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©  A  continuous-length  extruded  bar  of  plastic  magnet  with 
circumferentially  multipolar  magnetization  is  manufactured 
efficiently  by  extruding  a  plastic  magnet  composition  (8)  out 
of  the  discharge  port  of  an  extruder  machine  on  which  a 
multipolar  orientating  magnetizing  member  is  constructed  of 
an  alternate  radial  arrangement  of  a  plural  number  of 
sector-like  permanent  magnets  (1)  and  a  plural  number  of 
also  sector-like  magnetic  pole  plates  (2)  of  a  magnetic 
material  having  a  saturation  magnetization  of  at  least  10  kG. 
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A  M E T H O D   FOR  M A N U F A C T U R I N G   A  C O N T I N U O U S - L E N G T H  

E X T R U D E D   BAR  OF  P L A S T I C   M A G N E T   WITH  C I R C U M F E R E N T I A L L Y  

M U L T I P O L A R   M A G N E T I Z A T I O N  

B A C K G R O U N D   OF  THE  I N V E N T I O N  

T l i e   p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   for   m a n u f a c t u r i n g  

a  c o n t i n u o u s - l e n g t h   e x t r u d e d   b a r   of  p l a s t i c   m a g n e t   w i t h   c i r c u m -  

f e r e n t i a l l y   m u l t i p o l a r   m a g n e t i z a t i o n   by  e x t r u s i o n   m o l d i n g .  

It  is  a  t r e n d   in   r e c e n t   y e a r s   t h a t   c o n t r o l   of  h i g h e r   a n d   h i g h e r  

p r e c i s i o n   is  r e q u i r e d   for   v a r i o u s   t y p e s   of  m a g n e t i c   h e a d s   for   p i c k -  

i n g   up   e l e c t r o n i c   a n d   m a g n e t i c   s i g n a l s   in  r o b o t s   a n d   n u m e r i c a l l y  

c o n t r o l l e d   m a c h i n e s   for   f a c t o r y   a u t o m a t i z a t i o n   as  w e l l   as   i n   c o m -  

p u t e r s ,   V T R s   a n d   t h e   l i k e .   S u c h   h i g h - p r e c i s i o n   c o n t r o l   of  m a g n e t i c  

h e a d s   is  p e r f o r m e d   in   m a n y   c a s e s   by  m e a n s   of  a  s e r v o m e c h a n i s m  

u s i n g   a  s t e p p i n g   m o t o r   so  t h a t   d e m a n d   for  m u l t i p o l a r   t u b u l a r   p e r -  

m a n e n t   m a g n e t s   is  r a p i d l y   i n c r e a s i n g   as  a n   i m p o r t a n t   c o m p o n e n t  

of  s t e p p i n g   m o t o r s .  

M u l t i p o l a r   t u b u l a r   p e r m a n e n t   m a g n e t s   c a n   be  m a n u f a c t u r -  

ed  by  s e v e r a l   d i f f e r e n t   m e t h o d s   of  m a g n e t i z a t i o n   of  a  b a r   m a t e r i a l  

of  a  p l a s t i c   m a g n e t   e x t r u d e d   w i t h o u t   m a g n e t i z a t i o n   or  e x t r u s i o n  

m o l d i n g   t h r o u g h   a  m u l t i p o l a r   m a g n e t i z e r   so  t h a t   t h e   e x t r u d e d   b a r  

m a t e r i a l   of  t h e   p l a s t i c   m a g n e t   is  a l r e a d y   m a g n e t i z e d .   T h e   m e t h o d s  

i n c l u d e   : 
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(A)  m u l t i p o l a r   m a g n e t i z a t i o n   of  a n   i s o t r o p i c   p l a s t i c   m a g n e t  

a l o n g   t h e   i n n e r   or  o u t e r   c i r c u m f e r e n c e ;  

(B)  m u l t i p o l a r   m a g n e t i z a t i o n   of  a  r a d i a l l y   a n i s o t r o p i c   m a g n e t  

o r i e n t e d   i n   t h e   r a d i a l   d i r e c t i o n   a l o n g   t h e   i n n e r   or  o u t e r   c i r c u m f e r -  

e n c e ;   a n d  

(C)  m o l d i n g   of  a  c i r c u m f e r e n t i a l l y   a n i s o t r o p i c   m a g n e t   u n d e r  

m a g n e t i c   o r i e n t a t i o n   t h r o u g h   a  m u l t i p o l a r   m a g n e t i z e r .  

T h e   m a g n e t i c   f o r c e   of  t h e s e   t h r e e   t y p e s   of  t h e   p e r m a n e n t  

m a g n e t s   is,  a s   a  g e n e r a l   t r e n d ,   in   t h e   d e c r e a s i n g   o r d e r   of  c i r c u m -  

f e r e n t i a l l y   a n i s o t r o p i c   m a g n e t s ,   r a d i a l l y   a n i s o t r o p i c   m a g n e t s   a n d  

i s o t r o p i c   m a g n e t s .   I t   is  of  c o u r s e   t h a t   c o n t r o l   of  a  s e r v o   m o t o r   i s  

e a s i e r   w h e n   t h e   i n e r t i a   t h e r e o f   is  s m a l l e r   a n d   a  s m a l l e r   s e r v o -  

m o t o r   is  p r e f e r a b l e   to  l a r g e r   o n e s   a s s u m i n g   t h a t   t h e   o u t p u t   f o r c e   i s  

t h e   s a m e .   A c c o r d i n g l y ,   p r e f e r a b l e   m u l t i p o l a r   t u b u l a r   p e r m a n e n t  

m a g n e t s   a r e   of  t h e   t y p e   of  t h e   c i r c u m f e r e n t i l a l l y   a n i s o t r o p i c   m a g -  

n e t s   c a p a b l e   of  g e n e r a t i n g   a  l a r g e r   t o r q u e   t h a n   t h e   o t h e r   t y p e s   i n  

o r d e r   to  d e s i g n   s m a l l e r   a n d   l i g h t e r   m o t o r s .  

O n e   of  t h e   c o n v e n t i o n a l   m e t h o d s   for  t h e   m a n u f a c t u r e   of  a  c i r -  

c u m f e r e n t i a l l y   a n i s o t r o p i c   m a g n e t   is  to  f i l l   t h e   s p a c e   b e t w e e n   a  

c o r e   a n d   a  m e t a l   m o l d   h a v i n g   a  coi l   of  a  m u l t i p o l a r   m a g n e t i z e r  

w i t h   a  p o w d e r   of  a  m a g n e t i c   m a t e r i a l   w h i c h   is  c o m p r e s s i o n - m o l d -  

ed  b y   m e a n s   of  a  p a i r   of  u p p e r   a n d   l o w e r   p u n c h e s   w h i l e   t h e   m a g n e t  

p a r t i c l e s   a r e   m a g n e t i z e d   by   e n e r g i z i n g   t h e   coi l   of  t h e   m a g n e t i z e r .  

A l t e r n a t i v e l y ,   a  m e t h o d   is  d i s c l o s e d   in   J a p a n e s e   P a t e n t   K o k a i   6 0 -  
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8 9 7 1 7   by   u t i l i z i n g   t h e   t e c h n i q u e s   of  i n j e c t i o n   m o l d i n g .   T h e s e   p r i o r  

a r t   m e t h o d s ,   h o w e v e r ,   a r e   d i s a d v a n t a g e n o u s   in   r e s p e c t   of  t h e   e f f i -  

c i e n c y   of  p r o d u c t i o n   b e c a u s e   e a c h   m e t a l   m o l d   c a n   s e r v e   for   m o l d -  

i n g   of  o n l y   o n e   p r o d u c t   in   o n e   s h o t .  

S U M M A R Y   OF  THE  I N V E N T I O N  

A c c o r d i n g l y ,   t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n   c o n s i s t s   i n  

m a n u f a c t u r i n g   a  c o n t i n u o u s - l e n g t h   e x t r u d e d   b a r   of  a  p l a s t i c   m a g -  

n e t   h a v i n g   a  h i g h   d e g r e e   of  o r i e n t a t i o n   a n d   m u l t i p o l a r   c i r c u m f e r -  

e n t i a l   a n i s o t r o p y   by   m o u n t i n g   a  m u l t i p o l a r ,   c i r c u m f e r e n t i a l l y   a n -  

i s o t r o p i c   m a g n e t i z i n g   m e m b e r   on  t h e   d i s c h a r g e   p o r t   of  a n   e x t r u d e r  

m a c h i n e   a n d   c u t t i n g   t h e   t h u s   e x t r u d e d   c o n t i n u o u s - l e n g t h   b a r   in   a  

d e s i r e d   p r o d u c t   l e n g t h .  

T h u s ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   for   m a n u f a c -  

t u r i n g   a  c o n t i n u o u s - l e n g t h   e x t r u d e d   b a r   of  a  p l a s t i c   m a g n e t   w i t h  

c i r c u m f e r e n t i a l l y   m u l t i p o l a r   m a g n e t i z a t i o n   w h i c h   c o m p r i s e s   e x -  

t r u d i n g   a  p l a s t i c   m a g n e t   c o m p o s i t i o n   o u t   of  t h e   d i s c h a r g e   p o r t   o f  

a n   e x t r u d e r   m a c h i n e   h a v i n g   a  m u l t i p o l a r ,   c i r c u m f e r e n t i a l l y   a n i s o -  

t r o p i c   m a g n e t i z i n g   m e m b e r   w h i c h   is  c o n s t r u c t e d   of  a  p l u r a l   n u m -  

b e r   of  r a d i a l l y   o r i e n t e d   s e c t o r - l i k e   m a g n e t i c   p o l e   p l a t e s   f o r m e d   of  a  

m a g n e t i c   m a t e r i a l   of  a  s a t u r a t i o n   m a g n e t i z a t i o n   of  a t   l e a s t   10  k G  

a n d   a  p l u r a l   n u m b e r   of  r a d i a l l y   o r i e n t e d   s e c t o r - l i k e   p e r m a n e n t  

m a g n e t s ,   e a c h   p a i r   of  a d j a c e n t   t w o   t h e r e o f   s a n d w i c h i n g   o n e   of  t h e  

m a g n e t i c   p o l e   p l a t e s   t h e r e b e t w e e n   w i t h   t h e   p o l e s   of  t h e   r e s p e c t i v e  
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p e r m a n e n t   m a g n e t s   h a v i n g   t h e   s a m e   p o l a r i t y   f a c i n g   to  e a c h   o t h e r ,  

c o a x i a l l y   m o u n t e d   t h e r e o n .  

B R I E F   D E S C R I P T I O N   OF  T H E   D R A W I N G  

F I G U R E S   l a   a n d   l b   a r e   e a c h   a n   i l l u s t r a t i o n   of  t h e   d i r e c t i o n  

of   m a g n e t i z a t i o n   i n   a  c i r c u m f e r e n t i a l l y   a n d   r a d i a l l y   a n i s o t r o p i c ,  

m u l t i p o l a r   t u b u l a r   m a g n e t s ,   r e s p e c t i v e l y .  

F I G U R E S   2 a   a n d   2b  a r e   a  p l a n   v i e w   a n d   a n   a x i a l   c r o s s   s e c -  

t i o n a l   v i e w   of  a n   a s s e m b l y   of  a  m e t a l   m o l d   a n d   a  p a i r   of  p u n c h i n g  

d i e s   u s e d   i n   t h e   p r i o r   a r t   m e t h o d   fo r   t h e   m a n u f a c t u r e   of  a  c i r -  

c u m f e r e n t i a l l y   a n i s o t r o p i c ,   m u l t i p o l a r   t u b u l a r   m a g n e t .  

F I G U R E   3  is  a  s c h e m a t i c   i l l u s t r a t i o n   of  t h e   s t r u c t u r e   of  t h e  

m u l t i p o l a r ,   c i r c u m f e r e n t i a l l y   a n i s o t r o p i c   o r i e n t a t i n g   m a g n e t i z i n g  

m e m b e r   u s e d   in   t h e   i n v e n t i v e   m e t h o d   a n d   m a g n e t i c   o r i e n t a t i o n  

t h e r e i n .  

F I G U R E   4a   is  a  p l a n   v i e w   of  t h e   c i r c u m f e r e n t i a l l y   a n i s o -  

t r o p i c   o r i e n t a t i n g   m a g n e t i z i n g   m e m b e r   u s e d   i n   t h e   E x a m p l e  

s h o w i n g   t h e   s e c t o r - w i s e   a r r a n g e m e n t   of  t h e   m a g n e t i c   p o l e   p l a t e s  

a n d   p e r m a n e n t   m a g n e t s   in   p a r t   a n d   F I G U R E   4b  is  a n   a x i a l   c r o s s  

s e c t i o n a l   v i e w   t h e r e o f .  
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F I G U R E   5  is  a  c h a r t   of  t h e   d i s t r i b u t i o n   of  t h e   m a g n e t i c   o p e n  

f l u x   m e a s u r e d   a l o n g   t h e   c i r c u m f e r e n c e   of  t h e   c i r c u m f e r e n t i a l l y  

a n i s o t r o p i c ,   m u l t i p o l a r   t u b u l a r   m a g n e t   p r e p a r e d   in   E x a m p l e   1 .  

D E T A I L E D   D E S C R I P T I O N   OF  THE  P R E F E R R E D   E M B O D I M E N T S  

In  t h e   a c c o m p a n y i n g   d r a w i n g ,   F I G U R E S   l a   a n d   l b   a r e   f o r  

t h e   i l l u s t r a t i o n   of  a  m u l t i p o l a r   t u b u l a r   m a g n e t s   m a g n e t i z e d   e i t h e r  

c i r c u m f e r e n t i a l   or  r a d i a l   d i r e c t i o n ,   r e s p e c t i v e l y .   T h e   p r e s e n t   i n -  

v e n t i o n   p a r t i c u l a r l y   r e l a t e s   to  t h e   f o r m e r   t y p e   of  m u l t i p o l a r  

t u b u l a r   m a g n e t   m a d e   of  a  p l a s t i c   m a g n e t   c o m p o s i t i o n .  

F i g u r e s   2a   a n d   2b  a r e   for  t h e   i l l u s t r a t i o n   of  a  m o l d i n g   d i e  

a s s e m b l y   u s e d   in   t h e   c o n v e n t i o n a l   c o m p r e s s i o n   m o l d i n g   m e t h o d  

for   t h e   p r e p a r a t i o n   of  a  c i r c u m f e r e n t i a l l y   a n i s o t r o p i c   m u l t i p o l a r  

t u b u l a r   m a g n e t .   N a m e l y ,   t h e   s p a c e   f o r m e d   b e t w e e n   t h e   co r e   3  a n d  

t h e   m e t a l   m o l d   10  h a v i n g   a  p l u r a l   n u m b e r   of  m a g n e t i z i n g   co i l s   9  

as  a  m u l t i p o l a r   m a g n e t i z e r   is  f i l l e d   w i t h   a  p o w d e r   of  t h e   m a g n e t i c  

m a t e r i a l ,   e.g.  a  p l a s t i c   m a g n e t   c o m p o s i t i o n ,   8  w h i c h   is  c o m p r e s -  

s i o n - m o l d e d   by   m e a n s   of  t h e   u p p e r   a n d   l o w e r   p u n c h e s   1 1 , 1 1   w h i l e  

t h e   p o w d e r   is  u n d e r   m a g n e t i z a t i o n   by   e n e r g i z i n g   t h e   co i l s   9 .  

In  t h e   f o l l o w i n g ,   t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   is  d e -  

s c r i b e d   in   d e t a i l   w i t h   r e f e r e n c e   to  t h e   o t h e r   f i g u r e s   of  t h e   a c c o m -  

p a n y i n g   d r a w i n g .   T h e   m e t h o d   of  t h e   i n v e n t i o n   is  p r a c t i c e d   b y  

u s i n g   a n   e x t r u d e r   m a c h i n e ,   w h i c h   is  p r o v i d e d   w i t h   a  s i z i n g   d i e  

h a v i n g   a  m u l t i p o l a r ,   c i r c u m f e r e n t i a l l y   a n i s o t r o p i c   o r i e n t a t i n g  
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m a g n e t i z i n g   m e m b e r   m o u n t e d   on   t h e   d i s c h a r g e   p o r t .   T h i s   s i z i n g  

d i e   i n c l u d e s   t h e   c i r c u m f e r e n t i a l l y   a n i s o t r o p i c   n m l t i p o l a r   o r i e n t a t -  

i n g   m a g n e t i z i n g   m e m b e r   c o n s t r u c t e d ,   as   is  s h o w n   i n   F I G U R E   3 ,  

b y   t h e   a s s e m b l y   of  a  p l u r a l   n u m b e r   of  t h e   s e c t o r - l i k e   p e r m a n e n t  

m a g n e t s   1  a n d   a  p l u r a l   n u m b e r   of  t h e   m a g n e t i c   p o l e   p l a t e s   2  t o  

s u r r o u n d   t h e   e x t r u d e d   m a t e r i a l   o u t   of  t h e   d i s c h a r g e   p o r t   of  t h e  

e x t r u d e r   m a c h i n e   in   s u c h   a  m a n n e r   t h a t   e a c h   p a i r   of  t w o   a d j a c e n t  

p o l e   p l a t e s   2  s a n d w i c h e s   o n e   of  t h e   p e r m a n e n t   m a g n e t s   1  

t h e r e b e t w e e n   or  v i c e   v e r s a .   T h e   o r i e n t a t i n g   m a g n e t i z i n g   m e m b e r  

is  m o u n t e d   f i r m l y   on   t h e   h o l d e r   f r a m e   4  to  f o r m   a  s i z i n g   d i e   7 .  

W h e n   t h e   m a g n e t i c   m a t e r i a l   8,  s u c h   as   a  p l a s t i c   m a g n e t   c o m p o s i -  

t i o n ,   is  e x t r u d e d   o u t   of  t h e   d i s c h a r g e   p o r t   of  t h e   e x t r u d e r   m a c h i n e ,  

t h e   e x t r u d e d   b a r   m a t e - r i a l   is  s u b j e c t e d   to  a n i s o t r o p i c   m u l t i p o l a r  

m a g n e t i z a t i o n   as  it  g o e s   t h r o u g h   t h e   o p e n i n g   of  t h e   s i z i n g   d i e   7 .  

A l t h o u g h   F I G U R E   3  i l l u s t r a t e s   a n   8 - p o l a r   m e m b e r   h a v i n g   e i g h t  

p e r m a n e n t   m a g n e t s   1  a n d   e i g h t   p o l e   p l a t e s   2,  t h e   n u m b e r   of  t h e  

m a g n e t s   is  of  c o u r s e   n o t   l i m i t e d   t h e r e t o .   T h e   m a g n e t i c   p o l e   p l a t e s  

2  s h o u l d   be   m a d e   of  a  m a t e r i a l   of  h i g h   s a t u r a t i o n   m a g n e t i z a t i o n  

of,  p r e f e r a b l y ,   a t   l e a s t   10  k G   or,  m o r e   p r e f e r a b l y ,   a t   l e a s t   15  k G  

s u c h   as   i r o n   a n d   a l l o y s   of  i r o n   a n d   c o b a l t .   A  p o l e   p l a t e   2  is  s a n d -  

w i c h e d   b y   t w o   s e c t o r - l i k e   p e r m a n e n t   m a g n e t s   1  h a v i n g   t h e   s a m e  

p o l a r i t y   i n   t h e   r a d i a l   d i r e c t i o n .   N a m e l y ,   t h e   N - p o l e s   or  S - p o l e s   o f  

t h e   t w o   a d j a c e n t   p e r m a n e n t   m a g n e t s   1  f a c e   to  e a c h   o t h e r   w i t h   t h e  

p o l e   p l a t e   2  i n t e r v e n i n g   t h e r e b e t w e e n   a n d   t h e   m a g n e t s   1  a n d   p o l e  

p l a t e s   2  a r e   a d h e s i v e l y   b o n d e d   t o g e t h e r .  
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A s   is  s h o w n   by  t h e   a r r o w s   in   F I G U R E   3,  t h e   d i r e c t i o n   o f  

m a g n e t i c   o r i e n t a t i o n   in   t h e   p e r m a n e n t   m a g n e t s   1  s h o u l d   p r e f e r -  

a b l y   be  p a r a l l e l   to  t h e   b a s e   of  t h e   e q u i l a t e r a l   t r i a n g l e   f o r m e d   b y  

t h e   t w o   a d j a c e n t   m a g n e t i c   p o l e   p l a t e s   or  p e r p e n d i c u l a r   to  t h e  

m a g n e t i c   p o l e   p l a t e s   a d j a c e n t   to  e a c h   o t h e r   by  s a n d w i c h i n g   t h e  

s a m e .   E a c h   of  t h e   p e r m a n e n t   m a g n e t s   1  s h o u l d   be  so  p o w e r f u l   t h a t  

a t   l e a s t   15  k G   of  t h e   m a g n e t i c   f l u x   is  o b t a i n e d   a t   t h e   c i r c u m f e r -  

e n t i a l   s u r f a c e   of  t h e   e x t r u d e d   m a t e r i a l   a t   t h e   m a g n e t i c   p o l e s .   T h e  

p e r m a n e n t   m a g n e t   s h o u l d   a l s o   h a v e   a  c o e r c i v e   f o r c e   of  a t   l e a s t   6  

K O e   a n d   r e s i d u a l   d e n s i t y   of  m a g n e t i c   f l u x   of  a t   l e a s t   6  k G   w i t h   t h e  

c o e f f i c i e n t   of  t e m p e r a t u r e   d e p e n d e n c y   of  t h e   c o e r c i v e   f o r c e   a n d  

m a g n e t i c   f l u x   of  e a c h   0 . 1 % / ° C   or  s m a l l e r .  

A  c o e r c i v e   f o r c e   of  t h e   p e r m a n e n t   m a g n e t   s m a l l e r   t h a n   6  

K O e   m e a n s   g r e a t e r   d e m a g n e t i z a t i o n   t h e r e o f   w h i l e   a  l a r g e r   p e r m a -  

n e n t   m a g n e t   m u s t   be  u s e d   w h e n   t h e   d e n s i t y   of  t h e   r e s i d u a l   m a g -  

n e t i c   f l u x   is  s m a l l e r   t h a n   6  k G   r e s u l t i n g   in   a n   i n c r e a s e   in   t h e  

m a g n e t i c   l e a k a g e   a l o n g   t h e   m a g n e t i c   c i r c u i t   in  e a c h   c a s e .   T h e  

c o e f f i c i e n t   of  t e m p e r a t u r e   d e p e n d e n c y   s h o u l d   be  as  s m a l l   as  p o s s i -  

b l e   b e c a u s e   a  m a g n e t i c   m a t e r i a l   h a v i n g   a  l a r g e r   t e m p e r a t u r e   d e -  

p e n d e n c y   is  s u b j e c t   to  g r e a t e r   t h e r m a l   d e m a g n e t i z a t i o n   in  t h e   p r o -  

ce s s   of  m o l d i n g .  

R e c o m m e n d a b l e   p e r m a n e n t   m a g n e t   m a t e r i a l s   for  t h e   p e r m a -  

n e n t   m a g n e t s   1  in   v i e w   of  t h e   a b o v e   m e n t i o n e d   r e q u i r e m e n t s   i n -  

c l u d e   t h o s e   of  a  r a r e   e a r t h - b a s e d   m a g n e t   a l l o y   or,  in  p a r t i c u l a r ,  



0 2 4 0 4 2 0  

—  8 —  

s a m a r i u m - c o b a l t   m a g n e t   a l l o y   t h o u g h   n o t   p a r t i c u l a r l y   l i m i t a t i v e  

t h e r e t o .   W h e n   c o n s i d e r a t i o n   is  m a d e   of  t h e   m i n i m u m   m a g n e t i c  

f i e l d   of  a b o u t   10  K O e   r e q u i r e d   to  e f f e c t   f u l l   o r i e n t a t i o n   of  a  m e l t   o f  

a  p l a s t i c   m a g n e t   c o m p o s i t i o n   i n   w h i c h   t h e   d i s p e r s e d   p h a s e   of  t h e  

m a g n e t i c   m a t e r i a l   is  a  r a r e   e a r t h - b a s e d   m a g n e t   p o w d e r ,   t h e   m a -  

t e r i a l   of  t h e   m a g n e t i c   p o l e   p l a t e s   2  s h o u l d   h a v e   a  s a t u r a t i o n   m a g -  

n e t i z a t i o n   of  a t   l e a s t   10  k G   or,  p r e f e r a b l y ,   a t   l e a s t   18  k G .   W h e n  

t h e   s a t u r a t i o n   m a g n e t i z a t i o n   of  t h e   m a t e r i a l   of  t h e   m a g n e t i c   p o l e  

p l a t e s   2  is  s m a l l e r   t h a n   10  k G ,   t h e   m a g n e t i c   l e a k a g e   f r o m   t h e  

m a g n e t i c   p o l e   p l a t e s   is  i n c r e a s e d   so  t h a t   t h e   m a g n e t i c   o r i e n t a t i o n  

i n   t h e   e x t r u d e d   b a r   m a t e r i a l   m a y   e v e n t u a l l y   be   i n c o m p l e t e .  

T h e   m a g n e t i c   m a t e r i a l   m o l d e d   a c c o r d i n g   to  t h e   i n v e n t i o n   is  a  

p l a s t i c   m a g n e t   c o m p o s i t i o n   c o m p o u n d e d   of  a  f i n e   p o w d e r   of  a  p e r -  

m a n e n t   m a g n e t   s u c h   as   r a r e   e a r t h - b a s e d   m a g n e t s ,   f e r r i t e s   a n d   t h e  

l i k e   a n d   a  t h e r m o p l a s t i c   p o l y m e r   as   t h e   m a t r i x   t o g e t h e r   w i t h   o p -  

t i o n a l   a d d i t i v e s .   T h e   m a g n e t   p o w d e r   s h o u l d   h a v e   a n   a v e r a g e   p a r -  

t i c l e   d i a m e t e r   in   t h e   r a n g e   f r o m   0.5  to  1 0 0   u m   or,  p r e f e r a b l y ,   f r o m  

1  to  40   u m .   V a r i o u s   k i n d s   of  p o l y m e r s   h a v i n g   t h e r m o p l a s - t i c i t y  

c a n   b e   u s e d   as  t h e   m a t r i x   i n c l u d i n g   p o l y e t h y l e n e s ,   p o l y p r o -  

p y l e n e s ,   p o l y s t y r e n e s ,   p o l y v i n y l   c h l o r i d e s ,   a c r y l i c   r e s i n s ,   p o l y a m -  

i d e s ,   p o l y p h e n y l e n e   s u l f i d e s ,   p o l y p h e n y l e n e   o x i d e s ,   p o l y a c e t a l e s ,  

p o l y e t h y l e n e   t e r e p h t h a l a t e s ,   p o l y b u t y l e n e   t e r e p h t h a l a t e s ,   p o l y -  

c a r b o n a t e s ,   p o l y e s t e r   e l a s t o m e r s ,   p o l y u r e t h a n e   e l a s t o m e r s   a n d   t h e  

l i k e .   T h e   p l a s t i c   m a g n e t   c o m p o s i t i o n   s h o u l d   be  c o m p o u n d e d   i n  

s u c h   a  p r o p o r t i o n   of  35  to  7 0 %   b y   v o l u m e   or,   p r e f e r a b l y ,   40  to  6 5 %  
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by   v o l u m e   of  t h e   m a g n e t   p o w d e r   a n d   70  to  2 5 %   by   v o l u m e   or,  p r e -  

f e r a b l y ,   60  to  3 5 %   by  v o l u m e   of  t h e   t h e r m o p l a s t i c   p o l y m e r .  

A l t h o u g h   t h e   a c c o m p a n y i n g   d r a w i n g   a n d   t h e   E x a m p l e s  

g i v e n   b e l o w   a r e   d i r e c t e d   to  a  m a n u f a c t u r i n g   p r o c e s s   of  a n   e x t r u d e d  

b a r   m a t e r i a l   h a v i n g   a  c i r c u l a r   or  a n n u l a r   c r o s s   s e c t i o n ,   i t   is  o f  

c o u r s e   t h a t   t h e   a b o v e   d e s c r i b e d   i n v e n t i v e   m e t h o d   is  a p p l i c a b l e   t o  

t h e   m a n u f a c t u r i n g   p r o c e s s   of  a n y   t u b u l a r   b a r   m a t e r i a l s   h a v i n g  

d i f f e r e n t   c r o s s   s e c t i o n s   s u c h   as  t u b e s   h a v i n g   a  p o l y g o n a l   c r o s s   s e c -  

t i o n .   As   is  u n d e r s t o o d   f r o m   t h e   a b o v e   g i v e n   d e s c r i p t i o n ,   t h e   p r e s -  

e n t   i n v e n t i o n   p r o v i d e s   a  v e r y   e f f i c i e n t   m e t h o d   for   m a n u f a c t u r i n g   a  

c o n t i n u o u s - l e n g t h   e x t r u d e d   b a r   of  p l a s t i c   m a g n e t   w i t h   c i r c u m f e r -  

e n t i a l l y   m u l t i p o l a r   m a g n e t i z a t i o n   so  t h a t   t h e   i n v e n t i v e   m e t h o d   i s  

i n d u s t r i a l l y   v e r y   v a l u a b l e .   In   t h e   f o l l o w i n g ,   t h e   m e t h o d   of  t h e  

p r e s e n t   i n v e n t i o n   is  d e s c r i b e d   in   m o r e   d e t a i l   b y   w a y   of  E x a m p l e s .  

E x a m p l e   1 .  

A  p l a s t i c   m a g n e t   c o m p o s i t i o n   w a s   p r e p a r e d   by  u n i f o r m l y  

m i l l i n g   a  m i x t u r e   c o m p o s e d   of  9 1 %   by   w e i g h t   or  5 8 %   by  v o l u m e   o f  

a  p o w d e r e d   r a r e   e a r t h - b a s e d   p e r m a n e n t   m a g n e t   ( R - 3 0 ,   a  p r o d u c t  

by   S h i n - E t s u   C h e m i c a l   Co.)  h a v i n g   a n   a v e r a g e   p a r t i c l e   d i a m e t e r  

of  a b o u t   3 . 5 u m   a n d   9%  by  w e i g h t   or  4 2 %   by   v o l u m e   of  a  p l a s t i c i z e d  

p o l y v i n y l   c h l o r i d e   r e s i n   c o m p o u n d   ( M F - 2 0 0 ,   a  p r o d u c t   by  t h e   s a m e  

c o m p a n y ,   s u p r a ) .   T h e   p l a s t i c   m a g n e t   c o m p o s i t i o n   w a s   s h a p e d   i n t o  

a  c o n t i n u o u s - l e n g t h   t u b u l a r   b a r   by   e x t r u s i o n   m o l d i n g   u s i n g   a  2 5  

m m   d i a m e t e r   e x t r u d e r   m a c h i n e .   T h e   s i z i n g   d ie   of  t h e   e x t r u d e r  
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m a c h i n e   w a s   e q u i p p e d   w i t h   a  m u l t i p o l a r ,   c i r c u m f e r e n t i a l l y   a n i s o -  

t r o p i c   o r i e n t a t i n g   m a g n e t i z i n g   m e m b e r   as   i l l u s t r a t e d   in   F I G -  

U R E S   4 a   a n d   4b.   T h e   o r i e n t a t i n g   m a g n e t i z i n g   m e m b e r   w a s   c o n -  

s t r u c t e d   of  24  p i e c e s   of  p e r m a n e n t   m a g n e t s   1  m a d e   of  t h e   s a m e   R -  

30   r a r e   e a r t h   m a g n e t   a n d   24  m a g n e t i c   p o l e   p l a t e s   2  m a d e   of  p u r e  

i r o n   h a v i n g   s a t u r a t i o n   m a g n e t i z a t i o n   of  21  k G   e a c h   in   a  s e c t o r -  

l i k e   f o r m   w i t h   a  c e n t r a l   a n g l e   of  7 .5°   a n d   a l t e r n a t e l y   a r r a n g e d  

a r o u n d   t h e   c e n t e r   a x i s   as   is  i l l u s t r a t e d   i n   F I G U R E   4a .   T h e   s i z i n g  

d i e   h a d   d i m e n s i o n s   of  18  m m   of  o u t e r   d i a m e t e r ,   16  m m   of  i n n e r   d i -  

a m e t e r   a n d   50  m m   of  l e n g t h   as  is  s h o w n   in   F I G U R E   4b  a n d   t h e  

t e m p e r a t u r e   t h e r e o f   w a s   c o n t r o l l e d   n o t   to  e x c e e d   50  °C.  T h e   e x -  

t r u d e r   m a c h i n e   w a s   r u n   a t   1 5 0   °C  w i t h   t h e   s c r e w   r o t a t e d   a t   a  v e -  

l o c i t y   of  60  r p m .  

A  p i e c e   of  p l a s t i c   m a g n e t   w i t h   c i r c u m f e r e n t i a l l y   m u l t i p o l a r  

m a g n e t i z a t i o n   w a s   t a k e n   f r o m   t h e   t h u s   p r e p a r e d   c o n t i n u o u s -  

l e n g t h   e x t r u d e d   b a r   m a t e r i a l   by   c u t t i n g   i n   a  p l a n e   p e r p e n d i c u l a r  

to  t h e   a x i s   a n d   t h e   d i s t r i b u t i o n   of  m a g n e t i c   o p e n   f l u x   a r o u n d   t h e  

c i r c u m f e r e n c e   w a s   m e a s u r e d   by   u s i n g   a  g a u s s m e t e r   to  g i v e   t h e  

r e s u l t s   s h o w n   i n   F I G U R E   5  i n d i c a t i n g   t h a t   t h e   t u b u l a r   p l a s t i c  

m a g n e t   w i t h   c i r c u m f e r e n t i a l l y   m u l t i p o l a r   m a g n e t i z a t i o n   h a d   a  

v e r y   h i g h   o p e n   f l u x   of  a l m o s t   2  k G .  

C o m p a r a t i v e   E x a m p l e   1 .  

F o r   c o m p a r i s o n ,   t h e   s a m e   p l a s t i c   m a g n e t   c o m p o s i t i o n   a s  

u s e d   i n   t h e   a b o v e   d e s c r i b e d   e x p e r i m e n t   w a s   e x t r u s i o n - m o l d e d   i n t o  
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a  c o n t i n u o u s - l e n g t h   t u b e   of  t h e   s a m e   d i m e n s i o n s   as  a b o v e   w i t h o u t  

m o u n t i n g   t h e   c i r c u m f e r e n t i a l l y   o r i e n t a t i n g   m a g n e t i z i n g   m e m b e r  

on  t h e   d i s c h a r g e   p o r t   of  t h e   e x t r u d e r   m a c h i n g .   T h e   t h u s   o b t a i n e d  

p l a s t i c   m a g n e t   b a r   w a s   s u b j e c t e d   to  c i r c u m f e r e n t i a l   m u l t i p o l a r  

m a g n e t i z a t i o n   u s i n g   a  2 4 - p o l a r   m a g n e t i z a t i o n   y o k e   h a v i n g   a n  

i n n e r   d i a m e t e r   of  1 8 . 1   m m   by  e n e r g i z i n g   e a c h   m a g n e t i z i n g   c o i l  

w i t h   d i s c h a r g e   of  a  c a p a c i t o r   of  6 0 0   u F   c a p a c i t y   c h a r g e d   a t   2 0 0 0  

v o l t s .   T h e   t h u s   p r e p a r e d   m u l t i p o l a r   c i r c u m f e r e n t i a l l y   m a g n e t i z e d  

p l a s t i c   m a g n e t   w a s   s u b j e c t e d   to  t h e   m e a s u r e m e n t   of  t h e   m a g n e t i c  

o p e n   f l u x   a r o u n d   t h e   c i r c u m f e r e n c e   in   t h e   s a m e   m a n n e r   as   a b o v e  

to  f i n d   t h a t   t h e   m a x i m u m   v a l u e   of  t h e   p e a k s   in   a  c h a r t   s i m i l a r   t o  

F I G U R E   5  w a s   a b o u t   1  k G .  

E x a m p l e   2 .  

A  p l a s t i c   m a g n e t   c o m p o s i t i o n   w a s   p r e p a r e d   by   u n i f o r m l y  

k n e a d i n g ,   in   a  k n e a d e r   a t   2 2 0   °C,  4 5 %   by   v o l u m e   of  a  p o l y e s t e r  

e l a s t o m e r   h a v i n g   a  h a r d n e s s   of  60  a c c o r d i n g   to  J I S   K  6 3 0 1   a n d  

5 5 %   by  v o l u m e   of  a  p o w d e r   of  t h e   s a m e   r a r e   e a r t h - b a s e d   m a g n e t i c  

a l l o y   as  u s e d   in   E x a m p l e   1  h a v i n g   a n   a v e r a g e   p a r t i c l e   d i a m e t e r   o f  

a b o u t   3.5  u m .   T h i s   p l a s t i c   m a g n e t   c o m p o s i t i o n   w a s   e x t r u s i o n -  

m o l d e d   i n t o   a  c o n t i n u o u s - l e n g t h   t u b u l a r   f o r m   of  t h e   s a m e   d i m e n -  

s i o n s   as  in   E x a m p l e   1  w i t h   t h e   d ie   of  w h i c h   t h e   t e m p e r a t u r e   w a s  

c o n t r o l l e d   n o t   to  e x c e e d   50  °C.  T h e   s a m e   c i r c u m f e r e n t i a l l y   o r i e n -  

t a t i n g   m a g n e t i z i n g   m e m b e r   as  in   E x a m p l e   1  w a s   m o u n t e d   on  t h e  

d i s c h a r g e   p o r t   of  t h e   e x t r u d e r   m a c h i n e   w h i c h   w a s   r u n   a t   2 5 0   ° C .  
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T h e   t h u s   o b t a i n e d   c i r c u m f e r e n t i a l l y   m a g n e t i z e d   p l a s t i c   m a g -  

n e t   w a s   s u b j e c t e d   to  t h e   m e a s u r e m e n t   of  t h e   m a g n e t i c   o p e n   f l u x   i n  

t h e   s a m e   m a n n e r   as   i n   E x a m p l e   1  to  f i n d   t h a t   t h e   m a x i m u m   v a l u e  

a t   t h e   p e a k s   i n   a  c h a r t   s i m i l a r   to  F I G U R E   5  w a s   1.8  k G .  

C o m p a r a t i v e   E x a m p l e   2 .  

T h e   e x p e r i m e n t a l   p r o c e d u r e   w a s   t h e   s a m e   as  i n   C o m p a r a t i v e  

E x a m p l e   1  e x c e p t i n g   t h e   r e p l a c e m e n t   of  t h e   p l a s t i c   m a g n e t   c o m p o -  

s i t i o n   w i t h   t h e   c o m p o s i t i o n   u s e d   in   E x a m p l e   2.  T h e   m e a s u r e m e n t  

of  t h e   m a g n e t i c   o p e n   f l u x   a l o n g   t h e   c i r c u m f e r e n c e   of  t h e   t u b u l a r  

m a g n e t   g a v e   a  r e s u l t   t h a t   t h e   m a x i m u m   v a l u e   a t   t h e   p e a k s   i n   a  

c h a r t   s i m i l a r   to  F I G U R E   5  w a s   a b o u t   0.9  k G .  
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CLAIMS 

1.  A  m e t h o d   for   m a n u f a c t u r i n g   a  c o n t i n u o u s - l e n g t h   e x t r u d e d  

b a r   of  p l a s t i c   m a g n e t   w i t h   c i r c u m f e r e n t i a l l y   m u l t i p o l a r   m a g n e t -  

i z a t i o n   w h i c h   c o m p r i s e s   e x t r u d i n g   a  p l a s t i c   m a g n e t   c o m p o s i t i o n  

c o m p o s e d   of  a  p o w d e r   of  a  p e r m a n e n t   m a g n e t   a n d   a  t h e r m o p l a s t i c  

p o l y m e r   o u t   of  t h e   d i s c h a r g e   p o r t   of  a n   e x t r u d e r   m a c h i n e   p r o v i d e d  

w i t h   a  m u l t i p o l a r ,   c i r c u m f e r e n t i a l l y   a n i s o t r o p i c   o r i e n t a t i n g   m a g -  

n e t i z i n g   m e m b e r ,   w h i c h   is  c o n s t r u c t e d   of  a  p l u r a l   n u m b e r   of  r a -  

d i a l l y   o r i e n t e d   m a g n e t i c   p o l e   p l a t e s   f o r m e d   of  a  m a g n e t i c   m a t e r i a l  

h a v i n g   a  s a t u r a t i o n   m a g n e t i z a t i o n   of  a t   l e a s t   10  k G   a n d   a  p l u r a l  

n u m b e r   of  r a d i a l l y   o r i e n t e d   p e r m a n e n t   m a g n e t s ,   e a c h   p a i r   o f  

a d j a c e n t   t w o   t h e r e o f   s a n d w i c h i n g   one   of  t h e   m a g n e t i c   p o l e   p l a t e s  

t h e r e b e t w e e n   w i t h   t h e   p o l e s   of  t h e   r e s p e c t i v e   p e r m a n e n t   m a g n e t s  

h a v i n g   t h e   s a m e   p o l a r i t y   f a c i n g   to  e a c h   o t h e r ,   c o a x i a l l y   m o u n t e d  

on  t h e   d i s c h a r g e   p o r t .  

2.  T h e   m e t h o d   as   c l a i m e d   in  c l a i m   1  w h e r e i n   t h e   r a d i a l l y   o r i -  

e n t e d   p e r m a n e n t   m a g n e t s   a r e   m a d e   of  a  r a r e   e a r t h - b a s e d   p e r m a -  

n e n t   m a g n e t   a l l o y .  



0 2 4 0 4 2 0  

F I G .   I b  

F I G .   2 b  
F I G . 2 a  

10 

/ ,  
\  

9  8  3  M l  

F I G . 3  



0 2 4 0 4 2 0  

F I G . 4 a  

d i r e c t i o n   o f  
m a g n e t i z a t i o n  

F I G . 4 b  

5 0   m m  

8 0   m m  



0 2 4 0 4 2 0  

F I G . 5  

A N G L E  



J »  

0 2 4 0 4 2 0  

.  Application  number European  Patent 
Office EUROPEAN  SEARCH  REPORT 

EP  8 7 4 0 0 6 8 2 . 8  DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 
Citation  of  document  with  indication,  where  appropriate, 

of  relevant  patsagea 
Relevant 
to  claim 

CLASSIFICATION  OF  THE 
APPLICATION  (Int.  CM  ) Category 

US  -  A  -  3  640  657  (R0WE  e t   a l . >  
*  C l a i m s   1 - 1 1 ;   c o l u m n   2,  l i n e  

9  -  c o l u m n   3,  l i n e   53  * 

H  01  F  1 / 1 1 7  

TECHNICAL  FIELDS 
SEARCHED  (Int.  CM) 

H  01  F  1 / 0 0  

H  01  F  3 / 0 0  

H  01  F  1 3 / 0 0  

G  11  B  5 / 0 0  

H  02  K  1 / 0 0  

H  02  K  1 5 / 0 0  

Trie  preaent  search  report  ha*  been  drawn  up  for  all  claim* 

Place  of  aaarch 
VIENNA 

Date  of  completion  of  the  search 
0 6 - 0 7 - 1 9 8 7  

Examiner 
VAKIL 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone 
Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category 
A  :  technological  background 
0  :  non-written  disclosure 
P  :  ink  rmediate  document 

T  :  theory  or  principle  underlying  the  invention 
E  :  earlier  patent  document,  but  published  on,  or 

after  the  filing  date 
D  :  document  cited  in  the  application 
L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding 

document 

a 
s  

§ 


	bibliography
	description
	claims
	drawings
	search report

