among six faces of the first unmagnetized magnet material 110A, a
face that is bonded with the second unmagnetized magnet material 110B is especially referred to as a "first bonding
target face".
[0035] The second unmagnetized magnet material 110B includes a second upper face 112B, a second bottom face
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114B, and four second side faces 116B. It should be noted that, among six faces of the second unmagnetized magnet
material 110B, a face that is bonded with the first unmagnetized magnet material 110A is especially referred to as a
"second bonding target face".
[0036] According to this denotation, the unmagnetized magnet materials 110A, 110B are arrayed in such a manner
that the first bonding target face (one of the first side faces 116A) of the first unmagnetized magnet material 110A and
the second bonding target face (one of the second side faces 116B) of the second unmagnetized magnet material 110B
face each other, and the assembly 160 is made by repeating this process.
[0037] The upper face 162 of the assembly 160 is formed by the first upper faces 112A of two first unmagnetized
magnet materials 110A and the second upper face 112B of one second unmagnetized magnet material 110B. Likewise,
the bottom face 164 of the assembly 160 is formed by the first bottom faces 114A of two first unmagnetized magnet
materials 110A and the second bottom face 114B of one second unmagnetized magnet material 110B.
[0038] Here, in a case where the upper face 162 and the bottom face 164 face each other like the assembly 160, the
distance between the upper face 162 and the bottom face 164 will be referred to as "thickness". In the example illustrated
in FIG. 3, the direction of the thickness of the assembly 160 is parallel to the Z direction.
[0039] The thickness of the assembly 160 is in a range of 1 mm to 10 mm, more preferably in a range of 1 mm to 6
mm, and still more preferably in a range of 1.5 mm or more and less than 6 mm.
[0040] On the other hand, the length along the array direction of the assembly 160 (hereinafter referred to as "array
length") is preferably in a range of 10 mm to 40 mm.
[0041] In the normal case, the size in the Z direction of the first unmagnetized magnet material 110A is configured to
be equal to the size in the Z direction of the second unmagnetized magnet material 110B. Accordingly, the thickness of
the assembly 160 can be uniform, and the polishing step for uniformizing the thickness of the Halbach magnet manu-
factured later can be omitted or simplified.
[0042] Referring to FIG. 3 again, the first unmagnetized magnet materials 110A are arranged in the assembly 160
such that magnetization easy axes 140A are parallel to the thickness direction of the assembly 160. The second un-
magnetized magnet material 110B is arranged in the assembly 160 such that the magnetization easy axis 140B is parallel
to the array direction of the unmagnetized magnet materials 110A and 110B.
[0043] As a result, in the adjacent unmagnetized magnet materials 110A and 110B in the assembly 160, the angle α
between the magnetization easy axis 140A and the magnetization easy axis 140B (hereinafter referred to as "magnet-
ization easy axis angle difference α") is 90 degrees (where 0 degrees ≤ α ≤ 90 degrees is assumed to hold).
[0044] Actually, in the unmagnetized magnet material, the angle of the magnetization easy axis includes a variation
of about 65 degrees. Accordingly, in this application, the value of the angle difference α of magnetization easy axis is
assumed to include a range of 6 5 degrees. Therefore, when the angle difference α of the magnetization easy axis is
90 degrees, it means that α is 85 degrees to 90 degrees. The direction of the magnetization easy axis of the unmagnetized
magnet material can be measured by electron backscatter diffraction. In other words, in a pole figure of the magnetization
easy axes obtained by electron backscatter diffraction, the most frequent direction can be adopted as the direction of
the magnetization easy axis at the analysis point in question. As the analysis points, analysis may be performed at three
points which equally divide into four a diagonal line on a face yielding the maximum surface magnetic flux density, when
the unmagnetized magnet material is magnetized, and the average value of the directions of the magnetization easy
axes at these three points may be adopted as the orientation direction of the unmagnetized magnet material, i.e., the
direction 140 of the magnetization easy axis.
[0045] Further, in the example illustrated in FIG. 3, the assembly 160 is made by bonding a total of three unmagnetized
magnet materials 110A and 110B in an array direction. However, it should be noted that this form is merely an example.
That is, in the assembly, the total number of unmagnetized magnet materials to be bonded is not particularly limited as
long as it is 3 or more.
[0046] Also, in the assembly, the orientation directions of the magnetization easy axes of unmagnetized magnet
materials to be used do not necessarily have to be the same as the directions of the magnetization easy axes 140A and
140B illustrated in FIG. 3.
[0047] Hereinafter, another configuration of an assembly will be described with reference to FIG. 4 to FIG. 6.
[0048] FIG. 4 to FIG. 6 schematically illustrate another aspect of an assembly.
[0049] In the example illustrated in FIG. 4, an assembly 260 is made by arranging a total of five unmagnetized magnet
materials 210A, 210B, 210C, 210D, and 210A along the array direction (X direction). In the assembly 260, the same
unmagnetized magnet material 210A may be disposed at the left and right ends as illustrated in FIG. 4.
[0050] The unmagnetized magnet materials 210A to 210D have magnetization easy axes 240A to 240D oriented in
different directions.
[0051] As a result, in the configuration of this assembly 260, the angle difference α of the magnetization easy axes
240 is 45 degrees in any one of the pairs of adjacent unmagnetized magnet materials.
[0052] In the example illustrated in FIG. 5, an assembly 360 is made by arranging a total of five unmagnetized magnet
materials 310A, 310B, 310C, 310D, and 310A along the array direction (X direction). In the assembly 360, the same
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unmagnetized magnet material 310A may be disposed at the left and right ends as illustrated in FIG. 5.
[0053] The unmagnetized magnet materials 310A to 310D have magnetization easy axes 340A to 340D oriented in
directions different from each other.
[0054] Here, like the assembly 260 illustrated in FIG. 4, in the assembly 360, the angle difference α among the
magnetization easy axes 340A to 340D is 45 degrees in any one of the pairs of adjacent unmagnetized magnet materials.
However, the assembly 360 differs from the assembly 260 in that the assembly 360 has, at the left and right ends,
unmagnetized magnet materials 310A in which the magnetization easy axis 340 is oriented in the direction parallel to
the array direction.
[0055] Furthermore, in the example illustrated in FIG. 6, an assembly 460 is made by arranging a total of seven
unmagnetized magnet materials 410A, 410B, 410C, 410D, 410E, 410F, and 410A arranged along the array direction
(X direction). In the assembly 460, as illustrated in FIG. 6, the same unmagnetized magnet materials 410A may be
disposed at the left and right ends.
[0056] The unmagnetized magnet materials 410A to 410F have magnetization easy axes 440A to 440F oriented in
directions different from each other.
[0057] As a result, in the configuration of this assembly 460, the angle difference α of the magnetization easy axis
440 is 30 degrees in each of the pairs of adjacent unmagnetized magnet materials.
[0058] As explained above, in the assemblies, the angle difference α of the magnetization easy axes in adjacent pairs
of unmagnetized magnet materials is not particularly limited as long as it is in the range of 30 degrees to 120 degrees.
Similarly, it should be noted that the number of unmagnetized magnet materials included in the assembly is not particularly
limited as long as it is 3 or more.

(Step S120)

[0059] Next, the assembly made in the aforementioned steps is magnetized.
[0060] Fig. 7 schematically illustrates a cross section of a magnetization apparatus that can be used for magnetization
process of an assembly.
[0061] As illustrated in FIG. 7, the magnetization apparatus 700 has a housing 702. The housing 702 has an accom-
modation part 704. A magnetization target body Q, i.e., an assembly holding case 720 including an assembly, is placed
in the accommodation part 704.
[0062] The housing 702 includes two coil accommodation spaces 708A and 708B formed in parallel to a top view, i.e.,
the Y direction (i.e., a direction perpendicular to the page of this application) of FIG. 7.
[0063] Coils 710A and 710B are accommodated in the coil accommodation spaces 708A and 708B, respectively. The
coil accommodation spaces 708A and 708B are filled with nonmagnetic resin.
[0064] In a case where the assembly is magnetized using the magnetization apparatus 700, an assembly holding
case 720 is arranged in the accommodation part 704 of the housing 702. In the assembly holding case 720, a magnet-
ization target body Q is placed. The magnetization target body Q may be, for example, the assembly 360 illustrated in
FIG. 5 explained above.
[0065] It should be noted that the magnetization target body Q does not necessarily need to be used by being accom-
modated in the assembly holding case 720. For example, the magnetization target body Q may be directly accommodated
in the accommodation part 704 of the housing 702.
[0066] Next, in this state, a current is supplied to the coils 710A and 710B in the housing 702.
[0067] Here, as illustrated in FIG. 7, it is assumed that a current flows through the coil 710A from the front side to the
back side of the page of this application, and a current flows through the coil 710B from the back side to the front side
of the page of this application. The housing 702 is made of a magnetic material and functions as a yoke.
[0068] With the applied current, an annular magnetic field B1 is generated from the coil 710A. As illustrated in FIG. 7,
the annular magnetic field B1 is generated substantially in a clockwise direction around the coil 710A. Likewise, with the
applied current, the annular magnetic field B2 is generated from the coil 710B. As illustrated in FIG. 7, the annular
magnetic field B2 is generated substantially in a counterclockwise direction around the coil 710B.
[0069] Here, the coil 710A and the coil 710B are energized by charging a capacitor connected to the coil 710A and
the coil 710B and discharging the electric charge charged in the capacitor. In this case, the annular magnetic field B1
and the annular magnetic field B2 are pulse magnetic fields generated by the pulse current.
[0070] In such methods, strong annular magnetic fields B1 and B2 can be stably generated from the coil 710A and the
coil 710B without damaging the coil 710A and the coil 710B.
[0071] The pulse width of the pulse current is, for example, in the range of 0.3 ms to 100 ms, preferably 0.5 ms to 10
ms. By setting the pulse width to the above range, a strong magnetic field can be applied while the heat generation of
the coils is suppressed. The maximum current is, for example, in the range of 8 kA to 20 kA. It should be noted that the
pulse current may be applied to the coil 710A and the coil 710B a plurality of times.
[0072] A pulse magnetic field is applied to the magnetization target body Q by these annular magnetic fields B1 and
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B2. As a result, the unmagnetized magnet materials contained in the magnetization target body Q are magnetized, and
thus a magnetized body is obtained.
[0073] For example, in a case where the magnetization process is performed on the assembly 360 as illustrated in
FIG. 5, the unmagnetized magnet materials 310A to 310D are magnetized in the magnetizing directions as illustrated
in FIG. 8.
[0074] Here, as illustrated in FIG. 8, in a magnetized body 742, the magnetized magnets will be referred to as a magnet
block 760A, a magnet block 760B, a magnet block 760C, a magnet block 760D, and a magnet block 760E, in an order
along the X direction. The magnetization directions of the magnet blocks 760A to 760E will be referred to as 761A to 761E.
[0075] In the magnetized body 742, the angle θ formed by the magnetizing directions of adjacent magnet block pairs
is defined as a magnetization direction angle difference θ (where θ is in a range of 0 degrees to 180 degrees). In the
example illustrated in FIG. 8, the magnetization direction angle difference θ is 45 degrees in any pair.
[0076] Actually, the magnetization direction of the magnet block includes a variation of about 65 degrees. Therefore,
in this application, the value of the magnetization direction angle difference θ is assumed to include the range of 65
degrees. Therefore, the magnetization direction angle difference of 45 degrees means a range in which θ is 40 degrees
to 50 degrees. The same applies to other values of magnetization direction angle differences. The direction of the
magnetization is the direction having the N magnetic pole of the directions of the magnetization easy axis.
[0077] Here, FIG. 8 illustrates, for example, a case where the magnetization direction angle difference θ is 45 degrees
in the magnetized body 742. However, this is merely an example, and in the magnetized body, the magnetization direction
angle difference θ can be any given value selected from a range of 30 degrees to 120 degrees.
[0078] For example, in the magnetization apparatus 700 illustrated in FIG. 7, in a case where the distance between
the two coil accommodation spaces 708A and 708B is brought to be closer, a magnetized body having a larger mag-
netization direction angle difference θ can be obtained.
[0079] For example, in a case where magnetization process is performed using an assembly in which three unmag-
netized magnet materials are arrayed so that the angle difference α of the magnetization easy axes is 90 degrees, a
magnetized body 842 having a magnetization direction angle difference θ of 90 degrees can be obtained as illustrated
in FIG. 9.
[0080] Through the above steps, a magnetized body 742, i.e., a Halbach magnet, can be manufactured. In the mag-
netized body 742 illustrated in FIG. 8, a bottom face 748 is a face yielding the maximum surface magnetic flux density
(hereinafter referred to as "principal face (of Halbach magnet)"). Likewise, in the magnetized body 842 illustrated in FIG.
9, the bottom face 848 is a principal face.
[0081] The size in the direction perpendicular to the principal face, i.e., to the bottom face 748, of the magnetized body
742 (i.e., "thickness" of the magnetized body 742) is, for example, in a range of 1 mm to 10 mm, more preferably in a
range of 1 mm to 6 mm, still more preferably in a range of 5 mm or more and less than 6 mm. By setting the thickness
to 1.5 mm or more, the maximum value of the surface magnetic flux density on the principal face of the magnetized body
742 can be increased. By setting the thickness to less than 6 mm (more preferably 5 mm or less, still more preferably
4 mm or less), the magnetization rate of each of the magnet blocks constituting the magnetized body 742 can be increased
(for example, 95% or more). By setting the magnetization rate to 95% or more, the squareness is improved, and this
can make it less likely for the magnet block to demagnetize.
[0082] Here, as explained above, conventionally, it was thought to be difficult to perform magnetization in a manner
in which the magnetization directions are greatly different in a pair of adjacent unmagnetized magnet blocks. This is
because, since the magnetic field usually has continuity, it is impossible in principle to apply a magnetic field along the
directions of the magnetization easy axes to the adjacently arranged unmagnetized magnet blocks having different
orientation directions of magnetization easy axes.
[0083] In contrast, as explained above, the inventor and the like of the present application has discovered that, by
using the magnetization apparatus 700 as illustrated in FIG. 7 to apply a pulse magnetic field to the magnetization target
body Q, magnetization can be performed even in a manner in which the magnetization directions are greatly different
in a pair of adjacent unmagnetized magnet materials. An example of manufacturing a Halbach magnet according to the
method of performing the magnetization after the assembling has never been expected to date, and the result of the
present application is surprising.
[0084] Thus, in the first manufacturing method, the Halbach magnet can be manufactured by performing the magnet-
ization process on the magnetization target body Q later. In the first manufacturing method, it is not necessary to bond
a plurality of permanent magnet blocks in a state where the permanent magnets are repelled and/or attracted to each
other, like the conventional case. Therefore, with the first manufacturing method, a Halbach magnets can be manufactured
with a significantly higher productivity than conventional methods.
[0085] In addition, the first manufacturing method can avoid the problem of deterioration in the precision of assembly
due to the influence of the above-described repulsions and/or attractions of the magnet blocks, and can relatively easily
manufacture a Halbach magnet having desired characteristics.
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(Another method for manufacturing a Halbach magnet according to embodiment of the present invention)

[0086] Next, another method for manufacturing a Halbach magnet according to embodiment of the present invention
(hereinafter referred to as a "second manufacturing method") will be explained.
[0087] The second manufacturing method includes:

(1) a step (step S210) of preparing three or more unmagnetized magnet materials of which magnetization easy axes
are oriented in predetermined directions, and adhering the unmagnetized magnet materials with each other to make
an assembly; and
(2) a step (step S220) of applying an annular pulse magnetic field to the assembly to magnetize the assembly.

[0088] The second manufacturing method is fundamentally similar to the first manufacturing method explained above.
However, in the second manufacturing method, a magnetization apparatus different from the magnetization apparatus
700 used in the first manufacturing method is used in step S220.
[0089] Therefore, the magnetization apparatus that can be used in step S220 of the second manufacturing method
will be described below.
[0090] FIG. 10 schematically illustrates a magnetization apparatus (second magnetization apparatus) that can be used
in step S220 of the second manufacturing method.
[0091] As illustrated in FIG. 10, a second magnetization apparatus 900 has a housing 902. The housing 902 has a
non-magnetic frame member 903 in the upper part, and an accommodation part 904 is formed in the upper part of the
housing 902 by the frame member 903. A magnetization target body, i.e., an assembly holding case 920 including an
assembly, is placed in the accommodation part 904.
[0092] Immediately below the frame member 903 and the accommodation part 904, Coil accommodation spaces
908A, 908B, and 908C are formed in parallel with each other along a top view, i.e., the Y direction (i.e., a direction
perpendicular to the page of this application) of FIG. 10.
[0093] Coils 910A and 910C are accommodated in the coil accommodation spaces 908A and 908C, respectively. On
the other hand, two pairs of coils, i.e., a coil 910B1 (upper and lower four coils on the left-hand side) and a coil 910B2
(upper and lower four coils on the right-hand side) are accommodated in the central coil accommodation space 908B.
[0094] It should be noted that the space between the coil 910B1 and the coil 910B2 is an air layer, in which the relative
permeability is low, and accordingly, it is difficult for magnetic flux to pass through this space. Note that, in practice, the
gap of the coil accommodation space 908B can be filled with non-magnetic resin. The same applies to the coil accom-
modation spaces 908A and 908C.
[0095] In a case where an assembly is magnetized using the magnetization apparatus 900, an assembly holding case
920 is arranged in the accommodation part 904 of the housing 902. In the assembly holding case 920, a magnetization
target body Q is placed. The magnetization target body Q may be, for example, the assembly 260 illustrated in FIG. 4
explained above.
[0096] It should be noted that the magnetization target body Q does not necessarily need to be accommodated in the
assembly holding case 920. For example, the magnetization target body Q may be directly accommodated in the ac-
commodation part 904 of the housing 902.
[0097] Next, in this state, a current is supplied to the coils 910A, 910B1 in the housing 902.
[0098] Here, as illustrated in FIG. 10, it is assumed that a current flows through the coils 910A and 910C from the
back side to the front side of the page of this application, and a current flows through the coils 910B1 and 910B2 from
the front side to the back side of the page of this application. The housing 902 is made of a magnetic material and
functions as a yoke.
[0099] With the applied current, an annular magnetic field B1 is generated from the coil 910A. As illustrated in FIG.
10, the annular magnetic field B1 is generated substantially in a counterclockwise direction around the coil 910A. Likewise,
with the applied current, the annular magnetic field B2 is generated from the coils 910B1, B2. As illustrated in FIG. 10,
the annular magnetic field B2 is generated substantially in a clockwise direction around the two coils 910B1, 910B2.
Likewise, with the applied current, the annular magnetic field B3 is generated from the coil 910C. As illustrated in FIG.
10, the annular magnetic field B3 is generated substantially in a counterclockwise direction around the coil 910C.
[0100] Here, the coils 910A, 910B1, 901B2, and the coil 910C are energized by generating a pulse current using a
capacitor with a high charge capacitance as explained above. In other words, the annular magnetic fields B1 to B3 are
pulse magnetic fields.
[0101] In such methods, strong annular magnetic fields B1 to B3 can be stably generated from the coils 910A, 910B1,
901B2, and 910C without damaging the coils 910A, 910B1, 901B2, and 910C.
[0102] As explained above, the pulse width of the pulse current is, for example, in the range of 0.3 ms to 100 ms,
preferably 0.5 ms to 10 ms. The maximum current is, for example, in the range of 8 kA to 20 kA. It should be noted that
the pulse current may be applied to the coils 910A, 910B1, 901B2, and 910C a plurality of times.
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[0103] A pulse magnetic field is applied to the magnetization target body Q by these annular magnetic fields B1 to B3.
As a result, the unmagnetized magnet materials contained in the magnetization target body Q are magnetized, and thus
a magnetized body is obtained.
[0104] For example, in a case where the magnetization process is performed on the assembly 260 as illustrated in
FIG. 4, the unmagnetized magnet materials 210A to 210D are magnetized into magnets magnetized in the magnetizing
directions as illustrated in FIG. 11.
[0105] Here, as illustrated in FIG. 11, in a magnetized body 942, the magnetized magnets will be referred to as a
magnet block 960A, a magnet block 960B, a magnet block 960C, a magnet block 960D, and a magnet block 960E, in
an order along the X direction. The magnetization directions of the magnet blocks 960A to 960E will be referred to as
961A to 961E.
[0106] In the magnetized body 942, an angle formed by the magnetizing directions of adjacent magnet block pairs,
i.e., a magnetization direction angle difference θ, is 45 degrees in any of the pairs. As explained above, it should be
noted that this magnetization direction angle difference θ includes a variation of about 6 5 degrees.
[0107] In the magnetized body 942 illustrated in FIG. 11, the bottom face 948 is a face yielding the maximum surface
magnetic flux density (i.e., a principal face of a Halbach magnet).
[0108] The size in the direction perpendicular to the principal face of the magnetized body 942 ("thickness" of the
magnetized body 942) is, for example, in a range of 1 mm to 10 mm, more preferably in a range of 1 mm to 6 mm, still
more preferably in a range of 1.5 mm to 4 mm. By setting the thickness to 1.5 mm or more, the maximum value of the
surface magnetic flux density on the principal face of the magnetized body 942 can be increased. By setting the thickness
to less than 4 mm, the magnetization rate of each of the magnets constituting the magnetized body 942 can be 95% or
more. By setting the magnetization rate to 95% or more, the squareness is improved, and this can make it less likely for
the magnet to demagnetize.
[0109] Further, unlike the magnetized body 742 illustrated in FIG. 8 explained above, the magnetized body 942 is
configured such that the bottom face 948 has two magnetic poles (the magnet 960A and the magnet 960E).
[0110] Here, FIG. 11 illustrates, for example, a case where the magnetization direction angle difference θ is 45 degrees
in the magnetized body 942. However, this is merely an example, and in the magnetized body, the magnetization direction
angle difference θ can be any given value selected from a range of 30 degrees to 120 degrees.
[0111] For example, in the magnetization apparatus 900 illustrated in FIG. 10, in a case where the distance between
the three coil accommodation spaces 908A, 908B, and 908C is brought to be closer, a magnetized body having a larger
magnetization direction angle difference θ can be obtained. Conversely, in a case where the distance between the three
coil accommodation spaces 908A, 908B, and 908C is brought to be farther, a magnetized body having a smaller mag-
netization direction angle difference θ can be obtained.
[0112] Through the above steps, a magnetized body 942, i.e., a Halbach magnet, can be manufactured.
[0113] It will be understood by those skilled in the art that this second manufacturing method can provide the same
advantages as those of the first manufacturing method explained above.
[0114] The configuration and features of the present invention have been described above with reference to the first
and second manufacturing methods as an example. However, the above explanation is merely an example, and it will
be understood to those skilled in the art that each step can be modified or changed in the first and second manufacturing
methods.
[0115] For example, by appropriately changing the configuration of the magnetization apparatus, for example, a mag-
netized body having a magnetization direction angle difference θ of about 30 degrees can be formed by magnetizing
the assembly 460 as illustrated in FIG. 6.
[0116] At least a part of the method for manufacturing a Halbach magnet explained in the present application can also
be applied as a magnetizing method for magnetizing an unmagnetized magnet.

<Examples>

[0117] Next, examples of the present invention will be explained.

(Example 1)

[0118] A Halbach magnets was manufactured by the following method.
[0119] First, three sintered neodymium magnets (manufactured by Neomag Co., Ltd.) were prepared in which the
magnetization easy axes of magnetic particles were oriented in a single direction.
[0120] These magnets were demagnetized by being heated and then processed into the specified dimensions to
obtain the first to third unmagnetized magnet materials.
[0121] The first unmagnetized magnet material was substantially in a cuboid shape, and had dimensions of 7 mm
long 3 6.7 mm wide 3 2 mm high. In the first unmagnetized magnet material, the magnetization easy axis of the magnetic
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particles was oriented along the height direction (i.e., direction parallel to the side of 2 mm). The second unmagnetized
magnet material had the same dimensions as the first unmagnetized magnet material. However, in the second unmag-
netized magnet material, the magnetization easy axis of the magnetic particles was oriented along the horizontal direction
(i.e., direction parallel to the side of 6.7 mm). The third unmagnetized magnet material was the same as the first unmag-
netized magnet material.
[0122] Next, the unmagnetized magnet materials were arrayed in a row in an order of the first unmagnetized magnet
material, the second unmagnetized magnet material, and the third unmagnetized magnet material, with the faces of 7
mm32 mm being bonding target faces. In addition, the unmagnetized magnet materials were bonded via an epoxy resin
to form an assembly.
[0123] In the assembly, the orientations of the magnetization easy axes in the unmagnetized magnet materials were
as illustrated in Fig. 3 explained above.
[0124] Next, the assembly was magnetized using the second magnetization apparatus 900 as illustrated in FIG. 10.
The capacitance of the capacitor used was 1000 mF, and the charging voltage was 1400V. As a result of a discharge
of the electric charge charged in the capacitor, a pulse current of up to 14.1 kA having a pulse width of 0.7 ms or less
was applied to the coils 910A to 910C. As a result, an annular pulse magnetic field was generated around the coils 910A
to 910C, and the assembly was magnetized.
[0125] Fig. 12 schematically illustrates a form of a Halbach magnet obtained after magnetization.
[0126] As illustrated in FIG. 12, a Halbach magnet 1100 includes three magnet blocks 1110, 1120, and 1130.
[0127] In the leftmost magnet block 1110, the magnetization direction was the positive direction of the Z axis. In the
central magnet block 1120, the magnetization direction was the positive direction of the X axis. In the rightmost magnet
block 1130, the magnetization direction was the negative direction of the Z axis. Therefore, the magnetization direction
angle difference θ was 90 degrees (where 0 degrees ≤ θ ≤ 180 degrees holds).
[0128] In the Halbach magnet 1100, the bottom face 1105 had the strongest surface magnetic flux density, and
therefore, the bottom face 1105 served as the principal face.
[0129] As described above, the Halbach magnet 1100 with two magnetic poles on the principal face was manufactured.

(Example 2)

[0130] A Halbach magnet was prepared in the same manner as in Example 1.
[0131] However, in Example 2, the dimensions of each unmagnetized magnet material were changed to 7 mm long
3 6.7 mm wide 3 3 mm high. The fabrication conditions other than the above are the same as those in Example 1.

(Example 3)

[0132] A Halbach magnet was made according to a method similar to Example 1.
[0133] However, in Example 3, the dimensions of each unmagnetized magnet material were changed to 7 mm long
3 6.7 mm wide 3 3.5 mm high. The fabrication conditions other than the above are the same as those in Example 1.

(Example 4)

[0134] A Halbach magnet was made according to a method similar to Example 1.
[0135] However, in Example 4, the dimensions of each unmagnetized magnet material were changed to 7 mm long
3 6.7 mm wide 3 6 mm high. The fabrication conditions other than the above are the same as those in Example 1.

(Example 5)

[0136] A Halbach magnet was made according to a method similar to Example 1.
[0137] However, in Example 5, five unmagnetized magnet materials were bonded to form an assembly. The dimensions
of each unmagnetized magnet material were 15 mm long 3 4 mm wide 3 4 mm high.
[0138] In the assembly, the orientations of the magnetization easy axes in the unmagnetized magnet materials were
as illustrated in Fig. 5 explained above.
[0139] Next, the assembly was magnetized using the second magnetization apparatus 700 as illustrated in FIG. 7.
The capacitance of the capacitor used was 1000 mF, and the charging voltage was 1400V. As a result of a discharge
of the electric charge charged in the capacitor, a pulse current of up to 14.1 kA having a pulse width of 0.7 ms or less
was applied to the coils 910A to 910C. As a result, an annular pulse magnetic field was generated around the coils 710A
to 710B, and the assembly was magnetized.
[0140] After the magnetization, a Halbach magnet having magnetization directions as illustrated in FIG. 8 explained
above was manufactured.
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(Example 6)

[0141] A Halbach magnet was made according to a method similar to Example 5.
[0142] However, in Example 6, in the assembly, the orientations of the magnetization easy axes in the unmagnetized
magnet materials were as illustrated in FIG. 4.
[0143] As a result of performing the magnetization process on the assembly using the second magnetization apparatus
900, a Halbach magnet as illustrated in FIG. 13 was obtained.
[0144] As illustrated in FIG. 13, this Halbach magnet 1200 includes five magnet blocks 1210, 1220, 1230, 1240, and
1250.
[0145] In the leftmost magnet block 1210, the magnetization direction was the positive direction of the Z axis. Then,
the magnetization direction of each of the magnet blocks was changed 45 degrees in the clockwise direction along the
array direction. In the rightmost magnet block 1250, the magnetization direction was the negative direction of the Z axis.
Therefore, in this Halbach magnet 1200, the magnetization direction angle difference θ was 45 degrees (however, 0
degrees ≤ θ ≤ 180 degrees holds).
[0146] In the Halbach magnet 1200, the bottom face 1205 had the strongest surface magnetic flux density, and
therefore, the bottom face 1205 served as the principal face.
[0147] As described above, in Example 6, the Halbach magnet 1200 with two magnetic poles on the principal face
was manufactured.

(Example 7)

[0148] A Halbach magnet was made according to a method similar to Example 1.
[0149] However, in Example 7, the first and third unmagnetized magnet materials were 7 mm long 3 8.0 mm wide 3
4 mm high, and the second unmagnetized magnet material was 7 mm long 3 4.0 mm wide 3 4 mm high. In other words,
the ratio of the lengths in the width direction (horizontal direction) between the magnet pieces is 2:1:2. The fabrication
conditions other than the above are the same as those in Example 1.

(Example 8)

[0150] A Halbach magnet was made according to a method similar to Example 1.
[0151] In Example 8, however, the first and third unmagnetized magnet materials were 7 mm long 3 8.0 mm wide 3
6 mm high, and the second unmagnetized magnet material was 7 mm long 3 4.0 mm wide 3 6 mm high. In other words,
the ratio of the lengths in the width direction (horizontal direction) between the magnet pieces is 2:1:2. The fabrication
conditions other than the above are the same as those in Example 1.

(Example 9)

[0152] A Halbach magnet was made according to a method similar to Example 1.
[0153] In Example 9, however, the first and third unmagnetized magnet materials were 7 mm long 3 5.0 mm wide 3
4 mm high, and the second unmagnetized magnet material was 7 mm long 3 10.0 mm wide 3 4 mm high. In other
words, the ratio of the lengths in the width direction (horizontal direction) between the magnet pieces is 1:2:1. The
fabrication conditions other than the above are the same as those in Example 1.

(Example 10)

[0154] A Halbach magnet was made according to a method similar to Example 1.
[0155] In Example 10, however, the first and third unmagnetized magnet materials were 7 mm long 3 5.0 mm wide
3 6 mm high, and the second unmagnetized magnet material was 7 mm long 3 10.0 mm wide 3 6 mm high. In other
words, the ratio of the lengths in the width direction (horizontal direction) between the magnet pieces is 1:2:1. The
fabrication conditions other than the above are the same as those in Example 1.

(Example 11)

[0156] A Halbach magnet was made according to a method similar to Example 1.
[0157] In Example 11, however, the first and third unmagnetized magnet materials were 7 mm long 3 5.0 mm wide
3 8 mm high, and the second unmagnetized magnet material was 7 mm long 3 10.0 mm wide 3 8 mm high. In other
words, the ratio of the lengths in the width direction (horizontal direction) between the magnet pieces is 1:2:1. The
fabrication conditions other than the above are the same as those in Example 1.
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(Example 12)

[0158] A Halbach magnet was made according to a method similar to Example 1.
[0159] In Example 12, however, the first and third unmagnetized magnet materials were 7 mm long 3 5.0 mm wide
3 10 mm high, and the second unmagnetized magnet material was 7 mm long 3 10.0 mm wide 3 10 mm high. In other
words, the ratio of the lengths in the width direction (horizontal direction) between the magnet pieces is 1:2:1. The
fabrication conditions other than the above are the same as those in Example 1.

(Example 21)

[0160] A Halbach magnet was made according to a method similar to Example 1.
[0161] However, in Example 21, the dimensions of each unmagnetized magnet material were changed to 7 mm long
3 6.7 mm wide 3 8 mm high. The fabrication conditions other than the above are the same as those in Example 1.

(Example 22)

[0162] A Halbach magnet was made according to a method similar to Example 1.
[0163] In Example 22, however, the first and third unmagnetized magnet materials were 7 mm long 3 8.0 mm wide
3 8 mm high, and the second unmagnetized magnet material was 7 mm long 3 4.0 mm wide 3 8 mm high. In other
words, the ratio of the lengths in the width direction (horizontal direction) between the magnet pieces is 2:1:2. The
fabrication conditions other than the above are the same as those in Example 1.

(Example 23)

[0164] A Halbach magnet was made according to a method similar to Example 1.
[0165] In Example 23, however, the first and third unmagnetized magnet materials were 7 mm long 3 8.0 mm wide
3 10 mm high, and the second unmagnetized magnet material was 7 mm long 3 4.0 mm wide 3 10 mm high. In other
words, the ratio of the lengths in the width direction (horizontal direction) between the magnet pieces is 2:1:2. The
fabrication conditions other than the above are the same as those in Example 1.

(Evaluation)

[0166] In the Halbach magnets manufactured in Examples, the adhesives were removed, and the magnet blocks were
separated. Also, the magnetization rates were evaluated using the obtained magnet blocks (hereinafter referred to as
"separated magnets").
[0167] The magnetization rates of the separated magnets were measured according to the following method using a
Helmholtz coil device.
[0168] FIG. 14 schematically illustrates a configuration of a Helmholtz coil device.
[0169] As illustrated in FIG. 14, a Helmholtz coil device 1300 includes a first coil 1310 at an upper side and a second
coil 1320 at a lower side. The first coil 1310 and the second coil 1320 are arranged in parallel to each other so as to
have the same central axis C.
[0170] The diameters of the first coil 1310 and the second coil 1320 are both 70 mm, and the number of turns of the
first coil 1310 and the second coil 1320 are both 50 times. A distance d between the coils 1310 and 1320 is 35 mm.
[0171] At the time of measurement, a measurement target body (separated magnet) S is disposed at an intermediate
position between the first coil 1310 and the second coil 1320 on the central axis C of the first coil 1310 and the second
coil 1320. Also, the orientation directions of the magnetization easy axes of the measurement target body are arranged
to be in parallel to the central axis C.
[0172] In this state, the measurement target body S is moved along the central axis C in the direction indicated by the
arrow and pulled out across the plane formed by the second coil 1320. With this action, an induced voltage V is generated
in the first coil 1310 and the second coil 1320.
[0173] FIG. 15 schematically illustrates an induced voltage V generated in the first coil 1310 and the second coil 1320
by the pull-out action of the measurement target body S. In FIG. 15, the horizontal axis denotes a time change when
the measurement target body S is pulled out, and the vertical axis denotes the induced voltage V.
[0174] From an area bounded by the curve of the induced voltage V and the horizontal axis (shaded portion in FIG.
15), the total magnetic flux amount R1 of the measurement target body S is measured.
[0175] Next, a sufficient external magnetic field is applied to the measurement target body S along the orientation
direction of the magnetization easy axis of the measurement target body S to completely magnetize the measurement
target body S (full magnetization). In the present application, an external magnetic field of 7T was applied. Using this
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fully magnetized measurement target body S, an induced power V is similarly measured to derive the total magnetic
flux amount R2 in the fully magnetized state. From the obtained results, the following equation (1) is used to obtain the
magnetization rate R. 

[0176] In the present application, the total magnetic flux amount R1 and the total magnetic flux amount R2 are each
the average of three measurement results.
[0177] Table 1 below summarizes the measurement results of the magnetization rates R of the separated magnets
taken from the Halbach magnets manufactured in Examples.
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[0178] In Examples, a field of "average" indicates an average value of the magnetization rates R obtained from the
separated magnets retrieved from a Halbach magnet.
[0179] From the results in Table 1, it can be seen that in Example 1 to Example 12, high magnetization rates were
obtained from the separated magnets in any Example. In particular, in Example 5, Example 7, and Example 9 to Example
10, the average magnetization rates R of the separated magnets were over 98%, which is extremely high.
[0180] As described above, it was confirmed that, in a case where the method according to an embodiment of the
present invention is applied, the Halbach magnets can be manufactured properly even if the magnetization directions
are greatly different between adjacent magnet blocks such that the magnetization direction angle difference θ exceeds
45 degrees.
[0181] The magnetization rate has a great influence not only on the strength of the magnetic force but also on the
squareness that represents the resistance to demagnetization. When the magnetization rate is less than 95%, the
squareness is greatly reduced. Therefore, it is preferable that the magnetization rates of all the magnet blocks forming
the Halbach magnet exceed 95%.
[0182] In addition, the ease of magnetization is greatly influenced not only by the thickness of the magnet, but also
by the ratio of the lengths in the width direction of the unmagnetized magnet materials (for example, the sizes in the X
direction in FIG. 12, FIG. 13, and the like).
[0183] More specifically, a ratio (W1:W2) between a length W1 in the width direction of a magnet block having a
magnetization easy axis oriented in a direction perpendicular to a face yielding a maximum surface magnetic flux density
and a length W2 in the width direction of a magnet block having a magnetization easy axis oriented in a direction
perpendicular to the face yielding the maximum surface magnetic flux density is preferably in a range of 1:2 to 2:1.
[0184] This is because, when the length W1 in the width direction of a magnet block having a magnetization easy axis
oriented in a direction perpendicular to a face yielding a maximum surface magnetic flux density is too high, a surface
magnetic flux density on a face opposite to the face yielding the maximum surface magnetic flux density increases, and
as a result, a problem of leakage of a magnetic flux occurs. Also, this is because, when the length W2 in the width
direction of a magnet block having a magnetization easy axis oriented in a direction parallel to a face yielding a maximum
surface magnetic flux density is too high, there occurs a problem in that the maximum magnetic flux density decreases
on the face yielding the maximum surface magnetic flux density.
[0185] For example, in a case where the thickness of a Halbach magnet is more than 6 mm (for example, up to 10
mm), a length W2 in the width direction of a magnet block having a magnetization easy axis oriented in a direction
parallel to the face yielding the maximum surface magnetic flux density with respect to a length W1 in the width direction
of a magnet block having a magnetization easy axis oriented in a direction perpendicular to a face yielding a maximum
surface magnetic flux density, i.e., W2/W1, may be in a range of more than 1 and equal to or less than 2.
[0186] For example, in a case where the thickness of a Halbach magnet is equal to or less than 6 mm, a ratio (W1:W2)
between a length W1 in the width direction of a magnet block having a magnetization easy axis oriented in a direction
perpendicular to a face yielding a maximum surface magnetic flux density and a length W2 in the width direction of a
magnet block having a magnetization easy axis oriented in a direction parallel to the face yielding the maximum surface
magnetic flux density may be in a range of 2:1 to 1:1.
[0187] In this case, with the magnet blocks, a high magnetization rate R exceeding 95% and an average magnetization
rate of 98% or more can be obtained.
[0188] For example, in a case of Example 10, the ratio between the length W1 in the width direction of the leftmost
magnet block and the length W2 in the width direction of the center magnet block is 1:2. In this case, a significantly
higher magnetization rate can be obtained as compared to the case where the ratio W1:W2 is 1:1 as in Example 4.
[0189] The present application claims priority based on Japanese Patent Application No. 2017-104929 filed on May
26, 2017, the entire contents of which are incorporated herein by reference.

REFERENCE SIGNS LIST

[0190]

110 unmagnetized magnet material
110A first unmagnetized magnet material
110B second unmagnetized magnet material
112A first upper face
112B second upper face
114A first bottom face
114B second bottom face
116A first side face
116B second side face
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140, 140A, 140B magnetization easy axis
160 assembly
162 upper face
164 bottom face
166 side face
210A to 210D unmagnetized magnet material
240A to 240D magnetization easy axis
260 assembly
310A to 310D unmagnetized magnet material
340A to 340D magnetization easy axis
360 assembly
410A to 410F unmagnetized magnet material
440A to 440F magnetization easy axis
460 assembly
700 magnetization apparatus
702 housing
704 accommodation part
708A, 708B coil accommodation space
710A, 710B coil
720 assembly holding case
742 magnetized body
748 bottom face
760A to 760E magnet block
761A to 761E magnetization direction
842 magnetized body
848 bottom face
900 second magnetization apparatus
902 housing
903 frame member
904 accommodation part
908A to 908C coil accommodation space
910A, 910B1, 910B2, 910C coil
920 assembly holding case
942 magnetized body
948 bottom face
960A to 960E magnet block
961A to 961E magnetization direction
1100 Halbach magnet
1105 bottom face
1110 to 1130 magnet block
1200 Halbach magnet
1205 bottom face
1210 to 1250 magnet block
1300 Helmholtz coil device
1310 first coil
1320 second coil
Q magnetization target body
S measurement target body

Claims

1. A method for manufacturing a magnet, comprising:

(1) a step of preparing three or more unmagnetized magnet materials of which magnetization easy axes are
oriented in predetermined directions, and adhering the unmagnetized magnet materials with each other to make
an assembly; and
(2) a step of applying a curved pulse magnetic field to the assembly to magnetize the assembly,
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wherein in the step (2), the unmagnetized magnet materials are magnetized into magnet blocks, and an angle θ
(where 0≤θ≤180 degrees holds) formed by magnetization directions of at least a pair of magnet blocks adjacent to
each other is in a range of 30 degrees to 120 degrees.

2. The method according to claim 1, wherein the angle θ is in a range of 45 degrees to 90 degrees.

3. The manufacturing method according to claim 1 or 2, wherein each unmagnetized magnet material is in a substantially
rectangular parallelepiped shape.

4. The method according to any one of claims 1 to 3, wherein in the step (1), the unmagnetized magnet materials are
arrayed linearly.

5. The method according to claim 4, wherein an angle θ (where 0≤θ≤180 degrees holds) formed by magnetization
directions of magnet blocks at both ends of three consecutive and adjacent magnet blocks including at least the
pair of magnet blocks is in a range of 90 degrees to 180 degrees.

6. The method according to any one of claims 1 to 4, wherein where a direction in which the unmagnetized magnet
materials are arrayed is referred to as a width direction, a magnet obtained from the step (2) has a ratio W1:W2 in
a range of 1:2 to 2:1, W1 being a length in the width direction of a magnet block having a magnetization easy axis
oriented in a direction perpendicular to a face yielding a maximum surface magnetic flux density, and W2 being a
length in the width direction of a magnet block having a magnetization easy axis oriented in a direction parallel to
the face yielding the maximum surface magnetic flux density.

7. The method according to claim 6, wherein where the direction in which the unmagnetized magnet materials are
arrayed is referred to as the width direction, the magnet obtained from the step (2) has a ratio of W2 with respect
to W1 in a range of more than 1 and equal to or less than 2, W1 being the length in the width direction of the magnet
block having the magnetization easy axis oriented in the direction perpendicular to the face yielding the maximum
surface magnetic flux density, and W2 being the length in the width direction of the magnet block having the mag-
netization easy axis oriented in the direction parallel to the face yielding the maximum surface magnetic flux density,
and
a size of the magnet obtained from the step (2) in a direction perpendicular to the face yielding the maximum surface
magnetic flux density is equal to or less than 10 mm.

8. The method according to claim 6, wherein where the direction in which the unmagnetized magnet materials are
arrayed is referred to as the width direction, the magnet obtained from the step (2) has a ratio W1:W2 in a range of
2:1 to 1:1, W1 being the length in the width direction of the magnet block having the magnetization easy axis oriented
in the direction perpendicular to the face yielding the maximum surface magnetic flux density, and W2 being the
length in the width direction of the magnet block having the magnetization easy axis oriented in the direction parallel
to the face yielding the maximum surface magnetic flux density, and
a size of the magnet obtained from the step (2) in a direction perpendicular to the face yielding the maximum surface
magnetic flux density is equal to or less than 6 mm.

9. The method according to any one of claims 1 to 8, wherein the magnet has at least two magnetic poles on the face
yielding the maximum surface magnetic flux density.

10. A magnetizing method comprising:

(1) a step of preparing three or more unmagnetized magnet materials of which magnetization easy axes are
oriented in predetermined directions, and adhering the unmagnetized magnet materials with each other to make
an assembly; and
(2) a step of applying a curved pulse magnetic field to the assembly to magnetize the assembly,

wherein in the step (2), the unmagnetized magnet materials are magnetized into magnet blocks, and an angle θ
(where 0≤θ≤180 degrees holds) formed by magnetization directions of at least a pair of magnet blocks adjacent to
each other is in a range of 30 degrees to 120 degrees.



EP 3 633 698 A1

18



EP 3 633 698 A1

19



EP 3 633 698 A1

20



EP 3 633 698 A1

21



EP 3 633 698 A1

22



EP 3 633 698 A1

23



EP 3 633 698 A1

24



EP 3 633 698 A1

25



EP 3 633 698 A1

26

5

10

15

20

25

30

35

40

45

50

55



EP 3 633 698 A1

27

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2016029880 A [0005] • JP 2017104929 A [0189]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

