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-1- TITLE OF INVENTION Dies for extrusion moulding. FIELD TO WHI CH_THE -
| NVENTI ON BELONG This invention relates to dies for an extrusion nou Hlng,
especially for dies for an extrusion nmoulding of a resin’ bound type magnet.
PRI OR ARTS In general, a resin bound type magnet is produced by a process
shown in Figure 6, ie: A magnetic powder and
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Dies for extrusion moulding.
FIELD TO WHICH THE INVENTION BELONG

This invention relates to dies for an extrusion moulding, especially

for dies for an extrusion moulding of a resin bound type magnet.

PRIOR ARTS

In general, a resin bound type magnet 1is produced by a process shown

in Figure 6, ie:

A magnetic; powder and

an -organic resin (thermosetting or thermoplastic. resin) of suitable
part:icle-—size.s are sufficiently mixed. If necessary, -additives are
added. The mixed raw materials _are kneaded Sy a kneading machine
such as a roller mill or an extrusion kneader, etc. with heating

above a temperature at which the organic resin is molten. The

kneaded raw material 1is roughly crushed into particles having
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dn organic resin (thernosetting or thernoplastic resin) of suitable
particle sizes are sufficiently mxed. |f necessary, additives are added.
The m xed raw materials are kneaded by a kneadi ng nachi ne such as a roller

mll or
whi ch
roughly

an extrusion kneader, etc. with heating above a tenperature at
the organic resin is nDIten The kneaded raw material is
crushed into particles having -2-

-2-

particle sizes of aground 1-10mm, and is charged into an extrusion

moulding machine.

The charged magnet raw material is heated in the extrusion moulding
machine to make it in a fluidized state, and is sent into a die

equipped at a front end of a cylinder by screw or plunger.

The magnet raw material is moulded in a predetermiried shape such as
cylinder, thin plate, bar, etc. by passing through the said die.
However, the moulding processes of an isotropic magnet and an

anisotropic magnet are different.

Namely, in case of the anisotropic magnet, an axis of easy
magnetization of the magnetic powder in the raw material is
uniformed to the magnetic field direction ie the mégnetic powder is
orientated, by passing the magnétic raw material through a die to
which the ma;gnetic field is charged, and it; is moulded. In the
process, it is-commoﬁ to charge the magnetic field by a combination
of an elgctromagnetic coil and a magnetic circuit comprising a

magnetic material.

On the other hand, the isotropic magnet is moulded by the extrusion
without charging the magnetic field. The moulded body is cooled
near the outlet of the front end of the die, then it is picked up

by a receiving machine located in front of the extrusion moulding

machine, and it is cut into a suitable length by a cutter.
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particle sizes of aground 1-10nm and is charged into an extrusion noul di ng
machi ne.
moul di ng machine to make it in a fluidized state, and is sent into a die

equi pped at a front end of a cylinder by screw or plunger. The magnet raw

The charged magnet raw naterial is heated in the extrusion

material is noulded in a predeterm ned_shape such as cylinder, thin plate,
bar, etc. by passing through the said die. However, the noul di ng processes
of an isotropic nagnet and an ani sotropic nmagnet are different. Nanely, in
case of the anisotropic nmagnet, 3an axis of easy

Because the magnetism remains in the moulded body in case of the
moulding with an orientation of the magneétic powder, it is subjécted
to a demagnetization to remove it. Further 1in case that the
thermosetting resin is used as a binder, the moulded body is
subjected to a cufing process to cure the resin after its
demagnetization, and the resin bound type magnet by an extrusion

moulding is produced.

In these magnet productions, the die, which is used for an extrusion
moulding in a magnetic field (ie it is used for a moulding of the
anisotropic magnet), has a structure which is a combination of a
magnetic material and a non-magnetic material, and they are
disclosed in Japan Patent Laid-Open Sho 58-219705, Japan Patent

Laid-Open Sho 60-100413, etc. as the prior arts.

For example, in the Japan Patent Laid-Open Sho 58-219705, a die

structure shown in Figure 7 is disclosed.

. In the die of Figure 7, a raw material injection outer die 201, a

mandral 203 and a front end of the moulding section outer die 202
comprise magnetic materials and the reét of tﬁe moulding section
outer di; 202 comprises.a non-magnetic material. It--is consituted
that an electromagnetic coil 204 is coiled around the moulding
section outer die 202, and further .a magnetic material bloc 205 is

positioned around the electromagnetic coil 204.

————
—_—
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magneti zation of the magnetic powder in the raw material is uniforned to
the magnetic field direction ie the magnetic powder is orientated, by
passi ng the magnetic raw material through a die to which the magnetic field
is charged, and it is noulded. 1In the process, it is common to charge the
magnetic field by a conbination of an etectromagnetic coil and a nmagnetic
circuit conprising a magnetic material. On the other hand, the isotropic
magnet is noul ded by the extrusion w thout charging the magnetic field.
The noul ded body is cool ed near the oftlet of the front end of the die,
then it is qgwﬂagdtgpthis die, the inventor of this application, etc disclosed
a die structure as shown in Figure 8 -by Japan Patent Laid-Open Sho

63-254713.

The die is constituted by a .outer die comprising a raw material
injection outer die 201 and moulding section outer dies 202a and
202b, and mandrels 203a and 203b. The raw materiai injection outer
die 201 consists of a non-magnetic material, and the moulding
section outer die 202a also consists of a non-magnetic material, but
it is equipped with the moulding section outer die 202b made of a
magnetic material to induce magnetic flux to the front end of the

outer die.

The mandrel 203a also consists of a non-magnetic material, and at
its front end of the mandrel, the mandrel 203b made of a magnetic

material is equipped.

The electromagnetic coil 204 is installed at the outside of the die.
When a current is passed through the electromagnetic coil 204, a
radiated magnetlc field is charged at a space (herelnafter called as
an- orlentatlon section) between the front end. of‘the mandrel 203b
and the front end of the moulding section outer die 262b because the
generated magnetic flux tends to pass through in a magnetic material

with a high magnetic permeability.

A magnet raw material passes through the raw material injection

section 206 and a raw material packing space 207 and it is moulded
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"By a receiving machine located in front of the extrusion noul di ng machi ne,

and it is

cut into a suitable length by a cutter. -3- Because the

magneti smremains in the noul ded body in case of the noulding with an
orientation of the magnetic powder, it is subjected to a demagneti zation

to renove
a bi nder,

it. Further in case that the thernosetting resin is used as
t he noul ded body is

~5-

in a cylindrial form by an extrusion with a progress of a radiatedly

orientation of the magnet powder in the orientation-section.

Today, (1) a press moulding, (2) an injection moulding and (3) an

- extrusion moulding are available for a resin bound type radial

magnet.

Among them, the press' moulding and the injection moulding are
currently utilized for mass-production processes. On the contrary,
though the extrusion moulding is widly applied for a moulding of a
ferrite magnet, it is still in a stage not to be utilized in a mass-
production of a high performance rare earth magnet, and the die for
the extrusion moulding, especially a structure of the orientation

section in_the die has not be sufficiently considered.

OBJECTIVES OF THE INVENTION

It is important to have a sufficient consideration on the structure
of the orientation section of a die for the extrusion moulding
because it largely influences a magnetic performance of the moulded

magnet.

In either the die or the machine of the extrusion moulding for a
resin bound type magnet, coventionaily used, no attention has not
been paid on a material and a structure of the orientation section
of the die, and it was generally made by a single body of a magnetic

material. Therefore it has problems listed below.
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subjected to a curing process to cure the resin after its denagnetizati on,
and the resin bound type nmagnet by an extrusion noulding is produced. In

t hese magnet productions, the die, which is used for an extrusion noul di ng
in a magnetic field (ie it is used for a noul ding of the anisotropic
magnet), has a structure which is a conbination of a magnetic material and
a non-magnetic material, and they are disclosed in Japan Patent Lai d-Open
Sho 58-219705, Japan Patent Laid-Open_gho 60-100413, etc. as the prior

arts. For exanple, ,in the Japan Patent Lai d-Open Sho 58-219705, a die
Namely, in case that a resin bound type magnet is moulded by an

extrusion, a magnetic field is charged, when a mixture comprising a
magnetic powder and a thermosetting or thermoplastic resin becomes a
molten state by heating, to o:ientate the magnetic powder, and it is
necessary to carry out a solidification by cooling after the
moulding in the orientation section not to disorder the orientation

and the moulded shape.

In order to achieve a sufficient orientation of the magnetic powder,
it is preferable that a viscosity of the resin should be as low as
possible as soon as it enters the orientation section, ie its
temperature shouid be as high as possible. On the contrary, when
the magnet orientated and moulded comes out from the die, it is
preferable that its temperature is as low as possible to get a
sufficient solidification by cooling in the orientation section not

to disorder the orientation and the moulded shape.

Accordingly a temperature gradient is required in the orientation
section. If the temperature gradient is not sufficiently taken in
the orientation section for the solidification by cooling and the
temperature-of.the whole orientation section dfope, it results an
insuffic;ht érientation, and adversély if the temperature of the
whole orientation section rises, the orientation and the mouldéd

~shape are disordered when the magnet comes out -from the die.

' This g I
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Sstructure shown in Figure 7 is disclosed. In the die of Figure 7, a raw
material injection outer die 201, a nandral 203 and a front end of the
nmoul di ng section outer die 202 conprise magnetic materials and the rest of .
t he noul di ng section outer die 202 conprises a non-magnhetic materi al .

It-is consituted that an el ectromagnetic coil 204 is coiled around the
moul di ng section outer die 202, and further a magnetic material bloc 205 is
positioned around the electronagnetic7coil 204. 4 OCT 1996

However, in case that the orientation section comprises a single
body of a magnetic material, it is diéficult to ﬂaké the temperéture
gradient because of the property of the material and the structure
of the orientation section, and in order to take the temperature
gradiént in the single metal body, it is necessary to equip a heater

and a cooler with a high capacity resulting an extreme inefficiency.

Further, in case of a cylindrical magnet with anisotropy radiatedly
toward its diameter direction (hereiﬁafter called as a radial
anisotropic magnet), the sufficiency of its radial _anisotropic
property depends on a shape and a size of the magnet. As an index
to show the above, a radial factor f£R is given by the following

equation.

£R = 2 Dh/d?

where D Outer diamter of a ring shaped magnet moulded

o3
1]

Height of a ring shaped magnet moulded
and the raidal factor can be classified into folliwng categories.

fR< 1 - Sufficient radial achievable
£Rr = 1-2 Insufficient

fR > 1 Isotropic

The fR is the first index to consider at designing of a die when a
radial magnetic field moulding by a pressing or an injection is

practiced.
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-4- Toward to this die, the inventor of this application, etc disclosed a
die structure as shown in Figure 8 by Japan Patent Lai d-Cpen Sho 63-254713.
The die is constituted by a outer die conprising a raw material injection
outer die 201 and noul di ng section outer dies 202a and 202b, and nandrels
203a and 203b. The raw material injection outer die 201 consists of a
non-magnetic nmaterial, and the noul di ng

-8~

Namely, if the die structure satisfies fR < 1, a sufficient radial
magnetic field can be charged at a - cavity and thus it is possible to

mould a magnet with a sufficient radial anisotropic property.

However when a die of fR » 1 is designed, it is not attainable to

mould a magnet with a sufficient radial orientation.

Therefore there is an important index for the desigqing of a die for

a radial magnetic field moulding by a pressing or an injection.

However in case of an extrusion moulding, since a shape of a moulded
magnet and a die for the extrusion moulding do not coincide, and
thus it is difficult to use fR as it is for designing of a die for

the extrusion moulding.

As deécribed above, when a resin bound type magnet is moulded by an
extrusion, a -mixture of a magnetic powder and a thermosetting or a
thermoplastic resin is heated, a magnetic powder is orientated by
charging a magnetic field as it becomes a molten state, and a
solidific;tion by cooling after the moulding should be performed in

the- orientation section not to disorder the drientation and the

moulded éhape; —

In order to achieve a sufficient orientation of. the magnetic powder,
the temperature gradient in the orientation is required as described
above. To get the temperature gradient in the orientation section,

there are below-listed methods.

[e—
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section outer die 202a al so consists of a non-magnetic material, but it is
‘equi pped with the nmoul ding section outer die 202b nmade of a magnetic
material to induce magnetic flux to.the front end of the outer die. The
mandrel 203a al so consists of a non-magnetic material, and at its front end
of the mandrel, the mandrel 203b nade of a magnetic material is equipped.
The el ectronmagnetic coil 204 is installed at the outside of the die. Wen a
current is passed through the el ectromgnetic coil 204, a radi ated nagnetic
field is charged at a space (herelnaﬁ?B call ed as

(1) Increasing the length of the orientation section,

(2) Inserting a material with ‘a ‘low- thermal conductivety int¢ the
orientation section and
(3) Heating and cooling of both ends of the orientation section with

extremely strong heater and cooler.

Among them, as to (1) the length of the orientation section, there
is a limitation of the length of the orientation section because of
an impossibility of ‘a sufficient orientation magnetic field if it
becomes too 1long, and as to (2), a material of 1low thermal
conductively is in general a non-magnetic material, and thus the
magnetic field in the orientation is disordered unless the material

inserted is thin.

Acc&rdingly both of (1) and (2), though it may be possible to attain
the temperature gradient with a reduction of the capacities of the
heater and the cooler, still require a strong heater and cooler to
get the temperature gradient as same to (3) in a certain degree.
However ik a-strong heater with an additional capacity is used, not
_onlky the o‘rientation section, but also the wﬁole of the die is
heated r;suléing an temperature elevation of the whele of the die
except for the front end of the die. Therefore a compound, which is
heated to have a fluidity in the extrusion machine, is further
heated in the die, in case that a resin in the compound is a

thermosetting resin, it starts to cure in the die, and case of a

thermoplastic resin, a thermal decomposition is initiated resulting
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an orientation section) between the front end of the mandrel 203b and the
front end of the noul ding section outer die 202b because the generated
magnetic flux tends to pass through in a magnetic material with a high
magnetic perneability. A magnet raw material passes through the raw
material injection section 206 and a raw material packing space 207 and it
I s nmoul ded - 5- ' -

-10~
changes by time such as an increase of viscosity of the compound
while it is in the extrution moulding process, etc. They lead 'to a

problem that a long time stable operation of the extrusion moulding

is not achieved.

This invention aims to solve the problems of the ‘die for an
extrusion moulding of a resin'bound'type magnet as discussed above,
and to provide a die for the extrusion moulding to mould a resin
bound type magnet with a high performance and a superior shape

accuracy.

Further, this invention provides a die for an extrusion moulding to
produce a high performance resin bound type radial magnet and to

produce a long size radial magnet which does not satifsy fR < 1.

Furthermore, this invention aims to provide a die for an extrusion
moulding, by-which a long time stable extrusion moulding can be
operated by preventing the changes of a resin and a magnetic powder
by time during the extrusion and by stabilizing the magnetic
berformance- of a magnet to be moulded with a superior mass

ﬁréauctiqn capability as well.
EXPLANATION OF FIGURES

Figure 1-3 show outline drawingé of dies for an extrusion moulding

used in Examples of this invention.

. This Sheet Has Been Reﬁaced




-i'n a cylindrial formby an extrusion with a progress of a radiatedly
orientation of the magnet powder in the orientation section. Today, (1) a
press noul ding, (2) an injection noulding and (3) an extrusion noul ding are
avai lable for a resin bound type radial nmagnet. Anong them the press

moul ding and the injection noulding are"currently utilized for

mass- producti on processes. On the contrary, though the extrusion noul ding
is wdly applied for a nmoulding of a_fgrrite magnet, it is still in a stage
not to be utilized in a mass- production of a high performance rare earth
magnet, andridveredideshows a graph to exhibit a viscosity change of the compound

by time.

Figure 5 (a) and {b) show graphs to exhibit a change of the magnetic

performance when a die of Example 6 is used.

Figure 6 is a process outline of a magnet.

Figure 7 and 8 are outline drawings of dies for the conventional

extrusion moulding.
SUMMARY OF THE INVENTION

This invention is a die for an extrusion moulding of a resin bound
type magnet which is moulded by an orientation of a molten mixture
of a magnefic powder and a resin and by a solidification with
cooling, wherein "an orientation section, which is from an
orientating sgction of the said magnetic powder at the front end of
the said die by charging a magnetic field to the die section, is
formed by.a layer structure comprising at least one or more of

different méterials. .i. -

It is a die for an extrusion moulding wherein at least one or more
of the materials of the orientation section comprises magnetic

material(s).

_—
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tthe extrusion nmoul di ng, especially a structure of the orientation section
in the die has not be sufficiently considered. OBJECTI VES OF THE | NVENTI ON
It is inportant to have a sufficient consideration on the structure of the
orientation section of a die for the extrusion noulding because it largely
i nfl uences a nmagnetic performance of the noul ded magnet. In either the die
or the machine of the extrusion nmoulding for a resin bound type nagnet,
coventionally used, no attention hasiggt been paid on a material and a
structure of the orientation section '

Further, it is a die for an extrusion moulding wherein the layer
struCture is formed by inserting a low.thermal eonductively material

of which the thermal conductively K (20°C) is
K g 0.01 [cal/cm-éeé-°c]
into a partial section of the said orientation section.

Further, it is a die for aﬁ extrusion moulding wherein the material
of the insertion into the orientation section of the said die for an
extrusion moulding comprises a non-magnetic material and the
thickness of the said non-magnetic material is 1/2 or less of the
contact section léngth of the molten mixture in the orientation

section.

Furthermore the said die for an extrusion mbulding is applied for a

cylindrical resin bound type magnet.

Also thié invention is a die for an extrusion moulding for a
production of the aforementioned cylindricalt resin bound type
magnet, -hheréin the coﬁtact section léngth 1 of  the orientation
section with a molten mixture from a section from which the
orientation of the aforementioned magnetic powder starts by charging
a magnetic field at the front end of the said die to the outlet

section of the die satisfies

N




of the die, and it was generally nmade by a single body of a nmagnetic
material. Therefore it has problems |isted bel ow. Nanely, in case that a
resin bound type nmagnet is noul ded by an extrusion, a magnetic field is
charged, when a m xture conprising a rmgnetic pomder and a thernosetting or
thernopl astic resin becomes a nolten state by heating, to orientate the
magneti c powder, and it is necessary to carry out a solidification by
cooling after the 13-

1 < da% ; 2p.

(d and D are inner and outer diameters of the molten mixture

passage, respectively)

Further in case that a non-magnetic material is present in "the
orientation section of the aforementioned die for an extrusion
moulding, it is a die for an extrusion moulding vherein a total
length 1*' of the contact section length of the magnetic material
with a mixture of a magnetic powder and a resin in a molten state

satisfies
1t < &% /7 2p.

Furthermore it is a die for an extrusion moulding wherein the
aforementioned magnetic powder comprises a ferromagnetic material
consisting of rare earth elements (including Y) and transition
metals mainly constituting cobalt, or a ferromagnetic material
.consisting_ of vrare earth element, transition metals mainly

constituting iron and boron.

- .- -

Further this invention is a die for an extrution moulding of a resin
bound type magnet which is moulded by an orientation of a molten
mixture of a magnetic powder and a resin, an-by a solidifiéation
- with cooling wherein the structure of the saiq die is constituded in
orders from a connection section of an extrusion machine to an

outlet of the orientation section as

—_—
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moul ding in the orientation section not to disorder the orientation and the
nmoul ded shape. In order to achieve a sufficient orientation of the nmagnetic
powder, it is preferable that ‘a viscosity of the resin should be as | ow as
possible as soon as it enters the orientation section, ie its tenperature
shoul d be as high as possible. On the €ontrary, when the magnet orientated
and moul ded cones out fromthe die, it is preferable that its tenperature
is as | ow as possible to get a suffiqjgpt solidification by cooling in the
orientation section not to disorder the orientation and the noul ded shape.

(a) A converging section where a mixture of a magnetic powder and a

resim which is-in a molten state with. a fluidity is pressed inte the

final shape.

(b) A heat-insulating section to hold a temperature difference

between the whole of the die and a rear section

(c) A heating section by which the viscosity of the molten compound

of the mixture in a molten state is further reduced.

(d) An orientating section in which a magnetic field is charged, the

- magnetic powder is orientated and it is solidifed with cooling as

its state.

This invention has effects to improve the performance of the moulded
magnet and also to reform the dimensional accuracy as it is clear
from the aftermentioned Examples as a result of forma;ion of an
temperature gradient in the orientation section, by forming a layer
structure with at least one or more of different materials and by
making at least one or more of materials of the said orientation
section with magnetic materials, which is from the front end of the
die at which the orientation of a magnetic powder starts to an
outlet seétion of the die for an extrusion moulding of a resin bound
type magnet.which is moulded by orientating a.hplgen_mixture of a

magnetic_bowdér and a resin, and by a solidification with cooling.

Also in this invention, as one alternative case of the 1layer
structure in the orientation section, when a material with a low

thermal conductivity having the thermal conductivity K (20°C) of

—_—
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Accordingly a tenperature gradient is required in the orientation section.
If the tenperature gradient is not sufficiently taken in the orientation
section for the solidification by cooling and the tenperature of the whole
orientation section drops, it results an insufficent orientation, and
adversely if the tenperature of the whele orientation section rises, the
orientation and the noul ded shape are di sordered when the nagnet cones out
fromthe die. -15-

K g 0.01 [cal/cme+sec+°C] is inserted, the thermal conductivity at
the insertion 'section drops approximately 1/10_ or less because a
material generally used for the die has the thermal conductivity of

approximately 0.07-0.08 [cal/cmessec+°C].

If a heat passing through the orientation section is constant, a
temperature difference is able to be attained by the below listed

equation by'reducing the thermal conductivity.
Q = AK (T1 - T,)/1
Q : heat capacity, A: area, l: thichkenss

T - T, =4T: temperature difference

Further, in case that the insertion material in the orientation
section comprises a non-magnetic material, the magnetic performance
remarkably deteriorates if it is 1/2 or more of the length of the
orientation section, in spite of a high temperature difference.
Thus was éue.to an disorder of the magnetic field in the orientation
section by insertion of a non-magnetic materiaI_in_thg orientation
section.— Aithough the temperature difference drops when a
non-magnetic layer becomes thin, the magnetic performahce is
somewhat improved because of a reduction of the disorder of the
magnetic field in the orientation section. Therefore it 1is
preferable that the thickness of the non-magnetic laver is as thin
as possible to take a sufficient temperature gradient, and when a

———
—_—
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-7- However, in case that the orientation section conprises a single body
of a magnetic material, it is difficult to take the tenperature gradi ent
because of the property of the nmaterial and the structure of the
orientation section, and in order to take the tenperature gradient in the
single metal body, it is necessary to equip a heater and a cooler with a
hi gh capacity resulting an extrene inefficiency. Further, in case of a
cylindrical magnet with anisotropy raggatedly toward its dianeter
direction (hereinafter called as a radial anisotropic nagnet), the
suf fi ci encynorpfmagnegicraatatialanissdinsepited, it is preferable that its length

is 1/2 or less of the length of thé orientation section.

Moreover by this invention, when the contact section length 1 of the
orientation section of the die for an extrusion with the molten
mixture 1is limi-ted as 1 <« d2 < 2D, the magnetic performance is
improved because of an availability.of a sufficient  orientation pf

the magnetic powder.

Further by arranging the composition of the die structure from the
connecting section of an extrusion machine to the outlet of the
orientation section in order of a converging section, a heat
insulating section, a heating section and an orientating section, it
is able to operate al stable extrusion moulding over a 1long i:ime

resulting effects such as a suitability for a mass production, etc.

According to this invention,

(1) It is able to take a temperature gradient in the orientation
section by formi'ng a layver structure for the orientation sectior_;,
and therefore ‘the degree of the orientation of a magnet is improve_ad

and the dimensional accuracy is also reformed.

(2) It is able to take a further high temperature gradient in the
orientation section, by inserting a magnetic material of its thermal
conductivity of 0.01 ([cal/cmesec-°C] or less or a non-magnetic
material which has a thermal conductivity of 0.01 [cal/cm<sec-°C] or

less having a length not more than 1/2 of the 1length of the

. This Sheet Has B Been
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property depends on a shape and a size of the magnet. As an index to show
the above, a radial factor fRis given by the follow ng equation. fR = 2
Dh/d[err] where D = Quter dianter of a ring shaped nagnet noul ded h =

Hei ght of a ring shaped magnet noul ded and the raidal factor can be
classified into folliwng categories. fR< 1 Sufficient radial
achievable fR = 1-2 Insufficient fR> 1 | sotropic

-17-

orientation sgction,'.into a partial section of the orientation
section, and therefore it is able to mould a -high performance

anisotropic resin bound type magnet by an extrusion moulding.

(3) In case that a non-magnetic material is not present in the
orientation section, by making the length 1 of the orientation

section as
2
1 <d® / (2D)

and in case that a non-magnetic material is present, by méking the

length 1!
. 2
1t < d" / (2D)

it is able to mould a high performance resin bound type radial
magnet with a sufficient radial orientation and to achieve
prolongation of this magnet,

(4) BY constitutlng a structure of the die, as shown in Figure 3, in

order from a connecting section of an extrusxon machlne as a
coverging section, a heat insulating section, a heati;g section and
an orientating section, it is able to operate an extrusion moulding
with a stable magnetic performance for a long time, and a stable

mass production is achievable.

This invention is hereafter explained by using Examples.
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The‘fR is the first index to consider at designing of a die when a radial
magnetic field noulding by a pressing or an injection is practiced. - 8-

Nanel y,

if the die structure satisfies fR < 1, a sufficient radial nmagnetic

field can be charged at a cavity and thus it is possible to nmould a magnet
with a sufficient radial anisotropic property.

-18-

EXAMPLE 1

Figure 1 shows an outline drawing of a die for an extrusion moulding

used in Example 1.

In Figure, 108 is the orientation section, 109 is a surface of the
outlet of the orientation sectidn, X and Y are temperature
measurement points, and an explanation of other numbers is omitted

because they are described in below.

A die for an extrusion moulding for a practice of this invention is
constituted, as shown in Figure 1 by a outer die comprising a raw
material injection outer die 101 and moulding secﬁion outer dies
102a and 102b, and mandrels 103a and 103b, the raw material
injection outer die 101 and the moulding section outer die 102a are
composed of non-magnetic materials, and the moulding section outer
die 102b of é magnetic material is equipped at the front end of the
outer die to induce a magnetic £lux. Further the mandrel 103a
comprises .a non-magnetic material, and ;t its f£ront end the mandrel
103b consistiﬁg of a magnetic material is equipped by a connection

screw 105.

Further an electromagnetic coil 104 is installed at the outside of
the die, and when a current passes through the'électromagnetic coil,
a radiated magnetic field is charged at the orientation section 108
between . the frpnt end of the mandrel 103b and the front end of the

moulding section outer die 102b because the generated magnetic flux
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However when a die of fR[err] 1 is designed, it is not attainable to nould
a magnet with a sufficient radial orientation. Therefore there is an

i nportant index for the designing of a die for a radial magnetic field

nmoul ding by a pressing or an injection. However in case of an extrusion
noul di ng, since a shape of a noul ded magnet and a die for the extrusion
nmoul di ng do not coincide, and thus it is difficult to use fRas it is for
designing of a die for the extrusion ul ding. As described above, when a
resin bound type nagnet is noul ded by an extrusion, a mxture of a magnetic
powder and-ep %é%g@ﬁg,@ngpgﬁ a magnetic material with a high magnetic

permeability.

Next, for a production of a magnet, a magnetic powder is mixed with
an organic resin such as a thermosetting or a thermoplastic resin

and when it is required with additives by a mixer.

The mixture of the magnetic powder and the resin is heated in an
extrusion machine, and it becomes in a molten state. Then it, as in
this state, is sent to the raw material injection section 106 of the

die for an extrusion moulding.

The moltén material of the magnetic powder and the resin poured is
gradually converged while it is being péssgd through the raw
materials packing space 107 in the die to mould the final shape.
The magnetic powder is orientated in the orientation section 108,
and it is poulded as its state by a solidification with cooling in

the orientation section 108.

Next in Table:1, results pf measurements of temperature difference
between X and Y points in the orientation sectioﬁ-loa are shown when
the oriegfatian section 108 is formed by a layer structure with
materials selecting from at least one or more of several materials,
namely,

SKD 61 : JIS G 4404 specification, steel material

SKD 11 : JIS G 4404 specification, steel material

Sio2 : oxide of silicon
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thernoplastic resin is heated, a magnetic powder is orientated by charging
a magnetic field as it becones a nolten state, and a solidification by
cooling after the noul ding should be performed in the- orientation section
not to disorder the orientation and the noul ded shape. In order to achieve
a sufficient orientation of the nmagnetic powder, the tenperature gradient
in the orientation is required as descri bed above. To get the tenperature
gradient in the orientation section, ijgere are belowlisted nethods.

PES : polyethersulphone resin
for the structure of the orientation -section. of a die for an

extrusion moulding.

The total length of the orientation section 108, by the way is, 6mm,
and the temperature differences represent temperature differences
between X and Y points which are 0.5mm from the both ends of the
orientation section 108, fespectively and are 3mm outside from the
passage of a- molten mixture of the magnetic powder and the resin.

(In the measurement, the temperature at Y point was fixed at 50°C)

A heater with 800W capacity was used for heating, ané a cooling
plate by a water cooling was installed at the surface of the outlet
of the orientation section 109 for cooling to cool the orientation

section 108.

The structure column in Table 1 shows materials used for the front
end structure, and among them, SKD 61 and SKD 11 are magnetic

materials and the remainders sio2 and PES are non-magnetic

materials.
Furthe; the length of each layer is 6/A [mm]. (A means numbers of

the layer.)

As shown in Table 1, in case of Comparative Test in which the
orientation section was formed by a single metal, a temperature

difference of only 20°C was obtained with the aforementioned system.

-\.\‘
—_—
—_—

—
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-9- (1)
mat eri al

Increasing the length of the orientation section, (2) Inserting a
with a |low thermal conductivety into the orientation section and

(3) Heating and cooling of both ends of the orientation section wth
extrenely strong heater and cooler. Among them as to (1) the length of the
orientation section, there is alimtation of the length of the orientation

secti on because of _ -

21~

Although it was the same material, the temperature gradient was

however able to get by forming the layer structure.

This was because that the contact surface resisted the heat transfer'
by forming the layer structure. This was also proved by Test 1 and

Test 4.

Further as it was understood from Test 3, 5 and 6, a further high
temperature gradient was attainable by using a material of the low
thermal conductivity for a partial section of the orientation

section.

However, in this case, since a magnetic material has, in general,
high thermal conductivity, a non-magnetic material becomes suitable
for the aforementioned material and it is unfavourable to get the

magnetic field.

Next Table 1 also shows magnetic performance of magnets moulded by
the dies having their structures as described above.

The magnets were produced by following process.

For the magnets produced here, a magnetic alloy of its coercive
force at approximately 7 Kde héving a baéic magnetic powder
composition of sm (Co 0.672 Cu 0.08 Fe 0.22 Zr 0.028) 8.35 was
crushed into particles of the average particle size of approximately

20 um, and they were mixed with a resin. A ratio of the magnetic

' This Sheet Has Been Re ﬂl
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an inpossibility of a sufficient orientation magnetic field if it becomes
too long, and as to (2), a material of low thermal conductively is in
general a non-nagnetic material, and thus the magnetic field in the _
orientation is disordered unless the material inserted is thin. Accordingly
both of (1) and (2), though it nmay be possible to attain the tenperature
gradient with a reduction of the capacities of the heater and the cooler,
still require a strong heater and cooler to get the tenperature gradient as
same to (3) in a certain degree. Howe®®r if a strong heater with an

addi tional grnaRe bYdi eh¥SPEsiffas the magnetic powder 60 vol % and the resin

40 vol %. ' ' SRR

A thermosetting resin mainly comprising an epoxy resin was used as

the organic resin.

The aforementioned mixture was kneaded by a roller mill, a compound
was prepared, then the compound was coarsely crushed, and it was
charged in a screw type extrusion machine. The crushed compound was

heated in the extrusion machine.

The thermosetting resin mainly comprising the epoxy resin had its
thermoplastic region at approximately 100 - 150°C at which the
viscosity remarkably dropped, the mixture gf the magnetic powder and
the resin made in a molten state in this temperature region, it was
pushed into a die by the screw, and a magnet was extruded from the
die by a solidification.with cooling after orientating the magnetic
powder in the orientation section at the front end of the die. The
shape of the moulded magnet was a ring shaped’ with the outer

diameter 32.8 'mm and the inner diameter'31.8 mm.

In this Example, the magnetic performancé was measured by using an

uncured state magnet moulded in a molten state.

As it is clear from Table 1, the moulded magnet showed an improved

performance in case a die structure by which the temperature

Nile



only the orientation section, but also the whole of the die is heated
resulting an tenperature el evation of the whole of the die except for the
front end of the die. Therefore a conpound, which is heated to have a
fluidity in the extrusion machine, is further heated in the die, in case
that a resin in the conpound is a thernpsetting resin, it starts to cure in
the die, and case of a thernoplastic resin, a thermal deconposition is
initiated resulting -23-

gradient was secured, and it was also confirmed that the dimension

accuracy was improved by having-the'temperature.gragient as well,.
Table 1

code Structure Temp Magnetic Property Dimension

-difference BE[KG] {BH) [MGOe] Accuracy

max
Jest 1 SKD61/SKD61 . 30°C 5.54 6.3 C
u 2 SKDE61/SKD11 35°C 5.60 6.5 C
" 3 SKDsl/SiO2 70°C 5.62 6.5 B
" 4 SKD61/SKD11/SKD61 40°C 5.95 7.0 C
" 5 SKD61/8102/SKD61 100°C 6.15 8.0 A
" 6 SKD61/PES/SKD61 150°cC 6.30 8.5 A
tomparative
Test 1 SKD61 - 20°C 5.36 6.0 D
A... excellent C... fair
B... good D... bad
EXAMPLE 2 - - —_—

Figure 2 shows an outline drawing of a die for an extrusion moulding

used in Example 2.

—_— . .
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-10- changes by tinme such as an increase of viscosity of the conpound while
it is in the extrution noulding process, etc. They lead to a problemthat
a long tine stable operation of the extrusion noulding is not achieved.
This invention ains to solve the problenms of the die for an
extrusion noul ding of a resin bound type magnet as di scussed above, and to
provide a die for the extrusion nmoulding to nould a resin bound type nagnet
with a high performance and a superior, shape accuracy.

~24-
In Figure, 102c shows a moulding section outer die comprising a
material of a low thermal conductivVit¥y,-a distanée between a-b shows
a length of an orientation section 108, and an explanation of the

other figures is omitted hecause they are same to Figure 1.

A die for an extrusion moulding for a practice of this invention is
a die which possesses similar structure and effect as Figure 1
except that a different material is inserted in the centre of the
orientation section 108, and the orientation section 108 at the
inner part of the die has a structure devided into 3 layers ie A, B
and C as shown in Figure 2. 1In this case, layer B was a material of
the inserted layer, and a same material ie SKS2 was used for layer A
and layer -C. SKS2 is a steel material specified by JIS G 4404

standard.

A temperature difference in the orientation section 108 showed a
temperature difference between X and Y points shown as temperature

measuring points in Figure 2.

The temperat;u'fe differences between X-Y, when several materials were
used for the layer B material inserted, are shown in Table 2. The
length of the orientation section [a distance between—a-b in Figure

2} was 6mm, and all the lengths of every laver were 2mm.

As to Comparative Test 2, it was an example by using a die of which
the orientation layer was not constituted by the layer structure as
shown in Figure 8.

Sheet-Has Been. RTlaced
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Fur t her,

this invention provides a die for an extrusion nmoul ding to produce

a high performance resin bound type radial nmagnet and to produce a | ong
size radi al nmagnet which does not satifsy fR < 1. Furthernore, this

i nvention ains to provide a die for an extrusion noul ding, by which a Iong
time stable extrusion nmoul ding can be operated by preventing the changes of
a resin and a magnetic powder by tine during the extrusion and by
stabilizing the nagnetic performance gg a magnet to be noulded with a

superi or

mass production capability a

wel | . EXPLANATI ON OF FI GURES
As same to Example 1, a heater with 800W capacity was used for

heating, and as for cooling, a surfacé of the outlet of the die in

layer C 109 was cooled by water and the temperature at Y point was

kept at 60°cC.

Next, cylindrical magnets of the outer diameter 30mm and the inner
diameter 28mm were moulded in same_basic composition and procedure
as Example 1, Dby using the aforementioned die, and magnetic

performance of their magnets was compared.

In Table 2, the temperature difference between X and Y in the
orientation section 108 and the magnetic performance of the magnet
prepared are shown when the orientation section 108 was formed by

using a material as an inserting material selecting from,

PES : polyesthersulphone resin

PEEK : polyetheretherketone resin

Zro2 oxide of zirconium |

YHD50 : steel material (a Hitachi Metal Product) and
SKD61 : _ steel material specified by JIS G 4404

which had different thermal conductivities,

Test 7-11 and Cbmpara;ive Test 2 were cases when & resin mainliy
comprising an epoxy resin was used, and the extrusion condition wés
that the extrusion was made by Kkeeping the temperatufe at Y point at
60°C as described above. The temperature was é temperature that the
resin used was solidified, and the shape of the moulded magnet did

not deform.

——
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Figure 1-3 show outline drawi ngs of dies for an extrusion noul ding used in
Exanpl es of this invention. Figure 4 shows a graph to exhibit a

vi scosity change of the conpound by time. Figure 5 (a) and (b) show graphs
to exhibit a change of the magnetic performance when a die of Exanple 6 is
used. Figure 6 is a process outline of _a nmagnet.

-26-

On the other hand, for Test 8a-1la and Comparative Test 2a, a
polyamide resin (Nylon 12) was used, and in this caée,.the extrdsion

was made by keeping the temperature at Y point at 160°C.

An example, which corresponds to Test 7 ie PES is used as a material
to make the inserted layer, is not shown in Table 2, and this is due
to an impossibility of the application because of a poor heat

resistance of PES.

As shown in Table 2, the cases, in which materials of low thermal
conductivity were inserted, uniformly exhibited better magnetic
performance than Comparative Test 2 and 2a in which the orientation
section was formed by oﬁly a single metal SKD61. However when the
material inserted has the thermal conductivity (at 20°c) above 0.01
[cal/cmesec-°C], the imprdvement on the magnetic performance is
slight, and it is preferable to insert a material having the thermal

conductivity of 0.01 {cal/cm+sec+*°C] or less.

. Table 2
Material Thermal Temp Magnetic Performance
Inserted Conductivity Difference Br{KG) (BH) [MGOe]
{cal/cmesec-°C] [ecC] max
7 PES 4.54 x 107 105 6.30 8.5
8 PEEK 5.97 x 104 100 6.28 8.4
- This Sheet Has B

LU



Figure 7 and 8 are outline drawi ngs of dies for the conventional extrusion
nmoul di ng. SUMVARY OF THE | NVENTION This invention is a die for an extrusion
nmoul di ng of a resin bound type nagnet which is noul ded by an orientation of
a nolten m xture of a magnetic powder and a resin and by a solidification
with cooling, wherein an orientation section, which is from an
orientating section of the said magnetic powder at the front end of the
said die by charging a nagnetic field to the die section, is fornmed by a

| ayer structure conprising at |east ode or nore of

v 82 M " 6.27 8.4
< 9 2r0, 0.007 80 6.18 8.1 °
'+ 9a " " | 6.15 8.0
< 10 YHD50 0.038 - 40 5.65 6.6
+ 10a " " 5.57 6.4
* 11 SKD61 0.073 30  5.60 6.4
« 1la " " ' 5.50 6.3

tomparative '

Test 2 - 0.073 25 5.36 6.0
e« 2a - " 5.34 6.0

EXAMPLE 3

Next, an effect to a magnet, when a thickness of a non-magnetic
material to be inserted in the orientation section in Figure 1 was

varied, was investigated.

PEEK was used as the material to be inserted, the length of the
orientation section including the thickness of PEEK was always kept
at 6mm, laye; A and layer C were made as the same length, and a
éséiing capacity was adjusted to make the tembéraéuré at ¥ point
always at 160°C. Further as for a resin to be mixed wth a magnetic
powder, polyamide resin (Nylon 12) was used, and a moulding process

and a shape of the moulded magnet were same és the aforementioned

Example 2.

———
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different materials. It is a die for an extrusion noul ding wherein at | east

one or

more of the materials of the orientation section conprises

magnetic material (s). -12- Further, it is a die for an extrusion
nmoul di ng wherein the |layer structure is fornmed by inserting a | ow t hernal
conductively materi al : B

-28-
In Table 3, temperature difference betwee X-Y and magnetic

performance aré shown when the thickness- of layer B was varied -from

0.5 to 3.5mm. (Test 12-16).

As it is clear from Table 3, the temperature difference is saturated
at the PEEK thickness of 2mm with the heater capacity used. Since
the thermal conductivity of PEEK is extremely low, a temperature
difference of around 80°C is attained even at the PEEK thickness of

0.5mm.

Further as understood from Table 3, when the PEEK thickness becomes
3mm (1/2 of the length of the orientation section) or more, the

magnetic property drops remarkably, though the temperature

difference between X - Y is large. This is due to a disorder of a

magnetic field in the orientation section by entering a non-magnetic
material into the orientation section. Similarly even when the PEEK
thickness is - 1mm or less, it is seen that the magnetic performance
is somewhat improved in spite of a reduced temperature difference.

Although -theu temperature. difference drops if the thickness of a
non—magnetic layer becomes thin, it is observea that.fhe magnetic

performance is somewhat improved because of a decrease of the

disorder of the magnetic field in the orientation section.

Basing on these observations, it is preferable that the non-magnetic
layer should be as thin as possible if it is able to secure a

sufficient temperature difference, and from the results of Table 3,

e ———
| —_——
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of which the thermal conductively K (20[err]C) is K[err] 0.01 [cal/cm
sec.[err]C] into a partial section of the said orientation section.

Furt her,

it is a die for an extrusion noul ding wherein the nmaterial of the

insertion into the orientation section of the said die for an extrusion
moul di ng conprises a non-magnetic nmaterial and the thickness of the said
non-magnetic material is 1/2 or less of the contact section |ength of the
nolten m xture in the orientation section. Furthernore the said die for an
extrusion noulding is applied for "a :

it is preferable that it 1is 1/2 or less of the length of the

orientation 1ength when a non magnetlc mater1a1 is inserted. N
Table 3
Thickness of Temperature Magnetic Property
Layer B Difference Br [KG] (BH) [MGOe]
[mm] {ec} mak
Test 12 3.5 105 5.54 6.3
s~ 13 3.0 102 5.95 7.0
14 2.0 100 6.28 8.4
15 1.0 92 6.32 8.5
16 0.5 85 6.30 8.5
EXAMPLE 4

Next, in a die for an extrusion shown in Figure 1, the length of the
orientatian section 108 of the die was varied, and magnets were

produced hy-aﬂ extrusion moulding as similar to Example 1.

In this example, the magnetic powder and the polvamide resin were
however mixed to make a volume. ratio of the magnetic powder and the
resin as 3:2. The magnetic field was made by charging a 200A
current to a 123 turn coil, and the shape of the moulded magnet by
an extrusion was a cylindrical with the outer diameter 30mm and the

inner diameter 28mm.

il



cylindrical resin bound type magnet. Also this invention is a die for an
extrusion noulding for a production of the aforenentioned cylindrical
resin bound type magnet, wherein the contact section length 1 of the
orientation section with a nolten m xture froma section from which the
orientation of the aforenenti oned nagnetic powder starts by charging a
magnetic field at the front end of the said die to the outlet section of
the die satisfies

Test

~-30-
The magnetic fields for the orientation at the orientation section
when f%e length.of the oriéntatidn'éedtibd 108 was varied, are shown
in Table 4 together with the magnetic property of the magnets

extruded.

In this example, as to the temperature of the orientation section X
and ¥ points, a heating and coolind was applied from both ends of
the orientation section to make Y point always at 160°C and X always
at 250°C. However in case of the length at Smm, the temperature at
X point was 240°C, and it was not able to get 250°C. The shape of

the magnet moulded had a dz/ZD value at approximately 13mm.

Table 4
Length Magnetic Field Magnetic Performance
{ mm ] Koe r [KG BH) max
17 25 5.0 3.70 2.7
18 15 9.3 4.93 5.5
19 13 . 11.1 5.95 7.5
20 10 13.3 6.15 8.0 -
21 5 : 15.0 6.12 7.9 -

From Table 4, the magnetic performance of the magnet drops extremely
when the length of the orientation exceeds in 13mm. This is because

of an impossibility of an sufficient orientation of the magnetic
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-13- 1 <

dierr] / 2D. (d and D are inner and outer dianeters of the

nol ten m xture passage, respectively) Further in case that a non-magnetic

mat eri al

is present in the orientation section of the aforenentioned die

for an extrusion noulding, it is a die for an extrusion noul ding wherein a
total length 1' of the contact section_.length of the magnetic material wth
a mxture of a magnetic powder and a resin in a nolten state

..31_
powder by an increase of the iength of the orientation section

resulting a low magnetic field at the orientation section.

1 <a%/ 2p . (1)

The above equation is an modified egquation of the condition in which

the orientation of the radial factor is sufficient ie
- 2
fR = 2Dh /s d° < 1,

by replacing h with 1, and the results obtained almost have an
agréement with the equation of (1). In case of a radial magnetic
field moulding by a press and an injection, there is a limitation on
the height at arognd 13mm for the magnet moulded, but there is no
such limitation on the magnet height in case o'f the extrusion
moulding, and it was éble to produce a magnet with a sufficient

radial orientation even if its height was several ten mm.

EXAMPLE 5

Next the similar test to Example 4 was carried .out by using the die

‘shown in Figure 2. o —

As to the die shown in Figure 2, as similar to Example 2, the
orientation section 108 of the die is devided into 3 layers of layer
A 102b, 1layer B 102c¢ and layer C 102b, 102c of 1layer B is a

non-magnetic material PEEK of 0.5 mm thickness, and it has a
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satisfies 1' < d[err] / 2D. Furthernore it is a die for an extrusion
moul di ng wherein the aforenentioned magneti c powder conprises a
ferromagnetic material consisting of rare earth elenments (including Y) and
transition nmetals mainly constituting cobalt, or a ferronmagnetic
material consisting of rare earth elenent, transition netals minly
constituting iron and boron. Further this inventionis a die for an

extrution noul ding of a resin bound Eype magnet which is noul ded by an
orientation of a nolten 2=

structure that 102c of layer B comprising a different material is
inserged in th.e centre of the-o'r'ieﬁtati'.on section 108. 102b of
layer A and layer C is a magnetic material, and a sum of these
length is 1'. Layer A and layer C were made as always the same

thickness.

The magnetic field -for the orientation and the change of the magnet
performance when the magnets were moulded by varying the length 1'

were examined, and the results were shown in Table 5.

The magnetic field for the orientation was a result observed at a
passage which contacted with layer A 102b, and the shape of the
moulded magnet was a ring of the outer diameter 25mm and the inner

diameter 23mm.

Table 5
1 Magnetic Field Magnetic Performance
[mm] [Koe] Br [{KG] (BH) max
Test 22 18 . 3.0 _ 3.68 2.7
23 15 5.0 3.73 - 2.7
24 11 9.2 4.90 575
25 10 10.5 6.02 7.8
26 8 13.0 6.28 8.5
27 5 15.0 6.30 8.5
28 3 15.2 6.22 8.3
: Th.sSheet
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m xture of a magnetic powder and a resin, an by a solidification with
cooling wherein the structure of the sald die is constituded in orders from
a connection section of an extrusion machine to an outlet of the _
orientation section as 04 OCT 1996 -14- (a) A converging section where a
m xture of a magnetic powder and a

-33-
The temperatures at X and Y points were 160°C and 280°C
respe;tively. fhe tempeféture ét.? béihﬁ raised when compared Qith
Example 4, and this was due to a heat insulation effect between
layer A - C by the insertioﬁ of PEEK in layer B resulting a security

of the temperature difference.
There magnets produced herewith had
2
d“./ 2D = 10.6 [mm].

Even on the results of Table 5 when 1' becomes 10.6 mm or more, the
magnetic performance of the magnet produced drops remarkably as
similar to Example 4. Wwhen it becomes 10.6 mm or less, it_shows a
value which is considered that the radial orientation is almost
sufficient. The magnetic property is more improved than Example 4,
and this.is due to a furfher decrease of the resin viscosity at X
point when cbmpared with Example 4 because of a security of the
temperature gradient between X - Y by a heat insulation effect of
layer B. _When the length of a magpetic material in the orientation
section, ie tﬂe length of 1' in which a magnetic field is charged to

a magnetic powder, satisfies

“1' < da% 7 20,

a maghet with a sufficient radial orientation can be formed.

EXAMPLE 6 —_—
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resin which is in a nolten state with a fluidity is pressed into the final

shape. (b)

A heat-insulating section to hold a tenperature difference

bet ween the whole of the die and a rear section (c) A heating section by

whi ch t he
is further
charged, t

viscosity of the nolten conmpound of the mixture in a nolten state
reduced. (d) An orientating section in which a magnetic field is
he nmagnetic powder is orientated and it is solidifed with cooling

as its state. This invention has effects to inprove the perfornmance of the

noul ded

-34-

A maqgetic powder having a same basic composition to Example 4 was
mixed with a resin mainlyicomprisiﬁg én'eboxy re§in'to make a v&iume
ratio of the magnetic powder and the resin as 3:2, a magnet was
moulded by an extrusion from a die, and then the moulded magnet was

heated in an oven to cure it.

A die used in this example is shown in Figure 3. Namely in this
example it is constituted by devi@ed.sections in following order as
an'converging section 111, a heat insulating section 112, a heating
section 113 and an orientating section 110 from a connecting section
of the extrusion machine to an outlet of the orientation section.

X, Y and Z are measuring points of temperature.

A compound extruded from an extrusion machine is converged at the
converging section 111. The compound is further heated in the
heating section 113 after passing through the heat insulating
section 112,-the magnetic powder is orientated in the orientating
section 110 and a magnet is moulded as its state by a solidification
with cooling.

I.Qe.).cﬁt as -for -a die used in Comparative Example, there is no heat
insulating section 112, and no distinction between the converging
section 111 and the heating.section 113, but the remainder is the

same to the die of Figure 3. -

A change of the compound viscoisty, when these dies are applied, is
shown in Figure 4.

o
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magnet and also to reformthe di nensional accuracy as it is clear fromthe
aftermenti oned Exanples as a result of formation of an tenperature gradient
in the orientation section, by formng a |layer structure with at |east one.
or nore of different materials and by nmaking at |east one or nore of
materials of the said orientation section with magnetic materials, which is
fromthe front end of the die at which-the orientation of a nagnetic powder
starts to an outlet section of the die for an extrusion moul ding of a resin
bound type magnet which is noul ded bysorientating a nolten mxture of a
magneti c powder and a resin, and by a solidification with cooling.

The v1sc051ty herethh measured is a value at 120°C of a crushed

material of an uncured magnet extruded through the die after

charging in an extrusion machine.

The time of the asis of abscissa is time setting 0 minute when the
charged compound first comes out £from the die and magnets are

sampled after it, and their viscosities are measured.

The temperature of the die at X, Y and Z points were 60°C, 150°C and
120° respectively, the temperature of the die of Comparative Example
at X, Y and Z points were 60°C, 150°C and 160°C, and the extrusion

speed of the magnet was 1 mm/sec.

As it-is shown in Figure 4, the compound viscosity increases largely
by passing time in case that the die of comparative Example is used.
It is considered that it was due to an initiation of cure of a part
of the resin.because of heating of the compound extruded from the
extrusion machine even at 160°C. When the operation time exceeded
over 4 hours, the extrusion moulding was not able to continue. On
the contrary.in_case of the die of Example, a section where it was
ﬁeated at 15Q0°C was small resulting slight change of the viscosity

by time.

A change of the magnetic performance when these dies were used, are

shown in Figure 5 (a) and (b). The time of the asis of abscissa is

the same as Figure 4.

—_—
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Al so

inthis invention, as one alternative case of the |ayer

structure in the orientation section, when a material with a | ow thernal
conductivity having the thermal conductivity K (20[err]C) of -15- K

[err]

0.01 [cal/cmsec.[err]C) is inserted, the thérmal conductivity at

the insertion section drops approximtely 1/10 or | ess because a materi al
generally used for the die has the thermal conductivity of

-36-
As it _is clear from Table 5, the magnetic performance suddenly drops
by passing the time in case of COmparaéive Exampié. "rhis was dué to
a decrease of degree of the orientation since the magnetic powder in
the compound became difficult to orientate in progress of the
elevation of the compound visicosity by time resulting a drop of the

magnetic performance.

on the other hand, in case of Example, it is not almost observed the
cha_Lnge of the magnetic performance by time, and a high magnetic

performance is attained stably.
CLAIMS

(1) A die for an extrusion moulding of a resin bound type magnetic
which is moulded by orientating a magnetic powder in a molten
mixture of the magnetic powder and a resin and by a solidification:
with cooling wherein an orientation section located from a section
at the front end-of the said die where a magnetic field is charged
and the afo;ementioned magnetic powder is orientated to the die
qggPion comprises a layer structure with at least one or more of

different materials.

(2) a die for an extrusion moulding as claimeéd in Claim 1 wherein at
least one or more of materials of the éforementioned orientation

section comprises a magnetic material.

[S—
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approxi mately 0.07-0.08 [cal/cmsec.[err]C]. If a heat Lng through the
orientation section is constant, a tenperature difference is able to

attained by the below |listed equation by reducing the t i \Vadatb V-
Q= AK ((T[err] - T[err])/1 Q: heat capacity, A area, qmwmlm'mml’?ul
at t«le

- Tlerr] =[err]T: tenperature difference Further, ‘in‘cake ®

insertion material in the orientation section conprises a non-magnetic
material, the magnetic performance remarkably deteriorates if it is 1/2 or

nore of the length of the

-36-

As it_is clear from Table 5, the magnetic performance suddenly drops
by passing the time in case of Compara.t.’.we Exampié. 'This“was du:e to
a decrease of degree of the orientation since the magnetic powder in
the compound became difficult to orientate in progress of the
elevation of the compound visicosity by time resulting a drop of the

magnetic performance.

on the other hand, in case of Example, it is not almost observed the
chgnge of the 'magnetic performance by time, and a high magnetic

performance is attained stably.
CLAIMS

(1) A die for an extfﬁsion. moulding of a resin bound type magnetic
which is moulded by orientating a magnetic powder in a molten
mixture of the magnetic powder and a resin and by a solidification
with cooling wherein an orientation section located from a section
at the front end' of the said die where a magnetic field is charged
and the éfor_ementioned magnetic powder is orientated to the die
section comprises a lai(e_r structure with at least one or more of

different materials.

(2) a die for an extrusion moulding as claimed in Claim 1 wherein at
least one or more of materials of the aforementioned orientation

section comprises a magnetic material.
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orientation section, in spite of a high tenperature difference. Thus was

due to an di sorder of the magnetic field in the orientation——seet+onr—by—
insertion of a non-magnetic material in the orientatio AIthough
the tenperature difference drops when anon-rragneBIﬁﬂI@ﬂEﬂl,w

thin, the magnetic performance is sonmewhat inprove

reductlon of the disorder of the magnetic field in the orlentatlon
section. Therefore it 1is preferable that the thickness of the
non-magnetic layer is as thin as possidfte to take a sufficient tenperature

gradi ent, ?9? )thpéafor an extrusion moulding as claimed in Claim 1 wherein a

layer structure is formed by insérting a low thermal conductive

material having the thermal conductivity K (at 20°C) of
K ¢ 0.01 {cal/cmesec-oC]
in a part of the aforementioned orientation section.

(4) A die for an extrusion moulding as claimed in Claim 1 wherein

the insertion material in the aforementioned orientation section
comprises a non-magnetic material, and a thickness of the said
non-magnetic material is 1/2 or_less of a contacting length with the

molten mixture of the aforementioned orientation section.

() A die for an extrusion moulding as claimed any of Claim 1 to
Claim 4 wherein the aforementioned die for an extrusion moulding is

used for production of a cylindrical resin bound type magnet.

(6) A die for an extrusion moulding as claimed in Claim 5 wherein a
length of thé orientation section located from a section at .the
frong end_of ;he said die where a magﬂetic field.iS'charged and the
aforementioned magnetic powder is orientated ts an outiet section of

the die satisfies

1 < a% / 2p.
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-16- non-magnetic material is inserted, it is preferable that its length is
1/2 or less of the length of the orientation section. Mreover by this

[ 1on, when the contact section length 1 of the orie

the die for an extrusion with the nolten m xture is Ilmmﬂmm]'mmlﬁnm
2D, the magnetic performance is inproved because of an avail@bid ity ef
sufficient orientation of the magnetic powder.

I nventi1on

-38~
(d and D are the inner diameter and the outer diameter of the molten

mixture passage) . L - .

(7) A die for an extrusion moulding as claimed in Claim 5 wherein in
case a presence of a non-magnetic material in the aforementioned
orientation section, a 1length 1' of a contacting secfion of the
magnetic material with a mixture of the magnetic powder and the

resin in a molten state satisfies
\ 2
1* < 4® / (2D).

(8) A die for an extrusion moulding as claimed in any of Claim 1 to
Claim 7 wherein the aforementioned magnetic powder comprises a
ferromagnetic material consisting of rare earth elements {(including
Y) and transition metals mainly constituting cobalt "or a
ferromagnetic material consisting of rare earth elements, transition

metals méinly'constituting iron and boron.

(9) A die for an extrusion moulding of a resin bound type magnet
which is moulded by orientating a molten mixture of a magnetic
powder and a resin and by solidification with §qoling_wherein the

structure of the said die comprises in orders from_a connecting

section to an outlet of the orientation section as

(a) Converging section in which a mixture of a magnetic powder

and a resin which becomes in a molten state and has fluidity is

converged.
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Further by arranging the conposition of the die structure fromthe

connecti ng section of an extrusion machine to the ;0u ent at I on

section in order of a convergl ng sect ion, a heat I n Qﬂﬂn section,

heating section and an orientating section it is.a ﬂlﬂ,’tﬂm tabl e
extrusion noul ding over a long tine resultlng effects ability

for a mass production, etc. According toe- this invention, (1) Sis*able to
take a tenperature gradient in the orientation section by forn1ng a |l ayer
structure for the orientation section,-3gnd therefore the degree of the

orientation of a magnet is inproved
(b) Heat insulating section to hold a temperature difference

between the whole of the die énd”the'rear section.

(c) Heating section in which the viscosity of the molten

compound of the mixture in the molten state further drops, and

'(d) Orientation section in which a magnetic field is charged,
the magnetic powder is orientated and it is solidified with

cooling as its state.

ABSTRACT

A die for an extrusion moulding of a resin bound type magnet which
is moulded by orientating a magnetic powder in a molten mixture of a
magnetic powder and a resin and by solidification with cooling

wherein

the orientation 'section, located from a section from which the
orientation of the aforementioned magnetic powder commences by
application of a magnetic field at the frong end of the said die to
a section of the dieioutlet, comprises a 1aye£ structure with at
least one or more of ﬁifferent material, and at least -onhe or more of
the material of the said orientation section is a magnetic material,
or the layer structure is comprised by an insertion of a low thermal

conductive material having the thermal conductivity of

K < 0.01 [cal/cm-sec-°C]

il e




and the dinensional accuracy is also reformed. (2) It is able to take a
further high tenperature gradient in the orientation section, by inserting
a magnetic material of its thermal conductivity of 0.01 [cal/cmsec.[err]C]
or less or a non-magnetic material which has a thermal conductivity of 0.01
[cal/cmsec.[err]C] or less having a length not nore than 1/2 of the length
of the -17-

-39~
(b} Heat insulating section to hold a temperature difference

-

between the whole of the die and 'the rear section.

(c) Heating section in which the viscosity of the molten

. compound of the mixture in the molten state further drops, and

(d) orientation section in which a magnetic field is charged,
the magnetic powder is orientated and it is solidified with

coeling as its state.

ABSTRACT

A die for an extrusion moulding of a resin bound type magnet which
is moulded by orientating a magnetic powder in a molten mixture of a
magnetic powder and a resin and by solidification with cooling

wherein

the orientation section, 1located from a section from which the
orientation of the aforementioned magnetic powder commences by
application of a magnetic field at the frong end of the said die. to
a section of the die-outlet, comprises a layaf structure with at
least one or more of aifferent material, and at least -one or more of'
the material of the said orientation seqtion~is a magnetic material,
or the layer structure is comprised by an insertion of a low thermal

conductive material having the thermal conductivity of

K < 0.01 (cal/cm-sec-°C]
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orientation section, into a partial section of the orientation
section, and therefore it is able to mould a high performance

ani sotropi c resin bound type magnet by an extrusion noulding. (3) In case
that a non-magnetic material is not present in the orientation section, by
making the length 1 of the orientation section as 1 < d[err] / (2D) and in
case that a non-nmagnetic nmaterial is present, by making the length 1' 1' <
dierr] / (2D

-40-

., the insertion material comprises a ﬁéﬁkﬁagnetid'material and the
thickness of the non-magnetic material is 1/2 or 1less of a
contacting 1length of the orientation section with the molten

mixture,

or the length 1 of the orientation séctibn located from a section
where a magnetic powder is orientated by an abplication of a
magnetic field at the front end of the die to the die section

satisfies
1<ad®/ 20

(d and D are the inner diameter and the outer diameter of the molten

mixture passage)

and in case a non-magnetic material is present in the orientation
section, the total 1length 1' of the contacting section of the
magnetic material with a mixture of a magnetic ﬁowder and a resin in

a molten statérsatisfies

1' < d® / (2D).

A die for an extrusion moulding wherein a structure of the die
comprises in order from a connecting section of an extrusion machine
to an outlet of the orientation section as a converging section, a

heat insulating section, a heating section and an orientation
\ .
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tt is able to nould a high performance resin bound type radial magnet with
a sufficient radial orientation and to achi eve prolongation of this nagnet.
(4) By constituting a structure of the die, as shown in Figure 3, in order
froma connecting section of an extrusion nmachine as a covergi ng section, a
heat insulating section, a heating section and an orientating section, it
is able to operate an extrusion nmoulding with a stable nagnetic perfornance
for a long tinme, and a stable nass production is achievable. This invention
is hereafter explained by using Exanpl es.

-41-

section, and the die which 1is suitable for production of a

cylindrical resin bound type magnet;

e —
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EXAMPLE 1 Figure 1 shows an dutline drawing of a die for an extrusion
nmoul di ng used in Exanple 1. In Figure, 108 is the orientation section,
is a surface of the outlet of the orientation section, X and Y are

t enrper ature neasurenent points, and an explanation of ot her
omtted because they are described in bel ow
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A die for an extrusion nmoulding for a practice of this invention is
constituted, as shown in Figure 1 by a outer die conprising a raw nmateri al

i njection outer die 101 and noul di ng section outer dies 102a and 102b, and
mandrel s 103a and 103b, the raw material injection outer die 101 and the:
nmoul di ng section outer die-102a are conposed of non-magnetic materials, and
t he noul di ng section outer die 102b of 2 gagnetic material is equi pped at
the front end of the outer die to induc / magnetic fl ux. Further the
mandrel 103a conprises a non-magnetic material, and at its front end the
mandrel 103b consisting of a nmagnetic materi-al is equipped by a connection

101 1020  102b : ¢

103a 07 . 105

102¢ : pX 712 5P 9+ 94 M'owa/ }zzcaén oulic oie
Q IELFEPAD Skt off rhe onlentaZiir aeclion
b: @ m3P0 adcat o % 2 @ Fcfou =z
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screw 105. Further an el ectromagnetic coil 104 is installed at the outside
of the die, and when a cufrent passes through the el ectromagnetic coil, a

radi ated magnetic field is charged at the orientation section 108 between .
the front end of the mandrel 103b and the front end of the noul ding section

outer die 102b because the generated magnetic fl ux -19-
3/7
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tends to pass through a magnetic material with a high magnetic -
perneability. Next, for a production of a nmagnet, a magnetic powder is
mxed Wi th an organic resin such as a thernosetting or a thernoplastic
resin and when it is required with additives by a m xer. The m xture of the
magneti c powder and the resin is heated I n an extrusion machine, and it
becones in a nolten state. Then it, this state, is sent to the raw
material injection section 106 of the db@ for an extrusion noul ding. The
nolten naterial of the magnetic pomder and the resin poured is
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gradual |y converged while it is being passed through the raw materials
packi ng space 107 in the die to nmould the final shape. The nagnetic powder
is orientated in the orientation section 108, and it is nmoulded as its _
state by a solidification with cooling in the orientation section 108. Next
in Table 1, results of neasurenents of tenperature difference between X and
Y points in the orientation section 108 e shown when the orientati.on
section 108 is fornmed by a | ayer struct&? with materials selecting fromat.
| east one or nore of several materials, nanely, :
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SKD 61 : JIS G 4404 specification, steel material SKD 11 : JI'S G 4404
specification, steel materjial Si Q2 . oxide of silicon -20- PES

pol yet her sul phone resin for the structure of the orientation -section. of
a die for an extrusion noulding. '
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-

The total length of the orientation section 108, by the way is, 6nm. and
the tenperature differences represent tenperature differences between X and
Y points which are 0.5mm fromthe both ends of the orientation section 108,
respectively and are 3nmm outside fromthe passage of a nolten m xture of

t he magnetic powder and the resin. (In the neasurenent, the tenperature at
Y point was fixed at 50[err]C) A heater with 800Wcapacity was used for
heating, and a cooling plate by a wategsgooling was installed at the
surface of the outlet of the orientation sectlon 109 for coollng to cool
the orientation section 108.

202b 204
Fosb
\\\\\\\\\Y\\\\\\\\
NN\ NN NN NN
\\\\\\\\\\\\\‘\\\\‘\\\

- % -

ﬂﬁ'ﬁ%"ﬁﬂ“y'f Raw matenial ,wyeo&'m sulle g
2020 202b : X3P ShIA Moulding aecibn outec oie
2030, %@b TUEVIV Mansdia,
204 - G LMV Eloctomagn e ertl .
- 205: }F&A%/ CGWMA’M % 8 @ /'if-tw_& ‘9
. 207: *?%%%taiilﬁﬂ’P aW'rMhmal /uﬁﬁy,yauz _ -

RAA RO B AR

This Sheet Has Been Re ﬂ

LT




The structure colum in Table 1 shows materials used for the front end
structure, and anong them SKD 61 and SKD 11 are magnetic nateri alsq.20d
the remainders -Sierr] and PES are non-magnetic materials. Further
the length of each layer is 6/A[mj. (A neans nunbers of the layer.) As
shown in Table 1, in case of Conparative Test in which the orientation
section was forned by a single netal, a tenperature difference of only

20[ ef'r]"C:was-:obt ai-ned wi-t h--the..af orenenti oned system

1

f;.s f'_’g h

s - . a
. T D : v

2 - - v l
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TITLE OF INVENTION
Dies for extrusion moulding.
FIELD TO WHICH THE INVENTION BELONG

This invention relates to dies for an extrusion moulding, especially

for dies for an extrusion moulding of a resin bound type magnet.

PRIOR ARTS

In general, a resin bound type magnet is produced by & process shown

in Figure 6, ie:

A magnetic; powder and

an-organic resin (thermosetting or thermoplastig. resin) of suitable
particle—sizehs are sufficiently mixed. If necessary, -additives are
added. The mixed raw materials_are kneaded by a kneading machine
such as a roller mill or an extrusion kneader, etc. with heating

.above a temperature at which the organic resin is molten. The

kneaded raw material is roughly crushed into particles having
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-21- Although it was the same material, the tenperature gradi ent was
however able to get by formng the | ayer structure. This was because that
the contact surface resisted the heat transfer by form ng the |ayer
structure. This was al so proved by Test 1 and Test 4. Further as it was
understood from Test 3, 5 and 6, a further high tenperature gradi ent was
attai nable by using a material of the | ow

2

particle sizes of aground 1-10mm, and is charged into anlextrusion

moulding machine.

The charged magnet faw material is heated in the extrusion moulding
machine to make it in a fluidized state, and is sent into a die

equipped at a front end of a cylinder by screw or plunger.

The magnet raw material is moulded in a predetermined shape such as
cylinder, thin plate, bar, etc. by passing through the said die.
However, the moulding processes of an isotropic magnet and an

anisotropic magnet are different.

Namely, in case of the anisotropic magnet, an axis of easy
magnetization of the magnetic powder in the raw material is
. uniformed to the magnetic field direction ie the magnetic powder is
orientated, by passing the magnetic raw material through a die to
which the maénetic field is charged, and it is moulded. In the
process, it is common to charge the magnetic field by a combination
-0f an electromagnetic coil and a magnetic circuit comprising a

magnetic material.

on the other hand, the isotropic magnet is moulded by the extrusion
without charging the magnetic field. The moulded body is cooled
near the outlet of the front end of the die, then it is pickeg up

by é receiving machine located in front of the extrusion moulding

machine, and it is cut into a suitable length by a cutter.
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thermal conductivity for a partial section of the orientation
section. However, in this case, since a magnetic material has, in general,
hi gh thermal conductivity, a non-nagnetic material becones suitable for the
aforenmentioned material and it is unfavourable to get the magnetic field.
Next Table 1 also shows nagnetic performance of magnets noul ded by the dies
having their structures as descr.ibed above. The nmagnets were produced by
foll owi ng process. For the magnets produced here, a magnetic alloy of its

coercive
-3~
——

Bécause the magnetism remains in the moulded body in casé of the
moulding with an orientation of the magnétic powder, it is subjécted
to a demagnetization to remove it. Further in case that the
thefmosetting resin is used as a binder, the moulded body is
subjected to a curing process to cure the resin after its
demagnetization, and the resin bound_type magnet by an extrusion

moulding is produced.

'in these magnet productions, the die, which is used for an extrusion
moulding in a magnetic field (ie it is used for a moulding of the
anisotropic magnet), has a structure which is a combination of a
magnetic material and .a non-magnetic material, and they are
disclosed in Japan Patent Laid-Open Sho 58-219705, Japan Patent

Laid-Open Sho 60-100413, etc. as the prior arts.

For example, in the Japan Patent Laid-Open Sho 58-219705, a die

structure shown in Figure 7 is disclosed.

In the die of Figure 7( a raw material iﬁjection outer die 201, a
mandral 203 and a front end of the moulding section outer die 202
comprise magnetic materials and the rest of tﬂe moulding section
outer di; 202 comprises a non-magnetic material. It-is consituted
that an electromagnetic coil 204 is coiled around the moulding
section outer die‘zoz, and further a magnetic materiallbloc 205 is

positioned around the electromagnetic coil 204.
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force at approximately 7 KOe having a basic nmagnetic owder
conposi.tion of Sm (Co 0.672 Cu 0.08 Fe 0. 22 ) ' 8 $ crushed
into particles of the average particle size REMEEMED&S ,B;) [err]m and
they were mixed with a resin. A ratio of thg magnetic -22- tpowder and
the resin was the nmagnetic powder 60 vol % arid |t h@ 4 @ST 9% Yol % '

-4~

——

Toward to this die, the inventor of this application, etc disclosed
a die structure as shown in Figure '8 -by Japan Patent Laid-Open Sho

63-254713.

The die is constituted by a outer die comprising a raw material
injection outer die 201 and moulding section outer dies 202a and
zozb, and mandrels 203a and éosb. The raw material injection outer
die 201 consists of a non-magnetic material, and the moulding
section outer die 202a also consists of a non-magnetic material, but
it is equipped with the moulding section outer die 292b-made of a
magnetic material tb induce magnetic fiux to the front end of the

outer die.

The mandrel 203a also consists of a non-magnetic material, and at
its front end of the mandrel, the mandrel 203b made of a magnetic

material is equipped.

The electromagnetic coil 204 is installed at the outside of the die.
When a cyrrent is passed through the electromagnetic coil 204, a
radiated magnetic field is charged at a space (hereinafter called as
an-orientation section) betweén the front endjof-the mandrel 203b
and the front end of the moulding éection outer die 202b becagse the
generated magnetic flux tends to pass through in a magnetic material

with a high magnetic permeability.

A magnet raw material passes through the raw material injection

section 206 and a raw material packing space 207 and it is moulded



-A therrmsettl ng resin mainly conprising an egexyTES] } I as the
organi¢ resin. The aforenentioned m xture ma%ﬁ.ﬁ:'s s‘ﬁﬁi&- her mll, a
conmpound was prepared, then the conpound mas‘cdarseiy crushed, 3and it was
charged in a screw type extrusion machine. Thie ic %@ﬁ'c’@%o'nc was heat ed
in the extrusion machine. The thernosetting resjn nmainly congriising the
epoxy resin had its thernoplastic region at apptexrmat®y 100t 150[err]C
at which the viscosity remarkably dropped, the nixture"nggbe;hagnetlc
powder -and t he resm made in a nolten state i 'S tenperature region, it

was : =5

in.a cylindrial form by an extrusion with a progress of a radiatedly

orientation of the magnet powder in the orientation-section.

Today, (1) a press moulding, (2) an injection moulding and (3) an
extrusion moulding are available for a resin bound type radial

magnet.

Among them, the press moulding and the -injection moulding are
currently utilized for mass-productioﬂ processes. On the contrary,
though the extrusion moulding is widly applied for a moulding of a
ferrite magnet, it is still in a stage not to be utilized in a mass-
production of a high performance rare earth magnet, and the die for
the extrusion moulding, especially a structure of the orientation

section in the die has not be sufficiently considered.
OBJECTIVES OF THE INVENTION

It is ihportant to have a sufficient consideration on the structure
of the orientation section of a die for the extrusion moulding
because it largely influences a magnetic performance of the moulded

magnet.

In either the die or the machine of the extrusion moulding for a
resin bound type magnet, coveﬁtionaily used, no attention hgs not
been paid on a material and a structure of the orientation section
of the die, and it was generally made by a single body of a magnetic

material. Therefore it has problems listed below.



pushed into a die by the screw, and a nagnet was extruded fromthe die by a
solidification with cooling after orientating the magnetic powder in the
orientation section at the front end of the die. The shape of the noul ded
magnet was a ring shaped with the outer dianmeter 32.8 nmm and the inner
dianeter 31.8 nm In this Exanple, the magnetic performance was neasured by
usi ng an uncured state magnet noulded in a nolten state. As it is clear
from Table 1, the noul ded nmagnet showed an inproved performance in case a
die structure by which the tenperatg;e

——

Namely, in case that a resin bound type magnet is moulded by. an
extrﬁsion, a magnetic field is charged, when a mixture comprising a
magnetic powder and a thermosetting or thermoplastic resin becomes a
molten state by heating, to orientate the magnetic powder, and it is
necessary to cafry out a solidification by cooling after t_he
moulding in the orientation section not to disordef the orientation

and the moulded shape.

In order to achieve a sufficient orientation of the magnetic powder,
it is preferable that a viscosity of the resin should be as low as
possible as soon as it enters the orientation section, 1ie its
temperature shouid be as high as possible. On the contrary, when
the magnet orientated and moulded comes out from the die, it is
preferable that its temperature _is as low as possible to get a
sufficient solidification by cooling in the orientation section not

to disorder the orientation and the moulded shape.

Accordingly a temperature gradient is required in the orientation
section. If the temperature gradient is not sufficiently taken in
the oriéntation section for the solidificatioh by cooling and the
temperature.of the whole orientation section di-ops, it results an
insuffice—nt v:-arientation, and adversély if the temperature of the
whole orientation section rises, the orientation and the mou1déd

shape are disordered When the magnet comes out -from the die.

_reiton, 1 2 e Akt eormm S
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-23- gradient was secured, and it was also confirnmed that the dimension

accuragcy was inproved by having the tenperature gradient as well. Table 1
code Structure Tenp Magnetic Property Di nensi on
difference Br[KG (BH) [MXe] - Accuracy max Test 1 SKD61/ SKD61
30[err]C - 5.54 6.3 C

B

However, in case that the orign;ation section comprises a single
body of a magnetic material, it is difficult to éaké the temperéture
_gradieﬁt because of the property of the material and the structure
of the orientation section, and in order to take the temperature
gradient in the single metal body, it is necessary to equip a heater -

and a cooler with a high capacity resulting an extreme inefficiency.

Further, in case of a cylindrical magnet with anisotropy radiatedly
toward its diameter direction (hereinafter called as a radial
anisotropic magnet), the sufficiency of its radial anisotropic
property depends on a shape and a size of the magnet. As an index

to show the above, a radial factor fR is given by the following

equation.
| 2
fR = 2 Dh/d
where D = Outer diamter of a ring shaped magnet moulded
h = Height of a ring shaped magnet moulded

and the raidal factor can be classified into folliwng categories.

fR< 1 - Sufficient radial achievable
fR = 1-2 Insufficient

£fR > 1 Isotropic

The fR is the first index to consider at designing of a die when a

radial magnetic field moulding by a pressing or an injection is

practiced. ' REPLACEMENT SHEET
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SKD61/ SKD11 35[err]C 5. 60 6.5
SKD61/ Si g err] 70[err]C 5.62 6.5 B " 4
SKD61/ SKD11/ SKD61 40[err]C 5.95 7.0 C5
SKD61/ S10[ err]/ SKD61 100[err]C 6. 15 8.0 A" 6
SKD61/ PES/ SKD61 150[err] C 6. 30 8.5 A Conpar ati
Test 1 SKD61 20[err]C 5. 36 6.0
A. .. excellent C.. fair B... good D... bad
EXAMPLE 2 8

Namely, 1f the die structure satisfies fR < 1, a sufficient radiél
magnetic field can be charged at a cavity and thus it is possible to

mould a magnet with a sufficient radial anisotropic property.

However when a die of £R 2 1 is designed, it is not attainable to

mould a magnet with a sufficient radial orientation.

Therefore there is an important index for the designing of a die for

a radial magnetic field moulding by a pressing or an injection.

However in case of an extrusion moulding, since a shape of a moulded
magnet and a die for the extrusion moulding do not coincide, and
thus it is difficult to use fR as it is for designing of a die for

the extrusion moulding.

As described above, when a resin bound type magnet is moulded by an
extrusion, a ‘mixture of a magnetic powder and a thermosetting or a
thermoplastic resin is heated, a magnetic powder is orientated by
charging a magneticl field as it becémes a molten state, and a
soiidific;tion by cooling afte; the moulding should be performed in
the- orientation section not to disorder the drientatién, and the

moulded éhape; —

In order to achieve a sufficient orientation of. the magnetic powder,
the temperature gradient in the orientgtion is required as described
above. To get the temperature gradient in the orientation section,

there are below-listed methods.

REPLACEMENT SHEET
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Figure 2 shows an outline drawing of a die for an extrusion noul di ng used

I n Exapple 2. -24- In Figure, 102c shows a noul di ng section outer die
conprising a material of a low thermal conductivity, a di : .
shows a |l ength of an orientation section 108, and an expl %ﬁ@ﬁ%ﬁggﬁ?
other figures is omtted because they are sane to Figurejl.
- 04 OCT 1995

=

(1) Increasing the length of the orientation section,

(2) Inserting a material with ‘a 'low: thermal conductiveﬁy intd the
orientation section and

(3f Heating and cooling of both ends of the orientation section with

extremely strong heater and cooler.

Among them, aé to (1) the length of the orientation section, there
is a limitation of the length of the orientation section because of
an impossibility of a sufficient orientation magnetic field if it
becomes too long, and as to (2), a material of low thermal
conductively is in general a non-magnetic material, and thus the
~ magnetic field in the orientation is disordered unless the material

inserted is thin.

Accordingly both of (1) and (2), though it may be possible to attain
the tempefature gradient with a reduction of the capacities of the
heater and the cooler, still require a strong heater and cooler to
get the temperature gradient as same to (3) in a certain degree.’
However i% a-strong heater with an additional capacity is used, not
_onty the orientation section, but also the wﬁole of the die is
heated r;suléing an temperature elevation of the wheole of the die
except for the front end of the die. Thergfore a compound, which is
heated to have a fluidity in the extrusion machine, is further
heated in the die, in case that a resin in the 'compound is a

thermosetting resin, it starts to cure in the die, and case of a

thermoplastic resin, a thermal decomposition is initiated resulting



A die for an extrusion noulding for a practice of this invention is a die
whi ch possesses simlar structure and effect as Figure 1 except that a
different material is inserted in the centre of the orientation section
108, and the orientation section 108 at the inner part of the die has a
structure devided into 3 layers ie A, B and C as shown in Figure 2. In this
case, layer B was a material of the inserted |layer, and a sane material ie
SKS2 was used for layer A and layer €. SKS2 is a steel material specified
by JI'S G 4404 standard. A tenperature difference in the orientation section
108 showed a . - -10-

———
changes by time such as an increase of viscosity of the compound
while it is in the extrution moulding brocess, étgi They lead 'to a
problem that a long time stable operation of the extrusion moulding

is not achieved.

This ;nvention aims to solve the problems of the die for an
extrusion moulding of a reéin'bound'type magnet as discussed above,
and to provide a die for the exﬁrusion moulding té mould a resin
bound type magnet with a high performance and a superior shape

accuracy.

Further, this invention provides a die for an extrusion moulding to
produce a high performance resin bound type radial magnet and to

produce a long size radial magnet which does not satifsy fR < 1.

Furthermore, this invention aims to provide a die for an extrusion
moulding, by-which a long time stable extrusion moulding can be
operated by preventing the changes of a resin and a magnetic powder
by time during the extrusion and by stabilizing the magnetiq
berformance- Bf a magnet to be moulded with a superior mass

éré&uctiqn capability as well.
EXPLANATION OF FIGURES

Figure 1-3 show outline drawings of dies for an extrusion moulding

used in Examples of this invention.
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tenperature difference between X and Y points shown as tenperature
“measuring points in Figure 2. The tenperature differences between X-Y, when
several materials were used for the layer B material inserted, are shown in
Table 2. The length of the orientation section [a distance between-a-b in
Figure 2] was 6mm and all the lengths of every layer were 2mm As to
Conparative Test 2, it was an exanple. by using a die of which the
orientation | ayer was not constituted by the | ayer structure as shown in

Fi gure 8.
J -11-

Sw————

Figure 4 shows a graph to exhibit a viscosity change of the compound

by time.

Figure 5 (a) and (b) show graphs to exhibit a change of the magnetic

performance when a die of Example 6 is used.

Figure 6 is a process outline of a magnet.

Figure 7 and 8 are outline drawings of dies for the conventional

extrusion moulding.
SUMMARY OF THE INVENTION

This invention is a die for an e#trusion moulding of a resin bound
type magnet which is moulded by an orientation of a molten mixture
of a ﬁagnetic powder and a resin and by a solidification with
cooling, wherein an' orientation section, which is from an
orientating sgction of the said magnetic powder at the front end of
the said die by charging a magnetic field to the die section, is
formed by.a layer structure comprising at least one or more of
different materials. S

It is a die for an extrusion moulding wherein at least one or more

of the materials of the orientation section comprises magnetic

material(s).

REPLACEMENT SHEET
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-25- As same to Exanple 1, a heater with 800Wcapacity was used for

heating, and as for cooling, a surface of the outlet of the die in layer C
109 was cool ed by water and the tenperature at Y point was kept at

60[err] C. Next, cylindrical magnets of the outer dianeter 30nm and the
inner diameter 28mm were noul ded in sanme basic conposition and procedure as
Exanple 1, by using the aforementioned die, and magnetic

-12-
Further, it is a die for an extrusion moulding wherein the layer

struture is formed by inserting a low.thermal eonductively material

of which the thermal conductively K (20°C) is
K £ 0.01 [cal/cm:sec-°C]
into a partial section of the said orientation section.

Further, it is a die for an extrusion moulding wherein the material
of the insertion into the orientation section of the said die for an
extrusion moulding comprises a non-magnetic material and the
thickness of the said non-magnetic material is 1/2 or less of the
contact section length of the molten mixture in the orientation

section.

Furthermore the said die for an extrusion mbulding is applied for a

cylindrical resin bound type magnet.

Also thié invention is a die for an extrusion moulding for a
production of the aforementioned cylindrica1  resin bound type
magnet,-;heréin the contact section length 1 of the orientation
section with a molten mixture from a section‘ from which the
orientation of the aforementioned magnetic powder starts by charging
a magnetic field at the front end of the said die to the'outlet

section of the die satisfies

REPLACEMENT Sﬁ:‘gﬁ'r
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performance of their magnets was conpared. In Table 2, the tenperature
difference between X and Y in the orientation section 108 and the nmagnetic
performance of the magnet prepared are shown when the orientation section
108 was fornmed by using a material as an inserting material selecting from

PES pol yest her sul phone resin PEEK pol yet her et her ketone resin
ZrJ err] oxi de of zirconi um YHD50 . steel material (a Htachi Metal
Product) and SKD61 steel material specified by JIS G 4404,
23
1<a/ 2p

(d and D are inner and outer diameters of the molten mixture

passége, respectively)

Further in case that a non-magnetic material is present in "the
orientation section of the aforementioned die for an extrusion
moulding, it is a die for an extrusion moulding wherein a total
length 1' of the contact section length of the magnetic material
with a mixture of a magnetic powder and a resin in a molten state

satisfies
1' < d® 7 2p.

Furthermore it is a die for an extrusion moulding wherein the
aforementioned magnetic powder comprises a ferromagnetic material
consisting of rare earth elements (including Y) and transition
metals mainly constituting cobalt, or a ferromagnetic material
consisting_ of rare earth element; transition metals mainly

constituting iron and boron.

Further this invention is a die for an extrution moulding of a resin
bound type magnet which is moulded by an orientation of a molten
mixture of a magnetic powder and a resin, an-by a éoiidification
with cooling wherein the structure of the saiq die is constituded in
orders from a connectién section of an extrusion machine to an

outlet of the orientation section as
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whi ch had different thermal conductivities, Test 7-11 and Conparative Test
2 were cases when a resin mainly conprising .an epoxy resin was used, and
the extrusion condition was that the extrusion was made by keeping t he
tenperature at Y point at 60[err]C as described above. The tenperature was
a tenperature that the resin used was solidified, and the shape of the
nmoul ded magnet di d not deform

. -14-

(a) A converging section wh;;; a mixture of a magnetic powder and a
resimr which ié-in a molten state with. a fluidity;is_pressed inte the
final shape.

(b) A heat-insulating section to hold a temperature difference
between the whole of the die and a rear section

(c) A heating section by which the viscosity of the molten compound
of the mixture in a molten state is further reduced.

(d) An orientating section in which a magnetic field is charged, the
magnetic powder is oriehtated and it is solidifed with cooling as

its state.

This invention has effects to improve the performance of the moulded
magnet and also to reform the dimensional accuracy as it is clear
from the aftermentioned Examples as a result of formation of an
. temperature gradient in the orientation section, by forming a layer
structure with at least one or more of different materials and by
making at least one or more of materials of the said orientation
section with magnetic materials, which is from the front end of the
die at which the orientation of a magnetic powder starts to an
outlet seétion of the die for an extrusion moulding of a resin bound
type magneﬁ which is moulded by orientating a.hplten_mixture of a

magnetic-bowdér and a resin, and by a solidification with cooling.

Also in this invention, as one alternative case of the layer
structure in the orientation section, when a material with a low

thermal conductivity having the thermal conductivity K (20°C) of




-26- On the other hand, for Test 8a-1la and Conparative Test 2a, a

pol yam.de resin (Nylon 12) was used, and in thig:3 e Ll SRS on was
made by keeping the tenperature at Y point at 1 ?Xﬁ'ﬂé{%% arl e, which
corresponds to Test 7 ie PES is used as a materjaf 1o naﬁb the fi nserted

| ayer, is not shown in Table 2, and this is duejtp ty of the
application because of a poor heat resistance o Tabl e 2,
t he- cases, in which materials of |ow thernmal cohdt serted,
uni formy exhibited better: nagnetlcls

K ¢ 0.01 [cal/cm:sec-°C] is inserted, the thermal conductivity at
the Insertion 'section drops approximately 1/10 or less because'a
material generally used for the die has the thermal conductivity of

approximately 0.07-0.08 [cal/cmesec-°C].

If a heat passing through the orientaﬁion seétion is constant, a
temperature difference is able to be attained by the below listed

equation by reducing the thermal conductivity.

Q = AK (T; -~ T,)/1

%

Q : heat capacity, A: area, 1: thichkenss

T, - T

1 5 =4T: temperature difference

Further, in case that the insertion material in the orientation
section comprises.a non-magnetic material, the magnetic performance
remarkably deteriorates if it is 1/2 or more of the length of .the
orientation section, in spite of a high temperature difference.
Thus was éue to an disorder of the magnetic field in the orientation
-section by insertion of a non-magnetic materiaI_in_thg orientation
section.— Aithough the temperature difference drops when a
non-magnetic layer becomes thin, the magnetic performance 1is
somewhat improved because of a reduction of.ﬁhe disorder of the
magnetic field in the orientation’ section. Therefore ‘it is
preferable that the thickness of the non-magnetic layer is as thin

aé possible to take a sufficient temperature gradient, and when a



performance than Conparative Test 2 and 2a in which the orientation section
was fornmed by only a single netal SKD61. However when the material inserted
has the thermal conductivity (at 20[err]C) above 0.01 [cal/cmsec.[err]c],
the inprovenent on the magnetic performance is slight, and it is
preferable to insert a material havihg the thermal conductivity of 0.01

[cal/cmsec.[err]C] or less. Table 2 Code Mat eri al Ther mal
Tenp Magneti c Performance | nserted Conductivity D fference
Br[K (BH) [M3Ce] [cal/cm sec.[er;l_C] [[err]C max

non-magnetic material is inserted, it is preferable that its lengfh

is 1/2 or less of the iendth of thé orientation section.

Moreover by this invehtion, when the contact section length 1 of the
orientation section of the die for an extrusion with the molten
mixture 1s limited as 1 < d2 < 2D, the magnetic performance is
improved because of an availability.of a sufficient orientation of

the magnetic powder.

Further by arranging theﬁcomposition of the die structure from the
connecting section of an extrusion machine to the outlet of the
orientation section in order of a converging section, a heat
insulating section, a heating section and an orientating section, it
is able to operate a.stable extrusion moulding over a long time

resulting effects such as a suitability for a mass production, etc.

According to this invention,

(1) It is able to take a temperature gradient in the orientation
section by forming ‘a layer structure for the orientation section,
and therefore ‘the degree of the orientation_of a magnet is improved

and "the Q}mensional accuracy is also reformed.

(2) It 1is able to take a further high temperature gradient in the
orientation section, by inserting a magnetic material of its thermal
conductivity of 0.01 ({cal/cmesec-°C] of less or a non-magnetic
- material which has a thermal conductivity of 0.01 [cal/cm-sec-éc] or

less having a length not more than 1/2 of the length of the
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test 7 PES 4.54 x 10 105

«-ev*"’; ‘m* YORT 8.5 8
PEEK . 5.97 x 10 100 6. M%ik@%é@?éfﬁ CEL27- 8a
6. 27 8.4 9 Zrderr] 0. 007 80 6. 18
8.1 9a " 0CT 1956 14 8.0 10
YHD50 0. 038 40 5.bsf 04 5.186
a7

orientation section, into a partial section of the orientation
section, and therefore it is able to mould a 'high performance

anisotropic resin bound type magnet by an extrusion moulding.

(3) In case that a non-magnetic material is not present in the
orientation section, by making the length 1 of the orientation

section as
1 < a7 (20)

and in case that a non-magnetic material is present, by making the

length 1!
1 < @ / (2D)

it is able to mould a high performance resin bound type radial
magnet with a sufficient radial orientation and to achieve
prolongation of this magnet.

(4) By constituting a structure of the die, as shown in Figure 3, in

order from a connecting section of an extrﬁéion ﬁachine as a
éoverging section, a_heat insulating section, a heati;§ section and
an orientating section, it is able to operate an.extrusion moulding
‘with a stable magnetic performance for a long time, énd a .stable

mass production is achievable.

This invention is hereafter explained by using Examples.



10 ba
SKD61 .
5.50
5. 36

6.0 EXAMPLE 3 Next, an effect to a nmagnet, v\/nerJ ! :
non-magnetic material to be inserted in the orijenftati on_sectiofn §n Figure 1
was varied, was investigated. - B4 BCT 1996

0.073 30 5. 60
6.3 Conparative Test 2 -
6.0 2a

-18-

EXAMPLE 1

Figure 1 shows an outline drawing of a die for an extrusion moulding

used in Example 1.

In Figure, 108 is the orientation section, 109 is a surface of the
outlet of the orientation sectioh; X and Y are temperature
measurement points, and an explanation of other numbers is omitted

because they are described in below.

A die for an extrusion moulding for a practice of this invention is
constituted, as shown in Figure 1 by a outer die comprising a raw
material injection outer die 101 and moulding section outer dies
102a and 102b, and mandrels 103a and 103b, the raw material
injection outer die 101 and the moulding section outer die 102a are
composed of non-magnetic materials, and the moulding section outer
die 102b of é magnetic material is equipped at the front end of the
outer die to induce a magnetic £flux. Further the mandrel 103a
comprises .a non-magnetic material, and at its front end the mandrel
103b consistiﬁg of a magnetic material is equipped by a connection
écféw 105, i

further an electromagnetic coil 104 is installed &t the outside of
the die, and when a current passes thfoth the'electromagnetig coil,’
a radiated magnetic field is charged at the orientation section 108
between the front end of the mandrel 103b and the front end of the

moulding section outer die 102b because the generated magnetic flux



PEEK was used as the material to be inserted, the l-ength of the orientation
section including the thickness of PEEK was al ways kept at 6mm |ayer A
and layer C were made as the sane length, and a cooling capacity was
adjusted to nake the tenperature at Y point always at 160[err]C. Further as
for aresinto be mxed with a magnetic powder, polyam de resin (Nylon 12)
was used, and a noul di ng process and a shape of the noul ded nagnet were
sanme as the aforenenti oned Exanple 2.

-19-
S
tends to pass through a magnetic material with a high magnetic

permeability.

Next, for a production of a magnet, a magnetic powder is mixed with
an organic resin such as a thermosetting or a thermoplastic resin

and when it is required with additives by a mixer.

The mixture of the magnetic powder and the resin is heated in an
extrusion machine, and it becomes in a molten state. Then it, as in
this state, is sent to the raw mdterial injection sec;ion 106 of the

die for an extrusion moulding.

The moltén material of the magnetic powder and the resin poured is
gradually converged while it is being péssgd through the raw
materials packing space 107 in the die to mould the final shape.
The magnetic powder is orientated in the orientation section 108,
and it is moulded as its state by a solidification with cooling in

the orientation section 108.

Next in Table:1, results of measurements of temperature difference
between X and'Y points iﬁ the orientation sectioﬁ.loa are shown when
_ the _orie;fatian. section 108 is formed by a layver structure with
materials selecting from at least one or more of several materials,
namely,
SKD 61 : JIS G 4404 specification, steel material
SKD 11 : JIS G 4404 specification, steel material

Si0o2 : oxide of silicon
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-28- In Table 3, tenperature difference betwee X-Y and magnetic performance
are shown when the thickness- of layer B was varied fromO0.5 to 3.5mm

(Test 12-16). As it is clear from T Table 3, the te ; e-drffghesice is
saturated at the PEEK thickness of 2nmwith the hiRERLACHARNL mHitdd.
Since the thermal conductivity of PEEK is extrenejy ™ a tenperftiure
difference of around 80[err]C is attained even at{t edDEl%fg-ﬂ?j%knas of
0. 5mMm ,

- 20-
PES : polyethersulphone resin

for the structure of the orientation -section: of a die for an

extrusion moulding.

The total length of the orientation section 108, by the way is, 6mm,
and the temperature differences represent temperature differences
between X and Y points which are 0.5mm from the both ends of the
orientation section 108, fespectively and are 3mm outside from the
passage of a molten mixture of the magnetic powder and the resin.

(In the measurement, the temperature at Y point was fixed at 50°C)

A heater with 800W capacity was used for heating, and a cooling
plate by a water cooling was installed at the surface of the outlet
of the orientation section 109 for cooling to cool the orientation

section 108.

The structure column in Table 1 shows materials used for the front
end structure, and among them, SKD 61 and SKD 11 are magnetic

materials and the remainders -Sioz and PES are non-magnetic

materials.

Further the length of each layer is 6/A [mm]. (A means numbers of

the layer.)

As shown in Table 1, in case of Comparative Test in which the
orientation section was formed by a single metal, a temperature

difference of 6n1y 20°C was obtained with the aforementioned system.



Further as understood from Tabl e 3, when the PEEK thickness becones 3mm

(1/2 of the length of the orientation sectiQn). | L0 magneti c
property drops remarkably, t hough th';f . @Eﬁﬁﬁ'erence bet ween
X - Yis large. This is due to a disorden*g ' "Id in the

t he

orientation section by entering a non-nag .
Is 1lmmor |ess,

orientation section. Simlarly even when t
it is seen that the nmagnetic perfornance
reduced tenperature difference. Al though tlhe tenperature d“J erence drops
I f the thickness of a non-magnetic |ayer b e observed t hat
t he magnetic =21-

Althoqgh it was the same mate;iql, the temperature gradient was

however able to get by forming the layer structure.

This was because that the contact surface resisted the heat transfer
by forming the layer structure. This was also proved by Test 1 and

Test 4.

Further as it was understood from Test 3, 5 and 6, a further high
temperaturé gradient was attainable bf using a material of the low
thermal conductivity for a partial section of the orientation

-gection.

However, in this case, since a magnetic material has, in general,
high thermal conductivity, a non-magnetic material becomes suitable
for the aforementioned material and it is unfavoufable to get the

magnetic fiel@.

Next Table 1 also shows magnetic performance of magnets moulded by
the dies having their structures as described above.

The magnets were produced by following process.

For the magnets produced here, a magnetic alloy of its coercive
force at approximately 7 KOe héving a ba§ic mégnetic powder
composition of Sm (Co 0.672 Cu 0.08 Fe 0.22 Zr 0.028) 8.35 was
crushed into particles of the average particle size of approximately

20 um, and they were mixed with a resin. A ratio of the magnetic



gerfoanance I's somewhat inproved because a decrease of the
I sorder of the nagnetic field in the orier seet-i-on sing on these
observations, it is preferable that the norkﬁgbAQENEmHhSHEE$1QUId be as
éh;P as possible if it is able to secure afsyrircrent tenpgrpture

I fference, and fromthe results of Table 3, S preferable t hat
it is 1/2 or less of the length of the 012&:‘[]1&%

22 -
powder and the resin was the magnetic powder 60 vol % and the resin

40 vol %.

A thermosetting resin mainly comprising an epoxy resin was used as

the organic resin.

The aforementioned mixture was kneaded by a roller mill, a compound
was prepared, then the compound was coarsely crushed, and it was
charged in a screw type extrusion machine. The crushed compound was

heated in the extrusion machine.

The thermosetting resin mainly comprising the epoxy resin had its
thermoplastic region at approximately 100 - 150°C at which the
viscosity remarkably dropped, the mixture @f the magnetic powder and
the resin made in a molten state in this temperature region, it was
pushed into a die by the screw, and a magnet was extruded from the
die by a solidification with cooling after orientating the magnetié
powder in the orientation section at the front end of the die. The
shape of the moulded magnet was a ring shaped with the outer
diameter 32.8°'mm and the inner diameter 31.8 mm.

In this Example, the magnetic performance was measured by using an

uncured state magnet moulded in a molten state.

As it is clear from Table 1, the moulded magnet showed an improved

performance in case a die structure by which the temperature



orientation |length when a non-magnetic material is inserted. Table 3

Thi ckness of Tenper at ure Magnetic Property Layer B

D fference Br [KG (BH) [M3Ce] [mm] [[err]C

max Test 12 3.5 105 5.54 6.3 13
3.0 102 5.95 7.0 14 2.0

100 6. 28 8.4 15 1.0 92

8.5 16 0.5 . 85 6. 30 8.5

=23~
gradient was secured, and it was also confirmed that the dimension

accuracy was improved by having‘ the temperature-gra@ient as Qel},
Table 1

code Structure Temp Magnetic Property Dimension
difference Bf[KG] (BH) [MGOe] Accuracy

max
FeSt 1 SKD61/SKD61 30°C 5.5% 6.3 (o]
" 2 SKD61/SKD11 35o¢C 5.60 6.5 (o4
" 3 SKDSI/SiO2 70°C 5.62 6.5 B
" 4 SKD61/SKD11/SKD61 40°C 5.95 7.0 Cc
» 5 SKDSI/SIOZ/SKDSI 100°C 6.15 8.0 A
" 6 SKD61/PES/SKD61 150°C 6.30 8.5 A
Comparative '
Test 1 SKD61 - 20°C 5.36 6.0 D
A... excellent C... Fair
B... good D... bad
EXAMPLE 2 -

Figure 2 shows an outline drawing of a die for an extrusion moulding

used in Example 2. .

[REPLACEMENT SHEET

04 OCT 1996

6.

32



EXAMPLE 4 Next, in a die for an extrusion shown in Figure 1, the |length of
the orientation section 108 of the die was varied, and magnets were
produced by an extrusion noulding as simlar to Exanple 1. In this exanple,
t he magneti c powder and the polyam de resin were however m xed to nake a
volune ratio of the magnetic powder and the resin as 3:2. The nagnetic
field was made by charging a 200A current to a 123 turn coil, and the
shape of the noul ded nagnet by an extrusion was a cylindrical with the
outer dianeter 30mm and the inner dianmeter 28nmm
=24 |

In Figure, 102c shows a moulding section outer die comprising a

material of a low thermal conductivVity,- a distante hetween a-b shows

a length of an orientation section 108, and an explanation of the

other figures is omitted because they are same to Figure 1.

A die for an extrusion moulding for a practice of this invention is
a die which possesses similar structure and effect as Figure 1
except that a different material is inserted in the centre of the
orientation section 108, and the orientation section 108 at the
inner part of the die has a structure deQided into 3 layers ie A, B
and C as shown in Figure 2. 1In this case, layer B was a material of
the inserted layer, and a same material ie SKS2 was used for layer A
and laver C. SKS2 1is a steel material specified by JIS G 4404

standard.

A temperature difference in the orientation section 108 showed a
temperature difference between X and Y points shown as temperature

measuring points in Figure 2.

-

The temperature differences between X-Y, when several materials. were
used for the layer B material inserted, are shown in Table 2. The
" length of the orientation section [a distance between—a-b in Figure

2] was 6mm, and all the lengths of every layer were 2mm.

As to Comparative Test 2, it was an example by using a die of which
the orientation layver was not constituted by the layer structure as

shown in Figure 8.
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-30- The magnetic fields for the orientation at the orientation section
when the length of the orientation section 108 was varied, are shown in
Table 4 together with the magnetic property of the magnets extruded. In
this exanple, as to the tenperature of the orientation section X and Y
points, a heating and cooling was applied fromboth ends of

-25- _
As same to Example 1, a heater with B800W capacity was used for
heating, and as for cooling, a surface of the outlet of the die in
layer C 109 was cooled by water and the temperature at Y point was’

kept at 60°cC.

Next, cylindrical magnets of the outer diameter 30mm and the inner
diameter 28mm were moulded in same_basic composition and procedure
as Example 1, by using the aforementioned die, and magnetic

performance of their magnets was compared.

In Table 2, the tehperature difference between X and Y in the
orientation section 108 and the magnetic performance of the magnet
prepared are shown when the orientation section 108 was formed by
using a material as an inserting material selecting from,
PES : polyesthersulphone resin

PEEK : polyetheretherketone resin

zro2 : oxide of zirconium
YHD50 : steel material (a Hitachi Metal Product) and
SKD61 : _steel material specified by JIS G 4404

which had different thermal conductivities,

Test 7-11 and Comparative Test 2 were cases when & resin mainliy
eomprising an epoxy resin was used, and the extrusion condition was
that the extrusion was made by keeping the temperature at Y point at
60°C as described above. The temperature was e temperature that the
resin used was solidified, and the shape of the moulded magnet did

not deform.
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the orientation section to make Y point always at 160[err]C and X al ways at
250[ err] C., However in case of the length at 5mm the tenperature at X point
was 240[err]C, and it was not able to get 250[err]C. The shape of the
magnet noul ded had a d[err]/2D val ue at approximately 13mm Table 4 Length

Magnetic Field Magneti c Performance [ nm : [ Koe] Br
[KG (BH) nmax rest 17 25 5.0 3.70 2.7
18 15 9.3 4.93 5.5 19 13
11.1 5.95 ° . 71.5

| =26

on th other hand, for Test B8a-1la and Comparative Test 2a, a
polyamide resin {(Nylon 12) was used, and in this caée,_the extrdsion

was made by keeping the temperature at Y point at 160°C.

An example, which corresponds to Test 7 ie PES is used as a material
to make the inserted layer, is not shown in Table 2, and this is due
toe an impossibility of the application because of a poor heat

resistance of PES.

As shown in Table 2, the cases, in which materials of low thermal
conductivity were ihserted, uniformly exhibited better magnetic
performance than Comparative Test 2 and 2a in which the orientation
section was formed by only a single me;al SKD61. However when the
material inserted has the thermal conductivity (at 20°C) above 0.01
[cal/cmesec-°C], the improvement on the magnetic performance is
slight, and iF is preferable to irisert a material having the thermal

conductivity of 0.01 [cal/cmesec-°C] or less.
Table 2

Jode Material Thermal Temp Magnetic Performance

Inserted Conductivity Difference Br{KG] (BH) [MGOe]

[{cal/cmegec-°C) {oC] max
test 7 PES 4.54 x 10% 105 6.30 8.5
' g PEEK 5.97 x 10% 100 6.28 8.4
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20 10 13.3 6. 15 8.0 - 21 5
150 6.12 7.9 From Table 4, the nagnetic perfornmance of
t he magnet drops extrenely when the length of the orientation exceeds in
13nm This.is because of an inpossibility of an sufficient orientation of.

the magnetic -31- powder by an increase of the length of the orientation
section - - .
;27—_.
« 8a " " 6.27 8.4
< 9 2ro,, 0.007 80 6.16 6.1
s 9a " L : 6.15 8.0
- 10 YHD50 0.038 - 40 5.65 6.6
+ 10a " " ' 5.57 6.4
¢ 11 SKD61 0.073 30 5.60 6.4
e 11a " " ' 5.50 6.3
tomparative
Test 2 - . 0.073 25 5.36 6.0
v 2a - .o 5.34 6.0
EXAMPLE 3

Next, an effect to a magnet, when a thickness of a non-magnetic
material to be inserted in the orientation section in Figure 1 was

varied, was investigated.

PEEK was used as the material to be inserted, the length of the
orientation section' including the thickness of PEEK was always kept
at o6mm, laye; A and layer C were made as the same length, and a .
ébéiing capacity was adjusted to make the tembéraiuré at Y point
always at 160°C. Further as for a resin to be mixed wzﬁh a magnetic
powder, polyamide resin (Nylon 12) was used, and a moulding process

and a shape of the moulded magnet were same as the aforementioned

Example 2.
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resulting a low magnetic field at the orient atp-ef—seeti-Rm—los

[err] [/ 2D

... (1), The above equation is an nodified equat on in which
the orientation of the radial factor is suffic dierr] <1
by replacing h with 1, and the results obtaine gr eenent
with the equation of (1). |In case of a radial ulding by a
press and an injection, there is a limtation iround 13mm
for the magnet noul ded, but there is™no such | ragnet

hei ght in case of the extrusion 28 -

In Table 3, temperature difference betwee X-Y and

magnetic

performance are shown when the thickness- of layer B was varied :from

0.5 to 3.5mm. (Test 12-16).

As it is clear.from Table 3, the temperature difference is saturated
at the PEEK thickness of 2mm with the heater capaqity used. Since
the thermal conductivity of PEEK is extremely low, a temperature
difference of around 80°C is attained even at the PEEK thickness of

0.5mm.

‘Further as understood from Table 3, when the PEEK thickness becomes
3mm (1/2 of the length of the orientation section) or more, the
magnetic property drops' remarkably, though the temperature
difference between X - Y is large. This is due to a disorder of a
magnetic field ih the orientation section by entering a non-magnetic
material into the orientation section. Similarly even when the PEEK
thickness is' lmm or leés, it is seen that the magnetic performance

is somewhat improved in spite of a reduced temperature difference.

Although the: temperature difference drops if the thickness of a
non—-magnetic layer becomes thin, it is observea that. the magnetic

performance is somewhat improved because of a decrease of the

disorder of the magnetic field in the orientation section.

Basing on these observations, it is preferable that the 'non-magnetic
layer should be as thin as possible if it is able to secure a

sufficient temperature difference, and from the results of Table 3,



nmoul ding, and it was able to produce a magnet with a sufficient radial
orientation even if its height was several ten mm EXAMPLE 5 Next the
simlar test to Exanple 4 was carried out by using the die shown in Figure
2. As to thé die shown in Figure 2, as simlar to Exanple 2, the
orientation section 108 of the die is devided into 3 layers of layer A
102b, layer B 102c and layer C 102b, 102c .of layer B is a non-nmagnetic
material PEEK of 0.5 mm thicknessﬂL and it has a

it is preferable that it is 1/2 or less of the length of the

orientation length when a non—magnefié'maéerialaié inserted. :
Table 3
Thickness of Temperature Magnetic Property
Layer B Difference  Br [KG] (BH) [MGOe]
(mm} [ec] ' max
Test 12 3.5 105 5.54 . 6.3
w 13 3.0 102 5.95 7.0
“ 14 . 2.0 100 6.28 8.4
“ 15 1.0 92 T 6.32 8.5
¢ 16 0.5 85 6.30 8.5
EXAMPLE 4

'Next, in a die for an extrusion shown in Figure 1, the length of the
‘ orientatiaon section 108 of the die was varied, and magnets were

produced by .an- extrusion moulding as similar to Example 1.

In this example, the magnetic powder and the polyamide resin were
however mixed to make a volume ratio of the magnetic powder and the
resin as 3:2. The magnetic field was made by charging a 200A
"current to a 123 turn coil, and the shape of the moulded magnet by

an extrusion was a cylindrical with the outer diameter 30mm and the

inner diameter 28mm.
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-32- structure that 102c of layer B conprising a different material is
inserted in the centre of the orientation section 108. 102b of l|ayer A and
| ayer Cis a nmagnetic material, and a sumof these length is 1'. Layer A
and |l ayer C were made as al ways the sanme thickness. The nmagnetic field for
the orientation and the change of the magnet performance when the nmagnets
were noul ded by varying the length 1

-30-

——

The magnetic fields for the orientation at the orientation section .
when the length of the orientation section 108 was varied, are shown
in Table 4 together with the magnetic property of the magnets

extruded.

In this example, as to the temperature of the orientation section X
and Y points, a heating and coolind was applied from both ends of
the orientation section to make Y point always at 160°C and X always
at 250°C. However in case of the length at 5mm, the temperature at
X point was 240°C, and it was not ablé to get 250°C. ‘The shape of

the magnet moulded had a dZ/ZD value at approximately 13mm.

Table 4
Length Magnetic Field Magnetic Performance
[mm] Koe ' r [KG BH) max
Test 17 25 5.0 3.70 2.7
18 15 9.3 4,93 5.5
19 13 o 11.1 5.95 7.5
20 10 _ 13.3 6.15 8.0 -

21 5 - 15.0 6.12 - - 7.9 -

From Table 4, the magnetic performance of the magnet drops extremely
when the length of the orientation exceeds in 13mm. This is because

of an impossibility of an sufficient orientation of the magnetic
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were exam ned, and the results were shown in Table 5. The magnetic field
for the orientation was a result observed at a passage which contacted with
| ayer A 102b, and the shape of the noul ded magnet was a ring of the outer

di anmeter 25nm and the inner dianmeter 23nm Table 5 1 ‘Magnetic Field
Magneti c Performance [ nm [ KOe] Br [KG (BH nmax
Test 22 18 3.0 3.68 - 2.7 23 15
5.0 3.73 2:7

-31-

powder by an increase of the iength of the orientation section

resulting a low magnetic field at the orientation section.
) 5

The above equation is an modified equation of the condition in which

the orientation of tlie radial factor is sufficient ie
- 2
fR = 2bh / d° ¢ 1,

by replacing h with 1, and the results obtained almost have an
agréement with the equation of (1). In case of a radial magnetic
field moulding by a press and an injection, there is a limitation on
the heighi: at around 13mm for the magnet moulded, but there is no
such limitation on the magnet height in case of the extrusion
moulding, and it was able to produce a magnet with a sufficient

radial orientation even if its height was several ten mm.

EXAMPLE 5

Next the similar test to Example 4 was carried -out by using the die

‘shown in Figure 2. : -

As to the die shown in Figure 2, as similar to Example 2, the
orientation section 108 of the die is devided into 3 layers of layer
A 102b, layer B 102¢ and layer C 102b, 102c of layer B 1is a

non-magnetic material PEEK of 0.5 mm t:hickne'ss, and it has a

04 OCT 9%




24 11 9.2 _ 4.90 5.5 25 10
10.5 6. 02 7.8 26 8 13.0

6. 28 8.5 27 5 15.0 6. 30 8.
28 3 - 15.2 6. 22 8.3 -33- The

tenperatures at X and Y points were 160[err]C and 280[err]C

Test

-32-

S

structure that 102c of layer B comprising a different material ié

inserted in the centre of the orientation section 108. 1025 of

layer A and layer C is a magnetic material, and a sum of these

.length is 1'. Layer A and layer C were made as always the same

thickness.

The magnetic field for the orientation and the change of the maénet
performance when the magnets were moulded by varying the length 1!

were examined, and the results were shown in Table 5.

The magnetic field for the orientation was a result observed at a
passage which contacted with layer A 102b, and the shape of the
moulded magnet was a ring of the outer diameter 25mm and the inner

diameter 23mm.

Table 5 .
1 Magnetic Field Magnetic Performance
[mm]- [KOe) Br [KG] (BH) max
22 18 . 3.0 3.68 2.7
23 15 5.0 3.73 - - 2.7
24 11 9.2 , 4.90 55
25 10 10.5 6.02 7.8
26 8 13.0 6.28 8.5
27 5 15.0 _ 6.30 8.5
28 3 15.2 6.22 8.3
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respectively. The tenperature at Y point raised when conpared with Exanple
4, and this was due to a heat insulation effect between layer A - C by the
insertion of PEEK in layer B resulting a security of the tenperature
di fference. There magnets produced herewith had d[err] / 2D = 10.6 [m].
Even on the results of Table 5 when 1' beconmes 10.6 mmor nore, the
magneti c perfornmance of the magnet produced drops remarkably as simlar to
Exanpl e 4. Wen it becones 10.6 mmor less, it shows a value which is
considered that the radial orientation is al nost

=33~ .

The temperatures at X and Y points were 160°C and 280°C
respe;fively. fhe tempeféture ét.? bbfnﬁ raised when compared with
Example 4, and this was due to a heat insulation effect between
layér A - C by the insertion of PEEK in layer B resulting a security

of the temperature difference.
There magnets produced herewith had
a2 7/ 2D = 10.6 [mm].

Eveﬁ on the results of Table 5 when 1' becomes 10.6 mm or more, the
magnetic performance of the magnet produced drops remérkably as
similar to Example 4. When it becomes 10.6 mm or less, it shows a
value which is consiéered that the radial orientation is  almost
sufficient. The magnetic property is more-improvéd than Example 4,
and this is due to a further decrease of the resin viscosity at X
point when cr:':mpared with Example 4 because of a security of the
temperature gradient between X - Y by a heat insulation effect of
layer B. _When the length of a magnetic material in the orientation
section, ie thHe length of 1' in which a magnetic_field is charged to

‘a dégnetip powder, satisfies

1' < a% / 2p,

a magnet with a sufficient radial orientation can be formed.

EXAMPLE 6
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sufficient. The magnetic property is nore inproved than Exanple 4, and this
Is due,to a further decrease of the resin viscosity at X point when.
conpared with Exanple 4 because of a security of the tenperature gradient
between X - Y by a heat insulation effect of |layer B. Wen the length of a
magnetic material in the orientation section, ie the length of 1' in which
a magnetic field is charged to a magneti c powder, satisfies 1' < d[err] /
2D, a magnet with a sufficient radial orientation can be forned. EXAMPLE 6

=34
A magnetic powder having a same basic composition to Example 4 was
mixed with a resin mainly.comprisiﬁg én-eboxy regin'to make a v&iume
rat}o of the magnetic powder and the resin as 3:2, a magnet was
moulded by an extrusion from a die, and then the moulded magnet was

heated in an oven to cure it.

A die used in this example is shown in Figure 3. Namely in this
example it is constituted by devided.sections in following order as
an converging sectioh 111, a heat insulating section 112, a heating
section 113 and an orientating section 110 from a connecting section
of the extrusion machine to an outlet of the orientation section.

X, Y and Z are measuring points of temperature.

A compound extruded from an extrusion ﬁachine is converged at the
converging section 111. The compound is further heated in the
heating section 113 after passing through the‘ heat insulating
section 112, the magnetic powder is orientated in the orientating
seéction 110 and a magnet is moulded as its state by a solidification
with cooling.

ﬁe;f as -for .a die used in Comparative Example, there is no heat
insulating section 112, and no distinction between the converging
section 111 and the heating section 113, but the remainder is the

same to the die of Figure 3.

A change of the compound viscoisty, when these dies are applied, is

shown in Figure 4. REPLAKKﬂdENT SHEET

04 OCT 199




-34- A magnetic powder having a sane basic conposition to Exanple 4 was
mxed wth a resin mainly conprising an epoxy resin to make a volune ratio
of the magnetic powder and the resin as 3:2, a nagnet was noul ded by an
extrusion froma die, and then the noul ded magnet was heated in an oven to
cure it. Adie used in this exanple is showm in Figure 3. Nanely in this

~35-
The viscosity herewith measured is a value at 120°C of a crushed
material of an uncured magnet extruded throﬁgh' the die a%ter

charging in an extrusion machine.

The time of the asis of abscissa is time setting 0 minute when the
charged compound first comes out from the die and magnets are

sampled after it, and their viscosities are measured.

The temperature of the die at X, Y and Z points were 60°C, 150°C and
120° respectively, the temperéture of the die of Comparative Example
at X, Y and Z points Qere 60°C, 150°C and 160°C, and the extrusion

speed of the magnet was 1 mm/sec.

As it is shown in Figure 4, the compound viscosity increases largely
by passing time in case that the die of comparative Example is used.
It is considered that it was due to an initiation of cure of a part
of the resin.because of heating-of the compound extruded £rom the
extfusion machine even at 160°C. When the operation time exceeded
over 4 hours, the extrusion moulding was not able to continue. on
the contrary.in case of the die of Example, a sgction where it was
ﬂeééed at 150°C was small resulting slight change of the viscosity

by time.

A change of the magnetic performance when these dies were used, are

shown in Figure 5 (a) and (b). The time of the asis of abscissa is

the same as Figure 4.

REPLACEMENT SHEET

04 OCT 1995




exanple it is constituted by devided sections in follow ng order as an
converging section 111, a heat insulating section 112, a heating section
113 and an orientating section 110 froma connecting section of the
extrusion machine to an outlet of the orientation section. X, Y and Z are
neasuring points of tenperature. A conpound extruded from an extrusion
machine is converged at the converging section 111. The conpound is
further heated in the heating section 113 after passing through the heat

i nsul ating section 112, the magnetic powder is orientated in the
orientating section 110 and a . magnet is noulded as its state by a
solidification -36-

As it_is clear from Table 5, the_mggnetic performance suddgnly drops
by péssing the time in case of Comparaéive Exampié. " This was du; to
a decrease of degree of the orientation since the magnetic powder in
the compound ‘became difficult to orientate in progress of the
elevation of the compound visicosity by ti@e resulting a drop of the

magnetic performance.

On the other hand, in case of Example, it is not almost observed the
cha_nge of the magnetic performance by time, and a high magnetic

performance is attained stably.
CLAIMS

(1) A die for an extrusion moulding of a resin bound type magnetic
"which is moulded by orientating a magnetic powder in a molten
mixture'of the magnetic powder and a resin and by a solidification
with cooling wherein an orientation section located from a section
at the front end of the said die where a madnetic field is charged
and the éfo;ementioned magnetic powder is orientated to the die
qggyion comprises a layer structure with at least one or more of

different materials.

(2) a die for an extrusion moulding as claimed in Claim 1 wherein at
least one or more of materials of the aforementioned orientation

section comprises a magnetic material.
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with cooling. Next as -for a die used in conparative Exanple, there is no
heat insulating section 112, and no distinction between the converglng
section 111 and the heating section 113, but the remai nder 1s the—sane to

Lhe die of Figure 3. Achange of the compound vis mmmunm il “ =

=36~
As it _is clear from Table 5, the_m_agnetic performance suddenly drops
by passing the time in case o£ COmparaiive Exampié. " This was dué to
a decrease of degree of the orientation since the magnetic'powder in
the compound .became difficult to orientate ;n progress of the
elevation of the compound visicosity by time resulting a drop of the

magnetic performance.

on the other hand, in case of Example, it is not almost observed the
chagnge of the magnetic performance by time, and a high magnetic

performance is attained stably.
CLAIMS

(1) A die for an extrusion moulding of a resin bound type magnetic
which is moulded by orientating a magnetic powder in a molten
mixture of the magnetic powder and a resin and by a solidification
with cooling wherein an orientation sectidn located from a section
at the front end' of the said die where a magnetic field is charged
and the éfo;ementioned magnetic powder is orientated to the die
s_e_g}:ion comprises a layer structure with at least one or more of

different materials.

(2) a die for an extrusion moulding as claimed in Claim 1 wherein at
least one or more of materials of the aforementioned orientation

section comprises a magnetic material.

——
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-35- The viscosity herewith neasured is a value at 120[err]C of a crushed
material of an uncured magnet extruded through the die after charging in an
extrusion machine. The tine of the asis of abSC|ssa rs—tine—setii-ng-—0
m nut e when the charged conpound first comes out and magnet s
are sanpled after it, and their viscosities are ne s ii ﬁ ﬂ ure
of the die at X, Y and Z points were 60[err]C, 150[er
respectively, the tenperature of the die of Conparative Exanple at X Y and
Z points were 60[err]C, 150[err]C and 160[err]C, and the extrusion

-37-

(3) A die for an extrusion moulding as claimed in Claim 1 wherein a

layer structure is formed by inserting a low thermal conductive

material having the thermal conductivity K (at 20°C) of
K ¢ 0.01 [cal/cm-sec-°C]
in a part of the aforementioned orientation section.

(4) A die for an extrusion moulding as claimed in Claim 1 wherein

the insertion material in the aforementioned orientation section
comprises a non-magnetic material, and a thickness of the said
non-magnetic material is 1/2 or less of a .contacting length with the

molten mixture of the aforementioned orientation section.

(5) A die for an extrusion moulding as claimed any of Claim 1 to
Claim 4 wherein the aforementioned die for an extrusion moulding is

used for prodf.lction of a cylindrical resin bound type magnet.

- (6) A die for an extrusion moulding as claimed in Claim 5 wherein a
length of theé orientation section located from a section at the
frong end of the said die where a magr;etic field.is 'charged and the
aforementioned magnetic powder is orientated to an outlet section of

the die satisfies

1 < 42 /7 2p.
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speed of the magnet was 1 mmisec. As it is shown in Figure 4, the conpound
vi scosity increases |largely by passing tine in case that the di e of
conparative Exanple is used. I,t is considered that |t was

initi-ation of cure of a part of the resin because of h
conpound extruded fromthe extrusi on machi ne even at 13“’"’ H:"!’"ﬂﬁﬂmﬂﬂ
operation tine exceeded over 4 hours, the extrusion nDuPdlng wa

to continue. On the contrary in case of the die of Exanple, a section
where it was heated at 15Q err]C was snmall resulting slight change of the

viscosity by tine. -38-
(d and D are the inner diameter and the outer diameter of the molten

mixture passage) . ST . -

(7) A die for an extrusion moulding as claimed in Claim 5 wherein in
case a presence of a non-magnetic material in the aforementioned
orientation section, a length 1' of a contacting section of the
magnetic material with a mixture of the magnetic powder and the

resin in a molten state satisfies
, 2
1' <4 /7 (2D).

(8) A die for an extrusion moulding as claimed in any of Claim 1 to
Claim 7 wherein the aforementioned magnetic powder comprises. a
ferromagnetic material consisting of rare earth elements (including
Y) and transition metals mainly constituting cobalt "or a
ferromagnetic material consisting of rare earth element_s, transition

metals mainly constituting iron and boron.

(2) A die for an extrusion moulding of a resin bound type magnet
which is moulded by orientating a molten mixture of a magnetic
powder and a resin and by solidification with _éo_ol_ing_ wherein the

structure of the said die comprises in orders from_a connecting

section to an outlet of the orientation section as

(a) Converging section in which a mixture of a magnetic -powder

.and a resin which becomes in a molten state and has fluidity is

converged.
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A change of the magnetic perfornmance when these dies were used, are shown
s _the sane as

in Figure 5 (a) and (b). The tinme of the asis' of a
Figure 4. -36- As it is clear from Table 5. t |
suddenly drops by passing the tine in case of c EIZEH
due to a decrease of degree of the orlentatloh si*nce

_39...
(b} Heat insulating section to hol

betweeri the whole of the die and ‘the rear séection.

c perfornmance
Thi s was

MIE

owder

d a temperature difference

Ec) Heating section in which the viscosity of the molten

compound of the mixture in the molten state further drops, and

(d) orientation section in which a magnetic field

is charged,

the magnetic powder is orientated and it is solidified with

cooling as its state.
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t he "conpound becane difficult to orientate 1in progress of the elevation
of the conpound visicosity by tine resulting a drop of the magnetic
performance. On the other hand, in case of Exanple, it is not al nost
observed the change of the nagnetic performance by time, and a high
magneti c performance is attained stably. CLAI M5
37 -

40—
Abstract

Dies For Extrusion Moulding

An extrusion moulding die capable of mass producing cylindrical resin bound type
magnets with high performance and superior shape accuracy. The die comprises of
the orientation, converging, heat insulating and heating sections. The orientation
section consists of different layers of one or more materials having different
magnetic and thermal conductivity characteristics. The orientation section applies
the magnetic field to the molten mixture; in the converging section, the mixture is
pressed into shape; the heat insulating section holds the temperature difference
between the rear section of the die and the rest of it; the heating section, lowers the
viscosity of the molten mixture. The magnet is moulded from a molten mixture of
magnetic powder, thermoplastic organic resin and additives resulting in a mixture
with low viscosity and high temperature. The molten mixture is then allowed to cool
and solidify in the orientation section.

(Figure 3)
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(1) Adie for an extrusion noulding of a resin bound type magnetic which is
‘oul ded by orientating a.nmagnetic powder in a nolten m xture of the )
magneti ¢ powder and a resin and by a solidification with cooling wherein an
orientation section |ocated froma secti at the front end of the said die
where a magnetic field is charged and t af orenenti oned magneti c powder is .
orientated to the die section conprises a |layer structure with at | east one
or nore of different materials. (2) A die for an extrusion noul ding as
claimed in daiml wherein at | east one or nore of naterials of the

af orenenti oned orientation section conprises a nagnetic naterd

for an extrusion moul ding as cl ai med i OW

101 1020

/
108 -

FIGURE 1
101 Raw material injection outer die

102a, 102b Moulding section outer die

103a, 103b Mandrel

104 Electromagnetic coil

{05 Connection screw

106 Raw material injection section:

107 R&w material packing space

108 Orientation section

109 Surface of the outlet of the orientation section

X,Y Temperature measurement point




Is-formed by inserting a |ow thermal conductive material having the thernal
conductivity K (at 20[err]C) of K< 0.01 [car/cmsec.[err]C] in a part of
the af orenmenti oned orientation section. (4) A die for an extrusion noul di ng
as claimed in Caim1l wherein the insertjon material in the aforenmentioned
orientation section conprises a non-na ic material, and a thickness of
the said non-magnetic material is 1/2 or less of a contacting length with
the nmolten m xture of the aforenentioned orientation section. (5) A die for
an extrusion noulding as claimed any of Claim1l to Caim4 wherein the
aforenmentioned die for an extrusion noulding is used for production of a
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FIGURE 2
102 ¢ Moulding section outer die
a Inlet of the orientation section
b

Outlet of the orientation section
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cylindrical resin bound type magnet. 38 (6) A die for an extrusion
‘moulding as clainmed in Claim5 wherein a length of the orientation section
| ocated froma section at the front end of the said die where a nagnetic
field is charged and the aforenenti oned,magnetic powder is orientated to an
outlet section of the die satisfies 1_!112 /- 2D
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FIGURE 3

110, Orientating section
111  Converging section
112 Heat insulatiﬁg section
113 Heating section

z Temperature measurement point
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(d and, D are the inner dianmeter and the outer dianeter of the nolten
m xture passage) (7) A die for -an extrusion noulding as clained in daim5
wherein in case a presence of a non-magnetic material in the aforenentioned
orientation section, a length 1' of a contacting section of the magnetic

material with a mxture of the nmagnetic er and the resin.in a nolten
< dlerr] / (2D) (8) Aie for an extrusion noul ding as

state satisfies 1

claimed in any of Claiml1l to Claim?7 wherein the aforenenti oned magnetic
powder conprises a ferromagnetic material consisting of rare earth elenments
(including Y) and -transitggn metals rmainly -
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constituting cobalt or a ferromagnetic material consisting of rare earth

‘el errents, transition nmetals mainly constituting iron and boron. (9) A die
for an extrusion noulding of a resin bound type magnet which is noul ded by
orientating a nolten m xture of a nag 7ic powder- and a resin and by
solidification with cooling wherein t __}tfucture of the said die conprises

in orders froma connecting section to an outlet of the orientation secti-on
as (a) Converging section in which a mxture of a magnetic powder and a

resin which becgmes=~trrr—ay nol t ¢ 3l has Yy IS converged.
Magnetic Organic . Additiv
powder resin

Mizing
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Rough
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. Extrusion
. . ) moulding
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'Demagnetizagion

Curing

Magnetic
product

FIGURE 6
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39 (b) Heat insulating section to hold a tenperature difference between the
-whole of the die and the rear section. (c) Heating section in which the
viscosity of the nolten conpound of the mxture in the nolten state further
drops, and (d) Orientation section iwich a magnetic field is charged,
t he magnetic powder is orientated -an is solidified with cooling as its
st at e. ' '
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FIGURE 7

201 Raw material injection outer die
202 Moulding section outer die

203 Mandrel

204 Electromagnetic coil

205 Magnetic material block
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FIGURE 8
201 Raw material injection outer die
202a, 202b Mouldingz section outer die
203a, 203b Mandrel '
204 ﬁlectromagnetic coil
205 Connection screw '
206 Raw material injection section
207 Raw material packing space
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-36-
‘As it _is clear from Table 5, the magnetic performance suddenly drops
by passing the time-in case of COmparggive Exampié. " This was du; to
a decrease of degree of the origntation since the magnetic powder in
the compound .became difficult to orientate in progress of the
elevation of.the compound visicosity by time resulting a drop of the

magnetic performance.

on the other hand, in case of Example, it is not almost observed the
chqnge of the magnetic performance by time, and a high magnetic

performance is attained stably.
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CLAIMS - =~

(1) A die for an extrusion mouldiﬁ;g of é resin bound type magnetic which is
moulded by orientating a magnetic powder in a molten mixture of the magnetic
powder and a resin and by a solidification with cooling wherein an orientation
section located from a section at the front end of the said die where a magnetic field
is'charged and the aforementioned magnetic powder is orientated to the die section

comprises a layer structure with at least one or more of different materials.

(2) A die for an extrusion moulding as claimed in Claim 1 wherein at least one or
more of materials of the aforementioned orientation section comprises a magnetic

material.

3 A die for an extrusion moulding as claimed in Claim 1 wherein a layer structure
is formed by inserting a low thermal conductive. material having the thermal
conductivity K (at 20°C) of

K <0.01 [car/cm-sec-°C]

in a part of the aforementioned orientation section.

(4) A die for an extrusion moulding as claimed in Claim 1 wherein the insertion
material in the aforementioned orientation section comprises a “non-magnetic
material, and a thickness of the said non-magnetic material is 1/2 or less of a

contacting length with the molten mixture of the aforementioned orientation section.

(5) A die for an extrusion moulding as claimed any of Claim 1 to Claim 4 wherein
the aforementioned die for an extrusion moulding is used for production of a

cylindrical resin bound type magnet.
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(6) A die for an extrusion moulding as claimed in Claim 5 wherein a length of the
orientation section located from a section at the front end of the said die where a
magnetic field is charged and the afofementioned magnetic powder is orientated to
an outlet section of the die satisfies

| 1<dz/ 2D
(d and D are the inner diameter and the outer diameter of the molten mixture

passage)

(7) A die for an extrusion moulding as claimed in Claim 5 wherein in case a
presence of a non-magnetic material in the aforementioned orientation section, a
length 1' of a contacting section of the magnetic material with a mixture of the
magnetic powder and the resin in a molten state satisfies

1'< d2 / (2D)

(8) A die for an extrusion moulding as claimed in any of Claim 1 to Claim 7
wherein the aforementioned magnetic powder comprises a ferromagnetic material
consisting of rare earth elements (including Y) and transition metals mainly
. constituting cobalt or a ferromagnetic material consisting of rare earth elements,
transition metals mainly constituting iron and boron.
(9) A die for an extrusion moulding of a resin bound type magnet which is
moulded By orientating a molten mixture of a magnetic powder and a resin and by
solidification with cooling wherein the structure of the said die comprises in orders

from a connecting section to an outlet of the orientation section as

(@) Converging section in which a mixture of a magnetic powder and

a resin which becomes in a molten state and has fluidity is -

converged.
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3.

(b) Heat insulating section to hold a temperature difference

between the whole of the die and the rear section.

(c) Heating section in which the viscosity of the molten compound of

the mixture in the molten state further drops, and

(d) Orientation section in which a magnetic field is charged, the
magnetic powder is orientated and it is solidified with cooling as

its state.




