
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

30
8 

97
0

B
1

��&������������
(11) EP 1 308 970 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
11.05.2011 Bulletin 2011/19

(21) Application number: 02257551.8

(22) Date of filing: 31.10.2002

(51) Int Cl.:
H01F 7/02 (2006.01) H01F 41/02 (2006.01)

(54) Radial anisotropic sintered magnet production method

Herstellungsverfahren eines gesinterten anisotropen Radialmagnets

Procédé de fabrication d’un aimant radial fritté anisotropique

(84) Designated Contracting States: 
DE FR GB

(30) Priority: 31.10.2001 JP 2001334440
31.10.2001 JP 2001334441
31.10.2001 JP 2001334442
31.10.2001 JP 2001334443

(43) Date of publication of application: 
07.05.2003 Bulletin 2003/19

(60) Divisional application: 
09002987.7 / 2 063 438
09002995.0 / 2 063 439

(73) Proprietor: Shin-Etsu Chemical Co., Ltd.
Chiyoda-ku
Tokyo 100 (JP)

(72) Inventors:  
• Sato, Koji,

C/o Magnetic Materials Research Center
Takefu-shi,
Fukui-ken (JP)

• Kawabata, Mitsuo,
C/o Takefu Plant,
Takefu-shi,
Fukui-ken (JP)

• Minowa, Takehisa,
C/o Magnetic Material Res.Center
Takefu-shi,
Fukui-ken (JP)

(74) Representative: Stoner, Gerard Patrick et al
Mewburn Ellis LLP 
33 Gutter Lane
London
EC2V 8AS (GB)

(56) References cited:  
WO-A-93/22778 GB-A- 1 019 493
US-A- 5 204 569  

• PATENT ABSTRACTS OF JAPAN vol. 018, no. 658 
(E-1643), 13 December 1994 (1994-12-13) & JP 06 
260328 A (SUMITOMO SPECIAL METALS CO 
LTD;OTHERS: 01), 16 September 1994 
(1994-09-16)

• PATENT ABSTRACTS OF JAPAN vol. 018, no. 345 
(E-1571), 29 June 1994 (1994-06-29) & JP 06 
086484 A (SUMITOMO SPECIAL METALS CO 
LTD;OTHERS: 01), 25 March 1994 (1994-03-25)

• PATENT ABSTRACTS OF JAPAN vol. 2000, no. 
07, 29 September 2000 (2000-09-29) & JP 2000 
116089 A (SHIN ETSU CHEM CO LTD), 21 April 
2000 (2000-04-21)

• PATENT ABSTRACTS OF JAPAN vol. 2000, no. 
09, 13 October 2000 (2000-10-13) & JP 2000 
175387 A (SHIN ETSU CHEM CO LTD), 23 June 
2000 (2000-06-23)

• PATENT ABSTRACTS OF JAPAN vol. 2000, no. 
07, 29 September 2000 (2000-09-29) & JP 2000 
116090 A (SHIN ETSU CHEM CO LTD), 21 April 
2000 (2000-04-21)



EP 1 308 970 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

[0001] The present invention relates to a method of producing a radial anisotropic sintered magnet.
[0002] Anisotropic magnets, each produced by pulverizing a material having magnetic anisotropic crystals, such as
ferrite or a rare earth alloy, and pressing the pulverized material in a specific magnetic field, have been extensively used
for loudspeakers, motors, measuring instruments, and other electric components. Of these anisotropic magnets, those
having radial anisotropy have been advantageously used for AC servo-motors, DC brushless motors, and the like
because of excellent magnetic characteristics, free magnetization, and no need of reinforcement for fixing the magnets
unlike segment type magnets. In particular, along with the recent tendency toward higher performances of motors, it
has been required to develop long-sized radial anisotropic magnets.
[0003] Magnets oriented in radial directions have been produced by a vertical-field vertical molding process or a
backward extrusion molding process. According to the vertical-field vertical molding process, magnetic fields are applied
toward the center of a core in opposed directions parallel to the pressing direction, that is, the vertical direction. The
magnetic fields are impinged against each other at the center of the core, to be turned in radial directions, whereby a
magnet powder is oriented in the radial directions. To be more specific, as shown in FIGS. 2A and 2B, a vertical-field
vertical molding process is carried out by packing a magnet powder 8 in a cavity between a die 3 and a core composed
of an upper core part 4 and a lower core part 5, applying magnetic fields, generated by upper and lower orientation
magnetic field coils 2, toward the center of the core in opposed directions parallel to the pressing direction, and pressing
the packed magnet powder 8 in the vertical direction. In this process, the magnetic fields applied in the opposed directions
parallel in the vertical direction are impinged against each other at the center of the core to be turned in radial directions,
to pass through the die 3 toward a molding machine base 1, and the packed magnet powder 8 is pressed in the magnetic
fields circulating in this magnetic circuit, to be thereby oriented in the radial directions. In the figures, reference numeral
6 denotes an upper punch and reference numeral 7 denotes a lower punch.
[0004] In this way, in the vertical-field vertical molding process, the magnetic fields generated by the coils form a
magnetic path of the core, the die, the molding machine base, and the core. In this case, to reduce the leakage of the
magnetic fields, a ferromagnetic material, particularly, a ferrous material is used as a material forming the magnetic
path. A magnetic field intensity for orienting a magnet powder is, however, determined as follows. It is assumed that a
core diameter be B (inner diameter of the packed magnet powder), a die diameter be A (outer diameter of the packed
magnet powder), and a height of the packed magnet powder be L. The magnetic fluxes having entered the core composed
of the upper and lower core parts are impinged against each other at the center of the core, to be turned in radial
directions, and pass through the die. The amount of the magnetic fluxes having passed the core is determined by a
saturated magnetic flux density of the core. The magnetic flux density of the core, if made from iron, is about 20 kG (2T).
Accordingly, the orientation magnetic field at each of the inner diameter and the outer diameter of the packed magnet
powder is obtained by dividing the amount of the magnetic fluxes having passed through the core by each of an inner
area and an outer area of the packed magnet powder, as expressed below. 

[0005] The magnetic field at the outer periphery is smaller than that at the inner periphery. Accordingly, to obtain
desirable orientation in the whole packed magnet powder, the magnetic field at the outer periphery, which is expressed
by the equation of 10·B2/(A·L), is required to be 10 kOe (7.96�105 Am-1) or more. As a result, by setting the magnetic
field at the outer periphery to 10 (that is, 10·B2/(A·L) =10), an equation of L = B2/A is given. By the way, since the height
of a molded body is about half the height of a packed magnet powder and is further reduced to about 0.8 by sintering,
the height of a finished magnet becomes very smaller than the height of the packed magnet powder. In this way, the
size, that is, the height of a magnet that can be oriented is determined by the shape of a core because the magnetic
saturation of the core determines the intensity of the orientation magnetic field. This is the reason why it has been difficult
to produce cylindrical anisotropic magnets longer in the axial direction, particularly, when the magnets have small
diameters.
[0006] On the other hand, the backward extrusion molding process requires a large, complicated molding machine,
with poor production yield. Accordingly, it has been difficult to produce radial anisotropic magnets at a low cost.
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[0007] In this way, it has been difficult to produce radial anisotropic magnets in any method, and has been further
difficult to produce radial anisotropic magnets on the large scale at a low cost, resulting in the significantly raised cost
of motors using the radial anisotropic magnets thus produced.
[0008] In the case of producing radial anisotropic ring-shaped magnets by using a sintering process, there arises the
following problem: namely, if a stress generated in the steps of sintering and cooling for aging due to a difference between
a coefficient of linear thermal expansion in the C-axis direction of the magnet and a coefficient of linear thermal expansion
in the direction perpendicular to the C-axis direction of the magnet is larger than a mechanical strength of the magnet,
there may occur cracks. For example, in the case of producing R-Fe-B based sintered magnets, as disclosed in Hitachi
Metals Technical Report Vol. 6, p33-36, only a magnet shaped with a ratio between an inner diameter and an outer
diameter set in a range of 0.6 or more has been produceable without occurrence of cracks. Further, in the case of
producing R-(Fe-Co)-B based sintered magnets, since Co replaced from Fe is not only contained in a 2-14-1 phase as
a main phase in an alloy structure but also forms R3Co in an R-rich phase, a mechanical strength is significantly reduced,
and since the Curie temperature is high, a difference between a coefficient of linear thermal expansion in the C-axis
direction and a coefficient of linear thermal expansion in the direction perpendicular to the C-axis direction in a temperature
range from the Curie temperature to room temperature at the time of cooling becomes large, with a result that a residual
stress as a cause of cracking becomes large. For this reason, the shape limitation for R-(Fe-Co)-B based radial anisotropic
ring-shaped magnets is more strict than the shape limitation for R-Fe-B based magnets not containing Co. In actuality,
only R-(Fe-Co)-B based magnets shaped with a ratio between an inner diameter and an outer diameter set in a range
of 0.9 or more have been stably produceable. For the same reason, ferrite magnets and Sm-Co based magnets have
been difficult to be stably produced without occurrence of cracks.
[0009] From the result of examination by F. Kools on a ferrite magnet (F. Kools: Science of Ceramics. Vol. 7, (1973),
29-45), a residual stress in a peripheral direction, regarded as a cause of cracks of radial anisotropic magnets in the
step of sintering and cooling for aging, is expressed by the following equation: 

where
σθ: stress in peripheral direction
∆T: difference in temperature
Aα: difference in coefficient of linear thermal expansion (αL -α⊥)
E: Young’s modulus in orientation direction
K2 : anisotropic ratio of Young’s modulus (E⊥/EL)
η: position (r/outer diameter)
βk: (1-ρ1+k)/(1-ρ2k)
ρ: ratio between inner diameter and outer diameter (inner diameter/outer diameter)
[0010] In the equation (1), the term exerting the largest effect on a cause of cracking is ∆α: difference in coefficient
of linear thermal expansion (αL-α⊥). For ferrite magnets, Sm-Co based rare earth magnets, and Nd-Fe-B based rare
earth magnets, a difference between a coefficient of thermal expansion in the crystal direction and a coefficient of thermal
expansion in the direction perpendicular to the crystal direction (anisotropy in thermal expansion) appears at the Curie
temperature and increases with a decrease in temperature at the time of cooling, with a result that a residual stress
becomes larger than the mechanical strength, resulting in occurrence of cracks.
[0011] The stress due to a difference between the thermal expansion in each orientation direction of a cylindrical
magnet and the thermal expansion in the direction perpendicular to the orientation direction of the cylindrical magnet,
expressed in the above-described equation (1), is generated due to the fact that the cylindrical magnet is radially oriented
along the radial direction. We note that if a cylindrical magnet containing a suitable volume % of a portion oriented in
directions different from radial directions is produced, such a cylindrical magnet will be probably not cracked. For example,
a cylindrical magnet oriented in one direction perpendicular to the axial direction of the cylindrical magnet, which is
produced by a horizontal-field vertical molding process, is not cracked even if the cylindrical magnet is either of a ferrite
magnet, an Sm-Co based rare earth magnet, an Nd-Fe(Co)-B based rare earth magnet.
[0012] Even in the case of using a cylindrical magnet of a type different from a radial anisotropic magnet, if the cylindrical
magnet can be subjected to multipolar magnetization so as to obtain a sufficiently high magnetic flux density and a small
variation in magnetic fluxes between magnetic poles, such a cylindrical magnet can be used as a magnet for high-
performance permanent magnet motors. For example, a method of producing a cylindrical multipolar magnet for per-
manent magnet motors different from any radial anisotropic magnet has been proposed in the paper "Electricity Society
Magnetics Research Group, Material No. MAG-85-120 (1985)". In this method, a cylindrical multipolar magnet is produced
by preparing a cylindrical magnet oriented in one direction perpendicular to the axial direction of the cylindrical magnet
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by a horizontal-field vertical molding process and subjecting the cylindrical magnet to multipolar magnetization. The
magnet oriented in one direction perpendicular to the axial direction of the cylindrical magnet (hereinafter, referred to
as "diametrically oriented cylindrical magnet") produced by the horizontal-field vertical molding process is advantageous
in that the height of the magnet can be made as large as possible (about 50 mm or more) within the allowable range of
a cavity of a pressing machine and further a number of the molded bodies can be formed by one pressing (hereinafter,
referred to as "multiple pressing"), with a result that inexpensive cylindrical multipolar magnets for permanent magnet
motors can be provided in place of expensive radial anisotropic magnets.
[0013] The above-described cylindrical magnet, produced by preparing a diametrically oriented cylindrical magnet by
a horizontal-field vertical molding process and subjecting the cylindrical magnet to multipolar magnetization, however,
has a problem from the practical viewpoint. Namely, a magnetic pole located near in the orientation magnetic field
direction has a high magnetic flux density but a magnetic pole located in a direction perpendicular to the orientation
magnetic field direction has a low magnetic flux density, and accordingly, when a motor incorporated with the magnet
is rotated, there may occur an uneven torque due to a variation in magnetic flux density between the magnetic poles.
In this way, such a cylindrical magnet cannot be regarded as usable or good from a practical viewpoint.
[0014] Addressing this problem, Patent Document 1 (see list below) document 1 has proposed a technique in which,
assuming that the number of magnetized poles in the peripheral direction of a cylindrical magnet produced by the
horizontal-field vertical molding process so as to be oriented in one direction perpendicular to the axial direction of the
cylindrical magnet is 2n (n: positive integer larger than 1 and smaller than 50), the number of teeth of a stator to be
combined with the cylindrical magnet is set to 3m (m: positive integer larger than 1 and smaller than 33). Patent Document
2 has proposed a technique in which, assuming that the number of magnetized poles in the peripheral direction of a
cylindrical magnet produced by the horizontal-field vertical molding process so as to be oriented in one direction per-
pendicular to the axial direction of the cylindrical magnet is k (k: positive even number larger than 4), the number of teeth
of a stator to be combined with the cylindrical magnet is set to 3k·J/2 (j: positive integer larger than 1). Patent Document
3 has proposed a technique in which an uneven torque of a cylindrical magnet oriented in one direction perpendicular
to the axial direction of the cylindrical magnet is reduced by dividing the cylindrical magnet into a plurality of cylindrical
magnet units, and stacking the cylindrical magnet units to each other in such a manner that the cylindrical magnet units
are sequentially offset from each other at a specific angle in the peripheral direction.
[0015] In each of the techniques disclosed in Patent Documents 1 to 3, although the uneven torque can be reduced,
the volume ratio of a diametrically oriented portion to the total volume of the ring-shaped magnet is small, with a result
that a total torque of a motor incorporated with the magnet is as small as 70% of a total torque of a motor incorporated
with a radial anisotropic magnet having the same magnetic characteristics. Accordingly, magnets, as disclosed in Patent
Documents 1 to 3 have not been practically used.
[0016] The documents used for above description are as follows:

Patent Document 1: Japanese Patent Laid-open No. 2000-116089
Patent Document 2: Japanese Patent Laid-open No. 2000-116090
Patent Document 3: Japanese Patent Laid-open No. 2000-175387
Non-patent Document 1: Hitachi Metals Technical Report Vol. 6, p33-36
Non-patent Document 2: F. Kools: Science of Ceramics. Vol. 7, (1973), p29-45
Non-patent Document 3: Electricity Society Magnetics Research Group, Material No. MAG-85-120, 1985

[0017] WO 93/22778 describes a process for producing a radially anisotropic magnet by molding powdered magnetic
raw material in a molding apparatus in a magnetic field to produce a molding dye having an elliptical molding space in
which a longer diameter of the molding space is oriented in the magnetising direction between a pair of magnet poles
a pair of magnets are placed opposed along the long diameter of the molding space and magnet body core is placed in
the molding space. Sintering of the elliptical molded body produces a cylinder type anisotropic magnet having a cylindrical
unit sintered body in which a pair of opposing parts show radial anisotropy in a specified range.
[0018] The present application relates to various new proposals in the structure and manufacture of anisotropic sintered
magnets. The various aspects described may be taken independently or (where appropriate) in combination.
[0019] A first aspect of the present invention aims at a method of producing a radial anisotropic magnet, which is
capable of easily producing a number of elongate magnets by one molding, thereby realizing an inexpensive, high-
performance permanent magnet motor by using the magnet thus produced.
[0020] According to an aspect of the present invention, there is provided a method of producing a radial anisotropic
magnet, comprising the steps of:

preparing a metal mold (3) having a core (5a) including, in at least part thereof, a magnetic body,
packing a magnet powder (8) in a cavity of the metal mold; and
molding the magnet powder while applying an orientation magnetic field to the magnet powder by a horizontal-field
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vertical molding process;
characterized in that;
the magnetic body is a ferromagnetic body having a saturated magnetic flux density of 5 kG (0.5T) or more; and
wherein said method further comprises at least one of the following steps (i) to (v):

(i) rotating, during the period in which the magnetic field is applied to the magnet powder, the magnet powder
in the peripheral direction of the metal mold at a specific angle;
(ii) rotating, after the magnetic field is applied to the magnet powder, the magnet powder in the peripheral
direction of the metal mold at a specific angle, and then applying a magnetic field again to the magnet powder;
(iii) rotating, during the period in which the magnetic field is applied to the magnet powder, a magnetic field
generating coil (2) relative to the magnet powder in the peripheral direction of the metal mold at a specific angle;
(iv) rotating, after the magnetic field is applied to the magnet powder, a magnetic field generating coil (2) relative
to the magnet powder in the peripheral direction of the metal mold at a specific angle, and then applying a
magnetic field again to the magnet powder; and
(v) disposing two pairs or more of magnetic field generating coils (2), and applying a magnetic field to the magnet
powder by one pair of the magnetic field generating coils, and then applying a magnetic field to the magnet
powder by another pair of the magnetic field generating coils.

[0021] In this method, preferably, the rotation of the packed magnet powder is performed by rotating at least one of
the core, the die, and a punch in the peripheral direction, and preferably, when the magnet powder is rotated after the
magnetic field is applied to the magnet powder, the value of residual magnetization of the ferromagnetic core or the
magnet powder is 50 G (5�10-3T) or more, and the rotation of the magnet powder is performed by rotating the core in
the peripheral direction. In this case, a magnetic field generated in the horizontal-field vertical molding step is preferably
in a range of 0.5 to 12 kOe (3.98�105-9.55�105 Am-1).
[0022] We find that by using such methods, it is possible to easily produce a number of long-sized cylindrical magnets
by one molding without use of expensive radial anisotropic magnets produced with a low productivity, and to realize
high-performance permanent magnet motors using diametrically oriented cylindrical magnets produced by the horizontal-
field vertical molding process capable of stably providing the cylindrical magnets with equalized magnetic fields at a low
cost. This is advantageous in reducing the cost of high-performance motors such as AC servo-motors and DC brushless
motors.
[0023] According to this invention, long-sized cylindrical magnets used for synchronous magnet rotors having high-
performances can be produced at a low cost on a large scale.
[0024] We find that by these means, it is possible to produce a multistage long-sized multipolar magnetized cylindrical
magnet rotor for a motor, which is capable of significantly reducing a variation in magnetic flux density between magnetic
poles, thereby realizing smooth rotation of the rotor at a high torque without any uneven torque, and to produce a
permanent magnet type motor using a multistage long-sized multipolar magnetized cylindrical magnet rotor.
[0025] The molded body may be substantial in axial length, e.g. at least half of its outer dimension (diameter) and
preferably at least as long as its inner diameter (where hollow), more preferably at least as long as its outer diameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other objects, features and advantages of the present invention will be apparent from the
following detailed description of the preferred embodiments of the invention in conjunction with the accompanying draw-
ings, in which:

FIGS. 1A and 1B are a plan view and a vertical sectional view, illustrating one embodiment of a horizontal-field
vertical molding machine used for producing cylindrical magnets, respectively;
FIG. 2A is a vertical sectional view illustrating a related art vertical-field vertical molding machine used for producing
radial anisotropic cylindrical magnets, and FIG. 2B is a sectional view taken on line A-A’ of FIG. 2A;
FIG. 3A is a schematic view illustrating a state of lines of magnetic force at the time of generation of a magnetic
field by a horizontal-field vertical molding machine in an embodiment of the invention used for producing cylindrical
magnets, and FIG. 3B is a schematic view illustrating a state of lines of magnetic force at the time of generation of
a magnetic field by a known kind of horizontal-field vertical molding machine used for producing cylindrical magnets;
FIGS. 4A and 4B are a plan view and a vertical sectional view, illustrating another embodiment of the horizontal-
field vertical molding machine used for producing cylindrical magnets, respectively;
FIG. 5A is a sectional view, similar to that of FIG. 2B, illustrating a vertical-field vertical molding machine, in which
non-magnetic materials are disposed in part of a die portion, used for producing radial anisotropic cylindrical magnets,
and FIG. 5B is an enlarged sectional view of a portion surrounded by a line passing through points B1 to B4 in FIG. 5A;
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FIG. 6 is a view illustrating one example of a rotary type horizontal-field vertical molding machine used for producing
cylindrical magnets;
FIG. 7 is a typical view illustrating a state of magnetization of a cylindrical magnet using a magnetizer;
FIG. 8 is a typical view illustrating a state of magnetization of a cylindrical magnet using the magnetizer, wherein
an orientation direction of the cylindrical magnet is turned relative to that of the cylindrical magnet shown in FIG. 7
by an angle of 90’ :
FIG. 9 is a plan view illustrating a boundary of an N-pole and an S-pole of a cylindrical magnets;
FIG. 10 is a plan view of a three-phase motor 30 in which a six-polar magnetized cylindrical magnet is combined
with nine teeth 31 of a stator; reference numerals 32 and 33 denote coils and the shaft of the motor rotor respectively;
FIG. 11 is a diagram showing a magnetic flux density on the surface of an Nd-Fe-B based cylindrical magnet which
is produced by the horizontal-field vertical molding machine and is then subjected to six-polar magnetization;
FIG. 12 is a diagram showing a magnetic flux density on the surface of an Nd-Fe-B based cylindrical magnet which
is produced by the known-type horizontal-field vertical molding machine using a non-magnetic material as a core
and is then subjected to six-polar magnetization;
FIG. 13 is a microphotograph showing an orientation state of a cylindrical magnet at a point in a direction tilted at
an angle of 30° from an orientation magnetic field applying direction, wherein the magnet is produced by a horizontal-
field vertical molding machine using a ferromagnetic core;
FIG. 14 is a microphotograph showing an orientation state of a cylindrical magnet at a point in a direction tilted at
an angle of 60° from an orientation magnetic field applying direction, wherein the magnet is produced by a horizontal-
field vertical molding machine using a ferromagnetic core;
FIG. 15 is a microphotograph showing an orientation state of a cylindrical magnet at a point in a direction tilted at
an angle of 90° from an orientation magnetic field applying direction, wherein the magnet is produced by a horizontal-
field vertical molding machine using a ferromagnetic core: and
FIG. 16 is a perspective view of a rotor for a permanent magnet type motor wherein diametrically oriented cylindrical
magnets are stacked in three stages in such a manner as to be offset from each other by an angle of 60°, reference
numeral 33 denotes shaft of a motor rotor.

FURTHER EXPLANATIONS; OPTIONS AND PREFERENCES

[0027] Hereinafter, preferred embodiments of the present invention will be described in detail with reference to the
accompanying drawings.
[0028] A radial anisotropic sintered magnet is formed into a cylindrical shape and is oriented in radial directions as a
whole, except that a portion of a volume ratio in a range of 2% or more and 50% or less on the basis of the total volume
of the magnet is oriented in directions tilted from radial directions by an angle in a range of 30° or more and 90° or less.
[0029] In this way, the radial anisotropic sintered magnet contains 2 to 50% of the portion oriented in directions tilted
at 30 to 90° from radial directions.
[0030] The stress expressed by the above-described equation (1) is generated in a magnet due to the fact that the
magnet is a continuous magnet in the peripheral direction, that is, a cylindrical magnet oriented in radial directions.
Accordingly, if the magnetic orientations of the magnet in radial directions are partially disturbed, the stress generated
in the magnet may be probably reduced. In this regard, according to the present proposals, to prevent occurrence of
cracks in a cylindrical magnet due to the stress generated in the cylindrical magnet, a portion oriented in directions tilted
at 30° or more from radial directions is contained in the cylindrical magnet at a volume ratio of 2% or more and 50% or
less. If the volume ratio of the portion oriented in directions tilted at 30° or more from radial directions is less than 2%,
the effect of preventing occurrence of cracks is insufficient, while if the volume ratio of the portion is more than 50%, an
inconvenience from the practical viewpoint, for example, a lack of torque may occur when the magnet is used for a rotor
to be assembled in a motor. The portion oriented in directions tilted at 30° or more from radial directions is preferably at
least 5 vol%, more preferably at least 10 vol%. The upper limit is preferably 40 vol%.
[0031] The remaining portion of the magnet, which is in a range of 50 to 98%, preferably, 60 to 95% on the basis of
the total volume of the magnet, is oriented in radial directions or in directions tilted at less than 30° from radial directions.
[0032] FIGS. 1A and 1B are views illustrating a horizontal-field vertical molding machine used for orienting particles
in a magnet, particularly, a cylindrical magnet e.g. for a motor, in a magnetic field at the time of molding of the cylindrical
magnet. Like FIGS. 2A and 2B, reference numeral 1 denotes a molding machine base, 2 is an orientation magnetic field
coil, 3 is a die, 5a is a core, 6 is an upper punch, 7 is a lower punch. 8 is a packed magnet powder, and 9 is a pole piece.
[0033] At least part of, preferably, the whole of the core 5a is made from a ferromagnetic body having a saturated
magnetic flux density of 5 kG (0.5T) or more, preferably, 5 to 24 kG (0.5 to 2.4 T) more preferably, 10 to 24 kG (1 to 2.4
T). The ferromagnetic body used for the core is made from a ferromagnetic material such as an Fe based material, a
Co based material, or an alloy thereof.
[0034] In the case of using the core formed by a ferromagnetic body having a saturated magnetic flux density of 5 kG
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(0.5T) or more, when an orientation magnetic field is applied to a magnet powder, magnetic fluxes tend to perpendicularly
enter the ferromagnetic body, to depict lines of magnetic force in directions close to radial directions. Accordingly, as
shown in FIG. 3A, which illustrates a horizontal-field vertical molding machine which may be used in the method of the
present invention, the directions of the lines of magnetic force passing through the packed magnet powder can be made
close to radial directions. On the contrary, according to a related art horizontal-field vertical molding machine shown in
FIG. 3B, in which a core 5b is all made from a non-magnetic material or a magnetic material having a saturated magnetic
flux density similar to that of a magnet powder, lines of magnetic force are parallel to each other as shown in FIG. 3B,
wherein at a portion near the center in the vertical direction, the lines of magnetic force extend in radial directions;
however, at a portion nearer to the upper or lower side, the lines of magnetic force extend more obliquely from radial
directions because they extend along the orientation magnetic field direction applied by a coil. Even in the case where
the core is formed by a ferromagnetic body, if the saturated magnetic flux density of the core is less than 5 kG (0.5T),
the core is easily saturated, with a result that the lines of magnetic force become close to those shown in FIG. 3B, and
since the saturated magnetic flux density of the core is equal to that of the packed magnet powder (saturated magnetic
density of the magnet � packing ratio), the directions of the magnetic fluxes in the packed magnet powder and the
ferromagnetic core become equal to the magnetic field direction applied by the coil.
[0035] Even in the case of using a ferromagnetic body as part of the core, the same effect as that described above
can be obtained; however, it may be preferred that the whole of the core be made from a ferromagnetic body. FIGS. 4A
and 4B are views showing a modification of the core configuration in which a portion (central portion) of the core is
formed by a ferromagnetic body and an outer peripheral portion of the core is formed by a weak ferromagnetic body
made from a WC-Ni-Co based ferromagnetic material. In these figures, reference numeral 5a’ denotes a weak ferro-
magnetic cemented carbide portion, and 11 denotes a magnetic material (Fe-Co-V alloy) called "Permendule".
[0036] According to the above-described method, since the deviation of magnetic orientations from radial directions
in a cylindrical magnet occurs only in a portion perpendicular to an orientation magnetic field direction, it is possible to
suppress, after magnetization, a reduction in magnetic fluxes at each magnetic pole at a slight amount, and hence to
produce a cylindrical magnet for a motor rotor capable of preventing occurrence of unevenness and degradation of
torque when the motor incorporated with the rotor is rotated.
[0037] At the time of the above-described horizontal-field vertical molding, the magnetic field generated by the hori-
zontal-field vertical molding machine is preferably in a range of 0.5 to 12 k0e (3.98�105 to 9.55�105 Am-1). The reason
why the magnetic field is specified as described above is as follows. If the magnetic field is more than 12 kOe (9.55�105

Am-1), the core 5a shown in FIG. 3A tends to be saturated, so that the directions of magnetic fluxes become close to
those shown in FIG. 3B, with a result that a portion in the direction perpendicular to the magnetic field direction cannot
be radially oriented. The use of the ferromagnetic core allows the magnetic fluxes to be concentrated at the core, so
that a magnetic field larger than a coil generation magnetic field can be obtained near the coil. However, if the magnetic
field is excessively small, it fails to obtain a magnetic field sufficient for orientation near the core. Accordingly, the magnetic
field is preferably in a range of 0.5 kOe (3.98�105 Am-1) or more. In addition, as described above, magnetic fluxes are
concentrated near a ferromagnetic body, so that the magnetic field becomes large. Accordingly, the term "magnetic field
generated by the horizontal-field vertical molding machine" used here means the value of a magnetic field at a location
sufficiently apart from the ferromagnetic body, or the value of a magnetic field measured after removal of the ferromagnetic
core. The magnetic field generated by the horizontal-field vertical molding machine is more preferably from 1 to 10 kOe
(7.96�104 to 7.96�105 Am-1).
[0038] In the vertical-field vertical molding machine as shown in FIGS. 2A and 2B, at least one non-magnetic body is
provided in a die portion of a metal mold for molding a cylindrical magnet so as to be located in a region spread radially
from the center of the metal mold at a total angle of 20° or more and 180° or less, particularly, 30° or more and 120° or less.
[0039] FIGS. 5A and 5B are views showing a vertical-field vertical molding machine in which two segments of non-
magnetic material (for example, non-magnetic cemented carbides) 10 are symmetrically provided in a die portion of a
metal mold for molding a radial anisotropic cylindrical magnet so as to be each located in a region spread at an angle
θ = 30° (which is 1/12 of the total region (spread at 360°) of the cylindrical die. In addition, near each non-magnetic body,
lines of magnetic force are bent toward the ferromagnetic body, particularly, toward the edge of the ferromagnetic body
present at the boundary between the ferromagnetic body and the non-magnetic body. Since a magnet powder is oriented
in the directions of the bent lines of magnetic force, it is possible to a desirably oriented magnet. If the arrangement
angle of the non-magnetic body is less than 20°, the effect of bending the lines of magnetic force is insufficient, and
since a portion oriented in directions tilted at 30° or more from radial directions becomes small, so that the effect of
preventing occurrence of cracks is degraded. On the other hand, if the arrangement angle of the non-magnetic body is
larger than 180°, radial orientations of the magnet are disturbed, thereby failing to obtain a desirably oriented magnet.
[0040] In FIGS. 5A and 5B, the reference numeral 1 denotes the molding machine base, the reference numeral 3
denotes the die, the reference numeral 4 denotes the core, and the reference numeral 8 denotes the packed magnetic
powder, as in FIGS. 2A and 2B.
[0041] The material for forming the die 3 other than the non-magnetic portion(s) is preferably a ferromagnetic body
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having a saturated magnetic flux density of 5 kG (0.5T) or more. The core is preferably formed from the ferromagnetic
body having a saturated magnetic flux density.
[0042] In the case of preparing the metal mold having the core 5a, at least part or the whole of which is formed by a
ferromagnetic body having a saturated magnetic flux density of 5 kG (0.5T) or more, and molding a magnet powder by
the horizontal-field vertical molding process, a portion in the direction perpendicular to the direction of the orientation
magnetic field applied from the coil may be often not radially oriented, although the above-described method is adopted.
In the case where a ferromagnetic body is present in a magnetic field, magnetic fluxes, which tend to perpendicularly
enter the ferromagnetic body, are attracted to the ferromagnetic body, so that the magnetic flux density is increased in
the magnetic field direction of the ferromagnetic body and is decreased in the direction perpendicular thereto. As a result,
in the case where a ferromagnetic core is disposed in a metal mold, a portion, in the magnetic field direction of the
ferromagnetic core, of a packed magnet powder is sufficiently oriented by a strong magnetic field but a portion, in the
direction perpendicular thereto, of the packed magnet powder is not oriented so much. To cope with such an inconven-
ience, according to a proposal herein, a magnet powder is rotated relative to a coil generation magnetic field. With this
configuration, it is possible to orient again a portion having been imperfectly oriented by the strong magnetic field in the
magnetic field applying direction, and hence to obtain a desirably oriented magnet.
[0043] To rotate a magnet powder relative to a coil generation magnetic field, there may be performed at least one of
the following steps of:

(i) rotating, during the period in which the magnetic field is applied to the magnet powder, the magnet powder in the
peripheral direction of the metal mold at a specific angle;
(ii) rotating, after the magnetic field is applied to the magnet powder, the magnet powder in the peripheral direction
of the metal mold at a specific angle, and then applying a magnetic field again to the magnet powder;
(iii) rotating, during the period in which the magnetic field is applied to the magnet powder, a magnetic field generating
coil relative to the magnet powder in the peripheral direction of the metal mold at a specific angle;
(iv) rotating, after the magnetic field is applied to the magnet powder, a magnetic field generating coil relative-to the
magnet powder in the peripheral direction of the metal mold at a specific angle, and then applying a magnetic field
again to the magnet powder; and
(v) disposing two pairs or more of magnetic field generating coils, and applying a magnetic field to the magnet
powder by one pair of the magnetic field generating coils, and then applying a magnetic field to the magnet powder
by another pair of the magnetic field generating coils.

[0044] The above step may be performed once or performed repeatedly by a plurality of times.
[0045] With respect to the rotation of a packed magnet powder, as shown in FIG. 6, either of the coil 2, the core 5a,
the die 3, and the punches 6 and 7 may be rotated relative to the direction of a coil generation magnetic field. In particular,
in the case of rotating a packed magnet powder after a magnetic field is applied to the magnet powder, the residual
magnetization of the ferromagnetic core or the magnet powder may be set to 50 G (5�10-3T) or more, particularly, 200
G (20�10-5T) or more. With this configuration, since a magnetic attracting force is generated between the magnet
powder and the ferromagnetic core, the magnet powder can be rotated only by rotating the ferromagnetic core.
[0046] The rotational angle of a magnet powder may be suitably selected. Letting the initial position be 0°, the rotational
angle is preferably set in a range of 10 to 170°, more preferably, 60 to 120°, particularly, at about 90°. In the case of
rotating a magnet powder during a period in which a magnetic field is applied to the magnet powder, the magnet powder
may be gradually rotated by a specific angle, and in the case of rotating the magnet powder after the magnetic field is
applied to the magnet powder, the magnet powder is rotated by a specific angle and then a magnetic field is applied
again to the magnetic field.
[0047] Other features of the vertical molding method embodying the invention may be the same as those of an ordinary
vertical molding method. That is to say, in accordance with the procedure of the ordinary vertical molding method, a
magnet powder may be molded at a general molding pressure of 0.5 to 2.0 ton/cm2 while an orientation magnetic field
is applied to the magnet powder, followed by sintering, aging, machining, and the like, to obtain a sintered magnet.
[0048] The kind of a magnet powder used for the present invention is not particularly limited; however, the present
invention is suitable to produce an Nd-Fe-B based cylindrical magnet, and is further effective to produce a ferrite magnet,
an Sm-Co based rare earth magnet, and other bond magnets. In each case, an alloy powder having an average particle
size of 0.1 to 100 Pm, particularly, 0.3 to 50 Pm may be used as the magnet powder.
[0049] FIG. 7 shows a state of magnetization of a cylindrical magnet 21 by using a magnetizer 22. In this figure,
reference numeral 23 denotes a magnetic pole tooth of the magnetizer, and 24 denotes a coil of the magnetizer.
[0050] A radial-like oriented cylindrical magnet produced by the horizontal-field vertical molding machine is equally
divided into two parts in the axial direction of the magnet, and the two-divided magnet parts are stacked to each other.
The stack of the two-divided magnetic parts is initially magnetized at the state shown in FIG. 7, being magnetized with
the one of the two-divided magnet parts gradually turned up to 90° relative to the other, and finally magnetized in the
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state shown in FIG. 8. The cylindrical magnet may be of course equally divided into a plurality of parts. In this case, as
the rotational angle is increased, the total of the magnetic fluxes of the magnetic poles A and D is decreased, while the
total of the magnetic fluxes of the magnetic poles B, C, E and F is increased.
[0051] In this way, by stacking a plurality of radial-like diametrically oriented cylindrical magnets produced by the
horizontal-field vertical molding machine to each other in such a manner that the magnets are offset from each other,
and subjecting the stack of the cylindrical magnets to multipolar magnetization, it is possible to reduce a variation in
magnetic flux mount between magnetic poles of a rotor composed of the stack of the cylindrical magnets, and hence to
suppress uneven torque of a motor incorporated with the rotor. The upper limit of the stacked number of cylindrical
magnets is not particularly restrictive but may be set to about 10.
[0052] As described above, by stacking a plurality of cylindrical magnets in two or more stages in such a manner that
the orientation direction of each of the cylindrical magnet is relatively rotated at a specific angle, and subjecting the
cylindrical magnets to multipolar magnetization, it is possible to reduce a variation in magnetic flux amount between a
portion in the orientation direction and a portion in a direction perpendicular thereto, and hence to reduce a variation in
magnetic flux amount between magnetic poles of a rotor composed of the stack of the cylindrical magnets. In this case,
the cylindrical magnets may be stacked in such a manner that the orientation direction of each of the magnets be offset
by an angle of 180°/i (i: the number of the stacked cylindrical magnets), and then be subjected to multipolar magnetization.
[0053] In addition, the number i of stacked cylindrical magnets may be set to i = n/2 (n: number of magnetic poles).
In this case, a portion having a large magnetic flux amount located in the orientation direction and a portion having a
small magnetic flux amount located in a direction perpendicular thereto can be equally distributed in each of the magnetic
poles. As a result, by stacking the cylindrical magnets of the number i to each other in such a manner that the magnets
are offset by an angle of 180°/I, and subjecting the cylindrical magnets to multipolar magnetization, the total magnetic
flux amount of one of the magnetic poles can be made equal to that of another.
[0054] The variable n is a positive integer in a range of 40 to 50. If the variable n is excessively large, a space between
magnetized poles becomes excessively narrow and thereby it is difficult to perform desirable magnetization. In this
regard, the variable n is preferably in a range of 4 to 30.
[0055] The variable i is a positive integer in a range of 2 to 10. If the variable i is excessively large, that is, the number
of stacked magnets becomes excessively large, the cost becomes high. In this regard, the variable i is preferably in a
range of 2 to 6.
[0056] As compared with a multipolar magnetized cylindrical magnet obtained by subjecting a radial anisotropic ring-
shaped magnet to multipolar magnetization, a multipolar magnetized cylindrical magnet obtained by producing a cylin-
drical magnet oriented in one direction by the horizontal-field vertical molding machine and subjecting the cylindrical
magnet to multipolar magnetization is advantageous in that since a magnetization characteristic and a magnetic char-
acteristic near between magnetic poles are low, a change in magnetic flux density between the magnetic poles is smooth
and thereby a cogging torque of a motor incorporated with the magnet is low. In addition, the cogging torque can be
further reduced by skew magnetization of the cylindrical magnet or skewing of the stator teeth.
[0057] If an skew angle of the cylindrical magnet or the stator teeth is less than 1/10 of a spanned angle (360°/n) of
one of the magnetic poles of the cylindrical magnet, the effect of reducing the cogging torque by skew magnetization or
skewing of the stator teeth is insufficient, while if it is more than 2/3 of the spanned angle of one of the magnetic poles,
a reduction in torque of the motor becomes large. Accordingly, the skew angle is preferably set in a range of 1/10 to 2/3
of the spanned angle of one of the magnetic poles of the cylindrical magnet.
[0058] A permanent magnet type motor may be configured as shown in FIG. 10. in which the above-described multi-
stage long-sized multipolar magnetized cylindrical magnet rotor be assembled in the motor including a stator having a
plurality of teeth. In this case, the configuration of the motor including the stator having a plurality of teeth may be the
same as the known configuration.

EXAMPLES

[0059] The present invention will be hereinafter more fully described by way of Examples and Comparative Examples.

Examples 1 to 4. Reference Example 1

[0060] An ingot of an alloy of Nd29Dy2.5Fe63.8Co3B1Al0.3Si0.3Cu0.1 was produced by melting neodymium (Nd), dys-
prosium (Dy), iron (Fe), cobalt (Co), aluminum (Al), silicon (Si), and copper (Cu) each having a purity of 99.7 wt% and
also boron (B) having a purity of 99.5 wt% in a vacuum melting furnace and casting the molten alloy into a mold. The
ingot was coarsely crushed by a jaw crusher and a Braun mill and then finely pulverized in the flow of nitrogen gas by
a jet mill, to obtain a fine powder having an average particle size of 3.5 Pm.
[0061] The resultant fine powder was put in a die of a horizontal-field vertical molding machine including an iron-based
ferromagnetic core having a saturated magnetic flux density of 20 kG (2T) as shown in FIGS. 1A and 1B, and was
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oriented in a coil generation magnetic field of 4 kOe (3.18�105 Am-1), and in Example 1, the coil was rotated by 90°.
The magnet powder was then oriented again in the same magnetic field of 4 kOe (3.18�105 A m-1), and molded at a
molding pressure of 1.0 ton/cm2.
[0062] In Example 2, the fine powder was molded in the same procedure as that in Example 1, except that after the
fine powder was oriented in the coil generation magnetic field of 4 kOe (3.18�105 Am-1) by the horizontal-field vertical
molding machine, the die, core, and punch were rotated by 90°, and the fine powder was oriented again in the same
magnetic field and molded at the molding pressing of 1.0 ton/cm2.
[0063] In Example 3, the fine powder was molded in the same procedure as that in Example 1, except that after the
fine powder was oriented in the coil generation magnetic field of 4 kOe (3.18�103 Am-1) by the horizontal-field vertical
molding machine, the core with a residual magnetization of 4 kG (0.4T) was rotated by 90°, and the fine powder was
oriented again in the same magnetic field of 4 kOe (3.18�105 Am-1) and molded at the molding pressure of 1.0 ton/cm2.
In this case, the residual magnetization of the magnet powder was 800 G (0.08T)
[0064] The molded body in each of Examples 1, 2 and 3 was subjected to sintering in argon gas at 1,090°C for one
hour and then subjected to aging at 580°C for one hour. The sintered body was machined into a cylindrical magnet
having an outer diameter of 24 mm, an inner diameter of 19 mm, and a length of 30 mm.
[0065] In addition, a block magnet was prepared by molding the same magnet powder as that used for each of the
cylindrical magnets in Examples 1 to 3 in a magnetic field of 12 kOe (9.55�105 Am-1) at a molding pressure of 1.0
ton/cm2 by a horizontal-field vertical molding machine and subjecting the molded body to sintering in argon gas at
1,090°C for one hour and to aging at 580°C for one hour. The block magnet thus obtained had magnetic properties
including Br of 12.5 kG (1.25T), iHc of 15 kOe (1.19�106 Am-1), and (BH) max of 36 MGOe.
[0066] Each of the cylindrical magnets produced in Examples 1 to 3 was subjected to six-polar skew magnetization
with a skew angle of 20° by using the magnetizer shown in FIG.7. The magnetized cylindrical magnet was assembled
in the stator including the configuration shown in FIG. 10 and having the same height as that of the magnet, to prepare
a motor.
[0067] Each motor was measured in terms of induced voltage and torque ripple as motor characteristics. The induced
voltage at the time of rotation of the motor at 5,000 rpm was measured, and the torque ripple at the time of rotation of
the motor at 5 rpm was measured by using a load cell. As Example 3a, a cylindrical magnet produced by conducting
the molding, sintering and heat treating (aging) steps in the same manner as in Example 3 was subjected to six-polar
skew magnetization with a skew angle of 20° by using a magnetizer shown in FIG. 8. The magnetized cylindrical magnet
was assembled in the stator to prepare a motor in the same manner as above. The results are shown in Table 1. It is
to be noted that the induced voltage is expressed by the maximum value of the absolute values of the measured induced
voltages, and the torque ripple is expressed by a difference between the maximum value and the minimum value of the
measured torque ripples.
[0068] In Example 4, a magnetized cylindrical magnet was obtained in the same procedure as that in Example 1,
except that a magnet powder was put in the die of the same horizontal-field vertical molding machine as that in Example
6, and was oriented while being rotated in a magnetic field of 12 kOe (9.55�105 Am-1) and was molded at a molding
pressure of 1.0 ton/cm2. The cylindrical magnet thus obtained was assembled in the stator shown in FIG. 10 in the same
manner as that in Example 1, to prepare a motor.
[0069] The motor was measured in terms of motor characteristics in the same manner as that in Example 1. The
results are shown in Table 1.
[0070] In Reference Example 1, a magnetized cylindrical magnet was obtained in the same procedure as that in
Example 1, except that after a magnet powder was oriented in the magnetic field of 4 kOe (3.18�105 Am-1) in the same
manner as that in Example 1, the magnet powder was molded in the magnetic field at a molding pressure of 1.0 ton/cm2

without rotation of the magnet powder. The cylindrical magnet thus obtained was assembled in the stator shown in FIG.
10 in the same manner as that in Example 1, to prepare a motor.
[0071] The motor was measured in terms of motor characteristics in the same manner as that in Example 1.
[0072] The results are shown in Table 1.

Table 1

Induced voltage (effective value) [mV/rpm] Torque ripple [Nm]

Example 1 18.7 8.7

Example 2 18.6 8.7

Example 3 18.7 8.7

Example 3a 16.2 10.3

Example 4 18.4 12.8
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[0073] From the results shown in Table 1, it becomes apparent that as compared with the motor in Reference Example,
each of the motors in Examples 1 to 4 is greatly improved in terms of induced voltage corresponding to the torque, and
therefore, the method of producing a motor magnet according to the present invention is very desirable.
[0074] The result of measuring surface magnetic fluxes of the magnetized rotor magnet in Example 1 is similar to the
result shown in FIG. 11. This shows that respective magnetic poles are equalized and the areas of the magnetic poles
are large, and therefore, the rotor magnet in Example 6 is capable of uniformly generating large magnetic fields.
[0075] While the preferred embodiments of the present invention have been described using the specific terms, such
description is for illustrative purposes only, and it is to be understood that changes and variations may be made without
departing from the scope of the claims.
[0076] It should be appreciated that the references herein to vertical molding and to horizontal and vertical fields refer
to the conventional terminology and, while these are the normal orientations, they can also be relative and the molding
apparatus as a whole may be differently oriented.

Claims

1. A method of producing a radial anisotropic magnet, comprising the steps of:

preparing a metal mold (3) having a core (5a) including, in at least part thereof, a magnetic body,
packing a magnet powder (8) in a cavity of the metal mold; and
molding the magnet powder while applying an orientation magnetic field to the magnet powder by a horizontal-
field vertical molding process;
characterised in that;
the magnetic body is a ferromagnetic body having a saturated magnetic flux density of 5 kG (0.5T) or more; and
wherein said method further comprises at least one of the following steps (i) to (v):

(i) rotating, during the period in which the magnetic field is applied to the magnet powder, the magnet powder
in the peripheral direction of the metal mold at a specific angle;
(ii) rotating, after the magnetic field is applied to the magnet powder, the magnet powder in the peripheral
direction of the metal mold at a specific angle, and then applying a magnetic field again to the magnet powder;
(iii) rotating, during the period in which the magnetic field is applied to the magnet powder, a magnetic field
generating coil (2) relative to the magnet powder in the peripheral direction of the metal mold at a specific
angle;
(iv) rotating, after the magnetic field is applied to the magnet powder, a magnetic field generating coil (2)
relative to the magnet powder in the peripheral direction of the metal mold at a specific angle, and then
applying a magnetic field again to the magnet powder; and
(v) disposing two pairs or more of magnetic field generating coils (2), and applying a magnetic field to the
magnet powder by one pair of the magnetic field generating coils, and then applying a magnetic field to the
magnet powder by another pair of the magnetic field generating coils.

2. A method of producing a radial anisotropic magnet according to claim 1, wherein the rotation of the packed magnet
powder (8) is performed by rotating at least one of the core (5a), the die (3), and a punch (6,7) in the peripheral direction.

3. A method of producing a radial anisotropic magnet according to claim 1, wherein when the magnet powder (8) is
rotated after the magnetic field is applied to the magnet powder, the value of residual magnetization of the ferro-
magnetic core or the magnet powder is 50 G (5�10-3T) or more, and the rotation of the magnet powder is performed
by rotating the core (5a) in the peripheral direction.

4. A method of producing a radial anisotropic magnet according to any one of claims 1 to 3, wherein a magnetic field
generated in said horizontal-field vertical molding step is in a range of 0.5 to 12 kOe (1.59�105-3.82�106 Am-1).

(continued)

Induced voltage (effective value) [mV/rpm] Torque ripple [Nm]

Reference Example 1 14.1 7.8
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Patentansprüche

1. Verfahren zur Herstellung eines radialen anisotropen Magneten, das folgende Schritte umfasst:

die Herstellung einer Metallform (3) mit einem Kern (5a), der zumindest in einem Teil einen Magnetkörper
umfasst,
das Füllen eines Magnetpulvers (8) in eine Vertiefung der Metallform und
das Formen des Magnetpulvers unter Anlegung eines gerichteten Magnetfelds an das Magnetpulver durch ein
vertikales Formverfahren mit horizontalem Feld,
dadurch gekennzeichnet, dass:

der Magnetkörper ein ferromagnetischer Körper mit einer gesättigten magnetischen Flussdichte von 5 kG
(0,5 T) oder mehr ist, und
wobei das Verfahren ferner zumindest einen der folgenden Schritte (i) bis (v) umfasst:

(i) das Drehen des Magnetpulver in Umfangsrichtung der Metallform in einem bestimmten Winkel,
während des Zeitraums, in dem das Magnetfeld an das Magnetpulver angelegt wird,
(ii) das Drehen des Magnetpulvers in Umfangsrichtung der Metallform in einem bestimmten Winkel
nach dem Anlegen des Magnetfelds an das Magnetpulver und anschließend das erneute Anlegen
eines Magnetfelds an das Magnetpulver;
(iii) das Drehen einer ein Magnetfeld erzeugenden Spule (2) in Bezug auf das Magnetpulver in Um-
fangsrichtung der Metallform in einem bestimmten Winkel, während des Zeitraums, in dem das Ma-
gnetfeld an das Magnetpulver angelegt wird;
(iv) das Drehen einer ein Magnetfeld erzeugenden Spule (2) in Bezug auf das Magnetpulver in Um-
fangsrichtung der Metallform in einem bestimmten Winkel nach dem Anlegen des Magnetfelds an das
Magnetpulver und anschließend das erneute Anlegen eines Magnetfelds an das Magnetpulver und
(v) das Anordnen von zwei Paaren oder mehr Magnetfelder erzeugenden Spulen (2) und das Anlegen
eines Magnetfelds an das Magnetpulver durch ein Paar der Magnetfeld erzeugenden Spulen und
anschließend das Anlegen eines Magnetfelds an das Magnetpulver durch ein anderes Paar der Ma-
gnetfeld erzeugenden Spulen.

2. Verfahren zur Herstellung eines radialen anisotropen Magneten nach Anspruch 1, worin das Drehen des eingefüllten
Magnetpulvers (8) durch das Rotieren zumindest eines von Kern (5a), Pressmatrize (3) und Stempel (6, 7) in
Umfangsrichtung erfolgt.

3. Verfahren zur Herstellung eines radialen anisotropen Magneten nach Anspruch 1, worin der Wert der Restmagne-
tisierung des ferromagnetischen Kerns oder des Magnetpulvers, wenn das Magnetpulver (8) nach dem Anlegen
des Magnetfelds an das Magnetpulver gedreht wird, 50 G (5 x 10-3 T) oder mehr beträgt und die Rotation des
Magnetpulvers durch eine Rotation des Kerns (5a) in Umfangsrichtung erfolgt.

4. Verfahren zur Herstellung eines radialen, anisotropen Magneten nach einem der Ansprüche 1 bis 3, worin ein
Magnetfeld, das in dem Schritt des vertikalen Formens mit horizontalem Feld erzeugt wird, im Bereich von 0,5 bis
12 kOe (1,59 x 105 bis 3,82 x 106 Am-1) liegt.

Revendications

1. Procédé de fabrication d’un aimant radial anisotrope, comprenant les étapes consistant à :

préparer un moule métallique (3) comportant un noyau (5a) comprenant, au moins dans une partie de celui-ci,
un corps magnétique ;
introduire une poudre magnétique (8) dans une cavité du moule métallique ; et
mouler la poudre magnétique tout en appliquant un champ magnétique d’orientation à la poudre magnétique
par un processus de moulage vertical à champ horizontal ;
caractérisé en ce que :

le corps magnétique est un corps ferromagnétique ayant une densité de flux magnétique de saturation de
5 kG (0,5 T) ou plus ; et
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dans lequel ledit procédé comprend en outre au moins l’une des étapes (i) à (v) suivantes consistant à :

(i) faire tourner, pendant la période au cours de laquelle le champ magnétique est appliqué à la poudre
magnétique, la poudre magnétique dans la direction périphérique du moule métallique d’un angle
spécifique ;
(ii) faire tourner, après l’application du champ magnétique à la poudre magnétique, la poudre magné-
tique dans la direction périphérique du moule métallique d’un angle spécifique et, ensuite, appliquer
de nouveau un champ magnétique à la poudre magnétique ;
(iii) faire tourner, pendant la période au cours de laquelle le champ magnétique est appliqué à la poudre
magnétique, une bobine de génération de champ magnétique (2) par rapport à la poudre magnétique
dans la direction périphérique du moule métallique d’un angle spécifique ;
(iv) faire tourner, après l’application du champ magnétique à la poudre magnétique, une bobine de
génération de champ magnétique (2) par rapport à la poudre magnétique dans la direction périphérique
du moule métallique d’un angle spécifique et, ensuite, appliquer de nouveau un champ magnétique à
la poudre magnétique ; et
(v) disposer deux paires ou plus de bobines de génération de champ magnétique (2), et appliquer un
champ magnétique à la poudre magnétique par une paire des bobines de génération de champ ma-
gnétique et, ensuite, appliquer un champ magnétique à la poudre magnétique par une autre paire des
bobines de génération de champ magnétique.

2. Procédé de fabrication d’un aimant radial anisotrope selon la revendication 1, dans lequel la rotation de la poudre
magnétique (8) introduite est effectuée en faisant tourner au moins l’un du noyau (5a), de la matrice (3) et d’un
poinçon (6, 7) dans la direction périphérique.

3. Procédé de fabrication d’un aimant radial anisotrope selon la revendication 1, dans lequel, lorsque la poudre ma-
gnétique (8) est tournée après l’application du champ magnétique à la poudre magnétique, la valeur de la magné-
tisation résiduelle du noyau ferromagnétique ou de la poudre magnétique est de 50 G (5 x 10-3 T) ou plus, et la
rotation de la poudre magnétique est effectuée en faisant tourner le noyau (5a) dans la direction périphérique.

4. Procédé de fabrication d’un aimant radial anisotrope selon l’une quelconque des revendications 1 à 3, dans lequel
un champ magnétique généré à ladite étape de moulage vertical à champ horizontal est dans une plage de 0,5 à
12 kOe (1,59 x 105 à 3,82 x 106 Am-1).
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