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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  for  5 
manufacturing  a  continuous-length  extruded  bar  of 
plastic  magnet  with  circumferentially  multipolar  mag- 
netization  by  extrusion  molding. 

It  is  a  trend  in  recent  years  that  control  of  higher 
and  higher  precision  is  required  for  various  types  of  10 
magnetic  heads  for  picking  up  electronic  and  mag- 
netic  signals  in  robots  and  numerically  controlled 
machines  forfactory  automatization  as  well  as  in  com- 
puters,  VTRs  and  the  like.  Such  high-precision  control 
of  magnetic  heads  is  performed  in  many  cases  by  15 
means  of  a  servomechanism  using  a  stepping  motor 
so  that  demand  for  multipolar  tubular  permanent  mag- 
nets  is  rapidly  increasing  as  an  important  component 
of  stepping  motors. 

Multipolar  tubular  permanent  magnets  can  be  20 
manufactured  by  several  different  methods  of  mag- 
netization  of  a  bar  material  of  a  plastic  magnet  ext- 
ruded  without  magnetization  or  extrusion  molding 
through  a  multipolar  magnetizer  so  that  the  extruded 
bar  material  of  the  plastic  magnet  is  already  mag-  25 
netized.  The  methods  include  : 

(A)  multipolar  magnetization  of  an  isotropic  plas- 
tic  magnet  along  the  inner  or  outer  circumfer- 
ence  ; 
(B)  multipolar  magnetization  of  a  radially  anisot-  30 
ropic  magnet  oriented  in  the  radial  direction  along 
the  inner  or  outer  circumference  ;  and 
(C)  molding  of  a  circumferentially  anisotropic 
magnet  under  magnetic  orientation  through  a 
multipolar  magnetizer.  35 
The  magnetic  force  of  these  three  types  of  the 

jermanent  magnets  is,  as  a  general  trend,  in  the  dec- 
easing  order  of  circumferentially  anisotropic  mag- 
lets,  radially  anisotropic  magnets  and  isotropic 
nagnets.  It  is  of  course  that  control  of  a  servo  motor  40 
s  easier  when  the  inertia  thereof  is  smaller  and  a 
smaller  servomotor  is  preferable  to  larger  ones  as- 
suming  that  the  output  force  is  the  same.  Accordingly, 
(referable  multipolar  tubular  permanent  magnets  are 
»f  the  type  of  the  circumferentilally  anisotropic  mag-  45 
lets  capable  of  generating  a  larger  torque  than  the 
ither  types  in  order  to  design  smaller  and  lighter 
notors. 

One  of  the  conventional  methods  for  the  man- 
ifacture  of  a  circumferentially  anisotropic  magnet  is  to  50 
ill  the  space  between  a  core  and  a  metal  mold  having 
i  coil  of  a  multipolar  magnetizer  with  a  powder  of  a 
magnetic  material  which  is  compression-molded  by 
leans  of  a  pair  of  upper  and  lower  punches  while  the 
lagnet  particles  are  magnetized  by  energizing  the  55 
oil  of  the  magnetizer.  Alternatively,  a  method  is  dis- 
losed  in  Japanese  Patent  Kokai  60-89717  by  utiliz- 
lg  the  techniques  of  injection  molding.  These  prior  art 

methods,  however,  are  disadvantagenous  in  respect 
of  the  efficiency  of  production  because  each  metal 
mold  can  serve  for  molding  of  only  one  product  in  one 
shot. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  the  scope  of  the  present  invention 
consists  in  manufacturing  a  continuous-length  ext- 
ruded  bar  of  a  plastic  magnet  having  a  high  degree  of 
orientation  and  multipolar  circumferential  anisotropy 
by  mounting  a  multipolar,  circumferentially  anisot- 
ropic  magnetizing  member  on  the  discharge  port  of  an 
extruder  machine  and  cutting  the  thus  extruded  con- 
tinuous-length  bar  in  a  desired  product  length. 

Thus,  the  present  invention  provides  a  method  for 
manufacturing  a  continuous-length  extruded  bar  of  a 
plastic  magnet  with  circumferentially  multipolar  mag- 
netization  which  comprises  extruding  a  plastic  mag- 
net  composition  out  of  the  discharge  port  of  an 
extruder  machine  having  a  multipolar,  circumferen- 
tially  anisotropic  magnetizing  member  which  is  con- 
structed  of  a  plural  number  of  radially  oriented 
sector-like  magnetic  pole  plates  formed  of  a  magnetic 
material  of  a  saturation  magnetization  of  at  least  10 
<G  (1,0  T)  and  a  plural  number  of  radially  oriented 
sector-like  permanent  magnets,  each  pair  of  adjacent 
wo  thereof  sandwiching  one  of  the  magnetic  pole 
slates  therebetween  with  the  poles  of  the  respective 
Dermanent  magnets  having  the  same  polarity  facing 
;o  each  other,  coaxially  mounted  thereon. 

3RIEF  DESCRIPTION  OF  THE  DRAWING 

FIGURES  1a  and  1  b  are  each  an  illustration  of  the 
direction  of  magnetization  in  a  circumferentially 
and  radially  anisotropic,  multipolar  tubular  mag- 
nets,  respectively. 
FIGURES  2a  and  2b  are  a  plan  view  and  an  axial 
cross  sectional  view  of  an  assembly  of  a  metal 
mold  and  a  pair  of  punching  dies  used  in  the  prior 
art  method  for  the  manufacture  of  a  circumferen- 
tially  anisotropic,  multipolar  tubular  magnet. 
FIGURE  3  is  a  schematic  illustration  of  the  struc- 
ture  of  the  multipolar,  circumferentially  anisot- 
ropic  orientating  magnetizing  member  used  in  the 
inventive  method  and  magnetic  orientation  the- 
rein. 
FIGURE  4a  is  a  plan  view  of  the  circumferentially 
anisotropic  orientating  magnetizing  member 
used  in  the  Example  showing  the  sector-wise 
arrangement  of  the  magnetic  pole  plates  and  per- 
manent  magnets  in  part  and  FIGURE  4b  is  an 
axial  cross  sectional  view  thereof. 
FIGURE  5  is  a  chart  of  the  distribution  of  the  mag- 
netic  open  flux  measured  along  the  circumfer- 
ence  of  the  circumferentially  anisotropic, 
multipolar  tubular  magnet  prepared  in  Example  1. 
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DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

In  the  accompanying  drawing,  FIGURES  1a  and 
1  b  are  for  the  illustration  of  a  multipolar  tubular  mag-  s 
nets  magnetized  either  circumferential  or  radial  direc- 
tion,  respectively.  The  present  invention  particularly 
relates  to  the  former  type  of  multipolar  tubular  magnet 
made  of  a  plastic  magnet  composition. 

Figures  2a  and  2b  are  forthe  illustration  of  a  mold-  10 
ing  die  assembly  used  in  the  conventional  compres- 
sion  molding  method  for  the  preparation  of  a 
circumferentially  anisotropic  multipolar  tubular  mag- 
net.  Namely,  the  space  formed  between  the  core  3 
and  the  metal  mold  1  0  having  a  plural  number  of  mag-  15 
netizing  coils  9  as  a  multipolar  magnetizer  is  filled  with 
a  powder  of  the  magnetic  material,  e.g.  a  plastic  mag- 
net  composition,  8  which  is  compression-molded  by 
means  of  the  upper  and  lower  punches  11,11  while 
the  powder  is  under  magnetization  by  energizing  the  20 
coils  9. 

In  the  following,  the  method  of  the  present  inven- 
tion  is  described  in  detail  with  reference  to  the  other 
figures  of  the  accompanying  drawing.  The  method  of 
the  invention  is  practiced  by  using  an  extruder  25 
machine,  which  is  provided  with  a  sizing  die  having  a 
multipolar,  circumferentially  anisotropic  orientating 
magnetizing  member  mounted  on  the  discharge  port. 
This  sizing  die  includes  the  circumferentially  anisot- 
ropic  multipolar  orientating  magnetizing  member  con-  30 
structed,  as  is  shown  in  FIGURE  3,  by  the  assembly 
of  a  plural  number  of  the  sector-like  permanent  mag- 
nets  1  and  a  plural  number  of  the  magnetic  pole  plates 
2  to  surround  the  extruded  material  out  of  the  dis- 
charge  port  of  the  extruder  machine  in  such  a  magner  35 
that  each  pair  of  two  adjacent  pole  plates  2 
sandwiches  one  of  the  permanent  magnets  1  there- 
between  or  vice  versa.  The  orientating  magnetizing 
member  is  mounted  firmly  on  the  holder  frame  4  to 
form  a  sizing  die  7.  When  the  magnetic  material  8,  40 
such  as  a  plastic  magnet  composition,  is  extruded  out 
of  the  discharge  port  of  the  extruder  machine,  the  ext- 
ruded  bar  material  is  subjected  to  anisotropic  multipo- 
lar  magnetization  as  it  goes  through  the  opening  of  the 
sizing  die  7.  Although  FIGURE  3  illustrates  an  8-polar  45 
member  having  eight  permanent  magnets  1  and  eight 
pole  plates  2,  the  number  of  the  magnets  is  of  course 
not  limited  thereto.  The  magnetic  pole  plates  2  should 
be  mate  of  a  material  of  high  saturation  magnetization 
of,  preferably,  at  least  1  0  kG  (1  T)  or,  more  preferably,  so 
at  least  15  kG  (1,5  T)  such  as  iron  and  alloys  of  iron 
and  cobalt.  A  pole  plate  2  is  sandwiched  by  two  sec- 
tor-like  permanent  magnets  1  having  the  same  pol- 
arity  in  the  radial  direction.  Namely,  the  N-poles  or 
S-poles  of  the  two  adjacent  permanent  magnets  1  55 
face  to  each  other  with  the  pole  plate  2  intervening 
therebetween  and  the  magnets  1  and  pole  plates  2 
are  adhesively  bonded  together. 

As  is  shown  by  the  arrows  in  FIGURE  3,  the  direc- 
tion  of  magnetic  orientation  in  the  permanent  magnets 
1  should  preferably  be  parallel  to  the  base  of  the 
equilateral  triangle  formed  by  the  two  adjacent  mag- 
netic  pole  plates  or  perpendicular  to  the  magnetic  pole 
plates  adjacent  to  each  other  by  sandwiching  the 
same.  Each  of  the  permanent  magnets  1  should  be  so 
powerful  that  at  least  1  5  kG  (1  ,5  T)  of  the  magnetic  flix 
is  obtained  at  the  circumferential  surface  of  the  ext- 
ruded  material  at  the  magnetic  poles.  The  permanent 
magnet  should  also  have  a  coercive  force  of  a  least 

kA 6  KOe  (477,6  —  )  and  residual  density  of  magnetic 

flux  of  at  least  6  kG  (0,6  T)  with  the  coefficient  of  tem- 
perature  dependency  of  the  coercive  force  and  mag- 
netic  flux  of  each  0.1%/°C  or  smaller. 

A  coercive  force  of  the  permanent  magnet  smal- 
kA ler  than  6  KOe  (447,6  —  )  means  greater  demagneti- 

zation  thereof  while  a  larger  permanent  magnet  must 
be  used  when  the  density  of  the  residual  magnetic  flux 
is  smaller  than  6  kG  (0,6  T)  resulting  in  an  increase  in 
the  magnetic  leakage  along  the  magnetic  circuit  in 
each  case.  The  coefficient  of  temperature  depen- 
dency  should  be  as  small  as  possible  because  a  mag- 
netic  material  having  a  larger  temperature 
dependency  is  subject  to  greater  thermal  demagneti- 
zation  in  the  process  of  molding. 

Recommendable  permanent  magnet  materials 
for  the  permanent  magnets  1  in  view  of  the  above 
mentioned  requirements  include  those  of  a  rare  earth- 
based  magnet  alloy  or,  in  particular,  samarium-cobalt 
magnet  alloy  though  not  particularly  limitative  thereto. 
When  consideration  is  made  of  the  minimum  mag- 

kA netic  field  of  about  1  0  KOe  (796  —  )  required  to  effect 

full  orientation  of  a  melt  of  a  plastic  magnet  compo- 
sition  in  which  the  dispersed  phase  of  the  magnetic 
material  is  a  rare  earth-based  magnet  powder,  the 
material  of  the  magnetic  pole  plates  2  should  have  a 
saturation  magnetization  of  at  least  10  kG  (1  T)  or, 
preferably,  at  least  1  8  kG  (1  ,8  T).  When  the  saturation 
magnetization  of  the  material  of  the  magnetic  pole 
plates  2  is  smaller  than  10  kG  (1,0  T),  the  magnetic 
leakage  from  the  magnetic  pole  plates  is  increased  so 
that  the  magnetic  orientation  in  the  extruded  bar  ma- 
terial  may  eventually  be  incomplete. 

The  magnetic  material  molded  according  to  the 
invention  is  a  plastic  magnet  composition  compoun- 
ded  of  a  fine  powder  of  a  permanent  magnet  such  as 
rare  earth-based  magnets,  ferrites  and  the  like  and  a 
thermoplastic  polymer  as  the  matrix  together  with 
optional  additives.  The  magnet  powder  should  have 
an  average  particle  diameter  in  the  range  from  0.5  to 
100  (im  or,  preferably,  from  1  to  40  urn.  Various  kinds 
of  polymers  having  thermoplas-ticity  can  be  used  as 
the  matrix  including  polyethylenes,  polypropylenes, 
polystyrenes,  polyvinyl  chlorides,  acrylic  resins, 

3 
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oxides,  polyacetales,  polyethylene  terephthalates, 
polybutylene  terephthalates,  polycarbonates,  polyes- 
ter  elastomers,  polyurethane  elastomers  and  the  like. 
The  plastic  magnet  composition  should  be  compoun- 
ded  in  such  a  proportion  of  35  to  70%  by  volume  or, 
preferably,  40  to  65%  by  volume  of  the  magnet  pow- 
der  and  70  to  25%  by  volume  or,  preferably,  60  to  35% 
by  volume  of  the  thermoplastic  polymer. 

Although  the  accompanying  drawing  and  the 
Examples  given  below  are  directed  to  a  manufactur- 
ing  process  of  an  extruded  bar  material  having  a  cir- 
cular  or  annular  cross  section,  it  is  of  course  that  the 
above  described  inventive  method  is  applicable  to  the 
manufacturing  process  of  any  tubular  bar  materials 
having  different  cross  sections  such  as  tubes  having 
a  polygonal  cross  section.  As  is  understood  from  the 
above  given  description,  the  present  invention  pro- 
vides  a  very  efficient  method  for  manufacturing  a  con- 
tinuous-length  extruded  bar  of  plastic  magnet  with 
:ircumferentially  multipolar  magnetization  so  that  the 
nventive  method  is  industrially  very  valuable.  In  the 
bllowing,  the  method  of  the  present  invention  is  des- 
cribed  in  more  detail  by  way  of  Examples. 

Example  1. 

A  plastic  magnet  composition  was  prepared  by 
jniformly  milling  a  mixture  composed  of  91%  by 
veight  or  58%  by  volume  of  a  powdered  rare  earth-ba- 
sed  permanent  magnet  (R-30,  a  product  by  Shin-Etsu 
Chemical  Co.)  having  an  average  particle  diameter  of 
ibout  3.5  urn  and  9%  by  weight  or  42%  by  volume  of 
i  plasticized  polyvinyl  chloride  resin  compound  (MF- 
!00,  a  product  by  the  same  company,  supra).  The 
ilastic  magnet  composition  was  shaped  into  a  con- 
inuous-length  tubular  bar  by  extrusion  molding  using 
1  25  mm  diameter  extruder  machine.  The  sizing  die  of 
ie  extruder  machine  was  equipped  with  a  multipolar, 
ircumferentially  anisotropic  orientating  magnetizing 
lember  as  illustrated  in  FIGURES  4a  and  4b.  The 
rientating  magnetizing  member  was  constructed  of 
4  pieces  of  permanent  magnets  1  made  of  the  same 
:-30  rare  earth  magnet  and  24  magnetic  pole  plates 
made  of  pure  iron  having  saturation  magnetization 

f  21  kG  (2,1  T)  each  in  a  sector-like  form  with  a  cent- 
al  angle  of  7.5°  and  alternately  arranged  around  the 
enter  axis  as  is  illustrated  in  FIGURE  4a.  The  sizing 
ie  had  dimensions  of  18  mm  of  outer  diameter,  16 
im  of  inner  diameter  and  50  mm  of  length  as  is  shown 
FIGURE  4b  and  the  temperature  thereof  was  con- 

oiled  not  to  exceed  50°C.  The  extruder  machine  was 
in  at  150°C  with  the  screw  rotated  at  a  velocity  of  60 
im. 

A  piece  of  plastic  magnet  with  circumferentially 
uitipolar  magnetization  was  taken  from  the  thus 
epared  continuous-length  extruded  bar  material  by 
itting  in  a  plane  perpendicular  to  the  axis  and  the  dis- 

tribution  of  magnetic  open  flux  around  the  circumfer- 
ence  was  measured  by  using  a  gaussmeter  to  give 
the  results  shown  in  FIGURE  5  indicating  that  the 
tubular  plastic  maggnet  with  circumferentially  mul- 

5  tipolar  maggnetization  had  a  very  high  open  flux  of 
almost  2  kG  (0,2  T). 

Comparative  Example  1. 

10  For  comparison,  the  same  plastic  magnet  compo- 
sition  as  used  in  the  above  described  experiment  was 
extrusion-molded  into  a  continuous-length  tube  of  the 
same  dimensions  as  above  without  mounting  the  cir- 
cumferentially  orientating  magnetizing  member  on 

15  the  discharge  port  of  the  extruder  maching.  The  thus 
obtained  plastic  magnet  bar  was  subjected  to  circum- 
ferential  multipolar  magnetization  using  a  24-polar 
magnetization  yoke  having  an  inner  diameter  of  18.1 
mm  by  energizing  each  magnetizing  coil  with  dis- 

20  charge  of  a  capacitor  of  600  uF  capacity  charged  at 
2000  volts.  The  thus  prepared  multipolar  circumferen- 
tially  magnetized  plastic  magnet  was  subjected  to  the 
measurement  of  the  magnetic  open  flux  around  the 
circumference  in  the  same  manner  as  above  to  find 

»5  that  the  maximum  value  of  the  peaks  in  a  chart  similar 
to  FIGURE  5  was  about  1  kG  (0,1  T). 

Example  2. 

to  A  plastic  magnet  composition  was  prepared  by 
uniformly  Kneading,  in  a  kneader  at  220°C,  45%  by 
volume  of  a  polyester  elastomer  having  a  hardness  of 
60  according  to  JIS  K  6301  and  55%  by  volume  of  a 
powder  of  the  same  rare  earth-based  magnetic  alloy 

5  as  used  in  Example  1  having  an  average  particle 
diameter  of  about  3.5  urn.  This  plastic  magnet  compo- 
sition  was  extrusion-molded  into  a  continuous-length 
tubular  form  of  the  same  dimensions  as  in  Example  1 
with  the  die  of  which  the  temperature  was  controlled 

o  not  to  exceed  50  °C.  The  same  circumferentially 
orientating  magnetizing  member  as  in  Example  1  was 
mounted  on  the  discharge  port  of  the  extruder 
machine  which  was  run  at  250°C. 

The  thus  obtained  circumferentially  magnetized 
5  plastic  magnet  was  subjected  to  the  measurement  of 

the  magnetic  open  flux  in  the  same  manner  as  in 
Example  1  to  find  that  the  maximum  value  at  the 
peaks  in  a  chart  similar  to  FIGURE  5  was  1  .8  kG  (0,1  8 
T). 

3 
Comparative  Example  2. 

The  experimental  procedure  was  the  same  as  in 
Comparative  Example  1  excepting  the  replacement  of 
the  plastic  magnet  composition  with  the  composition 
used  in  Example  2.  The  measurement  of  the  magnetic 
open  flux  along  the  circumference  of  the  tubular  mag- 
net  gave  a  result  that  the  maximum  value  at  the  peaks 
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in  a  chart  similar  to  FIGURE  5  was  about  0.9  kG  (0,09 
"re- 

claims  5 

1.  A  method  for  manufacturing  a  continuous- 
length  extruded  bar  of  plastic  magnet  with  circumfe- 
rentially  multipolar  magnetization  which  comprises 
extruding  a  plastic  magnet  composition  composed  of  10 
a  powder  of  a  permanent  magnet  and  a  thermoplastic 
polymer  out  of  the  discharge  port  of  an  extruder 
machine  provided  with  a  multipolar,  circumferentially 
anisotropic  orientating  magnetizing  member,  which  is 
constructed  of  a  plural  number  of  radially  oriented  15 
magnetic  pole  plates  formed  of  a  magnetic  material 
having  a  saturation  magnetization  of  at  least  10  kG  (1 
T)  and  a  plural  number  of  radially  oriented  permanent 
magnets,  each  pair  of  adjacent  two  thereof  sandwich- 
ing  one  of  the  magnetic  pole  plates  therebetween  with  20 
the  poles  of  the  respective  permanent  magnets  hav- 
ing  the  same  polarity  facing  to  each  other,  coaxially 
mounted  on  the  discharge  port. 

2.  The  method  as  claimed  in  claim  1  wherein  the 
radially  oriented  permanent  magnets  are  made  of  a  25 
rare  earth-based  permanent  magnet  alloy. 

Revendications 

1  .  Proced6  de  fabrication  d'une  barre  extrudee  de 
longueur  continue  en  aimant  plastique  avec  aimanta- 
tion  multipolaire  en  peripherie  qui  consiste  a  extruder 
une  composition  d'aimant  plastique,  constitute  d'une 
poudre  d'aimant  permanent  etd'un  polymere  thermo- 
plastique,  au  travers  de  I'orifice  d'evacuation  d'une 
machine  a  extruder  comportant  un  element  d'aiman- 
tation  multipolaire  a  orientation  anisotrope  en  peri- 
pherie,  qui  est  constitue  d'une  pluralite  de  plaques 
polaires  magnetiques  orientees  radialement  formers 
d'un  materiau  magnetique  presentant  une  aimanta- 
tion  a  saturation  d'au  moins  10  kG  (1  T)  et  d'une  plu- 
rality  d'aimants  permanents  orientes  radialement  et 
montes  coaxialement  sur  I'orifice  d'evacuation,  cha- 
que  paire  de  deux  aimants  adjacents  prenant  en 
sandwich  I'une  des  plaques  polaires  magnetiques, 
les  poles  des  aimants  permanents  respectifs  ayant  la 
meme  polarite  en  regard  I'une  de  I'autre. 

2.  Procede  selon  la  revendication  1  dans  lequel 
les  aimants  permanents  orientes  radialement  sont 
constitues  d'un  alliage  magnetique  permanent  a  base 
de  terre  rare. 

Anspriiche 
30 

1.  Verfahren  zur  Herstellung  eines  extrudierten 
kunststoffmagnetstabes  fortlaufender  Lange  mit  einer 
in  Umfangsrichtung  veriaufenden  multipolaren 
Magnetisierung  bei  dem  man  eine  kunststoffmagnet- 
zusammensetzung,  die  aus  einem  Pulver  aus  einem  35 
Permanentmagneten  und  einem  thermoplastischen 
Polymer  zusammengesetzt  ist,  aus  der  Austrittsoff- 
nung  einer  Extrudiervorrichtung  extrudiert,  welche  mit 
einem  multipolaren,  in  Umfangsrichtung  anisotrop  ori- 
entierenden  Magnetisierglied  ausgestattet  ist,  das  40 
aufgebaut  ist  aus  mehreren  radial  orientierten  magne- 
tischen  Polplatten,  die  aus  einem  magnetischen 
Material  mit  einer  Sattigungsmagnetisierung  von  min- 
destens  1  0  kg  (1  T)  gebildet  sind,  sowie  aus  mehreren 
radial  orientierten  Permanentmagneten,  die  koaxial  45 
an  der  Auslafioffnung  befestigt  sind,  wobei  jedes 
Paar  von  zwei  benachbarten  Permanentmagneten  ei- 
ne  der  magnetischen  Polplatten  sandwichartig  zwi- 
schen  sich  einschlielit  und  wobei  die  Pole  der 
entsprechenden  Permanentmagneten  mit  der  glei-  so 
chen  Polaritat  einander  gegenuberliegen. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  die  radial 
orientierten  Permanentmagneten  aus  einer  Perma- 
nentmagnetlegierung  auf  Basis  der  Seltenen  Erden 
hergestellt  werden.  55 
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