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Description 

The  present  invention  relates  to  a  method  of  magnetising  a  permanently  magnetisible  body,  and  more 
particularly  to  a  method  of  producing  a  plastic  magnet  by  molding  a  plastic  material  containing 

s  ferromagnetic  powder  through  injection  molding,  compression  molding,  or  the  like,  in  an  orientating 
magnetic  field. 

Conventionally,  isotropic  permanent  magnets  produced  through  sinter-molding  have  been  used  as 
rotors  of  miniature  electric  motors.  Such  permanent  magnets  produced  through  sinter-molding,  however, 
have  disadvantages  that  the  moment  of  inertia  is  large  due  to  the  heavy  weight  thereof,  that  faulty  products 

w  may  occur  due  to  cracking  and/or  chipping  caused  in  the  magnets  during  transportation,  in  the  step  of 
assembling  a  motor,  in  the  step  of  press-inserting  a  rotary  shaft  into  a  rotor,  etc.,  and  that  foreign  matter 
due  to  chipping  caused  by  the  magnets  cause  motor  faults.  In  order  to  eliminate  the  foregoing 
disadvantages,  to  rationalize  the  production  steps  by  reducing  the  number  of  parts,  and  to  reduce  the  cost 
of  production,  there  have  been  brought  to  market  plastic  magnets  which  are  permanent  magnets  obtained 

is  in  such  a  manner  that  a  material  consisting  of  plastic  matrix  and  ferromagnetic  powder  is  molded  through 
injection  molding,  compression  molding,  or  the  like,  in  an  orientating  magnetic  field  to  thereby  produce  an 
orientated  and  magnetized  molded  body  of  a  permanent  m a g n e t . . ;  

Prior  art  document  DE—  B  —  1,095,398  discloses  a  method  for  magnetising  a  permanently  magnetisible  ■[, 
body  which  comprises  the  steps  of: 

20  (a)  applying  a  magnetic  field  to  said  body  to  magnetise  it, 
(b)  demagnetise  the  magnetised  body,  and 
(c)  remagnetise  the  demagnetised  body. 
A  similar  method  is  disclosed  in  GB—  A—  918  171,  where  a  disc-shaped  permanently  magnetisible 

body  is  magnetised  in  the  direction  of  its  axis,  to  orientate  it  and  to  have  two  magnetic  poles  of  N  and  S, 
25  and  subsequently  subjecting  the  body  to  a  second  magnetic  field  so  as  to  polarise  it  on  its  outer  surface  to 

form  a  plurality  of  N  and  S  poles  arranged  alternately. 
In  a  stepping  motor  which  is  typical  one  of  miniature  motors,  the  rotor  is  multi-polarized  in  the 

direction  parallel  to  the  rotary  shaft  thereof  to  form  about  twenty  four  magnetic  poles  on  the  outer 
circumference  thereof.  The  plastic  magnets,  on  the  other  hand,  have  surface  magnetic  flux  density  such 

30  that  they  can  not  reach  that  of  isotropic  sintered  magnets,  and  therefore,  they  are  used  only  in  extremely 
limited  range  of  applications,  or  otherwise,  they  are  subject  to  polar  anisotropic  orientation  molding  to 
elevate  the  surface  magnetic  flux  densiy. 

In  performing  polar  anisotropic  orientation  molding,  in  orientation  magnetic  field  equipment,  there  are 
such  disadvantages  that  the  metal  mold  is  complicated  in  structure  and  it  is  impossible  to  manufacture  a 

35  number  of  products  at  the  same  time,  resulting  in  extremely  low  productivity.  Further,  it  is  necessary  to 
maintain  the  temperature  of  the  metal  mold  above  60°C  during  molding,  so  that  the  life  of  an 
electromagnetic  coil  used  for  generating  a  magnetic  field  is  not  stable. 

In  the  case  of  radial  orientation,  on  the  other  hand,  there  is  such  a  disadvantage  that  when  the  molded 
body  has  such  a  large  ratio  of  length  of  molded  body  (axial  direction)  to  diameter  as  exceeding  1,  the 

40  orientation  degree  is  extremely  reduced,  and,  even  if  the  orientation  degree  can  be  kept  high,  the  magnetic 
flux  density  is  not  uniform  in  the  axial  direction  so  that  it  is  impossible  to  obtain  uniform  property  of 
magnetic  force. 

It  is  an  object,  therefore,  to  eliminate  the  disadvantages  in  the  prior  art. 
The  present  invention  provides  a  method  for  magnetising  a  permanently  magnetisible  body,  said 

45  method  comprising  the  steps  of 
(a)  applying  a  magnetic  field  to  said  body  to  magnetise  it, 
(b)  demagnetise  the  magnetised  body,  and 
(c)  remagnetise  the  demagnetised  body,  said  method  being  characterized  in  that  during  the  first  step 

(a)  a  raw  material  consisting  of  plastic  matrix  and  ferromagnetic  powder,  is  injected  in  a  cylindrical  shape  4 
50  cavity  of  metal  mold  to  form  the  cylindrical  body,  said  magnetisation  taking  place  unidirectionally,  so  as  to  '' 

magnetise  the  cylindrical  body  perpendicularly  to  its  axis  of  rotation,  and  the  third  step  takes  place  on  the  /  
outer  or  inner  surface  of  the  demagnetised  body  to  form  stripes  of  N  and  S  poles  arranged  alternately  and 
extending  parallelly  to  the  axis  of  rotation  of  the  cylindrical  molded  body  to  obtain  plastic  permanent  v 
magnets  having  a  large  magnetic  force. 

55  The  present  inventors  have  conducted  extensive  research  in  order  to  obtain  plastic  permanent 
magnets  having  a  large  magnetic  force  which  could  not  be  obtained  in  the  conventional  similar  plastic 
permanent  magnets  produced  in  such  a  manner  that  a  columnar  or  cylindrical  body  molded  with  a  material 
consisting  of  plastic  matrix  and  ferromagnetic  powder  is  multi-polarized  on  outer  or  inner  surface  of  the 
body  to  form  a  plurality  of  stripes  of  N  and  S  poles  arranged  alternately  and  extending  parailelly  to  the  axis 

60  of  rotation.  As  a  result,  it  has  been  found  that  if  the  molded  body  is  once  orientated  by  applying  lines  of 
magnetic  force  only  in  one  direction  perpendicular  to  the  axis  of  rotation  of  the  molded  body,  the  molded 
body  can  be  polarized  and  magnetized  on  its  outer  or  inner  surface  to  form  a  plurality  of  stripes  of  N  and  S 
poles  arranged  alternately  and  extending  and  extending  parallelly  to  the  axis  of  rotation  of  the  molded 
body,  regardless  of  its  length-to-diameter  ratio,  and  that  the  thus  magnetized  molded  body  has  a  higher 
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matrix  flux  density  than  that  of  isotropic  sintered  magnets.  Based  on  this  finding,  the  present  invention  has 
been  c o m p l e t e d . .  

Preferably,  the  raw  material  is  a  plastic  compound  consisting  of  ferromagnetic  powder  ot  at  least  /u  h  
by  weight  and  plastic  m a t r i x . . . .   <.u  a 

s  Any  plastic  material,  either  thermosetting  one  or,  thermoplastic  one,  may  be  used  in  the  method 
according  to  the  present  i n v e n t i o n . .  

There  in  no  restriction  in  kind  of  the  ferromagnetic  powder  so  far  as  it  is  fernte  of  strontium,  barium,  or 
the  like,  a  rare  earth  element,  or  the  like,  which  can  be  used  to  form  a  permanent  magnet. 

Referring  to  the  drawings,  preferred  embodiments  of  the  present  invention  will  be  described  in  detail 

10  hereunder,  wherein: 
Fig.  1  is  a  schematic  diagram  showing  an  injection  molding  apparatus; 
Fig.  2  is  a  schematic  diagram  showing  the  external  shape  of  a  molded  body  and  the  state  of  orientation 

of  the  same;  . . .  
Fig.  3  is  a  graph  showing  the  result  of  measurement  of  surface  magnetic  flux  density  in  the  outer 

is  periphery  of  the  molded  body  of  Fig.  2;  _  . 
Fig.  4  (a)  is  a  schematic  perspective  view  of  a  molded  body  after  remagnetization,  and  Fig.  4  (b)  is  a 

diagram  showing  a  molded  body  and  a  yoke  for  magnetizing  the  outer  surface  of  the  molded  body; 
Fig.  5  is  a  schematic  diagram  showing  a  perpendicular  magnetic  field  orientation  used  in  the  present 

20  Fig.  6  are  diagrams  showing  various  states  of  orientation  in  a  molded  body,  in  which  (a)  shows 
isotropic  orientation,  (b)  radial  anisotropic  orientation,  (c)  4-polar  anisotropic  orientation,  and  (d) 
unidirectional  anisotropic  orientation  according  to  the  present  invention. 

In  Fig.  1,  a  raw  material  1  for  a  plastic  magnet,  containing  plastic  substances  as  a  matrix  is  injected  into 
a  desired  shape  cavity  4  of  a  metal  mold  3  by  a  cylinder  2  of  an  injection  molding  machine.  The  metal  mold 

25  3  is  vertically  sandwiched  by  a  yoke  5  wound  with  an  electromagnetic  coil  (not  shown)  for  generating  a 
necessary  magnetic  field.  During  the  injection  of  the  raw  material  1,  that  is  from  the  start  of  raw  material 
charging  to  the  completion  thereof,  lines  of  magnetic  force  are  unidirectionally  generated  by  the  yoke  5  so 
as  to  magnetize  and  unidirectionally  orientate  a  ferromagnetic  substance  in  the  raw  material  1. 

The  resultant  molded  body  is  cooled  and  then  taken  out  of  the  cavity  4.  In  this  stage,  the  molded  body 
30  provided  with  a  rotary  shaft  6  made  of  SUS  is  orientation-magnetized  so  as  to  have  two  poles  as  shown  in 

Fig.  2,  and  the  magnetic  flux  density  at  the  outer  periphery  of  the  molded  body  has  a  distribution  along  a 
sine  curve  as  shown  in  Fig.  3.  Then,  the  molded  body  is  demagnetized  and  placed  in  an  iron  yoke  8  having 
magnetizing  conductors  7  as  shown  in  Fig.  4  (b),  where  the  molded  body  4  is  divisionally  remagnetized  in 
such  a  manner  that  a  plurality  of  stripes  of  N  and  S  magnetic  poles  arranged  alternately  and  extending 

35  parallelly  to  the  axis  of  rotation  of  the  molded  body  are  formed  in  the  outer  periphery  of  the  molded  body  4 
as  sT^n  'nrm'^entamagnet  obtained  by  the  method  as  described  above  is  very  excellent  because  it  is 

superior  in  property  of  magnetic  force  and  free  from  longitudinal  deviation  in  magnetic  characteristics,  as 
compared  with  those  obtained  in  accordance  with  the  orientation  techniques  such  as  radial  anisotropic 

40  orientation,  polar  anisotropic  orientation,  etc. 
Here  the  orientation  performed  through  the  orientating  method  according  to  the  present  invention 

may  be  referred  to  as  "perpendicular  magnetic  field  orientation"  because  a  magnetic  field  is  applied  to  a 
molded  body  in  the  direction  perpendicular  to  the  axis  of  rotation  of  the  molded  body. 

As  described  above,  according  to  the  orientating  method  according  to  the  present  invention,  a 

45  magnetic  field  is  applied  to  a  columnar  or  cylindrical  molded  body  in  the  unidirection  perpendicular  to  the 
axis  of  rotation  of  the  molded  body,  so  that  the  ferromagnetic  substance  contained  in  the  molded  body  can 
be  easily  orientated  and  the  inner  or  outer  surface  of  the  molded  body  can  be  magnetized  to  form  multi- 

poles,  and  that  the  resultant  molded  body  is  improved  in  frequency  characteristics  because  of  its  higher 
property  of  magnetic  force  than  those  of  isotropic  sintered  magnets  as  well  as  because  of  its  light  weight. 

so  Further,  in  the  orientating  method  according  to  the  present  invention,  it  is  possible  to  obtain  a  property  of 

magnetic  force  which  is  uniform  in  the  direction  of  the  axis  of  rotation  of  the  molded  body  unlike  the  case  ot 
radial  orientation,  there  is  no  restriction  for  the  structure  of  the  metal  mold  unlike  the  case  of  polar 
orientation,  it  is  possible  to  produce  numbers  of  molded  bodies  at  the  same  time,  and  it  is  possible  to 
realize  very  high  productivity. 

55  Examples  will  be  described  hereunder  as  to  varieties  of  thermoplastic  magnets  made  of  a  raw  material 
consisting  of  12  weight  %  nylon  and  88  weight  %  strontium  ferrite. 

Various  molded  bodies  were  obtained  by  generating  magnetic  fields  of  isotropy  orientation,  polar 
anistropy  orientation,  radial  anisotropy  orientation,  and  unidirectional  anisotropy  orientation,  respectively, 
by  using  an  injection  molding  machine  having  coils  for  generation  of  an  orientation  magnetic  field  Each  ot 

so  these  molded  bodies  was  a  column  of  18  mm  in  diameter  and  25  mm  in  length.  The  relationship  between 
the  direction  of  orientation  the  magnetic  field,  with  respect  to  those  molded  bodies  are  shown  in  Fig.  6. 

The  molded  articles  were  then  demagnetized  and  subsequently  divisionally  magnetized  in  such  a 
manner  that  2  or  24  stripes  of  N  and  S  poles  arranged  alternately  and  extending  parallelly  to  the  axis  of 
rotation  of  each  molded  body  were  formed  in  the  outer  circumference  of  each  molded  body.  The  resultant 

us  molded  bodies  were  evaluated  and  the  results  of  evaluation  are  shown  in  Table  1. 
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It  is  found  from  Table  1  that  the  multi-polar  permanent  magnet  obtained  according  to  the  present 
invention  is  superior  to  the  isotropic  sintered  magnet,  in  the  property  of  its  magnetic  force  when  compared 
with  the  sintered  magnet,  and  further  found  that  the  plastic  magnet  of  unidirectional  anisotropic 
orientation  according  to  the  present  invention  can  provide  a  higher  performance  than  other  plastic 

5  magnets  of  radial  anisotropy  orientation  and  polar  anisotropy  orientation. 
In  general,  plastic  magnets  are  free  from  cracking,  chipping,  etc.,  light  in  weight,  and  very  high  in 

productivity.  Therefore,  the  plastic  magnets  produced  according  to  the  multipolarization  technique  of  the 
present  invention  can  be  effectively  substituted  for  isotropic  sintered  magnets  conventionally  used  in  the 
field  of  small  motors. 

w 
Claims 

1.  A  method  for  magnetising  a  permanently  magnetisible  body,  said  method  comprising  the  steps  of 
(a)  applying  a  magnetic  field  to  said  body  (4)  to  magnetise  it, 

15  (b)  demagnetise  the  magnetised  body  (4),  and 
(c)  remagnetise  the  demagnetised  body  (4),  characterized  in  that  during  said  first  step  (a)  a  raw 

material  (1)  consisting  of  plastic  matrix  and  ferromagnetic  powder,  is  injected  in  a  cylindrical  shape  cavity 
of  metal  mold  (3)  to  form  the  cylindrical  body  (4),  said  magnetisation  taking  place  unidirectionally,  so  as  to 
magnetise  the  cylindrical  body  (4)  perpendicularly  to  its  axis  of  rotation,  and  the  third  step  (c)  takes  place  on 

20  the  outer  or  inner  surface  of  the  demagnetised  body  (4)  to  form  stripes  of  N  and  S  poles  arranged 
alternately  and  extending  parallelly  to  the  axis  of  rotation  of  the  cylindrical  molded  body  (4),  to  obtain 
plastic  permanent  magnets  having  a  large  magnetic  force. 

2.  The  method  according  to  claim  1,  wherein  said  raw  material  is  a  plastic  compound  consisting  of 
ferromagnetic  powder  of  at  least  70%  by  weight  and  a  plastic  matrix. 

25  3.  The  method  according  to  claim  1  or  2,  wherein  the  cylindrical  body  (4)  is  provided  with  a  rotary  shaft 
(6). 

Patentanspruche 

30  1.  Verfahren  zum  Magnetisieren  eines  permanent  magnetisierbaren  Korpers  durch 
(a)  Applikation  eines  Magnetfeldes  an  den  Korper  (4)  zu  seiner  Magnetisierung; 
(b)  Entmagnetisieren  des  magnetisierten  Korpers  (4)  und 
(c)  Remagnetisieren  des  entmagnetisierten  Korpers  (4),  dadurch  gekennzeichnet,  da&  wahrend  der 

ersten  Stufe  (a)  ein  Rohmaterial  (1)  aus  einer  Kunststoffmatrix  und  einemferromagnetischen  Pulver  in  eine 
■  zylindrische  Ausnehmung  einer  Metallform  (3)  zur  Bildung  des  zylindrischen  Korpers  (4)  eingespritzt  wird, 

35  wobei  die  Magnetisierung  einseitig  gerichtet  erfolgt,  urn  den  zylindrischen  Korper  (4)  senkrecht  zu  seiner 
Drehachse  zu  magnetisieren,  und  dalS  die  dritte  Stufe  (c)  auf  der  aulSeren  Oder  inneren  Flache  des 
entmagnetisierten  Korpers  (4)  stattfindet,  urn  fur  die  Herstellung  von  Kunststoffpermanentmagneten 
groSer  Magnetkraft  abwechselnd  angeordnete  und  sich  parallel  zur  Drehachse  des  zylindrischen  Formlings 
(4)  erstreckene  streifenformige  N-  und  S-  Pole  auszubilden. 

40  2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dafc  das  Rohmaterial  eine  plastische  Masse 
aus  mindestens  70  Gew.-%  ferromagnetischem  Pulver  und  einer  Kunststoffmatrix  ist. 

3.  Verfahren  nach  Anspriichen  1  Oder  2,  dadurch  gekennzeichnet,  daB  der  zylindrische  Korper  (4)  mit 
einer  Drehwelle  (6)  versehen  ist. 

45  Revendications 

1.  Procede  pour  aimanter  un  corps  pouvant  etre  aimante  de  fagon  permanente,  ledit  procede  incluant 
ies  etapes  consistant  a 

a)  appliquer  un  champ  magnetique  audit  corps  (4)  pour  I'aimanter, 
so  b)  desaimanter  le  corps  aimante  (4),  et 

c)  reaimanter  le  corps  desaimante  (4),  caracterise  en  ce  que  pendant  ladite  premiere  etape  (a),  on 
injecte  une  matiere  premiere  (1  )  constitute  par  une  matrice  plastique  et  une  poudre  ferromagnetique,  dans 
une  cavite  de  forme  cylindrique  d'un  moule  metallique  (3)  de  maniere  a  former  le  corps  cylindrique  (4), 

6  ladite  aimantation  s'effectuant  d'une  maniere  unidirectionnelle  de  maniere  a  aimanter  le  corps  cylindrique 
(4)  perpendiculairement  a  son  axe  de  rotation,  et  la  troisieme  etape  (c)  est  mise  en  oeuvre  sur  la  surface 
exterieure  ou  interieure  du  corps  desaimante  (4)  de  maniere  a  former  des  bandes  de  poles  N  et  S  disposees 
de  fagon  alternee  et  s'etendant  parallelement  a  I'axe  de  rotation  du  corps  cylindrique  moule  (4),  pour 
former  des  aimants  permanents  en  matiere  plastique  possedant  une  force  magnetique  intense. 

so  2.  Procede  selon  la  revendication  1,  dans  lequel  ladite  matiere  premiere  est  un  compose  plastique 
constitue  par  une  poudre  ferromagnetique,  pour  au  moins  70  %  en  poids,  et  par  une  matrice  plastique. 

3.  Procede  selon  la  revendication  1  ou  2,  selon  lequel  le  corps  cylindrique  (4)  est  pourvu  d'un  arbre 
rotatif  (6). 

65 



EP  0  181  597  B1 

F l   G .   I 
F  I  G .   2  

N 

I  

F l   G .   3  

F l   G .   4  

( a )   ( b )  

S  N 



EP  0  181  597  B1 

F  I  G .   5  

 ̂

10 N 

•12 

-12 

-II  

$ _ j _ 3  

F  I  G .   6  

( b )  ( a )  


	bibliography
	description
	claims
	drawings

