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Description 

This  invention  relates  to  a  method  for  packing  permanent  magnet  powder;  more  particularly  it  relates  to 
a  technique  for  packing  a  permanent  magnet  powder  uniformly  in  a  cylindrical  molding  space  provided  in  a 

5  mold. 
This  technique  can  be  utilized  for  molding  of  rare  earth,  ferrite  and  metallic  magnets,  production  of  a 

bonded  magnet,  etc.  A  method  which  comprises  packing  a  permanent  magnet  powder  into  a  molding  space 
of  a  mold  and  subjecting  the  packed  powder  to  compression  molding  with  a  pressing  machine  has  been 
generally  adopted  for  molding  of  a  permanent  magnet  pole  for  the  purpose  of  developing  excellent 

io  magnetic  characteristics. 
In  the  conventional  compression  molding,  the  packing  of  the  permanent  magnet  powder  into  the 

molding  space  of  the  mold  has  been  exclusively  conducted  by  taking  advantage  of  gravity  drop. 
Specifically,  in  a  general  method  of  packing  the  powder,  a  predetermined  amount  of  a  powder  is  supplied 
into  a  molding  space  of  a  die  by  levelling  in  such  a  manner  that  a  powder  is  dropped  by  gravity  from  the 

75  opening  of  a  molding  space  by  a  bottomless  powder  feeding  mechanism  sliding  on  the  top  surface  of  a  die 
which  constitutes  a  mold  and  the  powder  feeding  mechanism  is  then  slid  to  remove  excess  powder. 

When  the  area  of  the  opening  of  the  molding  space  of  the  mold  is  considerably  large,  it  is  possible  to 
pack  the  powder  by  the  above-described  method.  However,  for  example,  in  the  case  of  a  thin-wall 
cylindrical  molding  space  having  a  small  opening  width,  it  is  difficult  to  conduct  sufficient  packing  through 

20  mere  sliding  of  the  powder  feed  mechanism  along  the  top  surface  of  the  mold. 
For  this  reason,  other  methods  are  sometimes  adopted  such  as  one  wherein  packing  is  conducted  by 

vibrating  the  mold  and  one  wherein  a  blade  for  forced  packing  (forcing  member)  is  provided  on  the  upper 
part  of  the  molding  space  to  force  the  powder  into  the  molding  space. 

The  method  wherein  packing  is  conducted  by  vibrating  the  mold  had  drawbacks  such  as  high 
25  susceptibility  to  variation  in  the  packing  rate  depending  upon  the  state  and  shape  of  powder,  risk  of 

fastening  of  an  apparatus  with  a  bolt  etc.  to  be  loosened  due  to  the  vibration,  poor  improvement  in  the 
packing  efficiency,  and  poor  reproducibility  of  the  amount  of  packing. 

The  method  wherein  forced  packing  is  conducted  with  a  blade  had  drawbacks  such  as  very  poor 
production  efficiency  due  to  not  only  necessity  of  a  long  period  of  time  for  packing  but  also  difficulty  of 

30  automating  the  packing  of  powder  in  the  step  of  pressing,  localized  occurrence  of  a  difference  in  the  shape 
between  the  packed  powder  and  the  powder  before  packing  due  to  forcing  of  the  powder  by  the  blade 
which  makes  it  difficult  to  conduct  uniform  packing  of  a  predetermined  amount  of  powder  and  therefore 
brings  about  a  variation  in  the  weight  of  the  packed  powder  and  ununiform  density  distribution  during 
molding. 

35  Among  the  known  methods,  particular  reference  may  be  made,  for  example,  to  FR-A-1  ,283,496,  which 
discloses  a  process  for  the  production  of  hard  molded  magnetic  articles  that  have  been  subjected  to  the 
action  of  heat,  and  to  US-A-3,416,191  ,  which  concerns  an  apparatus  for  compacting  permanent  magnet 
powders  into  pressings  involving  magnetic  suction. 

An  object  of  the  present  invention  is  to  eliminate  the  above-described  drawbacks  of  the  prior  art. 
40  Another  object  of  the  present  invention  is  to  provide  a  technique  for  packing  a  permanent  magnet 

powder  which  enables  a  predetermined  amount  of  permanent  magnet  powder  to  be  uniformly  packed  into  a 
thin-wall  cylindrical  molding  space  in  a  very  short  period  of  time. 

A  further  object  of  the  present  invention  is  to  provide  a  new  method  which  allows  to  realize  production 
of  a  permanent  magnet  having  excellent  magnetic  characteristics. 

45  Another  object  of  the  present  invention  is  to  provide  a  new  method  which  can  be  immediately  applied  to 
existing  press  molding  machines. 

The  present  invention  provides  a  method  of  packing  a  permanent  magnet  powder  (24)  comprising  the 
steps  of  providing  a  mold  having  a  cylindrical  molding  space  (18)  with  a  central  axis  and  an  opening; 
providing  a  solenoid  coil  (20)  having  a  central  axis  near  the  opening  of  the  cylindrical  molding  space  such 

50  that  the  central  axis  of  the  solenoid  coil  substantially  coincides  with  the  central  axis  of  the  molding  space; 
supplying  a  permanent  magnet  powder  (24)  above  the  opening  of  the  molding  space;  and  applying  an 
alternating  current  magnetic  field  by  means  of  the  solenoid  coil  so  that  the  magnetic  field  passes  through  at 
least  part  of  the  mold  and  molding  space,  thereby  packing  the  permanent  magnet  powder  into  the  molding 
space;  characterised  in  that  a  magnetic  pole  means  comprising  a  truncated  cone-shaped  magnetic  pole  (22) 

55  having  a  top  surface  and  a  larger  bottom  surface  is  provided  on  the  central  axis  of  the  solenoid  coil  so  that 
the  magnetic  field  passes  through  the  magnetic  pole  (22). 

In  accordance  with  the  present  invention,  the  above-described  objects  may  be  attained  by  a  method  of 
packing  a  permanent  magnet  powder  wherein  a  solenoid  coil  is  provided  near  the  opening  of  a  cylindrical 
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molding  space  of  a  mold  in  such  a  manner  that  the  direction  of  the  central  axis  is  substantially  identical  to 
the  direction  of  the  depth  of  the  molding  space.  In  this  case,  it  is  preferred  to  provide  a  truncated  cone- 
shaped  magnetic  pole  wherein  the  diameter  of  the  top  surface  is  1/6  or  more  of  that  of  the  bottom  surface 
and  the  diameter  of  the  bottom  surface  is  identical  or  slightly  smaller  than  that  of  the  bottom  rod  of  the 

5  mold  constituting  the  cylindrical  molding  space  on  the  central  axis  of  the  solenoid  coil  and  to  apply  an 
alternating  current  to  cause  a  permanent  magnet  powder  located  above  the  above-described  opening  to  be 
magnetically  attracted  and  packed  into  the  above-described  molding  space. 

Referring  to  the  accompanying  illustrative  drawings: 
Fig.  1  is  an  illustrative  view  of  a  mold  and  a  solenoid  coil  for  packing  used  in  the  present  invention  and 

io  an  AC  line  of  magnetic  force;  and 
Fig.  2  is  a  graph  showing  a  relationship  between  the  shape  of  a  magnetic  pole  and  the  amount  of 
packing  of  a  permanent  magnet  powder. 
The  term  "cylindrical"  used  herein  is  intended  to  include  not  only  a  shape  having  a  larger  axial  length 

but  also  an  annular  shape  having  a  smaller  axial  length. 
is  The  method  of  the  present  invention  can  be  practiced  by  making  use  of  e.g.,  an  apparatus  wherein  a 

solenoid  coil  and  a  magnetic  pole  are  integrally  coupled  to  each  other  through  a  linking  member. 
The  magnetic  pole  is  of  the  form  of  a  truncated  cone  for  the  purpose  of  smoothly  packing  the 

permanent  magnet  powder  into  the  cylindrical  molding  space.  The  reason  why  the  diameter  of  the  top 
surface  of  the  magnetic  pole  must  be  1/6  or  more  of  that  of  the  bottom  surface  is  that  when  this  ratio  is  less 

20  than  1/6,  magnetic  saturation  tends  to  occur  around  the  top  surface  with  the  result  that  the  magnetic  field 
applied  to  the  mold  is  small,  and  consequently  the  force  for  attracting  and  forcing  the  powder  into  the 
molding  space  is  weakened.  The  reason  why  the  diameter  of  the  bottom  surface  of  the  magnetic  pole  must 
be  identical  to  or  slightly  smaller  than  that  of  the  bottom  rod  of  the  mold  is  that  when  the  diameter  of  the 
bottom  surface  is  excessively  small,  the  magnetic  pole  becomes  slim,  which  tends  to  bring  about  magnetic 

25  saturation.  Although  the  diameter  of  the  bottom  surface  of  the  magnetic  pole  can  be  formed  identical  to  that 
of  the  bottom  rod  of  the  mold,  it  is  preferred  that  the  diameter  of  the  bottom  surface  be  slightly  smaller  than 
that  of  the  bottom  rod  so  that  the  magnetic  pole,  which  is  moved  on  the  molding  die  when  powder  is 
supplied  and  molded,  does  not  prevent  powder-supply  and  molding  by  an  upper  punch. 

Any  of  permanent  magnet  powders  such  as  samarium-cobalt  base,  ferrite-base,  alnico-base  and 
30  neodymium-iron-boron-base  magnet  powders  may  be  used  in  the  present  invention.  Further,  it  is  also 

possible  to  use  a  powder  having  any  particle  diameter  and  in  any  state.  Specifically,  the  powder  may  be 
one  for  a  sintered  magnet  or  one  kneaded  with  a  resin  for  use  in  a  bonded  magnet. 

As  is  well  known,  permanent  magnet  powders  having  a  given  coercive  force  are  sensitive  to  a  magnetic 
field.  It  is  a  matter  of  course  that  these  permanent  magnet  powders  are  attracted  in  the  direction  of  a  strong 

35  magnetic  field.  Accordingly,  if  a  solenoid  coil  is  provided  near  the  opening  of  the  molding  space  of  the  mold 
in  such  a  manner  that  the  central  axis  substantially  corresponds  to  the  direction  of  the  depth  of  the  molding 
space  and  an  alternating  current  is  supplied,  an  alternating  current  magnetic  field  is  applied,  so  that  a 
moving  force  is  imparted  to  the  permanent  magnet  powder.  Since  a  magnetic  pole  is  provided  in  the  center 
of  the  solenoid  coil,  there  occurs  a  concentration  of  the  magnetic  field  by  the  magnetic  pole,  so  that  a 

40  sufficiently  large  moving  force  can  be  imparted  to  the  permanent  magnet  powder  even  when  the  supplied 
current  is  small. 

This  moving  force  acts  in  such  a  direction  that  the  permanent  magnet  powder  is  attracted  into  the 
molding  space,  and  the  permanent  magnet  powder  is  successively  packed  into  the  molding  space.  Since 
packing  is  conducted  by  a  magnet  force  which  is  much  larger  than  the  force  derived  from  gravity  drop,  the 

45  permanent  magnet  powder  is  smoothly  packed  in  a  very  short  period  of  time  even  when  the  opening  width 
of  the  molding  space  of  the  mold  is  very  small.  Further,  as  opposed  to  the  conventional  method  wherein 
packing  is  forcibly  conducted  by  a  blade  etc.,  the  permanent  magnet  powder  is  substantially  uniformly 
packed  without  being  broken. 

Since  the  magnetic  pole  has  a  predetermined  ratio  of  the  diameter  of  the  top  surface  to  that  of  the 
50  bottom  surface  and  the  bottom  surface  is  of  the  form  of  a  truncated  cone  having  a  dimension  decided 

according  to  the  bottom  rod  of  the  mold,  the  permanent  magnet  powder  can  be  smoothly  packed  even 
when  the  cylindrical  molding  space  has  a  thin-wall  structure  for  a  thin  wall  permanent  magnet. 

Fig.  1  is  an  illustrative  view  of  one  embodiment  of  an  apparatus  suitable  for  practicing  the  method  of  the 
present  invention.  Part  of  a  mold  for  preparing  a  cylindrical  molding  is  shown  in  this  drawing.  This  mold 

55  comprises  a  die  10  having  a  circular  hole  in  the  center,  a  bottom  rod  12  provided  in  the  center  of  the  hole 
while  leaving  a  space,  and  a  cylindrical  bottom  punch  14  which  is  freely  slidable  vertically  within  a 
cylindrical  gap  between  the  die  10  and  the  bottom  rod  12.  The  cylindrical  gap  formed  by  the  three 
members  10,  12  and  14  constitutes  a  molding  space  18.  A  permanent  magnet  powder  24  is  packed  within 

3 
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the  molding  space  18  and  a  cylindrical  top  punch  (not  shown)  is  inserted  thereinto  from  the  upper  part  of 
the  space  to  apply  a  pressure  for  compression  molding.  The  mold  structure  of  the  above-described  press 
molding  machine  is  fundamentally  the  same  as  that  of  the  conventional  one. 

In  the  present  invention,  a  solenoid  coil  20  is  provided  near  the  opening  of  the  molding  space  18  of  the 
5  mold.  In  the  illustrated  embodiment,  the  solenoid  coil  20  is  provided  in  such  a  manner  that  the  direction  of 

the  central  axis  substantially  coincieds  with  the  direction  of  the  depth  of  the  molding  space  18  and  the  inner 
diameter  of  the  solenoid  coil  is  slightly  larger  than  the  outer  diameter  of  the  molding  space  18.  A  magnetic 
pole  22  made  of  pure  iron  is  provided  on  the  bottom  rod  12  along  the  central  axis  of  the  above-described 
solenoid  coil  20.  This  magnetic  pole  22  has  the  shape  of  a  truncated  cone  wherein  the  diameter,  Di  of  the 

io  bottom  surface  is  identical  to  or  slightly  smaller  than  that  of  the  bottom  rod  12  and  the  diameter,  D2,  of  the 
top  surface  is  1/6  or  more  of  the  diameter,  Di  ,  of  the  bottom  surface  (i.e.,  D1/6   ̂ D2).  The  solenoid  coil  20 
and  the  magnetic  pole  22  are  integrally  jointed  to  each  other  with  a  non-magnetic  linking  member  (not 
shown)  in  such  a  manner  that  they  can  be  moved  unitarily  in  order  to  conduct  the  packing  of  the  powder. 

In  this  embodiment,  among  the  members  constituting  the  mold,  the  die  10  and  the  bottom  rod  12  are 
is  made  of  a  magnetic  material,  while  the  bottom  punch  14  (also  the  top  punch)  is  made  of  a  non-magnetic 

material. 
The  permanent  magnet  powder  is  packed  as  shown  in  Fig.  1.  Specifically,  as  described  above,  the 

solenoid  coil  20  and  the  magnetic  pole  22  are  mounted  near  the  opening  of  the  molding  space  18  of  the 
mold,  and  a  permanent  magnet  powder  24  is  piled  up  above  the  molding  space  18.  Then,  an  alternating 

20  current  is  supplied  to  the  solenoid  coil  20.  The  magnetic  field  thus  applied  is  5  Oe  or  more,  and  the 
frequency  of  the  alternating  current  used  is  10  Hz  or  more.  The  flow  of  an  alternating  current  through  the 
solenoid  coil  20  brings  about  a  line  of  magnetic  force  as  indicated  by  broken  lines  in  Fig.  1  of  the  drawing, 
so  that  an  alternating  current  magnetic  field  is  produced  in  the  permanent  magnet  powder  24,  the  molding 
space  18,  etc.  The  magnetic  pole  22  can  concentrate  the  alternating  current  magnetic  field  in  the  molding 

25  space  18,  which  can  effectively  magnetically  attract  the  permanent  magnet  powder  24  into  the  molding 
space  18  even  when  the  applied  electric  current  is  weak.  For  convenience,  the  form  of  the  line  of  magnetic 
force  indicated  by  the  broken  lines  in  the  drawing  shows  an  approximate  route  of  the  line  of  magnetic  force. 
The  magnetic  flux  generated  by  the  solenoid  coil  20  is  collected  by  the  magnetic  pole  22,  passed  through 
the  bottom  rod  12  and  the  die  10,  and  passed  along  the  outside  of  the  solenoid  coil  20,  and  then  returned 

30  to  the  magnetic  pole  22.  When  an  alternating  current  magnetic  field  is  applied  to  the  permanent  magnet 
powder  24  piled  upon  the  upper  part  of  the  molding  space  18,  as  illustrated  in  Fig.  1,  the  magnetic  flux 
density  of  the  cylindrical  molding  space  18  becomes  larger  than  that  of  the  portion  where  the  powder  is 
piled  up,  and  consequently  the  difference  in  the  magnetic  flux  density  causes  the  powder  to  be 
magnetically  attracted  into  the  cylindrical  molding  space  18.  The  permanent  magnet  powder  24  remaining 

35  on  the  die  10  as  well  responds  to  the  alternating  current  magnetic  field  to  repeat  a  complicated  vibration, 
whereby  the  powder  is  completely  packed  into  the  gap  in  a  short  period  of  time  (with  several  seconds)  even 
when  the  gap  is  very  narrow. 

Thereafter,  if  necessary,  an  excess  permanent  magnet  powder  is  removed  by  leveling  etc.,  and  the  top 
punch  is  descended  to  press  the  packed  powder  for  compression  molding. 

40  The  above-describd  specific  shape  of  the  magnetic  pole  22  in  the  present  invention  is  employed  as  the 
results  of  the  folowing  experiment.  The  amount  of  the  permanent  magnet  powder  packed  into  the  cylindrical 
molding  space  was  measured  by  using  seven  magnetic  poles  wherein  the  height,  H,  and  the  diameter,  Di  , 
of  the  bottom  surface  were  set  constant  to  50  mm  and  18  mm0,  respectively,  with  variation  in  the  diameter, 
D2,  of  the  top  surface  from  0  mm0  (conical  form)  to  18  mm0  (cylindrical  form).  The  diameter  of  the  bottom 

45  rod  12  is  also  18  mm0.  The  results  of  the  measurement  are  as  shown  in  Fig.  2. 
As  shown  in  Fig.  2,  the  optimal  range  of  the  diameter,  D2,  of  the  top  surface  is  3  mm0  or  mode.  When 

a  magnetic  flux  generated  by  a  given  current  supplied  to  the  solenoid  coil  20  flows  into  the  magnetic  pole 
22,  a  smaller  cross-sectional  area  of  the  magnetic  pole  than  3  mm0  prevents  the  magnetic  flux  from 
entirely  passing  through  the  magnetic  pole,  with  the  result  that  part  of  the  magnetic  flux  leaks  outside  the 

50  magnetic  pole.  For  this  reason,  the  amount  of  the  magnetic  flux  supplied  to  the  cylindrical  molding  space  of 
the  mold  is  reduced,  and  the  force  for  attracting  the  permanent  magnet  powder  into  the  molding  space  18 
becomes  weak,  which  reduces  the  amount  of  packing  of  the  powder.  When  the  diameter,  D2,  of  the  top 
surface  exceeds  15  mm0,  the  gap  between  the  solenoid  coil  and  the  upper  part  (around  the  inlet)  of  the 
magnetic  pole  becomes  narrow,  which  brings  about  clogging  in  the  case  of  some  permanent  magnet 

55  powders,  particularly,  in  the  case  of  a  powder  having  poor  flowability.  This  makes  it  difficult  for  the 
permanent  magnet  powder  placed  on  the  center  of  the  top  surface  to  fall  down,  so  that  the  amount  of  the 
packed  powder  is  reduced.  For  this  reason,  when  the  flowability  of  the  powder  is  poor,  it  is  preferred  that 
the  diameter,  D2,  of  the  top  surface  of  the  magnetic  pole  22  be  such  that  D2   ̂ 5Di/6. 

4 
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An  experimental  example  wherein  a  permanent  magnet  powder  is  packed  according  to  the  method  of 
the  present  invention  will  now  be  described.  A  samarium-cobalt  (Snri2Coi7)-base  alloy  having  an  average 
particle  diameter  of  1000  urn  was  pulverized  with  a  jet  mill  to  have  an  average  particle  diameter  of  3  urn. 
The  powder  of  1.5g  as  a  raw  material  thus  prepared  was  weighed  and  packed  into  a  cylindrical  molding 

5  space  having  an  outer  diameter  of  18  mm0,  an  inner  diameter  of  16  mm0,  and  a  height  of  15mm  by 
making  use  of  the  apparatus  shown  in  the  Fig.  1,  and  molding  was  conducted  under  a  press  molding 
pressure  of  3  ton/cm2.  The  results  of  the  measurement  on  the  packing  time  and  the  molding  density  are 
shown  in  Table  1.  The  conventional  method  shown  in  the  Table  was  the  combination  of  gravity  dropping 
and  press  fitting,  which  comprises  putting  a  powder  into  a  sliding  packing  jig  and  conducting  both  of  gravity 

io  drop  wherein  the  powder  is  subjected  to  a  reciprocating  motion  on  a  die  to  cause  the  powder  to  be  dropped 
and  packed  into  the  molding  space  and  forced  press  fitting  with  a  push  rod. 

T a b l e   1 
15 

S a m p l e   D e n s i t y   P a c k i n g   t i m e  

20  ( g / c c )   ( s e c )  

A  4 .5  4 

B  4 .6  5 
25 

C  4 .6  4 
M e t h o d   o f  

D  4 .5  5 
t h e   p r e s e n t  

30  E  4 .6  3 
i n v e n t i o n   —̂ 

a v e r a g e   4 . 5 6  

R  0 .1   ^ \  
35 

0  0 . 0 5   ^ \  
n  \ ^  

F  4 .1   60 

40  G  4 .2  70 

H  3.9  60 
C o n v e n t i o n a l  

1  3 .8   60 
45  m e t h o d  

J  4.1  70 

a v e r a g e   4 . 0 2  

50  R  0.4  ^ \  

c  0 . 1 5   \ \  
n  \ ^  

55 
In  this  Table,  R  represents  a  value  (max.  value  minus  min.  value)  and  a„  represents  standard  deviation 
when  n  is  5. 
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As  is  apparent  from  Table  1  ,  higher  molding  density  and  smaller  standard  deviation  can  be  attained  by 
the  present  invention.  In  particular,  for  the  packing  time  of  the  powder,  it  is  apparent  that  the  present 
invention  enables  excellent  packing  to  be  attained  in  a  very  short  time,  i.e.,  a  packing  time  of  1/10  or  less  of 
that  of  the  conventional  method. 

5  Since  the  above-described  significant  effect  of  the  present  invention  is  mainly  attributable  to  the 
magnetic  properties  of  the  powder,  the  same  effect  can  be  attained  as  far  as  the  powder  is  a  permanent 
magnet  powder,  i.e.,  when  the  powder  is  any  of  ferrite-base,  alnico-base  and  neodymium-iron-boron-base 
magnet  powders  besides  the  above-described  samarium-cobalt-base  magnetic  powder.  It  is  needless  to  say 
that  the  method  of  the  present  invention  can  be  applied  to  not  only  a  powder  for  a  sintered  magnet  and  a 

io  cast  magnet  but  also  a  powder  for  a  bonded  magnet  (a  powder  blended  with  a  resin). 
The  results  of  production  of  a  bonded  magnet  according  to  the  method  of  the  present  invention  will  now 

be  described. 
A  samarium-cobalt  (Snri2Coi7)-base  alloy  having  an  average  particle  diameter  of  1000  urn  was 

pulverized  with  a  jet  mill  to  have  an  average  particle  diameter  of  3  urn.  The  powder  was  molded  in  a 
is  magnetic  field  and  subjected  to  sintering  and  aging  treatments  to  prepare  a  raw  material. 

The  sintered  magnet  as  the  raw  material  was  pulverized  by  a  jaw  crusher  and  sieved  to  prepare  a 
powder  having  a  particle  diameter  of  120  urn  or  less.  The  permanent  magnet  powder  was  treated  with  a 
coupling  agent  and  then  mixed  with  an  epoxy  resin.  This  mixture  was  magnetized  in  a  magnetic  field  of  20 
kOe  and  granulated  in  an  extrusion-granulator  to  prepare  a  granulated  powder  having  a  particle  diameter  of 

20  400  to  800  urn. 
The  granulated  powder  was  packed  into  the  molding  space  18  of  the  mold  of  the  apparatus  shown  in 

the  Fig.  1,  molded  in  a  radially  oriented  magnetic  field  of  10  kOe  under  a  pressure  of  3  ton/cm2  to  prepare 
an  annular  bonded  magnet  having  radial  anisotropy. 

The  dimension  of  the  molding  space  of  the  mold  was  18  mm0  in  outer  diameter,  16  mm0  in  inner 
25  diameter  and  16  mm  in  height.  The  alternating  current  magnetic  field  applied  during  the  packing  of  the 

granulated  powder  was  5  Oe  or  more,  and  the  frequency  was  10  Hz  or  more.  The  weight  of  the  powder  to 
be  packed  was  1  .5  g  on  the  average. 

Thereafter,  curing  was  conducted  at  120°C  for  1  hr  and  subjected  to  24-pole  magnetization  at  20  to  30 
kOe  by  making  use  of  a  pulse  magnetizer,  which  is  known  in  the  art. 

30  For  comparison,  a  bonded  magnet  was  prepared  by  the  conventional  method  through  the  use  of  the 
same  powder  for  a  bonded  magnet  as  that  used  above.  The  conventional  packing  method  was  the 
conbimation  of  gravity  dropping  and  press  fitting,  which  comprises  putting  a  powder  into  a  sliding  packing 
jig  and  conducting  both  of  gravity  drop  wherein  the  powder  is  subjected  to  a  reciprocating  motion  on  a  die 
to  cause  the  powder  to  be  dropped  and  packed  into  the  molding  space  and  press  fitting  with  a  push  rod. 

35  Other  conditions  were  the  same  as  those  of  the  above-described  embodiment  of  the  invention. 

40 

45 

50 

55 
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various  characteristics  of  the  resultant  bonded  magnet  are  shown  in  Table  2. 
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As  is  apparent  from  Table  2,  compared  to  the  prior  art  method,  the  method  of  the  present  invention  is 
superior  in  the  density  and  surface  magnetic  flux  density,  reduces  in  the  standard  deviation  of  the  surface 
magnetic  flux  density,  and  can  remarkably  shorten  the  packing  time. 
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The  permanent  magnet  powder  used  in  the  present  invention  may  be  any  of  ferrite-base,  alnico-base 
and  neodymium-iron-boron-base  magnet  powders  besides  the  above-described  samarium-cobalt-base  mag- 
netic  powder.  Although  a  particularly  significant  effect  can  be  attained  even  when  the  molding  space  is  of  a 
thin-wall  cylindrical  form  or  thin-wall  planar  form,  the  present  invention  can  be  applied  to  also  any  other 

5  form  of  the  molding  space. 
As  described  above,  the  present  invention  provides  a  new  technique  for  packing  a  permanent  magnet 

powder  in  which  a  solenoid  coil  is  disposed  near  the  opening  of  a  cylindrical  molding  space  of  a  mold  in 
such  a  manner  that  the  direction  of  the  central  axis  substantially  coincides  with  the  direction  of  the  depth  of 
the  molding  space,  and  a  truncated  cone-shaped  magnetic  pole  having  a  particular  dimensional  ratio  is 

io  disposed  along  the  central  axis  so  that  an  alternating  current  magnet  field  is  produced.  Thus,  a  magnetic 
attraction  acts  on  the  permanent  magnet  powder  to  permit  the  permanent  magnetic  powder  to  be  smoothly 
dropped,  which  enables  the  permanent  magnet  powder  to  be  rapidly  packed  into  the  molding  space  by  the 
magnetic  attraction  even  when  the  opening  of  the  molding  space  is  very  narrow.  Accordingly,  a  very  thin- 
wall  cylindrical  permanent  magnet  can  be  efficiently  molded.  The  alternating  current  magnetic  field  which 

is  produces  a  "force"  for  packing  the  permanent  magnet  powder  is  collected  in  the  central  portion  by  the 
magnetic  pole,  which  increases  the  magnetic  flux  density  passed  through  the  cylindrical  molding  space  of 
the  mold.  Therefore,  the  permanent  magnet  powder  can  be  effectively  attracted  and  packed  into  the 
molding  space  even  when  the  electric  current  is  weak. 

Further,  in  the  present  invention,  since  the  permanent  magnet  powder  is  packed  by  the  magnetic 
20  attraction  without  mechanically  forcing  the  powder,  the  original  shape  of  the  powder  is  kept  as  it  is.  This 

makes  the  density  distribution  uniform  and  the  weight  of  the  molding  constant,  which  enables  massproduc- 
tion  of  a  permanent  magnet  having  uniform  characteristics.  Further,  since  the  apparatus  needs  only 
provision  of  simple  packing  mechanism  having  a  solenoid  coil  and  a  magnetic  pole  on  the  upper  part  of  a 
mold,  the  present  invention  can  be  applied  to  any  existing  press  molding  machine  and  therefore  can  be 

25  used,  regardless  of  the  particles  diameter  and  state  of  the  powder,  in  various  fields  where  a  permanent 
magnet  is  prepared. 

Claims 

30  1.  A  method  of  packing  a  permanent  magnet  powder  (24)  comprising  the  steps  of  providing  a  mold  having 
a  cylindrical  molding  space  (18)  with  a  central  axis  and  an  opening;  providing  a  solenoid  coil  (20) 
having  a  central  axis  near  the  opening  of  the  cylindrical  molding  space  such  that  the  central  axis  of  the 
solenoid  coil  substantially  coincides  with  the  central  axis  of  the  molding  space;  supplying  a  permanent 
magnet  powder  (24)  above  the  opening  of  the  molding  space;  and  applying  an  alternating  current 

35  magnetic  field  by  means  of  the  solenoid  coil  so  that  the  magnetic  field  passes  through  at  least  part  of 
the  mold  and  molding  space,  thereby  packing  the  permanent  magnet  powder  into  the  molding  space; 
characterised  in  that  a  magnetic  pole  means  comprising  a  truncated  cone-shaped  magnetic  pole  (22) 
having  a  top  surface  and  a  larger  bottom  surface  is  provided  on  the  central  axis  of  the  solenoid  coil  so 
that  the  magnetic  field  passes  through  the  magnetic  pole  (22). 

40 
2.  A  method  as  claimed  in  claim  1  wherein  the  diameter  of  the  top  surface  is  at  least  1/6  of  that  of  the 

bottom  surface  and  the  maximum  diameter  of  the  bottom  surface  is  equal  to  or  slightly  smaller  than  the 
inner  diameter  of  the  annular  cylindrical  molding  space. 

45  3.  A  method  as  claimed  in  claim  1  wherein  the  solenoid  coil  is  tubular. 

4.  A  method  as  claimed  in  claim  1  wherein  the  permanent  magnet  powder  is  a  powder  for  a  sintered 
magnet. 

50  5.  A  method  as  claimed  in  claim  1  wherein  the  permanent  magnet  powder  is  blended  with  a  resin  for  use 
in  a  bonded  magnet. 

6.  A  method  as  claimed  in  claim  1  or  claim  5  wherein  a  powder  for  a  bonded  magnet,  prepared  by 
granulating  a  magnetized  powder  by  extrusion  granulation,  is  placed  in  the  solenoid  coil. 

55 
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Patentanspruche 

1.  Verfahren  zum  Packen  eines  Permanentmagnet-Pulvers  (24),  das  aus  folgenden  Schritten  besteht: 
Vorsehen  einer  GuBform  mit  einem  zylindrischen  Formungsraum  (18)  mit  einer  zentralen  Achse  und 

5  einer  Offnung;  Vorsehen  einer  Solenoidspule  (20)  mit  einer  zentralen  Achse  nahe  der  Offnung  des 
zylindrischen  Formungsraums  derart,  dal3  die  zentrale  Achse  der  Solenoidspule  im  wesentlichen  mit 
der  zentralen  Achse  des  Formungsraums  zusammenfallt;  Zufuhren  eines  Permanentmagnet-Pulvers 
(24)  uber  der  Offnung  des  Formungsraums;  und  Anlegen  eines  Wechselstrom-Magnetfeldes  mittels  der 
Solenoidspule,  so  dal3  das  Magnetfeld  durch  wenigstens  einen  Teil  der  GuBform  und  des  Formungs- 

io  raums  verlauft,  urn  dadurch  das  Permanentmagnet-Pulver  in  den  Formungsraum  zu  packen;  dadurch 
gekennzeichnet,  dal3  eine  Magnetpol-Einrichtung,  die  aus  einem  konusformigen  Magnetpol  (22)  mit 
einer  oberen  Oberflache  und  einer  groBeren  Bodenflache  besteht,  auf  der  zentralen  Achse  der 
Solenoidspule  vorgesehen  ist,  so  dal3  das  Magnetfeld  durch  den  Magnetpol  (22)  verlauft. 

is  2.  Verfahren  nach  Anspruch  1,  wobei  der  Durchmesser  der  oberen  Oberflache  wenigstens  1/6  von  jenem 
der  Bodenflache  ist,  und  der  maximale  Durchmesser  der  Bodenflache  gleich  oder  etwas  kleiner  als  der 
Innendurchmesser  des  ringformigen  zylindrischen  Formungsraums  ist. 

3.  Verfahren  nach  Anspruch  1,  wobei  die  Solenoidspule  rohrenformig  ist. 
20 

4.  Verfahren  nach  Anspruch  1,  wobei  das  Permanentmagnet-Pulver  ein  Pulver  fur  einen  gesinterten 
Magneten  ist. 

5.  Verfahren  nach  Anspruch  1  ,  wobei  das  Permanentmagnet-Pulver  zur  Benutzung  bei  einem  Verbundma- 
25  gneten  mit  einem  Harz  vermischt  ist. 

6.  Verfahren  nach  Anspruch  1  oder  5,  wobei  ein  Pulver  fur  einen  Verbundmagneten,  das  durch  Granulie- 
ren  eines  magnetisierten  Pulvers  durch  eine  Extrusionsgranulation  vorbereitet  wird,  in  der  Solenoidspu- 
le  angeordnet  wird. 

30 
Revendicatlons 

1.  Procede  de  bourrage  de  poudre  a  aimantation  permanente  (24)  comportant  les  etapes  de  fourniture 
d'un  moule  comportant  un  espace  de  moulage  cylindrique  (18)  avec  un  axe  central  et  une  ouverture; 

35  fourniture  d'un  soleno'fde  (20)  comportant  un  axe  central  proche  de  I'ouverture  de  I'espace  de  moulage 
cylindrique  tel  que  I'axe  central  du  soleno'fde  coincide  sensiblement  avec  I'axe  central  de  I'espace  de 
moulage;  fourniture  d'une  poudre  a  aimantation  permanente  (24)  au-dessus  de  I'ouverture  de  I'espace 
de  moulage;  et  application  d'un  champ  magnetique  alternatif  au  moyen  du  soleno'fde,  tel  que  le  champ 
magnetique  traverse  au  moins  une  partie  du  moule  et  de  I'espace  de  moulage,  bourrant  par  ce  moyen 

40  la  poudre  a  aimantation  permanente  dans  I'espace  de  moulage;  caracterise  en  ce  qu'un  dispositif  a 
barreau  magnetique  comportant  un  barreau  magnetique  (22)  en  forme  de  cone  tronque,  comportant 
une  surface  superieure  et  une  surface  inferieure  plus  grande,  est  prevu  sur  I'axe  central  du  soleno'fde 
afin  que  le  champ  magnetique  traverse  le  barreau  magnetique  (22). 

45  2.  Procede  selon  la  revendication  1,  dans  lequel  le  diametre  de  la  surface  superieure  est  au  moins 
1/6eme  de  celui  de  la  surface  inferieure  et  le  diametre  maximum  de  la  surface  inferieure  est  egal  ou 
legerement  inferieur  au  diametre  interieur  de  I'espace  de  moulage  cylindrique  annulaire. 

3.  Procede  selon  la  revendication  1  ,  dans  lequel  le  soleno'fde  est  tubulaire. 
50 

4.  Procede  selon  la  revendication  1  ,  dans  lequel  la  poudre  a  aimantation  permanente  est  une  poudre  pour 
aimant  fritte. 

5.  Procede  selon  la  revendication  1  ,  dans  lequel  la  poudre  a  aimantation  permanente  est  melangee  avec 
55  une  resine  pour  etre  utilisee  dans  un  aimant  composite. 

6.  Procede  selon  la  revendication  1  ou  la  revendication  5,  dans  lequel  une  poudre  pour  aimant  composite, 
preparee  en  granulant  une  poudre  aimantee  par  granulation  par  extrusion,  est  placee  dans  le  soleno'fde. 
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