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(54) Device for producing annular or arcuate magnet

(57) A device capable of producing an annular mag-
net or arcuate magnet with excellent dimensional accu-
racy and magnet performance, of which the mass is not
greatly scattered. The device for producing the annular
magnet, for example, includes a preforming section for
obtaining an annular preformed body from a compound
of a mixture of an anisotropic magnet powder and a ther-
mosetting resin, a magnetic field orienting and forming
section for obtaining an annular intermediate formed
body by subjecting the annular preformed body to orient-
ing and pressure-forming, a main forming section for ob-
taining an annular magnet by further forming the annular

intermediate formed body, and a work transferring sec-
tion for transferring works. The preforming section is pro-
vided with mass measuring means for measuring the
mass of the annular preformed body, and a first lower
punch of the preforming section is so arranged as to vary
the volume of an annular cavity by varying the position
thereof, which is before the pressure-forming process
with a servomotor based on the mass of preformed body,
which has been measured with the mass measuring
means.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a device for
producing an annular or arcuate magnet, by which an
annular or arcuate preformed body is formed from a com-
pound containing anisotropic magnet powder, the mag-
netic field of the preformed body is oriented, and pressure
is applied thereto.

Description of Related Art

[0002] There has been employed a method of forming
a compound obtained by mixing the anisotropic magnet
powder and a thermosetting resin to produce a magnet-
ically anisotropic resin bonded magnet. With the process
disclosed in Japanese Patent No. 2816668, for example,
the above-described compound is charged in a preform-
ing mold which has been heated, a magnetic field is ap-
plied to the compound to orient anisotropic magnet pow-
der in a prescribed direction, thereby orienting the mag-
netic field thereof, and at the same time, pressure is ap-
plied to the compound to form a preformed body. Then,
the preformed body is placed in a main forming mold that
has been heated, and a pressure larger than that upon
preforming is further applied to the preformed body for
compression thereof, thereby forming the above-de-
scribed magnet.
As described above, by forming a preformed body pre-
viously, and then compressing the preformed body with
a larger pressing force, a magnet with excellent dimen-
sional accuracy can be produced.
[0003] However, further improvement of the dimen-
sional accuracy of the above-described magnet, and re-
duction of the scattering in mass thereof greatly depend
on the charging amount of the compound in the preform-
ing mold. And, in particular, where an annular magnet
with an annular configuration or an arcuate magnet with
an arcuate configuration is produced, a cavity in the pre-
forming mold, which is adapted to charge the above-de-
scribed compound, becomes narrow to make the uniform
charging of this compound difficult.
Consequently, upon producing the annular magnet or
arcuate magnet with the process of Japanese Patent No.
2816668, the mass along with the magnet performance
thereof may scatter.

SUMMARY OF THE INVENTION

[0004] The present invention has been made consid-
ering these problems of the conventional process, and
has an object of providing a device for continuously pro-
ducing an annular or arcuate magnet which is excellent
in dimensional accuracy and magnet performance and
free from a great scattering in mass.

[0005] According to a first aspect of the present inven-
tion, there is provided a device for producing an annular
magnet or an arcuate magnet, which has a preforming
section including a first die which defines an outer pe-
ripheral part of an annular cavity or a plurality of arcuate
cavities, each facing each other, a first core which defines
an inner peripheral part of the annular cavity or the plu-
rality of arcuate cavities, a first lower punch which defines
a bottom of the annular cavity or the plurality of arcuate
cavities, and a first upper punch which faces the first low-
er punch, and in which the annular cavity or the plurality
of arcuate cavities is charged with a compound as a mix-
ture of an anisotropic magnet powder and a thermoset-
ting resin, the compound is pressure-formed in the an-
nular cavity or the plurality of arcuate cavities with the
first upper punch and the first lower punch, thereby ob-
taining a preformed body;

a magnetic field orienting and forming section for ob-
taining an intermediate formed body, including a sec-
ond die for holding an outer peripheral surface of the
preformed body, a second core for holding an inner
peripheral surface of the preformed body, a second
lower punch for holding a bottom of the preformed
body, a second upper punch for facing the second
lower punch, magnetic field applying means for ap-
plying a magnetic field to the preformed body, and
heating means for heating the preformed body,
a main forming section for obtaining an annular mag-
net or a plurality of arcuate magnets, including a third
die for holding an outer peripheral surface of the in-
termediate formed body, a third core for holding an
inner peripheral surface of the intermediate formed
body, a third lower punch for holding a bottom of the
intermediate formed body, a third upper punch for
facing the third lower punch, and heating means for
heating the intermediate formed body, and
a work transferring section which holds the pre-
formed body, and transfers the preformed body from
the preforming section to the magnetic field orienting
and forming section, and which also holds the inter-
mediate formed body, and transfers the intermediate
formed body from the magnetic field orienting and
forming section to the main forming section,
the first through third upper punches, the first through
third lower punches and the first through third cores
are so arranged as to be respectively driven with
servomotors,
and the preforming section further includes mass
measuring means for measuring the mass of the pre-
formed body after forming of the preformed body,
and the first lower punch is so arranged as to vary
the position thereof before pressure-forming with the
servomotor, based on the mass of the preformed
body, which has been measured with the mass
measuring means, thereby varying a volume of one
of the cavity and the cavities.
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[0006] With the device of the present invention, upon
producing the annular magnet or a plurality of arcuate
magnets from the compound, the annular magnet or a
plurality of arcuate magnets is produced by the device
composed of three sections, that is the preforming sec-
tion for forming the preformed body with an annular shape
or arcuate shape from the compound, the magnetic field
orienting and forming section for carrying out orienting
of the magnetic field of the preformed body, thereby form-
ing the intermediate formed body, and the main forming
section for forming the annular magnet or a plurality of
arcuate magnets from the intermediate formed body.
And in the device of the present invention, the mass of
all the preformed bodies which have been formed in the
preforming section can be measured with the mass
measuring means, and by varying the volume of the cav-
ity in the preforming section based on the measured
mass, the scattering in mass of the preformed body can
be reduced.
[0007] Upon producing the annular magnet or a plu-
rality of arcuate magnets from the compound, first, in the
preforming section, the cavity defined by the first die, first
core and first lower punch is charged with a compound
as a mixture of an anisotropic magnet powder and a ther-
mosetting resin. Then, by moving the first upper punch
to compress (pressure-forming) the compound in the
cavity with the first upper punch and the first lower punch,
the preformed body is obtained.
[0008] And with the present invention, by means of the
mass measuring means, the mass of all the preformed
bodies formed in the preforming section can be meas-
ured. Accordingly, the generation of scattering in mass
of the preformed body can be watched. And if an error
in charging amount of the compound in the cavity occurs
in the preforming section, for example, it can be speedily
detected by watching the mass with the mass measuring
means.
[0009] Accordingly, only when the mass of the pre-
formed body is within the range of mass values of good
products, the preformed body can be transferred to the
following magnetic field orienting and forming section
with the work transferring section. On the other hand,
when the measured mass of the preformed body is out
of the range of mass values of good products, transfer
of the preformed body to the following magnetic field ori-
enting and forming section can be stopped.
With this arrangement, only the preformed bodies which
have been judged good with the mass measuring means
are carried in the magnetic field orienting and forming
section. Therefore, the scattering in mass of the pre-
formed body to be carried in the magnetic field orienting
and forming section can be reduced.
[0010] In addition, the preformed body that has been
judged inferior can be reused as a compound after crush-
ing in an outside or the like of the device. Therefore, the
compound is scarcely wasted, and accordingly the yield
in the device can be improved.
[0011] In addition, with the present invention, in the

preforming section, the first lower punch is arranged such
that the position thereof, which is before pressure-form-
ing, can be varied based on the mass of the preformed
body, which has been measured with the mass measur-
ing means. Accordingly, when the mass measuring
means continuously or frequently judge the preformed
body inferior, for example, the position of the first lower
punch, which is before pressure-forming, can be varied
with the servomotors.
[0012] More specifically, when the preformed bodies
of which masses exceed the range of mass values of
good products are continuously or frequently formed, it
is considered that the volume of the cavity in the preform-
ing section is great, and in this case, by varying the po-
sition of the first lower punch, the volume of the cavity
can be reduced. On the other hand, when the preformed
bodies of which masses are less than the range of mass
values of good products are continuously or frequently
formed, it is considered that the volume of the cavity in
the preforming section is small, and in this case, by var-
ying the position of the first lower punch, the volume of
the cavity can be increased.
And consequently, by varying the volume of the cavity
arbitrarily, the masses of the preformed body to be trans-
ferred to the magnetic field orienting and forming section
can be adjusted, thereby further reducing the scattering
in the mass of the preformed body.
[0013] Then, the preformed bodies which have been
judged good with the mass measuring means are trans-
ferred to the magnetic field orienting and forming section
with the work transferring section.
And in the magnetic field orienting and forming section,
the preformed bodies which have been judged good are
held with the second die, second core and second lower
punch. And by moving the second upper punch, the pre-
formed bodies are further compressed (pressure-form-
ing) between the second upper punch and the second
lower punch. Upon compressing, the preformed bodies
are heated with the heating means to melt the thermo-
setting resin in the preformed body, thereby producing
the state where the anisotropic magnet powder in the
preformed body can be turned and moved.
[0014] In addition, upon compressing, a magnetic field
is applied to the preformed body in which the thermoset-
ting resin is melted with the magnetic field applying
means. To this effect, in the magnetic field orienting and
forming section, the anisotropic magnet powder is turned
and moved in the thermosetting resin to orient the ani-
sotropic magnet powder in a specific direction, and the
preformed body is further compressed to an intermediate
formed body. Hereinafter, the magnetic field orienting
and pressure-forming in the magnetic field orienting and
forming section will be also referred to as "magnetic field
orienting and forming".
[0015] Thus, in the magnetic field orienting and forming
section, the intermediate formed body can be formed
from the preformed body of which the mass does not
greatly scatter, and of which the anisotropic magnet pow-
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der content does not greatly scatter. Accordingly, in the
magnetic field orienting and forming section, the inter-
mediate formed body can be formed without a great scat-
tering in the anisotropic magnet powder content.
Therefore, when the intermediate formed body is formed
in the main forming section, and an obtained annular
magnet or arcuate magnets are magnetized to N and S
poles, scattering in the magnet performance of the an-
nular magnet or a plurality of arcuate magnets can be
reduced.
[0016] Next, the intermediate formed body formed in
the magnetic field orienting and forming section is trans-
ferred to the main forming section with the work transfer-
ring section.
And, in the main forming section, the intermediate formed
body is held with the third die, third core and third lower
punch. And, by moving the third upper punch, the inter-
mediate formed body is further compressed (pressure-
forming) between the third upper punch and the third low-
er punch. Upon compressing, the intermediate formed
body is heated with the heating means to melt the ther-
mosetting resin in the intermediate formed body. Here-
inafter, the pressure-forming performed in this main form-
ing section will be also referred to as "main forming".
In the main forming section, the thermosetting resin in
the intermediate formed body is not required to be com-
pletely melted. It may be in a half-melted state where the
thermosetting resin is melted to some extent.
[0017] And in the main forming section, the heating
temperature of the heating means may be made higher
than that in the magnetic field orienting and forming sec-
tion, and the pressure force of the third upper punch may
be made greater than that of the second upper punch.
Consequently, the intermediate body can be further com-
pressed, whereby an annular magnet or a plurality of
arcuate magnets with excellent dimensional accuracy
can be formed.
[0018] And, the position, pressing rate, pressing force
or the like of each of the upper punches, lower punches
and cores in the performing section, magnetic field ori-
enting and forming section and main forming section can
be adjusted with servomotors. Therefore, by controlling
the servomotors, the positions of each of the upper
punches, lower punches and cores can be adjusted fine-
ly, and the pressing rate, pressing force or the like of
each of the upper punches, lower punches and cores
can be adjusted finely. Consequently, the forming con-
ditions in the performing section, magnetic field orienting
and forming section, and the main forming section can
be made most appropriate, whereby the dimensional ac-
curacy of the annular magnet or a plurality of arcuate
magnets can be further improved.
[0019] And, with the present invention, the preformed
body formed in the preforming section can be transferred
to the magnetic field orienting and forming section with
the work transferring section, and the intermediate
formed body formed in the magnetic field orienting and
forming section can be transferred to the main forming

section. Therefore, the device of the present invention
can produce the annular magnet or a plurality of arcuate
magnets from the compound continuously.
[0020] And, with the present invention, when the inter-
mediate formed body is formed in the magnetic field ori-
enting and forming section, for example, another pre-
formed body can be formed in the preforming section.
And, when the annular magnet or a plurality of arcuate
magnets is formed in the main forming section, another
preformed body and another intermediate formed body
can be formed in the preforming section and the magnetic
field orienting and forming section.
[0021] Accordingly, in each section of the preforming
section, the magnetic field orienting and forming section
and the main forming section, forming operations can be
performed at the same time and continuously. And with
the work transferring section, transferring can be per-
formed using the period of time when forming is per-
formed in each of the sections. Consequently, the
number of the annular magnet or a plurality of arcuate
magnets, which have been produced per unit time can
be increased, whereby the productivity of the annular
magnet or a plurality of arcuate magnets can be im-
proved.
[0022] In addition, each section of the preforming sec-
tion, the magnetic field orienting and forming section and
the main forming section is composed of a motor-oper-
ated servo type press using the servomotors. Therefore,
each section can be made compact, as compared with
the case of the conventional electric crank type press or
hydraulic press, whereby the device of the present in-
vention can be arranged compact, although three sec-
tions are included.
Accordingly, as described above, with the device of the
present invention, the annular magnet or a plurality of
arcuate magnets of which the masses do not greatly scat-
ter, and which exhibit excellent magnet performance can
be produced continuously and efficiently.
[0023] According to a second aspect of the present
invention, there is provided a device for producing one
of an annular magnet and an arcuate magnet, which in-
cludes a preforming section having a first die for defining
an outer peripheral part of one of an annular cavity and
a plurality of arcuate cavities, each facing each other, a
first core for defining an inner peripheral part of one of
said annular cavity and said plurality of arcuate cavities,
a first lower punch for defining a bottom of one of the
annular cavity and the plurality of arcuate cavities, and
a first upper punch for facing said first lower punch, and
in which one of the annular cavity and the plurality of
arcuate cavities is charged with a compound as a mixture
of an anisotropic magnet powder and a thermosetting
resin, the compound is pressure-formed in one of the
annular cavity and the plurality of arcuate cavities with
the first upper punch and the first lower punch, thereby
obtaining a preformed body;

a magnetic field orienting and forming section for ob-
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taining one of an annular magnet and a plurality of
arcuate magnets, the magnetic field orienting and
forming section having a second die for holding an
outer peripheral surface of the preformed body, a
second core for holding an inner peripheral surface
of the preformed body, a second lower punch for
holding a bottom of the preformed body, a second
upper punch facing the second lower punch, mag-
netic field applying means for applying a magnetic
field to the preformed body, and heating means for
heating the preformed body, and
a work transferring section for holding the preformed
body, and transferring the preformed body from the
preforming section to the magnetic field orienting and
forming section.

The first and second upper punches, the first and second
lower punches and the first and second cores are so ar-
ranged as to be respectively driven with servomotors.
The preforming section further has mass measuring
means for measuring the mass of the preformed body
after forming of the preformed body, and the first lower
punch is so arranged as to vary the position thereof be-
fore pressure-forming with the servomotor, based on the
mass of the preformed body, which has been measured
with the mass measuring means, thereby varying the vol-
ume of one of the cavity and the cavities.
[0024] With this device, by carrying out the pressure
molding performed in the main forming section with the
first aspect of the invention, in the magnetic field orienting
and forming section, the third upper punch, the third lower
punch, the third core and the heating means can be omit-
ted whereby the costs of the device for producing an an-
nular magnet or an arcuate magnet can be decreased,
and the construction thereof can be made compact.
With the second aspect of the present invention, the an-
nular magnet or a plurality of arcuate magnets can be
obtained by subjecting the preformed body to pressure-
forming directly in the magnetic field orienting and form-
ing section. The remaining constructions and operational
advantages of the second aspect of the present invention
are identical to those of the first aspect of the present
invention.
[0025] In the first and second aspects of the present
invention, alnico, ferrite, rare earth cobalt, rare earth iron
or the like can be used as the anisotropic magnet powder.
And it is more preferable to use Nd-Fe-B base, Sm-Co
base or the like base well-known rare earth magnet pow-
der as the anisotropic magnet powder.
[0026] And a phenol resin, epoxy resin, polyester resin,
or the like can be used as the thermosetting resin.
And the annular magnet and a plurality of arcuate mag-
nets can be used as magnets for various kinds of motors.
In particular, the annular magnet can be used by dispos-
ing it in a stator of a DC motor, and a plurality of arcuate
magnets can be used by disposing them in a stator of a
DC motor so as to face each other.
[0027] And, in the first aspect of the present invention,

it is preferable that the work transferring section has a
cassette for the magnetic field orienting and forming sec-
tion, which carries the preformed body in the magnetic
field orienting and forming section, and carries the inter-
mediate formed body out of the magnetic field orienting
and forming section, a cassette for the main forming sec-
tion, which carries the intermediate formed body in the
main forming section, and carries one of the annular mag-
net and a plurality of arcuate magnets out of the main
forming section, and a loader cassette which receives
the intermediate formed body from the cassette for the
magnetic field orienting and forming section, and delivers
it to the cassette for the main forming section.
[0028] In this case, carrying-in of the preformed body
and carrying-out of the intermediate formed body in the
magnetic field orienting and forming section, and carry-
ing-in of the intermediate formed body and carrying-out
of the annular magnet (a plurality of arcuate magnets) in
the main forming section can be respectively performed
with the cassette for the magnetic field orienting and form-
ing section and the cassette for the main forming section
in parallel. And, the carrying-in and out with each cas-
sette, and the receiving and delivering with the loader
cassette can be performed using the period of time when
each sectiorr carries out forming thereof.
Therefore, carrying-in and out and receiving and deliv-
ering of works such as each formed body or annular mag-
net (a plurality of arcuate magnets) thereof can be per-
formed with a shortened period of time, whereby the
number of annular magnet or a plurality of arcuate mag-
nets produced per unit period of time can be further in-
creased.
[0029] And, the work transferring section can have a
cassette for the preforming section, which is adapted to
carry the preformed body out of the preforming section.
In this case, the cassette for the preforming section can
be moved at the same time with the cassette for the mag-
netic field orienting and forming section and the cassette
for the main forming section.
[0030] And, it is preferable that the cassette for the
magnetic field orienting and forming section is arranged
to hold the preformed body which is prior to magnetic
field orienting and forming, advance to the position be-
tween the second upper punch and the second lower
punch, supply the preformed body to the second upper
punch, receive the intermediate formed body which is
after magnetic field orienting and forming, hold the inter-
mediate formed body, and move back from the position
between the second upper punch and the second lower
punch.
[0031] In this case, when the cassette for the magnetic
field orienting and forming section advances to the posi-
tion between the second upper punch and the second
lower punch, it can receive the intermediate formed body
which is after magnetic field orienting and forming from
the second lower punch, and supply the preformed body
to the second upper punch. Therefore, supplying of the
preformed body to the second upper punch and the de-
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livering of the intermediate formed body from the second
lower punch can be performed in a short period of time,
whereby the period of time required for carrying-in and
out in the magnetic field orienting and forming section
can be further shortened.
The magnetic field orienting and forming means that in
the magnetic field orienting and forming section, both
magnetic field orienting and pressure-forming are per-
formed.
[0032] And, it is preferable that the cassette for the
magnetic field orienting and forming section is arranged
to receive the intermediate formed body when the second
lower punch pushes the intermediate formed body to the
cassette for the magnetic field orienting and forming sec-
tion, and supply the preformed body to the second upper
punch when the preformed body is pushed out with the
intermediate formed body.
[0033] In this case, delivering of the intermediate
formed body to the cassette for the magnetic field orient-
ing and forming section, receiving of the preformed body
from the cassette for the magnetic field orienting and
forming section, and supplying of the preformed body to
the second upper punch can be performed using the mov-
ing action of the second lower punch. Namely, with the
moving action of the second lower punch, the intermedi-
ate formed body held by the second lower punch can be
pushed out to the cassette for the magnetic field orienting
and forming section and then delivered therefrom, and
at approximately the same time, the preformed body can
be pushed out from the cassette for the magnetic field
orienting and forming section to the second upper punch,
and supplied thereto.
[0034] Therefore, special devices or the like are not
required to deliver, unload and supply each of the formed
bodies, and delivering, unloading and supplying can be
performed with a simple arrangement of the cassette for
the magnetic field orienting and forming section. In ad-
dition, delivering, unloading and supplying can be per-
formed at approximately the same time, and accordingly,
the period of time required for performing carrying-in and
carrying-out in magnetic field orienting and forming sec-
tion can be further shortened.
The cassette for the magnetic field orienting and forming
section in the first aspect of the present invention can be
applied to the second aspect of the present invention,
and similar operational advantages to those with the first
aspect of the present invention can be also effected with
the second aspect of the present invention.
[0035] And, it is preferable that the cassette for the
main forming section is arranged to hold the intermediate
formed body which is to be subjected to the next main
forming process, advance to the position between the
third upper punch and the third lower punch, supply the
intermediate formed body to the third upper punch, re-
ceive the annular magnet or plurality of arcuate magnets,
which has been subjected to the preceding main forming
process, and move back from the position between the
third upper punch and the third lower punch while holding

the annular magnet or plurality of arcuate magnets.
[0036] In this case, delivering of the annular magnets
or a plurality of arcuate magnets to the cassette for the
main forming section, unloading of the intermediate
formed body from the cassette for the main forming sec-
tion, and supplying of this intermediate formed body to
the third upper punch can be performed using the moving
action of the third lower punch. Namely, with the moving
action of the third lower punch, the annular magnets or
a plurality of arcuate magnets retained by the third lower
punch can be pushed out to the cassette for the main
forming section, and delivered therefrom. At approxi-
mately the same time, the intermediate formed body can
be pushed out and fed from the cassette for the main
forming section to the third upper punch.
[0037] Therefore, special devices or the like are not
required to deliver, unload and supply each of the formed
bodies, and delivering, unloading and supplying can be
performed with a simple arrangement of the cassette for
the main forming section. In addition, delivering, unload-
ing and supplying can be performed at the same time,
and accordingly, the period of time required for perform-
ing carrying-in and carrying-out in the main forming sec-
tion can be further shortened.
The "main forming" means the pressure-forming in the
main forming section.
[0038] And, it is preferable that the cassette for the
main forming section is arranged to receive one of the
annular magnet and a plurality of arcuate magnets when
the third lower punch pushes one of the annular magnet
and a plurality of arcuate magnets forming section to the
main forming section, and supply the intermediate
formed body to the third upper punch when the interme-
diate formed body is pushed out with one of the annular
magnet and plurality of arcuate magnets.
[0039] In this case, delivering of the annular magnets
or a plurality of arcuate magnets to the cassette for the
main forming section, unloading of the intermediate
formed body from the cassette for the main forming sec-
tion, and supplying of this intermediate formed body to
the third upper punch can be performed using the moving
action of the third lower punch. Namely, with the moving
action of the third lower punch, the annular magnets or
a plurality of arcuate magnets retained by the third lower
punch can be pushed out to the cassette for the main
forming section, and delivered therefrom. At the same
time, the intermediate formed body can be pushed out
and supplied from the cassette for the main forming sec-
tion to the third upper punch.
[0040] Therefore, special devices or the like are not
required to deliver, unload and supply each of the formed
bodies, and delivering, unloading and supplying can be
performed with a simple arrangement of the cassette for
the main forming section. In addition, delivering, unload-
ing and supplying can be performed at approximately the
same time, and accordingly, the period of time required
for performing carrying-in and carrying-out in the main
forming section can be further shortened.
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[0041] And, in the first aspect of the present invention,
it is preferable that the device for producing one of an
annular magnet and an arcuate magnet is arranged such
that the magnetic field orienting and forming section and
the main forming section perform pressure-forming at dif-
ferent timings to restrain the generation of the peak elec-
tric power in the device.
[0042] In this case, the generation timing of the electric
power required when forming is performed in the mag-
netic field orienting and forming section by operating
each servomotor, and that of the electric power required
when forming is performed in the main forming section
by operating each servomotor can be made different from
each other. With this arrangement, the generation timing
of a great electric power can be dispersed, and accord-
ingly a peak power as a maximum output power of the
device can be decreased. Therefore, a maximum power
feeding capacity required for this device can be de-
creased, although the three sections are included.
[0043] And it is preferable that the main forming section
is so arranged as to carry out pressure-forming of inter-
mediate formed bodies which are stacked (piled up) with
the third upper punch and said third lower punch.
In this case, even when the thickness (height in an axial
direction) of the intermediate formed body cannot be in-
creased due to the limitation of the magnetic field apply-
ing means in the magnetic field orienting and forming
section, an annular magnet or a plurality of arcuate mag-
nets with a required thickness (height in an axial direction)
can be obtained by joining intermediate formed bodies
in an axial direction thereof with pressure-forming in the
main forming section in a piled state.
[0044] And it is preferable that the work transferring
section of the first and second aspects of the present
invention is arranged to have preheating means capable
of preheating the preformed body upon holding the pre-
formed body.
[0045] In this case, when the preformed body is trans-
ferred from the performing section to the magnetic field
orienting and forming section, it can be previously heat-
ed, whereby magnetic field orienting and pressure-form-
ing can be speedily started in the magnetic field orienting
and forming section.
[0046] And, it is preferable that the device for produc-
ing an annular magnet or arcuate magnet has a lubricant
oil impregnating section for impregnation of the pre-
formed body with a lubricant oil, and the lubricant oil im-
pregnating section has an impregnation jig for disposing
the preformed body, lubricant oil feeding means for feed-
ing the lubricant oil to the preformed body placed in the
impregnation jig, and suction means for sucking the lu-
bricant oil impregnated in the preformed body placed in
the impregnation jig, and the work transferring section is
so arranged as to hold the preformed body which is be-
fore impregnating with the lubricant oil, and transfer the
preformed body from the performing section to the lubri-
cant oil impregnating section, while holding the pre-
formed body which is after impregnating with the lubricant

oil, and transfer the performed body from the lubricant
oil impregnating section to the magnetic field orienting
and forming section.
[0047] In this case, in the lubricant oil impregnating
section, the preformed body is impregnated with a lubri-
cant oil, and accordingly the friction resistance of the pre-
formed body can be reduced.
And, when the preformed body impregnated with the lu-
bricant oil is transferred to the magnetic field orienting
and forming section, the generation of wear can be re-
strained when the second die, second upper punch, sec-
ond lower punch, second core or the like in the magnetic
field orienting and forming section rubs the preformed
body or the intermediate formed body after forming. And,
with the first aspect of the present invention, by virtue of
the lubricant oil, generation of wear can be restrained
when the third die, third upper punch, third lower punch,
third core or the like rub the intermediate formed body or
the annular magnet (a plurality of arcuate magnets) in
the main forming section.
[0048] And, upon performing the magnetic field orient-
ing and forming in the magnetic field orienting and form-
ing section, the orientation of the magnetic field can be
also performed more speedily, because of the impreg-
nation of the lubricant oil in the preformed body. Namely,
upon melting the thermosetting resin included in the pre-
formed body in the magnetic field orienting and forming
section, the anisotropic magnet powder can be oriented
in a specific direction more speedily by virtue of the lu-
bricant oil. Therefore, when the annular magnet or a plu-
rality of arcuate magnets are produced and magnetized,
the magnet performance thereof can be further improved.
[0049] And, in the lubricant oil impregnating section,
by means of the lubricant oil feeding means, the lubricant
oil is fed to the preformed body disposed in the impreg-
nation jig for impregnation, and by means of the suction
means, an excess amount of lubricant oil can be sucked
from the preformed body. Therefore, the preformed body
can be impregnated with the lubricant oil approximately
homogeneously.
And, by adjusting the suction period of time with the suc-
tion means, the impregnation amount of the lubricant oil
in the preformed body can be readily controlled. There-
fore, the impregnation amount of the lublicant oil can be
made a necessary and sufficient amount so that the lu-
bricant oil included in the preformed body in an excess
amount can be prevented from contaminating the mag-
netic field orienting and forming section and the main
forming section.
[0050] And, the work transferring section serves to
transfer the preformed body from the preforming section
to the lubricant oil impregnating section, and from the
lubricant oil impregnating section to the magnetic field
orienting and forming section, and consequently, the de-
vice of the present invention can produce the annular
magnet or a plurality of arcuate magnets from the com-
pound while impregnating with lubricant oil in series.
Ethylene glycol-based lubricant oil, for example, can be
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used as the lubricant oil.

BRIEF DESCRIPTION OF DRAWINGS

[0051] FIG. 1 is a diagram showing an embodiment 1
of a device for producing an annular magnet, which is
seen from a front thereof.
[0052] FIG. 2 is a plan view showing an embodiment
1 of a device for producing an annular magnet.
[0053] FIG. 3 is a diagram showing a preforming sec-
tion in the embodiment 1, which is seen from a front there-
of.
[0054] FIG. 4 is a diagram showing a preforming sec-
tion and a transfer robot in the embodiment 1, which is
seen from a side thereof.
[0055] FIG. 5 is a diagram showing the state where a
charging space of the preforming section is charged with
a compound.
[0056] FIG. 6 is a diagram showing the state where a
charging space of the preforming section is charged with
a compound, and an excess compound is discharged.
[0057] FIG. 7 is a diagram showing the state where
the compound is pressure-formed with a first upper
punch and a first lower punch in the preforming section
to form an annular preformed body.
[0058] FIG. 8 is a diagram showing a lubricant oil im-
pregnating section in the embodiment 1, in the state
where a lubricant oil is fed.
[0059] FIG. 9 is a diagram showing the lubricant oil
impregnating section in the embodiment 1, from which
an excess amount of lubricant oil in the annular pre-
formed body is sucked.
[0060] FIG. 10 is a diagram showing a magnetic field
orienting and forming section in the embodiment 1, which
is seen from a front thereof.
[0061] FIG. 11 is a diagram showing the magnetic field
orienting and forming section in the embodiment 1, which
is seen from a side thereof.
[0062] FIG. 12 is a diagram showing the state where
a cassette for the magnetic field orienting and forming
section is advanced between a second upper punch and
a second lower punch of the magnetic field orienting and
forming section in the embodiment 1.
[0063] FIG. 13 is a diagram showing the state where
the second lower punch and a second core are elevated
while the second upper punch is lowered in the magnetic
field orienting and forming section of the embodiment 1.
[0064] FIG. 14 is a diagram showing the state where
the change of the annular preformed body and an annular
intermediate formed body is performed in the cassette
for the magnetic field orienting and forming section in the
embodiment 1.
[0065] FIG. 15 is a diagram showing the state where
the cassette for the magnetic field orienting and forming
section is moved back from the position between the sec-
ond upper punch and the second lower punch in the em-
bodiment 1.
[0066] FIG. 16 is a diagram showing the state where

the annular preformed body is entirely inserted in a sec-
ond die in the magnetic field orienting and forming section
of the embodiment 1.
[0067] FIG. 17 is a diagram showing the state where
a magnetic field is applied by means of magnetic field
applying means, and pressure-forming is performed by
the second upper punch and the second lower punch in
the magnetic field orienting and forming section of the
embodiment 1, thereby forming an annular intermediate
formed body.
[0068] FIG. 18 is a diagram showing the main forming
section of the embodiment 1, which is seen from a front
thereof.
[0069] FIG 19 is a diagram showing the main forming
section of the embodiment 1, which is seen from a side
thereof.
[0070] FIG. 20 is a diagram showing the state where
the change of the annular intermediate formed body and
an annular magnet is performed in the cassette for the
main forming section in the embodiment 1.
[0071] FIG. 21 is a diagram showing the state where
the annular intermediate formed body is entirely inserted
in a third die in the main forming section of the embodi-
ment 1.
[0072] FIG. 22 is a diagram showing the state where
pressure-forming is performed by the third upper punch
and the third lower punch in the main forming section of
the embodiment 1 to mold the annular magnet.
[0073] FIG. 23 is a diagram showing the state where
the transfer robot of the embodiment 1 transfers works
to the cassette for the magnetic field orienting and form-
ing section, and the cassette for the main forming section
carries the works out of the device 1.
[0074] FIG. 24 is a diagram showing the state where
the cassette for the magnetic field orienting and forming
section and the cassette for the main forming section of
the embodiment 1 respectively carry works in the mag-
netic field orienting and forming section and the main
forming section.
[0075] FIG. 25 is a diagram showing the state where
the change of the works is performed in the cassette for
the magnetic field orienting and forming section and in
the cassette for the main forming section in the magnetic
field orienting and forming section and the main forming
section of the embodiment 1.
[0076] FIG. 26 is a diagram showing the state where
the cassette for the magnetic field orienting and forming
section and the cassette for the main forming section of
the embodiment 1 respectively carry works out of the
magnetic field orienting and forming section and the main
forming section.
[0077] FIG. 27 is a diagram showing the state where
a loader cassette of the embodiment 1 respectively re-
ceive works from the cassette for the magnetic field ori-
enting and forming section, the cassette for the main
forming section, and a buffer section.
[0078] FIG. 28 is a diagram showing the state where
the loader cassette is fed out in the embodiment 1.
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[0079] FIG. 29 is a diagram showing the state where
the loader cassette of the embodiment 1 delivers works
to the cassette for the magnetic field orienting and form-
ing section, the cassette for the main forming section,
and a unloading section.
[0080] FIG. 30 is a diagram showing the state where
the loader cassette is returned in the embodiment 1.
[0081] FIG. 31 is a schematic graph showing the gen-
erating state of a maximum output power in each section
of the embodiment 1, of which abscissa is graduated by
time, and ordinate is graduated by output power in each
section.
[0082] FIG. 32 is a diagram showing the state where
the annular intermediate formed bodies which are piled
up are pressure-formed with a third upper punch and a
third lower punch in the main forming section of the em-
bodiment 1 to mold an annular magnet.
[0083] FIG. 33 is a diagram showing an embodiment
2 of a device for producing an arcuate magnet, which is
seen from a front thereof.
[0084] FIG. 34 is a plan view showing the embodiment
2 of a device for producing an arcuate magnet.
[0085] FIG. 35 is a diagram showing a magnetic field
orienting and forming section and work transferring sec-
tion of the embodiment 2, which is seen from side thereof.
[0086] FIG. 36 is a plan view of a pair of arcuate cavities
formed in the preforming section of the embodiment 2.
[0087] FIG. 37 is a diagram showing the state where
a pair of arcuate magnets are formed by applying a mag-
netic field with magnetic field applying means of the mag-
netic field orienting and forming section of the embodi-
ment 2, and pressure-forming with a second upper punch
and a second lower punch.
[0088] FIG. 38 is a plan view showing the state where
the magnetic field is applied with the magnetic field ap-
plying means of the magnetic field orienting and forming
section of the embodiment 2.
[0089] FIG. 39 is a perspective view of the pair of ar-
cuate magnets, which were produced with the embodi-
ment 2 of the device for producing the arcuate magnet.

EMBODIMENT

[0090] Hereinafter, an embodiment of the device for
producing an annular magnet in accordance with the
present invention will be explained with reference to the
drawings.
(Embodiment 1)
 As shown in FIGS. 1 and 2, a device 1 for producing an
annular magnet of the present embodiment is the device
by which an annular magnet 83 is produced from a com-
pound 80 containing anisotropic magnet powder with
three sections including a later-describing preforming
section 2, a magnetic field orienting and forming section
3 and a main forming section 4.
[0091] More specifically, as shown in FIGS. 1 and 6,
the preforming section 2 has a first die 25 defining an
outer peripheral wall of an annular cavity 20, a first core

23 defining an inner peripheral wall of the annular cavity
20, a first lower punch 21 defining a bottom wall of the
annular cavity 20, and a first upper punch 22 facing the
first lower punch 21.
And, as shown in FIGS. 3 and 6, the preforming section
2 is arranged such that the above-described annular cav-
ity 20 is charged with the compound 80 prepared by mix-
ing an anisotropic magnet powder and a thermosetting
resin, and compression-forming is performed in the an-
nular cavity 20 with the first upper punch 22 and the first
lower punch 21, thereby obtaining an annular preformed
body 81.
[0092] And, as shown in FIGS. 1 and 17, the magnetic
field orienting and forming section 3 has a second die 35
for supporting an outer peripheral surface of the annular
preformed body 81, a second core 33 for supporting an
inner peripheral surface of the annular preformed body
81, a second lower punch 31 for supporting a bottom
surface of the annular preformed body 81, and a second
upper punch 32 facing the second lower punch 31. In
addition, the magnetic field orienting and forming section
3 has magnetic field applying means 36 for applying a
magnetic field to the annular preformed body 81, and
second heating means 37 for heating the annular pre-
formed body 81.
[0093] And, as shown in FIGS. 10 and 17, the magnetic
field orienting and forming section 3 heats the annular
preformed body 81 with the second heating means 37,
and orients the magnetic field of the anisotropic magnet
powder in the annular preformed body 81 with the mag-
netic field applying means 36 with the thermosetting resin
melted in the annular preformed body 81, and at the same
time, pressure is applied to the annular preformed body
81 with the second upper punch 32 and the second lower
punch 31, thereby obtaining an annular intermediate
formed body 82. Hereinafter, the process of orienting the
magnetic field and applying pressure may be referred to
as "magnetic field orienting and forming".
[0094] And, as shown in FIGS. 1 and 22, the main form-
ing section 4 has a third die 45 for supporting an outer
peripheral surface of the intermediate formed body 82,
a third core 43 for supporting an inner peripheral surface
of the intermediate formed body 82, a third lower punch
41 for supporting a bottom surface of the annular inter-
mediate formed body 82, a third upper punch 42 facing
the third lower punch 41, and third heating means 46 for
heating the annular intermediate formed body 82.
And, as shown in FIGS. 18 and 22, the main forming
section 4 heats the annular intermediate formed body
82, and at the same time, pressure is applied to the an-
nular intermediate formed body 82 with the third upper
punch 42 and the third lower punch 41, thereby obtaining
an annular magnet 83. Hereinafter, the process of apply-
ing pressure in the main forming section 4 may be re-
ferred to as "main forming".
[0095] In addition, as shown in FIG 2, the device 1 has
a work transferring section 5 for supporting the annular
preformed body 81 and transferring it from the preforming
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section 2 to the magnetic field orienting and forming sec-
tion 3 while supporting the annular intermediate formed
body 82 and transferring it from the magnetic field orient-
ing and forming section 3 to the main forming section 4.
And as shown in FIGS. 4, 11 and 19, the first through
third upper punches 22, 32, 42, the first through third
lower punches 21, 31, 41 and the first through third cores
23, 33, 43 are so arranged as to be driven with servomo-
tors 24, 34, 44, respectively.
[0096] In addition, as shown in FIGS. 2, 4, 6, the pre-
forming section 2 has mass measuring means 26 for
measuring the mass of this annular preformed body 81
after forming thereof. And the first lower punch 21 is ar-
ranged such that the position thereof before the com-
pression forming step is varied with the servomotor 24
based on the mass of the annular preformed body 81,
which has been measured with the mass measuring
means 26, to vary the volume of the annular cavity 20.
Hereinafter, the above-described arrangement will be ex-
plained in detail.
[0097] (Main arrangement of the device)
As shown in FIGS. 2, 26, the device 1 for producing an
annular magnet in the present embodiment has a pre-
forming section 2 provided with mass measuring means
26, magnetic field orienting and forming section 3, main
forming section 4, work transferring section 5, later- de-
scribed lubricating oil impregnating section 6 and work
loading section 7.
In addition, the work transferring section 5 has a later-
described transfer robot 51, a cassette 52 for the mag-
netic field orienting and forming section, a cassette 53
for the main forming section, and a loader cassette 55.
In addition, the preforming section 2 has a later-described
transfer bar 27.
[0098] In addition, in the above-described device 1,
the servomotors 24, 34, 44 for driving the first through
third upper punchs 22, 32, 42 , first through third lower
punches 21, 31, 41 and first through third cores 23, 33,
43 are controlled with control means (not shown). In ad-
dition, the operations of the mass measuring means 26,
transfer bar 27, magnetic field applying means 36, trans-
fer robot 51, cassette 52 for the magnetic field orienting
and forming section, cassette 53 for the main forming
section, loader cassette 55, lubricant oil impregnating
section 6, work loading section 7 or the like are also con-
trolled with the controlling means, respectively.
Namely, a series of operations in the device 1 of the
present embodiment are controllable with the controlling
means.
[0099] And, as shown in FIGS. 1, 2, the preforming
section 2, the magnetic field orienting and forming section
3, and the main forming section 4 are provided in a com-
mon base plate 10. And the preforming section 2, the
magnetic field orienting and forming section 3, the main
forming section 4, the work transferring section 5, the
lubricating oil impregnating section 6 and the work load-
ing section 7 are integrally secured to the base plate 10.
And the base plate 10 is provided on an upper surface

of a bed 11.
[0100] (Flow of the production of annular magnet)
The device 1 for producing an annular magnet in the
present embodiment produces an annular magnet 83
from the above-described compound 80 in the following
flow (see FIG 2).
Namely, as shown in FIGS. 3, 4, the annular preformed
body 81 is formed from the compound 80 in the preform-
ing section 2, and is transferred to the mass measuring
means 26 by way of the transfer bar 27. Then, the mass
of the annular preformed body 81 is measured in the
mass measuring means 26, and when the measured
mass is within the range of a favorable mass value, the
annular preformed body 81 is transferred to the lubricant
oil impregnating section 6 by means of the transfer robot
51.
[0101] Next, as shown in FIGS. 8, 9, in the lubricant
oil impregnating section 6, the annular preformed body
81 is impregnated with a lubricant oil 65, and then, this
annular preformed body 81 is transferred to the cassette
52 for the magnetic field orienting and forming section
by means of the above-described transfer robot 51.
Next, as shown in FIGS. 10, 11, the annular preformed
body 81 is carried in the magnetic field orienting and form-
ing section 3 by means of the cassette 52 for the magnetic
field orienting and forming section. And in the magnetic
field orienting and forming section 3, the annular pre-
formed body 81 is subjected to magnetic field orienting
and forming, thereby forming the above-described annu-
lar intermediate formed body 82. Then, this annular in-
termediate formed body 82 is carried out to the loader
cassette 55 by means of the cassette 52 for the magnetic
field orienting and forming section.
[0102] Next, as shown in FIGS. 18, 19, the annular
intermediate formed body 82 is transferred to the cas-
sette 53 for the main forming section by means of the
loader cassette 55. And the annular intermediate formed
body 82 is transferred to the main forming section 4 by
means of the cassette 53 for the main forming section.
And in the main forming section 4, the annular interme-
diate formed body 82 is further formed to obtain the an-
nular magnet 83. Then, this annular magnet 83 is carried
out to the loader cassette 55 by means of the above-
described cassette 53 for the main forming section.
[0103] Next, as shown in FIG. 2, the annular magnet
83 is transferred to an unloading section 77 by means of
the loader cassette 55, and is fed out of the device 1 to
an unloading shoot 78.
 Then, residual magnetization in the annular magnet 83
is removed, and the annular magnet 83 is magnetized to
N pole and S pole, thereby obtaining the annular magnet
83 having a magnetic force.
Hereinafter, the arrangement of the device 1 will be ex-
plained in detail.
[0104] (Preforming section)
First, the preforming section 2 will be explained.
As shown in FIGS. 1, 3, the preforming section 2 has an
opening on the lower side thereof, and has a rubbing jig
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281 that holds the compound 80 and moves on the first
die 25. By this rubbing jig 281, the compound 80 can be
placed on the first lower punch 21 and the first core 23.
And this rubbing jig 281 is arranged such that the annular
preformed body 81 after forming can be moved from the
providing position of the first lower punch 21 to a pre-
scribed transferring position.
[0105] In addition, the preforming section 2 has a com-
pound tank 282 for storing the compound 80. And the
preforming section 2 is arranged such that the compound
80 falls from the compound tank 282 and is fed to the
inside of the rubbing jig 281.
[0106] In addition, as shown in FIGS. 2, 4, the preform-
ing section 2 has a transfer bar 27 for transferring the
annular preformed body 81 which has been moved to
the prescribed transfer position by means of the rubbing
jig 281 to the mass measuring means 26. This transfer
bar 27 is inserted in a through hole 811 of the annular
preformed body 81, and transfers the annular preformed
body 81 to the mass measuring means 26 while retaining
the same.
[0107] And the mass measuring means 26 is so ar-
ranged as to measure the mass of the annular preformed
body 81 after subjecting each of the annular preformed
bodies 81 prior to the mass measurement to zero amend-
ment. With this arrangement, the measurement accuracy
of the mass measuring means 26 can be improved. The
"zero amendment" means the resetting of this mass
measuring means 26 with the value indicated by the mass
measuring means 26 prior to the mass measurement as
0. In the present embodiment, the mass measuring
means 26 is composed of a mass meter.
[0108] And, as shown in FIGS. 3, 4, the preforming
section 2 has a first stationary table 201 in which the first
die 25 is embedded, and a first pressure table 202 pro-
vided with the first upper punch 22. And the first pressure
table 202 is so arranged as to descend upon receiving a
driving force of the servomotor 24.
And, the rubbing jig 281 is so arranged as to slide on the
first stationary table 201, and the transfer bar 27 is so
arranged as to transfer the annular preformed body 81
while sliding the same on the first stationary table 201.
[0109] (magnetic field orienting and forming section)
Next, the magnetic field orienting and forming section 3
will be explained.
As shown in FIGS. 1, 10, the magnetic field applying
means 36 in the present embodiment is composed of a
circular annular lower magnetic field coil 362 which is
disposed under the second die 35, and an annular upper
magnetic field coil 361 which is to be disposed above the
second die 35 upon applying pressure. And in the present
embodiment, a magnetic field is applied to the annular
preformed body 81 in radial directions by means of a pair
of upper and lower magnetic field coils 361 and 362 to
orient a magnetic field in radial directions.
[0110] In a modified embodiment, the magnetic field
applying means 36 may be composed of a pair of mag-
netic field coils that are disposed sidewardly of the sec-

ond die 35 so as to hold the same. In this case, a magnetic
field is applied to the annular preformed body 81 in an
axial direction to enable the axial orientation of magnetic
field.
And the second heating means 37 of the present embod-
iment is composed of a heater that is embedded in the
vicinity of this second die 35 for heating the second die 35.
[0111] As shown in FIGS. 10, 11, the magnetic field
orienting and forming section 3 has a second stationary
table 301 in which the second die 35 is embedded, a
second pressure table 302 provided with the second up-
per punch 32 and a second pressure sub-table 303 pro-
vided with the upper magnetic field coil 361. And the sec-
ond pressure table 302 is so arranged as to descend
upon receiving a driving force of the servomotor 34, and
the second pressure sub-table 303 is so arranged as to
descend prior to the second pressure table 302.
In addition, the second pressure table 302 is provided
with a cylinder 304 (air cylinder in the present embodi-
ment).
[0112] And, a pressure is applied to the second pres-
sure sub-table 303 with the cylinder 304 provided in the
second pressure table 302 so that the second pressure
sub-table 303 descends prior to the second pressure ta-
ble 302, and when a pressure is applied to the annular
preformed body 81 with the second upper punch 32, the
upper magnetic field coil 361 can be moved to the vicinity
of the second die 35.
And, as shown in FIG. 11, the cassette 52 for the mag-
netic field orienting and forming section is so arranged
as to carry the annular preformed body 81 in the magnetic
field orienting and forming section 3 and carry the annular
intermediate formed body 82 out of the magnetic field
orienting and forming section 3 while sliding on the sec-
ond stationary table 301.
[0113] And, as shown in FIG. 12, the second upper
punch 32 has a work holder 321 which is provided slidably
on an outer peripheral surface of the second upper punch
32. This work holder 321 has an annular cross-sectional
shape, and is provided with a holder retaining part 322
which can retain the annular preformed body 81 in an
inner peripheral surface thereof. The work holder 321 is
provided with a magnet 323 in the holder holding part
322 for attracting the annular preformed body 81.
[0114] (main forming section)
Next, the main forming section 4 will be explained.
As shown in FIGS. 1, 18, the main forming section 4 has
a third stationary table 401 in which the third die 45 is
embedded, a third pressure table 402 provided with a
third upper punch 42. And the third pressure table 402
is so arranged as to descend upon receiving a driving
force of the servomotor 44
And, the cassette 53 for the main forming section is so
arranged as to carry the annular preformed body 81 in
the main forming section 4 and carry the annular inter-
mediate formed body 82 out of the main forming section
4 while sliding on the third stationary table 401.
And the third heating means 46 of the present embodi-
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ment is composed of a heater which is embedded in the
vicinity of this third die 45 for heating the third die 45.
[0115] And, as shown in FIG. 20, the third upper punch
42 has a work holder 421 that is provided slidably on its
outer peripheral surface thereof. This work holder 421
has an annular cross-sectional shape, and is provided
with a holder retaining part 422 which can retain the an-
nular intermediate formed body 82 in its inner peripheral
surface. And the work holder 421 is provided with a mag-
net 423 in the holder retaining part 422 for attracting the
intermediate formed body 82.
[0116] And, the preforming section 2, the magnetic
field orienting and forming section 3 and the main forming
section 4 of the present embodiment respectively com-
pose a motor servopress.
Namely, the first through third upper punches 22, 32, 42,
the first through third lower punches 21, 31, 41 and the
first through third cores 23, 33, 43 are so arranged as to
be driven with the servomotors 24, 34, 44, respectively.
[0117] And, nuts (not shown) which are respectively
screwed to feed screws (not shown) that rotate upon re-
ceiving the rotation force of the servomotors 24, 34, 44
are secured to the upper punches 22, 32, 42, the lower
punches 21, 31, 41 and the cores 23, 33, 43. The rotation
torques of the servomotors 24, 34, 44 are converted to
thrust directed in an axial direction of the upper punches
22, 32, 42, the lower punches 21, 31, 41 and the cores
23, 33, 43 with feed screws and feed nuts.
[0118] (lubricant oil impregnating section)
Next, the lubricant oil impregnating section 6 will be ex-
plained.
As shown in FIGS. 2, 8, 9, the device 1 for producing the
annular magnet has the lubricant oil impregnating section
6 for impregnating a lubricant oil 65 in the annular pre-
formed body 81. This lubricant oil impregnating section
6 has an impregnation jig 60 for disposing the annular
preformed body 81, lubricant oil feeding means 63 for
feeding the lubricant oil 65 to the annular preformed body
81 in this impregnation jig 60, and sucking means 64 for
sucking an excess lubricant oil 65 impregnated in the
annular preformed body 81 in the impregnation jig 60. In
addition, the lubricant oil impregnating section 6 has a
lubricant oil tank 631 for storing the lubricant oil 65.
[0119] As shown in FIGS. 8 and 9, the impregnation
jig 60 has a work retaining frame 61 for inserting and
disposing the annular preformed body 81, and a suction
box 62 which is made vacuum with the suction means
64 is disposed below the work retaining frame 61.
In addition, in the work retaining frame 61, a lubricant oil
feed groove 611 for inserting and disposing an entire part
of the annular preformed body 81 and feeding the lubri-
cant oil thereto, is provided. And a large number of suc-
tion holes 612 are formed below the lubricant oil feeding
groove 611 for dropping an excess lubricant oil 65 im-
pregnated in the annular preformed body 81 into the suc-
tion box 62.
[0120] The work retaining frame 61 is composed of an
inner periphery holding part 615 for holding an inner pe-

ripheral surface of the annular preformed body 81 along
with a bottom surface thereof, and an outer periphery
holding part 616 for holding an outer peripheral surface
of the annular preformed body 81. And the outer periph-
ery holding part 616 is detachable by operating a plunger
617 adapted to secure the outer periphery holding part
616.
[0121] And, as shown in FIGS. 8, 9, the lubricant oil
feeding means 63 has a feeding pump 632 for feeding
the lubricant oil 65 from the lubricant oil tank 631 to the
impregnation jig 60, and a feeding pipe 633 for feeding
the lubricant oil 65 from this feeding pump 632 to the
impregnation jig 60. And a tip end 634 of the feeding pipe
633 opens in an upper surface of the impregnation jig 60
in the position inwardly of the lubricant oil feeding groove
611.
[0122] And the suction means 64 has a suction pump
641 for sucking an excess lubricant oil 65 from the an-
nular preformed body 81, and a suction tank 642. And
the suction pump 641 and the suction tank 642 are con-
nected to the suction box 62 by way of a suction pipe
643. And the suction pump 641 is composed of a vacuum
pump adapted to suck air from the suction box 62. And
the excess lubricant oil 65 which has been sucked by the
suction pump 641 from the annular preformed body 81
and dropped into the suction box 62 is recovered in the
lubricant oil tank 631 without being sucked by the suction
pump 641.
[0123] And a filter 613 is disposed in the position in
which the suction pipe 643 opens in the suction tank 642
for preventing the compound 80 and the lubricant oil 65
from being sucked into the suction pump 641. And the
bottom of the suction box 62 is connected to the lubricant
oil tank 631 with a return pipe 635 for returning the lubri-
cant oil 65 which has dropped from the suction holes 612
of the impregnation jig 60 to the lubricant oil tank 631.
[0124] And, as shown in FIG. 2, the device 1 is also
provided with an auxiliary impregnation jig 600 with a
similar arrangement to that of the impregnation jig 60.
The auxiliary impregnation jig 600 is so arranged as to
be used instead of the impregnation jig 60 when any trou-
ble occurs in the impregnation jig 60 during use.
[0125] (transfer of work)
Next, the work transferring section 5 will be explained.
As shown in FIG. 2, the work transferring section 5 is
arranged such that works such as the preformed body
81, intermediate formed body 82, or the annular magnet
83 are transferred from the mass measuring means 26
to the lubricant oil impregnating section 6, from the lubri-
cant oil impregnating section 6 to the magnetic field ori-
enting and forming section 3, from the magnetic field ori-
enting and forming section 3 to the main forming section
4, and from the main forming section 4 to the unloading
section 77 .
And the work transferring section 5 of the present em-
bodiment has the transfer robot 51, cassette 52 for the
magnetic field orienting and forming section, the cassette
53 for the main forming section and the loader cassette
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[0126] As shown in FIGS. 2, 4 and 11, the transfer
robot 51 holds the annular preformed body 81 prior to
the impregnation with the lubricant oil, and transfers the
same from the mass measuring means 26 to the lubricant
oil impregnating section 6, and holds the annular pre-
formed body 81 after the impregnation with the lubricant
oil, and transfers the same from the lubricant oil impreg-
nating section 6 to the cassette 52 for the magnetic field
orienting and forming section.
As shown in FIGS. 2, 11, the cassette 52 for the magnetic
field orienting and forming section receives the annular
preformed body 81 from the transfer robot 51, carries the
same in the magnetic field orienting and forming section
3, receives the annular intermediate formed body 82 after
forming from the magnetic field orienting and forming
section 3 and carries the same out of the magnetic field
orienting and forming section 3.
[0127] And, as shown in FIGS. 2, 26, the loader cas-
sette 55 receives the annular intermediate formed body
82 from the cassette 52 for the magnetic field orienting
and forming section, and delivers the same to the cas-
sette 53 for the main forming section.
And, as shown in FIGS. 2, 19, the cassette 53 for the
main forming section receives the annular intermediate
formed body 82 from the loader cassette 55, carries the
same in the main forming section 4 and carries the an-
nular magnet 83 from the main forming section 4 to the
loader cassette 55.
[0128] (transfer robot)
Next, the transfer robot 51 will be explained in detail.
As shown in FIGS. 4, 8, the transfer robot 51 has two
work attracting parts 511, 512, each having a head part
510 which is adapted to attract the annular preformed
body 81 and hold the same. The head part 510 has a
stationary part 513 and a slide part 514 which is slidably
disposed in the stationary part 513. A magnet 515 is pro-
vided at an end of the slide part 514.
[0129] And, the transfer robot 51 is arranged such that
when the slide part 514 is advanced, the annular pre-
formed body 81 can be attracted to the magnet 515, and
when the slide part 514 is moved back, the annular pre-
formed body 81 can be separated from the magnet 515.
And, the transfer robot 51 is arranged such that one work
attracting part 511 can attract the annular preformed
body 81 prior to impregnation with a lubricant oil, and
another work attracting part 512 can attract the annular
preformed body 81 after impregnation with a lubricant oil.
[0130] (cassette for magnetic field orienting and form-
ing section and cassette for main forming section)
Next, the cassette 52 for the magnetic field orienting and
forming section and the cassette 53 for the main forming
section will be explained in detail.
As shown in FIGS. 12, 15, the cassette 52 for the mag-
netic field orienting and forming section is so arranged
as to hold an annular formed body 81 which will be sub-
jected to the following magnetic field orienting and form-
ing process, and advance to the position between the

second upper punch 32 and the second lower punch 31,
supply the annular formed body 81 to the second upper
punch 32, receive the annular intermediate formed body
82 which has been subjected to the last magnetic field
orienting and forming process, hold the annular interme-
diate formed body 82, and move back from the position
between the second upper punch 32 and the second low-
er punch 31.
[0131] And, as shown in FIG 14, the cassette 52 for
the magnetic field orienting and forming section is ar-
ranged such that when the second lower punch 31 push-
es the annular intermediate formed body 82 to the cas-
sette 52 for the magnetic field orienting and forming sec-
tion, cassette 52 for the magnetic field orienting and form-
ing section receives the annular intermediate formed
body 82, and when the annular preformed body 81 is
pushed out by the annular intermediate formed body 82,
the annular preformed body 81 is supplied to the second
upper punch 32.
[0132] And, as shown in FIG. 20, the cassette 53 for
the main forming section is so arranged as to hold the
annular intermediate formed body 82 which will be sub-
jected to the following main forming process, and ad-
vance to the position between the third upper punch 42
and the third lower punch 41, supply the annular inter-
mediate formed body 82 to the third upper punch 42,
receive the annular magnet 83 which has been subjected
to the last main forming process, hold the annular magnet
83, and move back from the position between the third
upper punch 42 and the third lower punch 41.
[0133] And, as shown in FIG. 20, the cassette 53 for
the main forming section is arranged such that when the
third lower punch 41 pushes the annular magnet 83 to
the cassette 53 for the main forming section, cassette 53
for the main forming section receives the annular magnet
83, and when the annular intermediate formed body 82
is pushed out by the annular magnet 83, this annular
intermediate formed body 82 is supplied to the third upper
punch 42.
[0134] And, as shown in FIG. 12, the cassette 52 for
the magnetic field orienting and forming section has a
work holding hole 521 adapted for inserting the annular
preformed body 81 and the annular intermediate formed
body 82 therein and holding the same.
And, as shown in FIG. 20, the cassette 53 for the main
forming section also has a work holding hole 531 adapted
for inserting the annular magnet 83 therein and holding
the same.
[0135] And, as shown in FIGS. 12, 20, the depth of the
work holding hole 521 is made approximately equal to
the thickness of the annular preformed body 81 or greater
than the thickness of the annular preformed body 81. And
the depth of the work holding hole 531 is made approx-
imately equal to the thickness of the annular intermediate
formed body 82 or greater than the thickness of the an-
nular intermediate formed body 82. And the cassettes
52, 53 can transfer the preformed body 81, intermediate
formed body 82 or annular magnet 83 which have been
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inserted in the work holding holes 521, 531, and can pro-
tect the preformed body 81, intermediate formed body
82 or annular magnet 83 to prevent cracks, damages or
the like from being formed in outer peripheral surfaces
thereof.
[0136] And, as shown in FIGS. 12, 20, magnets 522,
532 are respectively disposed in the work holding holes
521, 531 of the cassette 52 for the magnetic field orienting
and forming section and the cassette 53 for the main
forming section. And the cassettes 52, 53 are respec-
tively arranged such that the magnets 522, 532 attract
the preformed body 81 and the intermediate formed body
82, or the annular magnet 83 and hold the same.
[0137] And, as described above, the second die 35 in
the magnetic field orienting and forming section 3 and
the third die 45 in the main forming section 4 are in the
heated condition with the heating means 37 and 46. Ac-
cordingly, it is preferable that arm parts 523, 533 (see
FIG. 11, FIG. 19) of the cassettes 52, 53 are composed
of a material which is not considerably affected by heat.
In addition, by providing cooling means such as cooling
fans or radiating fins in the arm parts 523, 533, the effect
of heat can be protected.
[0138] And, it is preferable that the work holder 321 in
the magnetic field orienting and forming section 3 and
the work holder 421 in the main forming section 4 are
composed of a material which is not considerably affect-
ed by heat. In addition, the work holders 321, 421 may
be cooled with cooling means.
[0139] (buffer section)
As shown in FIGS. 2, 26, the device 1 for producing an
annular magnet in the present embodiment has a buffer
section 54 for temporarily storing the annular intermedi-
ate formed body 82 in the position between the cassette
52 for the magnetic field orienting and forming section
and the cassette 53 for the main forming section. The
annular intermediate formed body 82 formed in the mag-
netic field orienting and forming section 3 is temporarily
stored in the buffer section 54, and is carried in the main
forming section 4.
[0140] As described above, with the present embodi-
ment, by virtue of the buffer section 54, the stroke of the
loader cassette 55 upon transferring the preformed body
81, the intermediate formed body 82 and the annular
magnet 83 can be decreased. As a result, works can be
transferred from the cassette 52 for the magnetic field
orienting and forming section to the buffer section 54,
from the buffer section 54 to the cassette 53 for the main
forming section, and from the cassette 53 for the main
forming part to the unloading section 77 by merely recip-
rocating one loader cassette 55 without increasing the
dimensions of the device 1.
[0141] And the buffer section 54 has a buffer holding
hole 541 for inserting and holding the annular intermedi-
ate formed body 82. A magnet (not shown) is disposed
in this buffer holding hole 541. And this buffer section 54
is arranged such that the magnet attracts the annular
intermediate formed body 82 and holds the same.

[0142] (loader cassette)
 Next, the loader cassette 55 will be explained in detail.
As shown in FIGS. 2, 26, the loader cassette 55 has
loader holding holes 551 through 553 for inserting the
preformed body 81, intermediate formed body 82 or an-
nular magnet 83 and holding the same, similarly to the
cassettes 52, 53. And the loader cassette 55 of the
present embodiment has the first loader holding hole 551
for receiving the annular intermediate formed body 82
from the cassette 52 for the magnetic field orienting and
forming section, and transferring the same to the buffer
section 54, the second loader holding hole 552 for re-
ceiving the annular intermediate formed body 82 from
the buffer section 54 and delivering the same to the cas-
sette 53 for the main forming section, and the third loader
holding hole 553 for receiving the annular magnet 83
from the cassette 53 for the main forming section and
delivering the same to the unloading section 77.
[0143] And, as shown in FIG. 26, a magnet (not shown)
is disposed in each of the first through third loader holding
holes 551 through 553 in the loader cassette 55. And the
loader cassette 55 is arranged such that each magnet
attracts the preformed body 81, intermediate formed
body 82 or annular magnet 83 to hold the same.
[0144] (work shifting section)
As shown in FIGS. 11, 19, 26, the device 1 for producing
an annular magnet in the present embodiment has a work
placing section 7 which is capable of shifting works, that
is the preformed body 81, intermediate formed body 82
or annular magnet 83, between the cassette 52 for the
magnetic field orienting and forming section, the cassette
53 for the main forming section, buffer section 54 and
loader cassette 55.
This work shifting section 7 has the following first through
sixth shifting pins 71 through 76. By moving these shifting
pins 71 through 76, the works 81 through 83 can be shift-
ed.
[0145] Namely, as shown in FIG. 26, the first shifting
pin 71 is adapted to shift the annular intermediate formed
body 82 which is held in the work holding hole 521 in the
cassette 52 for the magnetic field orienting and forming
section to the first loader holding hole 551 in the loader
cassette 55.
And, the second shifting pin 72 is adapted to shift the
annular intermediate formed body 82 which is held in the
buffer holding hole 541 in the buffer section 54 to the
second loader holding hole 552 in the loader cassette
55. And the third shifting pin 73 is adapted to shift the
annular intermediate formed body 82 which is held in the
first loader holding hole 551 in the loader cassette 55 to
the buffer holding hole 541 in the buffer section 54.
[0146] And, as shown in FIG. 26, the fourth shifting pin
74 is adapted to shift the annular magnet 83 which is held
in the work holding hole 531 in the cassette 53 for the
main forming section to the third loader holding hole 553
in the loader cassette 55. And, the fifth shifting pin 75 is
adapted to shift the annular intermediate formed body 82
which is held in the second holding hole 552 in the loader
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cassette 55 to the work holding hole 531 in the cassette
53 for the main forming section.
And the sixth shifting pin 76 is adapted to unload the
annular magnet 83 that is held in the third holding hole
553 in the loader cassette 55 to the unloading section 77.
[0147] And, as shown in FIGS. 26 through 30, the load-
er cassette 55 is capable of reciprocating between a re-
ceiving position 555 in which the works 81 through 83
composed of the preformed body 81, intermediate
formed body 82 and magnet 83 are received, and a de-
livery position 556 in which the works 81 through 83 are
delivered.
And, as shown in FIG. 27, the loader cassette 55 located
in the receiving position 555 is so arranged as to receive
the annular intermediate formed body 82 from the cas-
sette 52 for the magnetic field orienting and forming sec-
tion with the operation or the first shifting pin 71, receive
the annular intermediate formed body 82 from the buffer
section 54 with the operation of the second shifting pin
72, and receive the annular magnet 83 from the cassette
53 for the main forming section with the operation of the
fourth shifting pin 74.
[0148] On the other hand, as shown in FIG 29, the
loader cassette 55 located in the delivery position 556 is
so arranged as to deliver the annular intermediate formed
body 82 from the loader cassette 55 to the buffer section
54 with the operation of the third shifting pin 73, deliver
the annular intermediate formed body 82 from the loader
cassette 55 to the cassette 53 for the main forming sec-
tion with the operation of the fifth shifting pin 75, and
unload the annular magnet 83 from the loader cassette
55 to the unloading section 77.
[0149] (preforming method)
Next, the method for preforming in the preforming section
2 will be explained.
As shown in FIG. 1, in the preforming section 2, the rub-
bing jig 281 which holds the compound 80 is advanced
upwardly of the first lower punch 21 and the first core 23.
At this time, due to the advance of the rubbing jig 281,
the annular preformed body 81 formed before, can be
moved to the prescribed transfer position.
[0150] And, as shown in FIG 5, the first lower punch
21 and the first core 23 are lowered relative to the first
die 25 with the rubbing jig 281 disposed above the first
lower punch 21 and the first core 23, thereby defining a
charging space 200 with a volume greater than the an-
nular cavity 20, and the charging space 200 is charged
with the compound 80.
[0151] Next, as shown in FIG. 6, the first lower punch
21 and the first core 23 are elevated relative to the first
die 25, thereby defining the annular cavity 20 charged
with the compound 80. And an excess compound 80 is
discharged outwardly of this annular cavity 20. And the
rubbing jig 281 holding the compound 80 is moved back
to its original position (see FIG. 1).
[0152] Then, as shown in FIG. 7, the first upper punch
22 is lowered to compress the compound 80 in the an-
nular cavity 20 between the first upper punch 22 and the

first lower punch 21, thereby forming the annular pre-
formed body 81.
And, this compression forming can be preformed by low-
ering the first core 23 along with the first upper punch 22,
and applying a pressure to the compound 80 while low-
ering the first core 23 and the first upper punch 22 to-
gether. Upon compression forming, the servomotor 24
is controlled to apply an elevation thrust in the direction
of the first upper punch 22 to the first core 23, and with
the lowering thrust of the first upper punch 22, which is
greater than this elevation thrust, the first core 23 can be
lowered, following the first upper punch 22.
[0153] And, the first lower punch 21 is raised to extract
the annular preformed body 81 from the first die 25. Then,
the rubbing jig 281 can be advanced again, similarly to
the above-described case. After that time, the annular
preformed body 81 can be repeatedly formed from the
compound 80, similarly.
[0154] And, as shown in FIGS. 2, 4, the annular pre-
formed body 81 which is moved to the prescribed transfer
position is transferred to the mass measuring means 26
with the transfer bar 27. Upon transferring, the transfer
bar 27 transfers the annular preformed body 81 to the
position before reaching the mass measuring means 26,
and temporarily stops transferring. And the mass meas-
uring means 26 performs the zero amendment to reset
the value of the mass at the present time.
After the zero amendment, the transfer bar 27 is started
again to transfer the annular preformed body 81 from the
temporarily stopped position to the mass measuring
means 26.
[0155] Then, the mass measuring means 26 measures
the mass of annular preformed body 81, and judges
whether the measured mass value is within the scope of
the mass values of good products or not.
And when the measured mass value is within the scope
of the mass values of good products, the annular pre-
formed body 81 that is judged good is transferred to the
lubricant oil impregnating section 6 by means of the trans-
fer robot 51. On the other hand, when the measured mass
value is beyond the scope of the mass values of good
products, the mass measuring means 26 judges the an-
nular preformed body 81 inferior, and removes the same
from the production line by means of the transfer robot
51. And the annular preformed body 81 that is judged
inferior is not transferred to the lubricant oil impregnating
section 6, and can be used again as the compound 80
after crushing.
[0156] And, in the present embodiment, the control
means monitors the measured mass values of the mass
measuring means 26, and the measured mass values
are feedback to the preformed section 2, and reflected
therein. Namely, the first lower punch 21 in the preforming
section 2 can vary the position before the pressure-form-
ing (compression forming) based on the measured mass
values when the mass measuring means 26 judges in-
ferior continuously or frequently.
[0157] More specifically, as shown in FIG. 6, when the
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annular preformed body 81 with masses greater than the
mass values of good products are formed continuously
or frequently, the volume of the annular cavity 20 can be
decreased by varying the position of the first lower punch
21 before the pressure-forming to the position shallower
than the present position. On the other hand, when the
annular preformed body 81 with masses less than the
mass values of good products are formed continuously
or frequently, the volume of the annular cavity 20 can be
increased by varying the position of the first lower punch
21 before the pressure-forming to the position deeper
than the present position.
[0158] The above-described variation of the mass of
the annular preformed body 81 is considered to be
caused by the variation of the easiness of charging the
annular cavity 20 with the compound 80, which is due to
the difference in every rod of compound 80.
As described above, in the preforming section 2, the vol-
ume of the annular cavity 20 can be arbitrarily changed
based on the mass value measured with the mass meas-
uring means 26, and consequently, production of a large
number of inferior preformed bodies 81 can be re-
strained.
[0159] (lubricant oil impregnation method)
Next, the method for impregnating a lubricant oil 65 in
the lubricant oil impregnating section 6 will be explained.
As shown in FIGS. 2, 4, the transfer robot 51 transfers
the annular preformed body 81 which has been judged
good from the mass measuring means 26 to the lubricant
oil impregnating section 6.
Namely, as shown in FIG. 8, one work attracting section
511 of the transfer robot 51 attracts the preformed body
81 that has been judged good, and transfers the same
to the impregnation jig 60 of the lubricant oil impregnating
section 6. And when the transfer robot 51 comes near
the impregnation jig 60, another work attracting section
512 attracts the annular preformed body 81 which has
been impregnated with a lubricant oil 65 at the preceding
time, and extracts the same out of the impregnation jig 60.
[0160] And, as shown in FIG. 8, the lubricant oil 65 is
fed into the impregnation jig 60 with the lubricant oil feed-
ing means 63, and then, the annular preformed body 81
attracted on the one work attracting section 511, which
has not been impregnated with the lubricant oil, is insert-
ed in the impregnation jig 60. At this time, the lubricant
oil 65 permeates an entire part of the annular preformed
body 81.
And, as shown in FIG. 9, the lubricant oil 65 with which
the annular preformed body 81 has been impregnated in
the impregnation jig 60 is sucked with the sucking means
64 for a prescribed period of time, thereby sucking an
excess amount of lubricant oil 65 from this annular pre-
formed body 81. Thus, an entire part of the annular pre-
formed body 81 can be impregnated with a required and
sufficient amount of lubricant oil 65 approximately homo-
geneously.
[0161] (magnetic field orienting and forming method)
Next, the method for preforming the magnetic field ori-

enting and forming in the magnetic field orienting and
forming section 3 will be explained.
As shown in FIGS. 1, 2, 11, 12, in the magnetic field
orienting and forming section 3, the annular preformed
body 81 is transferred with the cassette 52 for the mag-
netic field orienting and forming section.
And as shown in FIG. 16, this annular preformed body
81 is disposed in the second annular cavity 30 defined
by the second die 35, second core 33 and second lower
punch 31.
[0162] At this time, the interior of the second die 35 is
heated to a prescribed temperature with the second heat-
ing means 37. Therefore, the annular preformed body 81
disposed in the second annular cavity 30 is heated, and
thermosetting resin in this annular preformed body 81
melts to form the state in which a large number of aniso-
tropic magnet powder can rotate and move.
[0163] And, as shown in FIG. 16, the second pressure
sub-table 303 is lowered by the cylinder 304 to set the
upper magnetic field coil 361 near the upper part of the
second die 35.
Then, as shown in FIG. 17, an electric current is supplied
to the upper magnetic field coil 361 and the lower mag-
netic field coil 362 to generate a radial magnetic field
which is directed towards an axial center of the second
die 35 from the upper side and the lower side thereof,
and radially flows from the axial center of the second die
35 in directions of a circumference thereof. In this draw-
ing, the magnetic line of force in this radial magnetic field
is designated by the reference character "M".
[0164] Each anisotropic magnet powder in the annular
preformed body 81 held in the second annular cavity 30
rotates and moves in the thermosetting resin due to the
operation of the radial magnetic field so as to be oriented
radially in the directions of the circumference of the sec-
ond annular cavity 30. Consequently, the magnetization
facilitating axis (direction in which magnetization is facil-
itated) of each anisotropic magnet powder is arranged
radially in the directions of the circumference of the sec-
ond annular cavity 30, whereby the orientation of the
magnetic field in radial directions is prefomed. And the
second upper punch 32 is lowered with the magnetic field
thus oriented to catch and compress the annular pre-
formed body 81 in a melted state between the second
upper punch 32 and the second lower punch 31, thereby
forming the annular intermediate formed body 82. In FIG.
17, the load due to the second upper punch 32 is desig-
nated by P.
[0165] After forming the annular intermediate formed
body 82 in the magnetic field orienting and forming sec-
tion 3, the annular intermediate formed body 82, second
die 35, second upper punch 32, second lower punch 31,
second core 33 and the like are magnetized, because an
electric current is supplied to the pair of upper and lower
magnetic field coils 361 and 362 to perform the magnetic
field orientation.
[0166] Therefore, after forming the annular intermedi-
ate formed body 82, an electric current is supplied in an
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opposite direction to the case where an electric current
has been supplied upon orienting the magnetic field of
the pair of upper and lower magnetic coils 361 and 362.
And a magnetic field which is radially directed from the
sides of the second die 35 towards an axial center there-
of, and flows from the axial center of the second die 35
and diverges upwardly and downwardly, whereby the an-
nular intermediate formed body 82 and the second die
35 and the second upper punch 32 , the second lower
punch 31, the second core 33 and the like are demag-
netized.
[0167] (main forming method)
As shown in FIGS. 1, 2, 19, 20, in the main forming section
4, the annular intermediate formed body 82 is transferred
with the cassette 53 for the main forming section.
And as shown in FIG. 21, this annular intermediate
formed body 82 is disposed in a third annular cavity 40
defined by the third die 45, third core 43 and third lower
punch 41.
At this time, the interior of the third die 45 is heated to a
prescribed temperature with the third heating means 46.
Therefore, the annular intermediate formed body 82 dis-
posed in the third annular cavity 40 is heated, and ther-
mosetting resin in this annular intermediate formed body
82 melts again. It is unnecessary that this melted state
is a completely melted state. A half melted state where
the thermosetting resin is melted to some degree will do.
[0168] In addition, the heating temperature of the third
heating means 46 in the main forming section 4 is set
higher than the heating temperature of the second heat-
ing means 37 in the magnetic field orienting and forming
section 3.
And, as shown in FIG. 22, the third upper punch 42 is
lowered to catch and compress the annular intermediate
formed body 82 which is in the above-described melted
state between the third upper punch 42 and the third low-
er punch 41. This compression is performed by increas-
ing the pressure force of the third upper punch 42 greater
than the pressure force of the second upper punch 32 in
the magnetic field orienting and forming section 3. Thus,
the annular intermediate formed body 82 is further com-
pressed to form the annular magnet 83.
[0169] (cassette transferring method)
Next, the method of carrying the annular preformed body
81 in and out with the cassette 52 for the magnetic field
orienting and forming section will be explained.
As shown in FIGS. 2, 11, the transfer robot 51 transfers
the annular preformed body 81 after impregnation with
a lubricant oil from the lubricant oil impregnating section
6 to the cassette 52 for the magnetic field orienting and
forming section.
And, as shown in FIG. 12, the cassette 52 for the mag-
netic field orienting and forming section, which receives
the annular preformed body 81 from this transfer robot
51 holds the annular preformed body 81 in its work hold-
ing holes 521 and carries the same in the position be-
tween the second upper punch 32 and the second lower
punch 31. ,

[0170] And, as shown in FIG. 13, the second upper
punch 32 is lowered with the work holding hole 521 of
the cassette 52 for the magnetic field orienting and form-
ing section positioned between the second upper punch
32 and the second lower punch 31, and the second core
33 is inserted in a hole 811 of the preformed body 81
which is held by the cassette 52 for the magnetic field
orienting and forming section.
And, as shown in FIG. 14, the second lower punch 31 is
elevated with the hole 811 of the annular preformed body
81 held by the second core 33.
[0171] At this time, unloading of the annular interme-
diate formed body 82 to the cassette 52 for the magnetic
field orienting and forming section is performed by push-
ing the annular intermediate formed body 82 out in the
work holding hole 521 of the cassette 52 for the magnetic
field orienting and forming section with the second lower
punch 31. As a result, the cassette 52 for the magnetic
field orienting and forming section can receive the annu-
lar intermediate formed body 82 in its work holding hole
521 with the elevation of the second lower punch 31.
[0172] And, at this time, the annular preformed body
81 is taken out from the cassette 52 for the magnetic filed
orienting and forming section and supplied to the second
upper punch 32 by pushing the annular preformed body
81 with the annular preformed body 82 out of the work
holding hole 521. And, the cassette 52 for the magnetic
filed orienting and forming section inserts the annular in-
termediate formed body 82 in the holder holding section
322 of the work holder 321 provided in the second upper
punch 32 and can supply the same to the second upper
punch 32.
[0173] And, in the second upper punch 32, the annular
preformed body 81 can be held with the magnet 323 pro-
vided in the work holder 321 without dropping from the
second upper punch 32 (see FIG. 15).
[0174] In this manner, the change of the annular pre-
formed body 81 and the annular intermediate formed
body 82 for the cassette 52 for the magnetic field orienting
and forming section can be performed with the elevating
movement of the second lower punch 31. And, the un-
loading of the annular intermediate formed body 82 to
the cassette 52 for the magnetic field orienting and form-
ing section, removal of the annular preformed body 81
from the cassette 52 for the magnetic field orienting and
forming section and supply thereof to the second upper
punch 32 can be performed with only the elevating move-
ment of the second lower punch 31 approximately simul-
taneously.
[0175] Next, as shown in FIG. 15, by lowering the sec-
ond core 33 and second lower punch 31 and elevating
the second upper punch 32, the annular intermediate
formed body 82 is carried from the position between the
second upper punch 32 and the second lower punch 31
by means of the cassette 52 for the magnetic field ori-
enting and forming section.
Then, as shown in FIGS. 16, 17, the magnetic field ori-
enting and forming is performed in the magnetic field ori-
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enting and forming section 3, and the cassette 52 for the
magnetic field orienting and forming section carries the
annular intermediate formed body 82 out of the magnetic
field orienting and forming section 3 at the time when the
magnetic field orienting and forming are performed in the
magnetic field orienting and forming section 3.
[0176] In the present embodiment, the carrying meth-
od by the cassette 52 for the magnetic field orienting and
forming section has been explained. The carrying meth-
od by the cassette 53 for the main forming section is
similar thereto.
[0177] (loader transfer method)
Hereinafter, the flow of transferring works with the cas-
sette 52 for the magnetic field orienting and forming sec-
tion, cassette 53 for the main forming section, loader cas-
sette 55 and first through sixth shifting pins 71 through
76 will be explained.
As shown in FIG. 23, the annular preformed body 81 is
transferred to the cassette 52 for the magnetic field ori-
enting and forming section from the transfer robot 51.
And the cassette 53 for the main forming section carries
the annular magnet 83 out of the main forming section
4. At this time, the buffer section 54 holds the annular
intermediate formed body 82.
[0178] Next, as shown in FIG. 24, the cassette 52 for
the magnetic field orienting and forming section carries
the annular preformed body 81 in the magnetic field ori-
enting and forming section 3 and the cassette 53 for the
main forming section carries the annular intermediate
formed body 82 in the main forming section 4.
Next, as shown in FIG. 25, in the magnetic field orienting
and forming section 3, change of the annular preformed
body 81 and the annular intermediate formed body 82 is
performed for the cassette 52 for the magnetic field ori-
enting and forming section. And in the main forming sec-
tion 4, the change of the annular intermediate formed
body 82 and the annular magnet 83 is performed for the
cassette 53 for the main forming section.
Then, as shown in FIG. 26, the cassette 52 for the mag-
netic field orienting and forming section carries the an-
nular intermediate formed body 82 out of the magnetic
field orienting and forming section 3, and the cassette 53
for the main forming section carries the annular magnet
83 out of the main forming section 4.
[0179] Next, as shown in FIG. 27, the first shifting pin
71 shifts the annular intermediate formed body 82 from
the cassette 52 for the magnetic field orienting and form-
ing section to the first loader holding hole 551 of the loader
cassette 55 located in the receiving position 555, the sec-
ond shifting pin 72 shifts the annular intermediate formed
body 82 from the buffer section 54 to the second loader
holding hole 552 of the loader cassette 55, and the fourth
shifting pin 74 shifts the annular magnet 83 from the cas-
sette 53 for the main forming section to the third loader
holding hole 553 of the loader cassette 55.
Then, as shown in FIG. 28, the loader cassette 55 is sent
to the delivering position 556 from the receiving position
555.

[0180] Next, as shown in FIG. 29, in the state where
the loader cassette 55 is located in the delivering position
556, the third shifting pin 73 shifts the annular interme-
diate formed body 82 from the first loader holding hold
551 of the loader cassette 55 to the buffer section 54,
the fifth shifting pin 75 shifts the annular intermediate
formed body 82 from the second loader holding hole 552
of the loader cassette 55 to the cassette 53 for the main
forming section, and the sixth shifting pin 76 unloads the
annular magnet 83 from the third loader holding hole 553
of the loader cassette 55 to the unloading section 77.
Then, as shown in FIG. 30, the loader cassette 55 is
returned from the delivering position 556 to the receiving
position 555. The above-described operations are re-
peated, similarly, thereby performing the continuous
work transfer operation.
[0181] (operational advantage of the producing de-
vice)
In the preforming section 2, the space 200 with a volume
greater than that of the annular cavity 20 is temporarily
charged with the compound 80, and an excess amount
of compound 80 is discharged to carry out the discharging
of the annular cavity 20 with the compound 80. With this
method, the charging amount of the compound 80 can
be stabilized.
And, in the preforming section 2, the compound 80 is
compressed by lowering the first upper punch 22 and the
first core 23 while linking with each other. Therefore, the
compound 80 can be compressed approximately homo-
geneously, whereby the annular preformed body 81 of
which the density does not locally scatter greatly can be
formed.
[0182] In addition, in the preforming section 2, the
mass of all of the annular preformed bodies 81 can be
measured with the mass measuring means 26. And, only
when the mass of the annular preformed body 81 is within
the range of mass values of good products, the annular
preformed body 81 can be transferred to the following
magnetic field orienting and forming section 3 with the
work transferring section 5. On the other hand, when the
mass of the annular preformed body 81 is out of the range
of mass values of good products, the annular preformed
body 81 can be stopped from being transferred to the
following magnetic field orienting and forming section 3.
Accordingly, only the annular preformed body 81 that has
been judged good by the mass measuring means 26 is
supplyed to the magnetic field orienting and forming sec-
tion 3, whereby the mass of the annular preformed body
81 to be supplyed to the magnetic field orienting and form-
ing section 3 can be stabilized.
[0183] In addition, the annular preformed body 81
which has been judged inferior can be reused as the com-
pound 80 after being broken outside of the device 1.
Therefore, the compound 80 is scarcely wasted, thereby
improving the yield in the device 1.
[0184] And, the first lower punch 21 in the preforming
section 2 can vary its position prior to the compression
forming based on the mass of the annular preformed
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body 81, which has been measured with the mass meas-
uring means 26. Therefore, when the mass measuring
means 26 continuously or frequently judges inferior, the
volume of the annular cavity 20 can be arbitrarily varied
by varying the position of the first lower punch 21 prior
to the pressure-forming. Consequently, the mass of the
annular preformed body 81 to be supplyed to the mag-
netic field orienting and forming section 3 can be further
stabilized.
[0185] In addition, in the magnetic field orienting and
forming section 3, the annular intermediate formed body
82 can be formed from the annular preformed body 81
of which the mass is stabilized, and which contains the
anisotropic magnet powder with a stabilized content. Ac-
cordingly, when the annular preformed body 81 is sub-
jected to the magnetic field orientation and forming, the
annular intermediate formed body 82 can be formed with
the content of anisotropic magnet powder stabilized.
Consequently, when the annular magnet 83 is formed
from the annular intermediate formed body 82 in the main
forming section 4, and magnetized to N pole and S pole,
the annular magnet 83 with excellent magnet character-
istics can be produced stably.
[0186] And, by forming the annular magnet 83 at a tem-
perature higher than that in the preforming section 2, and
under a pressure greater than that in the preforming sec-
tion 2, in the main forming section 4, the annular magnet
83 with an excellent dimensional accuracy can be
formed.
Therefore, with the device 1 for producing the annular
magnet, the annular magnets 83 of which the masses
are stabilized, and which are excellent in dimensional
accuracy and magnet performance can be produced re-
peatedly.
[0187] And the position, pressure applying rate, pres-
sure force or the like of all the upper punches 22, 32, 42,
lower punches 21, 31, 41 and cores 23, 33, 43 in the
preforming section 2, magnetic field orienting and form-
ing section 3 and main forming section 4 are controllable
by means of the servomotors 24, 34 and 44. Accordingly,
by controlling the servomotors 24, 34, 44, the position of
each of the upper punches 22, 32, 42, lower punches 21,
31, 41 and cores 23, 33, 43 can be finely adjusted, and
the pressure applying rate, pressure force or the like
thereof can be also adjusted.
[0188] Accordingly, the forming conditions in the pre-
forming section 2, magnetic field orienting and forming
section 3 and the main forming section 4 can be made
most suitable, whereby the annular magnets 83 of which
the scattering in mass can be further reduced, and of
which the dimensional accuracy and magnet perform-
ance are further improved can be produced repeatedly.
[0189] And the device 1 is arranged such that the pre-
forming section 2, magnetic field orienting and forming
section 3 and the main forming section 4 respectively
perform pressure-forming with different timings to re-
strain the generation of a peak electric power in the de-
vice 1. FIG. 31 diagrammatically shows the state in which

the pressure-forming in each of the sections 2, 3, 4 is
performed with different timings to generate a maximum
electric power with different timings in the preforming sec-
tion 2, magnetic field orienting and forming section 3 and
the main forming section 4. Fig. 31 is a graph of which
ordinate is graduated by time t while abscissa is gradu-
ated by output power E in each of the preforming section
2, magnetic field orienting and forming section 3 and the
main forming section 4.
[0190] As shown in FIG. 31, in the present embodi-
ment, the timing when the first upper punch 22, the first
lower punch 21 and the first core 23 are moved by means
of the servomotor 24 to perform pressure-forming in the
preforming section 2, the timing when an electric current
is supplied to a pair of upper and lower magnetic coils
361, 362 and the second upper punch 32, second lower
punch 31 and second core 33 are moved by means of
the servomotor 34 to perform pressure-forming in the
magnetic field orienting and forming section 3, and the
timing when the third upper punch 42, third lower punch
41 and the third core 43 are moved by the servomotor
44 to perform pressure-forming in the main forming sec-
tion 4 are made different intentionally.
[0191] Therefore, the timing of generating a maximum
output power Emax in each sections 2, 3, 4 can be scat-
tered, and a peak power Epeak generated in the produc-
tion device 1 was able to be decreased. And consequent-
ly, in spite of the fact that the device 1 has the above-
described three sections 2, 3, 4, a maximum power sup-
ply capacity required for the device 1 can be decreased.
[0192] And by means of the cassette 52 for the mag-
netic field orienting and forming section, which can ap-
proximately simultaneously supply the annular pre-
formed body 81 to the second upper punch 32 and re-
ceive the annular intermediate formed body 82 from the
second lower punch 31, the period of time required to
carry the annular preformed body 81 into the magnetic
field orienting and forming section 3 and carry the annular
intermediate formed body 82 out of the magnetic field
orienting and forming section 3 can be reduced.
And by means of the cassette 53 for the main forming
section, which can approximately simultaneously supply
the annular intermediate formed body 82 to the third up-
per punch 42 and receive the annular magnet 83 from
the third lower punch 41, the period of time required to
carry the annular intermediate formed body 82 into the
main forming section 4 and carry the annular magnet 83
out of the main forming section 4 can be also reduced.
[0193] And, the transfer of works with the cassette 52
for the magnetic field orienting and forming section, the
cassette 53 for the main forming section, and the loader
cassette 55 can be performed while the magnetic field
orienting and forming section 3 or the main forming sec-
tion 4 performs pressure-forming. And, the preforming
section 2, the magnetic field orienting and forming section
3 and the main forming section 4 can perform their op-
erations simultaneously and continuously.
For these reasons, the period of time required for trans-
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ferring works in the device 1 can be reduced, and the
number of the annular magnets 83, which can be pro-
duced per unit production time, can be increased. And
consequently, the device 1 for producing annular mag-
nets with excellent productivity can be effected.
[0194] And, the transfer of works with the cassette 52
for the magnetic field orienting and forming section, the
cassette 53 for the main forming section, and the loader
cassette 55 can be performed with the preformed body
81, intermediate formed body 82 or annular magnet 83
inserted in the work holding holes 521, 531 or loader
holding holes 551 through 553. Therefore, the transfer
of works can be performed without braking or damaging
the preformed body 81, intermediate formed body 82 or
annular magnet 83.
[0195] And, in the device 1, forming of the annular pre-
formed body 81, impregnation of the lubricant oil 65, form-
ing of the annular intermediate formed body 82, and form-
ing of the annular magnet 83 can be performed continu-
ously, whereby the annular magnet 83 can be produced
from the compound 80 continuously. And each of the
preforming section 2, the magnetic field orienting and
forming section 3 and the main forming section 4 is com-
posed of an electric servo press using each of the ser-
vomotors 24, 34, 44. Accordingly, each of the sections
2, 3, 4 can be made compact, as compared with conven-
tional electric crank type press or hydraulic press.
Therefore, the device 1 can be arranged compact al-
though three sections 2, 3, 4 are included, and the an-
nular magnet 83 can be produced from the compound
80 continuously.
[0196] And, as shown in FIG. 32, the device 1 can be
also arranged such that a plurality of annular intermediate
formed bodies 82 which have been formed in the mag-
netic field orienting and forming section 3 are stacked,
and in the main forming section 4, the intermediate
formed bodies 82 which are stacked into two or three
layers, for example, are pressure-formed with the third
upper punch 42 and the third lower punch 43.
In this case, even when the thickness (axial height) of
the annular intermediate formed body 82 cannot be in-
creased due to the restriction of the magnetic field ap-
plying means 36 in the magnetic field orienting and form-
ing section 3, the annular intermediate formed bodies 82
are jointed to each other in an axial direction thereof by
pressure-forming the annular intermediate formed bod-
ies 82 which are stacked, in the main forming section 4,
whereby annular magnets 83 with required thicknesses
(axial heights) can be obtained.
[0197] (Embodiment 2)
As shown in FIGS. 33 through 39, a device 1A for pro-
ducing an arcuate magnet of the present embodiment is
the device by which a pair of arcuate magnets 83A (See
FIG. 39) are produced from a compound 80 containing
anisotropic magnet powder with two sections including
a later-described preforming section 2A and a magnetic
field orienting and forming section 3A.
Namely, the preforming section 2A of the present em-

bodiment has a first die 25A defining an outer peripheral
part of a pair of arcuate cavities 20A which face each
other, a first core 23A defining an inner peripheral part
of the cavities 20A, a first lower punch 21A defining a
bottom wall of each cavity 20A, and a first upper punch
22A facing the first lower punch 21A.
 And, the preforming section 2A is arranged such that
the compound 80 prepared by mixing an anisotropic
magnet powder and a thermosetting resin is charged in
the above-described arcuate cavities 20A, and compres-
sion-forming is performed in the arcuate cavities 20A with
the first upper punch 22A and the first lower punch 21A,
thereby obtaining a pair of arcuate preformed bodies
81A.
[0198] And, the magnetic field orienting and forming
section 3A of the present embodiment has a second die
35A for supporting an outer peripheral surface of each
arcuate preformed body 81A, a second core 33A for sup-
porting an inner peripheral surface of each arcuate pre-
formed body 81A, a second lower punch 31A for sup-
porting a bottom surface of each arcuate preformed body
81A, a second upper punch 32A facing the second lower
punch 31A, magnetic field applying means 36A adapted
to apply a magnetic field to the arcuate preformed body
81A, and heating means 37A adapted to heat the arcuate
preformed body 81A.
And, the magnetic field orienting and forming section 3A
heats the arcuate preformed body 81A with the heating
means 37A, orienting the magnetic field of the anisotropic
magnet powder in the arcuate preformed body 81A with
the magnetic field applying means 36A with the thermo-
setting resin melted in the arcuate preformed body 81A,
and at the same time, pressure is applied to the arcuate
preformed body 81A with the second upper punch 32A
and the second lower punch 31A, thereby obtaining a
pair of arcuate magnets 83A.
[0199] In addition, the preforming section 2A has mass
measuring means 26A for measuring the mass of the
pair of arcuate preformed bodies 81A after forming there-
of. And the first lower punch 21A is arranged such that
the position thereof before the compression-forming step
is varied with the servomotor 24A for driving the first lower
punch 21A based on the mass of the arcuate preformed
body 81A, which has been measured with the mass
measuring means 26A, to vary the volume of the pair of
arcuate cavities 20A.
[0200] (Flow of the production of arcuate magnet)
The device 1A for producing a pair of arcuate magnets
in the present embodiment produces a pair of arcuate
magnets 83A from the above-described compound 80 in
the following flow (see the drawings).
Namely, first, as shown in FIGS. 33, 34, the arcuate pre-
formed body 81A is formed from the compound 80 in the
preforming section 2A, and is transferred to the mass
measuring means 26A by means of a transfer unit 27A.
Then, the mass of the pair of arcuate preformed bodies
81A is measured with the mass measuring means 26A,
and when the measured mass is within the range of fa-
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vorable mass values, the pair of arcuate preformed bod-
ies 81A are transferred to the lubricant oil impregnating
section 6A by means of a transfer robot 51 A.
[0201] Next, as shown in FIG. 34, in the lubricant oil
impregnating section 6A, impregnation of a lubricant oil
65 is performed on each arcuate preformed body 81A,
and then, this arcuate preformed body 81A is transferred
to the loader 52A for the magnetic field orienting and
forming section by means of the transfer robot 51A.
Next, as shown in FIG. 35, each arcuate preformed body
81A which has been impregnated with the lubricant oil
65 is transferred to the magnetic field orienting and form-
ing section 3A by means of the loader 52A for the mag-
netic field orienting and forming section. And in the mag-
netic field orienting and forming section 3A, magnetic
field orienting and forming are performed on each arcuate
preformed body 81A to form a pair of arcuate magnets
83A. Then, the pair of arcuate magnets 83A are carried
out to a first shuttle 55A by means of the loader 52A for
the magnetic field orienting and forming section.
[0202] Next, as shown in FIG. 34, each arcuate magnet
83A is transferred to a demagnetizing section 57A by
means of the first shuttle 55A and a second shuttle 56A,
and in this demagnetizing section 57A, each arcuate
magnet 83A is demagnetized (removal of residual mag-
netization) and powder is removed. Then, each arcuate
magnet 83A is magnetized to N pole and S pole in an
outside of the device 1A, thereby obtaining the arcuate
magnet 83A having a magnetic force.
Hereinafter, the arrangement of the device 1A for pro-
ducing arcuate magnets in the present embodiment will
be explained in detail.
[0203] The pair of arcuate magnets 83A to be pro-
duced in the present embodiment respectively have a
roof tile-shaped configuration. And, as shown in FIG. 36,
the pair of arcuate cavities 20A in the preforming section
2A define two spaces, each having a roof tile-shaped
configuration, so as to face each other with respect to an
axial center of the first core 23A. And the pair of arcuate
cavities 20A are formed such that inner peripheries of
the spaces, each having the roof tile-shaped configura-
tion, face each other.
[0204] And, the first core 23A is so arranged as to de-
fine the inner peripheral parts of the arcuate cavities 20A,
and define a pair of circumferential ends of the arcuate
cavities 20A. And the first lower punch 21 A and the first
upper punch 22A are arranged to have configurations
like a pair of roof tiles, each protruding in facing directions,
and define bottom parts (axial end parts) of the arcuate
cavities 20A. And the first die 25A is arranged to define
an outer peripheral part of each arcuate cavity 20A in a
part of the inner peripheral surface thereof, and to slide
on the first core 23A in a remaining part of the inner pe-
ripheral surface thereof.
And, the transfer unit 27A of the present embodiment
attracts the pair of arcuate preformed bodies 81A with a
magnetic force, and transfers the same from the preform-
ing section 2A to the mass measuring means 26A.

[0205] As shown in FIGS. 37, 38, the magnetic field
applying means 36A in the magnetic field orienting and
forming section 3A is composed of a pair of magnetic
field coils 361A, which are disposed so as to catch the
second die 35A on both sides thereof. And, by applying
a magnetic field from one magnetic field coil 361A to the
other magnetic field coil 361A, a magnetic field is applied
in a direction of the thickness of each arcuate preformed
body 81A, thereby performing orientation of the axial
magnetic field. And consequently, the magnetization fa-
cilitating axis (the direction in which magnetization is fa-
cilitated) of each anisotropic magnet powder in each ar-
cuate preformed body 81A is arranged in a direction of
the thickness thereof (circumferential direction).
[0206] And, the work transferring section 5A of the
present embodiment is arranged such that works com-
posed of a pair of arcuate preformed body 81A or a pair
of arcuate magnets 83A are transferred from the mass
measuring means 26A to the lubricant oil impregnating
section 6A, from the lubricant oil impregnating section
6A to the magnetic field orienting and forming section
3A, and from the magnetic field orienting and forming
section 3A to the demagnetizing section 57A.
And the work transferring section 5A of the present em-
bodiment is composed of a transfer robot 51A, a loader
52A for the magnetic field orienting and forming section,
a first shuttle 55A and a second shuttle 56A.
[0207] As shown in FIGS. 34, 35, the loader 52A for
the magnetic field orienting and forming section receives
a pair of arcuate preformed bodies 81A from the transfer
robot 51A, carries the same in the magnetic field orienting
and forming section 3A, receives a pair of arcuate mag-
nets 83A which have been formed from the magnetic
field orienting and forming section 3A, and carries the
same out to the demagnetizing section 57A. And the load-
er 52A for the magnetic field orienting and forming section
has two holding parts 521A, each being capable of hold-
ing the pair of arcuate preformed bodies 81A, and is so
arranged as to carry the pair of arcuate preformed bodies
81A held in one of the holding parts 521A in the magnetic
field orienting and forming section 3A, hold the pair of
arcuate magnets 83A after formed in the other holding
part 521A and carry the same out of the magnetic field
orienting and forming section 3A.
[0208] And, the first shuttle 55A is so arranged as to
receive a pair of arcuate magnets 83A from the loader
52A for the magnetic field orienting and forming section,
and transfer the same to the second shuttle 56A. And,
the second shuttle 56A is so arranged as to transfer the
pair of arcuate magnets 83A received from the first shuttle
55A to the demagnetizing section 57A, and unloads the
arcuate magnets 83 which have been demagnetized and
from which powder is removed in the demagnetizing sec-
tion 57A from the device 1A.
[0209] The work transferring section 5A of the present
embodiment has preheating means 58A which preheats
the pair of arcuate preformed bodies 81A before trans-
ferring the same to the magnetic field orienting and form-
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ing section 3A. This preheating means 58A is so arranged
as to preheat each arcuate preformed body 81A held in
one of the holding parts 521A of the loader 52A for the
magnetic field orienting and forming section. And by
means of the preheating means 58A, each arcuate pre-
formed body 81A can be previously heated before trans-
ferring the same in the magnetic field orienting and form-
ing section 3A, and accordingly, orienting of the magnetic
field and pressure-forming can be speedily started in the
magnetic field orienting and forming section 3A. And, the
preheating means 58A of the present embodiment per-
forms the heating operation using fluid (oil pressure in
the present embodiment). The heating means 37A in the
magnetic field orienting and forming section 3A also per-
forms the heating operation using fluid (oil pressure in
the present embodiment).
[0210] In the device 1A of the present embodiment,
the magnetic field orienting and forming section 3A also
has the function of the main forming section 4 of the em-
bodiment 1. In the magnetic field orienting and forming
section 3A, both the orientation of the magnetic field and
the main forming are performed, thereby forming the ar-
cuate magnets 83A to have prescribed dimensions. Ac-
cordingly, the main forming section 4 can be omitted, and
the cost of the device 1A for producing the arcuate mag-
nets can be decreased and the construction thereof can
be made compact.
[0211] And, as shown in FIG. 39, with the device 1A
of the present embodiment, a pair of arcuate magnets
83A can be produced instead of the annular magnet 83.
After magnetizing the arcuate magnets 83A to N pole
and S pole, they can be used by disposing the same so
as to face a stator of a DC motor.
In addition, the arrangement and operation of each of the
preforming section 2A, magnetic field orienting and form-
ing section 3A, or the like of the present embodiment,
are similar to those of the embodiment 1. Each section
in the device 1A of the present embodiment is designated
by adding A to the reference character used in the em-
bodiment 1.
[0212] With the device of the embodiment 1, the an-
nular magnet 83 was produced, whereas with the device
of the embodiment 2, the pair of arcuate magnets 83A
were produced. Alternatively, with the device of the em-
bodiment 1, the pair of arcuate magnets 83A can be pro-
duced, whereas with the device of the embodiment 2,
the annular magnet 83 can be produced. In addition,
when required, the arcuate magnet 83A may be com-
posed of four pieces.
The remaining constructions of these modified embodi-
ments are similar to those of embodiment 1, and accord-
ingly, operational advantages similar to those of the em-
bodiment 1 can be effected.
A device capable of producing an annular magnet or ar-
cuate magnet with excellent dimensional accuracy and
magnet performance, of which the mass is not greatly
scattered. The device for producing the annular magnet,
for example, includes a preforming section for obtaining

an annular preformed body from a compound of a mixture
of an anisotropic magnet powder and a thermosetting
resin, a magnetic field orienting and forming section for
obtaining an annular intermediate formed body by sub-
jecting the annular preformed body to orienting and pres-
sure-forming, a main forming section for obtaining an an-
nular magnet by further forming the annular intermediate
formed body, and a work transferring section for trans-
ferring works. The preforming section is provided with
mass measuring means for measuring the mass of the
annular preformed body, and a first lower punch of the
preforming section is so arranged as to vary the volume
of an annular cavity by varying the position thereof, which
is before the pressure-forming process with a servomotor
based on the mass of preformed body, which has been
measured with the mass measuring means.

Claims

1. A device for producing one of an annular magnet
and an arcuate magnet, comprising:

a preforming section which includes

a first die defining an outer peripheral part
of one of an annular cavity and a plurality
of arcuate cavities, each facing each other,
a first core defining an inner peripheral part
of one of said annular cavity and said plu-
rality of arcuate cavities,
a first lower punch defining a bottom of one
of said annular cavity and said plurality of
arcuate cavities, and
a first upper punch facing said first lower
punch,
one of said annular cavity and said plurality
of arcuate cavities being charged with a
compound as a mixture of an anisotropic
magnet powder and a thermosetting resin,
said compound being pressure-formed in
one of said annular cavity and said plurality
of arcuate cavities with said first upper
punch and said first lower punch, thereby
obtaining a preformed body;

a magnetic field orienting and forming section
for obtaining an intermediate formed body,
which includes

a second die for holding an outer peripheral
surface of said preformed body,
a second core for holding an inner periph-
eral surface of said preformed body,
a second lower punch for holding a bottom
of said preformed body,
a second upper punch for facing said sec-
ond lower punch,
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magnetic field applying means for applying
a magnetic field to said preformed body, and
heating means for heating said preformed
body,

a main forming section for obtaining one of an
annular magnet and a plurality of arcuate mag-
nets, which includes

a third die for holding an outer peripheral
surface of said intermediate formed body,
a third core for holding an inner peripheral
surface of said intermediate formed body,
a third lower punch for holding a bottom of
said intermediate formed body,
a third upper punch for facing said third low-
er punch, and
heating means for heating said intermediate
formed body, and

a work transferring section which holds said pre-
formed body, and transfers said preformed body
from said preforming section to said magnetic
field orienting and forming section, and which
also holds said intermediate formed body, and
transfers said intermediate formed body from
said magnetic field orienting and forming section
to said main forming section,
said first through third upper punches, said first
through third lower punches and said first
through third cores being so arranged as to be
respectively driven with servomotors,
said preforming section further including mass
measuring means for measuring the mass of
said preformed body after forming of said pre-
formed body, and said first lower punch being
so arranged as to vary the position thereof be-
fore pressure-forming with said servomotor,
based on said mass of said preformed body,
which has been measured with said mass meas-
uring means, thereby varying a volume of one
of said cavity and said cavities.

2. A device for producing one of an annular magnet
and an arcuate magnet, as claimed in claim 1, where-
in said work transferring section includes

a cassette for said magnetic field orienting and
forming section, which carries said preformed
body in said magnetic field orienting and forming
section, and carries said intermediate formed
body out of said magnetic field orienting and
forming section,
a cassette for said main forming section, which
carries said intermediate formed body in said
main forming section, and carries one of said
annular magnet and said plurality of arcuate
magnets out of said main forming section, and

a loader cassette which receives said interme-
diate formed body from said cassette for said
magnetic field orienting and forming section,
and delivers in said cassette for said main form-
ing section.

3. A device for producing one of an annular magnet
and an arcuate magnet, as claimed in claim 1 or 2,
wherein said cassette for said magnetic field orient-
ing and forming section is so arranged as to hold
said preformed body which is prior to magnetic field
orienting and forming, advance to the position be-
tween said second upper punch and said second
lower punch, supply said preformed body to said sec-
ond upper punch, receive said intermediate formed
body which is after magnetic field orienting and form-
ing, hold said intermediate formed body, and move
back from said position between said second upper
punch and said second lower punch.

4. A device for producing one of an annular magnet
and an arcuate magnet, as claimed in claim 3, where-
in said cassette for said magnetic field orienting and
forming section is so arranged as to receive said
intermediate formed body when said second lower
punch pushes said intermediate formed body to said
cassette for said magnetic field orienting and forming
section, and supply said preformed body to said sec-
ond upper punch when said preformed body is
pushed out with said intermediate formed body.

5. A device for producing one of an annular magnet
and an arcuate magnet, as claimed in one of claims
2 through 4, wherein said cassette for said main
forming section is so arranged as to hold said inter-
mediate formed body before main forming, advance
to the position between said third upper punch and
said third lower punch, supply said intermediate
formed body to said third upper punch, receive one
of said annular magnet and plurality of arcuate mag-
nets which has been subjected to preceding main
forming, hold one of said annular magnet and plu-
rality of arcuate magnets, and move back from the
position between said third upper punch and said
third lower punch.

6. A device for producing one of an annular magnet
and an arcuate magnet, as claimed in claim 5, where-
in said cassette for said main forming section is so
arranged as to receive one of said annular magnet
and plurality of arcuate magnets when said third low-
er punch pushes one of said annular magnet and
plurality of arcuate magnets in said cassette for said
main forming section, and supply said intermediate
formed body to said third upper punch when said
intermediate formed body is pushed out with one of
said annular magnet and plurality of arcuate mag-
nets.
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7. A device for producing one of an annular magnet
and an arcuate magnet, as claimed in one claims 1
through 6, wherein said magnetic field orienting and
forming section and said main forming section are
so arranged as to perform pressure-forming at dif-
ferent timings, thereby restraining generation of a
peak electric power due to said servomotor.

8. A device for producing one of an annular magnet
and an arcuate magnet, as claimed in one claims 1
through 7, wherein said main forming section is so
arranged as to perform pressure-forming of interme-
diate formed bodies which are stacked with said third
upper punch and said third lower punch.

9. A device for producing one of an annular magnet
and an arcuate magnet, comprising:

a preforming section which includes

a first die defining an outer peripheral part
of one of an annular cavity and a plurality
of arcuate cavities, each facing each other,
a first core defining an inner peripheral part
of one of said annular cavity and said plu-
rality of arcuate cavities,
a first lower punch defining a bottom of one
of said annular cavity and said plurality of
arcuate cavities, and
a first upper punch facing said first lower
punch,
one of said annular cavity and said plurality
of arcuate cavities being charged with a
compound as a mixture of an anisotropic
magnet powder and a thermosetting resin,
said compound being pressure-formed in
one of said annular cavity and said plurality
of arcuate cavities with said first upper
punch and said first lower punch, thereby
obtaining a preformed body;

a magnetic field orienting and forming section
for obtaining one of an annular magnet and a
plurality of arcuate magnets, which includes

a second die for holding an outer peripheral
surface of said preformed body,
a second core for holding an inner periph-
eral surface of said preformed body,
a second lower punch for holding a bottom
of said preformed body,
a second upper punch for facing said sec-
ond lower punch,
magnetic field applying means for applying
a magnetic field to said preformed body, and
heating means for heating said preformed
body, and

a work transferring section which holds said pre-
formed body, and transfers said preformed body
from said preforming section to said magnetic
field orienting and forming section,

said first and second upper punches, said
first and second lower punches and said first
and second cores being so arranged as to
be respectively driven with servomotors,
said preforming section further including
mass measuring means for measuring the
mass of said preformed body after forming
of said preformed body, and said first lower
punch being so arranged as to vary the po-
sition thereof before pressure-forming with
said servomotor, based on said mass of
said preformed body, which has been
measured with said mass measuring
means, thereby varying a volume of one of
said cavity and said cavities.

10. A device for producing one of an annular magnet
and an arcuate magnet, as claimed in one of claims
1 through 9, wherein said work transferring section
further includes preheating means capable of pre-
heating said preformed body upon holding said pre-
formed body.

11. A device for producing one of an annular magnet
and an arcuate magnet, as claimed in one of claims
1 through 10, further comprising a lubricant oil im-
pregnating section for impregnating a lubricant oil in
said preformed body,

said lubricant oil impregnating section incluing
an impregnation jig for placing said preformed
body, lubricant oil feeding means for feeding
said lubricant oil to said preformed body placed
in said impregnation jig, and suction means for
sucking said lubricant oil impregnated in said
preformed body placed in said impregnation jig,
and,
said work transferring section being so arranged
as to hold said preformed body which is before
impregnating with said lubricant oil, transfer said
preformed body from said preforming section to
said lubricant oil impregnating section, hold said
preformed body which is after impregnating with
said lubricant oil, and transfer said preformed
body from said lubricant oil impregnating section
to said magnetic field orienting and forming sec-
tion.
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