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©  A  low  friction  bearing  arrangement  includes  first  and 
second  poles  (20,  26,  42,  46)  of  magnetically  permeable  mat- 
erial  which  define  first  and  second  pole  surfaces  (22,  28) 
which  are  spaced  apart.  The  first  and  second  poles  also  de- 
fine  first  and  second  side  surfaces  (24,  30,  44,  48),  re- 
spectively,  which  are  aligned.  A  quantity  of  ferrofluid  (34,  64), 
positioned  intermediate  the  first  and  second  pole  surfaces 
(20,  26,42,  46)  and  adjacent  the  first  and  second  side  surfaces 
(24,  30,  44,  48),  is  held  by  means  of  a  fringing  magnetic  flux 
between  the  first  and  second  side  surfaces  (24,  30,  44,  48)  at  a 
level  which  extends  beyond  the  side  surfaces  (24,  30,  44,  48). 
A  rotatable  shaft  (10,  40)  of  nonmagnetic  material  is  suppor- 
ted  on  the  quantity  of  ferrofluid  (34,  64)  and  is  held  out  of 
contact  with  the  side  surfaces  (24,  30,  44,  48)  thereby,  such 
that  the  shaft  (10,  40)  may  be  freely  rotated. 
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LOW  FRICTION  FERROFLUID  BEARING  ARRANGEMENT 

The  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  low  f r i c t i o n  

b e a r i n g   a r r a n g e m e n t   a n d ,   more   p a r t i c u l a r l y ,   to  s u c h   a n  

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

f r e e   r o t a t i o n   by  a  q u a n t i t y   of  f e r r o f l u i d .  

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

be  m a g n e t i c a l l y   p o l a r i z e d .   The  f l u i d   i s   s u b s t a n t i a l l y  

u n i f o r m ,   and  has   t h e   p r o p e r t y   t h a t   when  a  g r a d i e n t  

m a g n e t i c   f i e l d   is   a p p l i e d   to   i t ,   a  body   f o r c e   i s   d e v e l o p e d  

w i t h i n   t he   f l u i d   w h i c h   can   s u b s t a n t i a l l y   e x c e e d   t h e   f o r c e  

10  of  g r a v i t y   a p p l i e d   to  t h e   f l u i d .   T y p i c a l l y ,   a  f e r r o f l u i d  

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

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

c o n d i t i o n   is  u n a f f e c t e d   by  t h e   p r e s e n c e   of  an  a p p l i e d  

m a g n e t i c   f i e l d .   The  f e r r o f l u i d   p a r t i c l e s   t y p i c a l l y   r a n g e  
15  in  s i z e   up  to  a b o u t   300  A,  and  r e m a i n   u n i f o r m l y   d i s p e r s e d  

t h r o u g h o u t   t h e   l i q u i d   c a r r i e r   due  to  t h e r m a l   a g i t a t i o n .  

F e r r o f l u i d s   a r e   d i s c u s s e d   in   U . S .   p a t e n t   No.  3 , 9 1 7 , 5 3 8 ,  

i s s u e d   N o v e m b e r   4.  1 9 7 5 .   to   R o s e n s w e i g .  

A  p r i n c i p a l   a p p l i c a t i o n   of  f e r r o f l u i d s   in  t h e  
20  p a s t   has  b e e n   f o r   u s e   as  low  f r i c t i o n   s e a l s .   In  s u c h   a  

s e a l i n g   a r r a n g e m e n t ,   a  s h a f t   made  of  a  m a g n e t i c a l l y  

p e r m e a b l e   m a t e r i a l   d e f i n e s   one  or  more   a n n u l a r   r i d g e s  

w h i c h   d i r e c t l y   o p p o s e   an  o u t e r ,   a n n u l a r   p o l e   p i e c e .  

M a g n e t i c   f l u x   is   a p p l i e d   to  a  f l u x   p a t h   i n c l u d i n g   t h e  
25  s h a f t   and  t h e   p o l e   p i e c e .   The  f l u x   b r i d g i n g   t h e   g a p s  

b e t w e e n   t he   r i d g e s   and  t h e   p o l e   p i e c e   h o l d s   r i n g s   o f  

f e r r o f l u i d   in   p o s i t i o n   t h e r e b e t w e e n .   T h e s e   r i n g s   o f  

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

a l o n g   the   s h a f t .  
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N u m e r o u s   b e a r i n g   d e s i g n s   h a v e   b e e n   u t i l i z e d   i n  

t h e   p a s t   in   v a r i o u s   a p p l i c a t i o n s   f o r   s u p p o r t i n g   a  

r o t a t a b l e   s h a f t .   Even   w i t h   t h e   b e s t   of  s u c h   d e s i g n s ,  

h o w e v e r ,   t h e   f r i c t i o n a l   f o r c e s   r e s i s t i n g   s h a f t   m o v e m e n t  
5  may  be  g r e a t e r   t h a n   d e s i r e d .   F u r t h e r ,   b e a r i n g   wear   m a y  

o c c u r   o v e r   e x t e n d e d   p e r i o d s   of  u s e .   I t   i s   s e e n ,  

t h e r e f o r e ,   t h a t   an  i m p r o v e d   b e a r i n g   a r r a n g e m e n t   is   n e e d e d  

in  w h i c h   a  s h a f t   may  be  m o u n t e d   f o r   r o t a t i o n   a t   e x t r e m e l y  

low  f r i c t i o n a l   l e v e l s ,   and  in   w h i c h   b e a r i n g   l i f e   i s  
10  e x t e n d e d .  

T h i s   n e e d   i s   met   by  a  low  f r i c t i o n   b e a r i n g  

a r r a n g e m e n t ,   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   w h i c h  

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

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

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

s u r f a c e .   The  s e c o n d   p o l e   s u r f a c e   f a c e s   t h e   f i r s t   p o l e  

s u r f a c e ,   and  t h e   s e c o n d   s i d e   s u r f a c e   i s   a l i g n e d   w i t h   t h e  
20  f i r s t   s i d e   s u r f a c e .   The  b e a r i n g   a r r a n g e m e n t   f u r t h e r  

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

f i r s t   and   s e c o n d   p o l e   s u r f a c e s ,   and  a  q u a n t i t y   o f  

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

p o l e   s u r f a c e s   a d j a c e n t   t h e   f i r s t   and  s e c o n d   s i d e  
25  s u r f a c e s .   The  b e a r i n g   a r r a n g e m e n t   f u r t h e r   i n c l u d e s   m e a n s  

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

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

b e t w e e n   t h e   f i r s t   and   s e c o n d   p o l e   means   and  f r i n g e s  

o u t w a r d l y   t h e r e f r o m   b e y o n d   t h e   f i r s t   and  s e c o n d   s i d e  
30  s u r f a c e s   so  as  to  h o l d   t h e   f e r r o f l u i d   b e t w e e n   t h e   f i r s t  

and  s e c o n d   s i d e   s u r f a c e s   a t   a  l e v e l   w h i c h   e x t e n d s   b e y o n d  
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t h e   s i d e   s u r f a c e s .   F i n a l l y ,   t h e   a r r a n g e m e n t   i n c l u d e s   a  

r o t a t a b l e   s h a f t   made  of  n o n m a g n e t i c   m a t e r i a l .   The  s h a f t  

i s   s u p p o r t e d   on  t h e   q u a n t i t y   of  f e r r o f l u i d .   o u t   of  c o n t a c t  

w i t h   t h e   s i d e   s u r f a c e s ,   and  i s   f r e e l y   r o t a t a b l e .  

5  The  s h a f t   may  d e f i n e   an  a n n u l a r   g r o o v e   w h i c h   i s  

a l i g n e d   w i t h   t h e   q u a n t i t y   of  f e r r o f l u i d ,   w h e r e b y   a x i a l  

m o v e m e n t   of  t h e   s h a f t   i s   i n h i b i t e d .   The  f i r s t   and  s e c o n d  

s i d e   s u r f a c e s   may  be  c u r v e d ,   c o n c a v e   s u r f a c e s   in   w h i c h   t h e  

q u a n t i t y   of  f e r r o f l u i d   d e f i n e s   a  f l u i d   b e a d   e x t e n d i n g  
10  a r o u n d   a  p o r t i o n   of  t h e   p e r i p h e r y   of  t h e   s h a f t   in   t h e  

a n n u l a r   g r o o v e .   The  s h a f t   is   f r e e   to  r o t a t e ,   b u t   i s  

r e s t r i c t e d   by  t h e   bead   in   i t s   a x i a l   m o v e m e n t .   The  m e a n s  

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

m a g n e t .  
15  The  f i r s t   and  s e c o n d   s i d e   s u r f a c e s   may  b e  

g e n e r a l l y   c y l i n d r i c a l   and  a x i a l l y   a l i g n e d   to  d e f i n e   a  

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

n o n m a g n e t i c   s p a c e r   means   may  be  g e n e r a l l y   a n n u l a r   i n  

s h a p e .   The  q u a n t i t y   of  f e r r o f l u i d   may  t h e n   be  c o n f i g u r e d  
20  as  a  g e n e r a l l y   a n n u l a r   s h a p e d   bead   e x t e n d i n g   a r o u n d   t h e  

c y l i n d r i c a l   o p e n i n g .   The  means   f o r   s u p p l y i n g   m a g n e t i c  

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

p e r m a n e n t   m a g n e t ,   w i t h   t h e   p e r m a n e n t   m a g n e t   e x t e n d i n g  

a r o u n d   and  a x i a l l y   a l i g n e d   w i t h   t h e   o p e n i n g .  
25  The  b e a r i n g   a r r a n g e m e n t   may  i n c l u d e   m a g n e t i c a l l y  

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

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

to  r e s t r i c t   f l u x   f l o w   t h e r e t h r o u g h   in   t h e   r e g i o n   of  t h e  

o p e n i n g .   The  a r r a n g e m e n t   i n c l u d e s   means   f o r   s u p p l y i n g  
30  m a g n e t i c   f l u x   to   a  f l u x   f l o w   p a t h   i n c l u d i n g   t h e  

m a g n e t i c a l l y   p e r m e a b l e   means   so  as  to  p r o d u c e   f r i n g i n g   o f  



- 4 -  
0 2 4 9 3 1 9  

t h e   f l u x   i n t o   t h e   o p e n i n g   a d j a c e n t   t h e   a r e a   o f  

r e s t r i c t i o n .   A  n o n m a g n e t i c   s h a f t   i s   p o s i t i o n e d   in   t h e  

o p e n i n g ,   and  a  q u a n t i t y   of  f e r r o f l u i d   i s   r e t a i n e d   as  a  

f l u i d   bead   a r o u n d   t h e   o p e n i n g   by  t h e   f r i n g i n g   f l u x ,  
5  s u p p o r t i n g   t h e   s h a f t   f o r   f r e e   r o t a t i o n .   The  s h a f t   d e f i n e s  

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

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

m o v e m e n t   of  t h e   s h a f t   a x i a l l y   i s   i n h i b i t e d .   The  means   f o r  

s u p p l y i n g   m a g n e t i c   f l u x   may  c o m p r i s e   a  p e r m a n e n t   m a g n e t .  
10  

.  A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   a  low  f r i c t i o n   b e a r i n g   a r r a n g e m e n t  

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

to   p e r m i t   f r e e   r o t a t i o n   of  t he   s h a f t ; ,   to   p r o v i d e   s u c h   a  

b e a r i n g   a r r a n g e m e n t   in   w h i c h   t h e   s h a f t   i s   n o n m a g n e t i c ;   a n d  
15  to   p r o v i d e   s u c h   a  b e a r i n g   a r r a n g e m e n t   in   w h i c h   t h e  

f e r r o f l u i d   m a t e r i a l   i s   h e l d   in  p o s i t i o n   by  means   o f  

f r i n g i n g   m a g n e t i c   f l u x .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   i n v e n t i o n  

w i l l   be  a p p a r e n t   f r o m   t h e   f o l l o w i n g   d e s c r i p t i o n ,   t h e  
20  a c c o m p a n y i n g   d r a w i n g s   and  t he   a p p e n d e d   c l a i m s .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more  r e a d i l y  

u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  to  t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in  w h i c h :  

F i g .   1  i s   a  s i d e   v i e w   of  a  s h a f t   f o r m i n g   a  p a r t  
25  of  t h e   f r i c t i o n   b e a r i n g   a r r a n g e m e n t   of  t h e   p r e s e n t  

i n v e n t i o n ;  

F i g .   2  i s   a  s e c t i o n a l   v i e w   t a k e n   g e n e r a l l y   a l o n g  

l i n e   2 -2   in   F i g .   3.  d e p i c t i n g   a  f i r s t   e m b o d i m e n t   of  t h e  

b e a r i n g   of  t h e   p r e s e n t   i n v e n t i o n ;  
30  F i g .   3  i s   an  end  v i e w   of  t h e   b e a r i n g ,   as  s e e n  

l o o k i n g   l e f t   to  r i g h t   in   F i g .   2 ;  

3 0  
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F i g .   4  i s   an  e n l a r g e d   s e c t i o n a l   v i e w   of  a  p o r t i o n  

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

t h e   f e r r o f l u i d   i s   h e l d   in  p o s i t i o n ;   a n d  

F i g .   5  i s   a  s e c t i o n a l   v i e w ,   t a k e n   a l o n g   a  
5  d i a m e t e r ,   of  a  s e c o n d ,   g e n e r a l l y   c y l i n d r i c a l   e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n .  

F i g s .   1 -4   i l l u s t r a t e   a  f i r s t   e m b o d i m e n t   of  t h e  

low  f r i c t i o n   b e a r i n g   a r r a n g e m e n t   of  t h e   p r e s e n t  
10  i n v e n t i o n .   A  s h a f t   10  is   s u p p o r t e d   a t   a n n u l a r   g r o o v e   1 2  

by  b e a r i n g   14  and  a t   a n n u l a r   g r o o v e   16  by  b e a r i n g   18.   T h e  

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

14,  i t   b e i n g   u n d e r s t o o d   t h a t   b e a r i n g   18  i s   i d e n t i c a l   in   ' 

c o n s t r u c t i o n   and  o p e r a t i o n   and  s i m p l y   s u p p o r t s   t h e   s h a f t  
15  io  a t   an  a x i a l l y   s p a c e d   p o s i t i o n   so  as  to   s t a b i l i z e   t h e  

s h a f t .  

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

means   20  w h i c h   i s   made  of  a  m a g n e t i c a l l y   p e r m e a b l e  

m a t e r i a l ,   s u c h   as  f o r   e x a m p l e   i r o n .   The  f i r s t   p o l e   m e a n s  
20  d e f i n e s   a  f i r s t   p o l e   s u r f a c e   22  and  a  f i r s t   s i d e   s u r f a c e  

24.  A  s e c o n d   p o l e   means   26,  a l s o   made  of  m a g n e t i c a l l y  

p e r m e a b l e   m a t e r i a l ,   d e f i n e s   a  s e c o n d   p o l e   s u r f a c e   28  and  a  

s e c o n d   s i d e   s u r f a c e   30.  The  s e c o n d   s i d e   s u r f a c e   30  i s  

a l i g n e d   w i t h   t h e   f i r s t   s i d e   s u r f a c e   24.   P o s i t i o n e d  
25  b e t w e e n   t h e   f i r s t   p o l e   s u r f a c e   22  and  t h e   s e c o n d   p o l e  

s u r f a c e   28  i s   a  n o n m a g n e t i c   s p a c e r   means   32  w h i c h ,   f o r  

e x a m p l e ,   may  be  made  of  b r a s s ,   a l u m i n u m ,   or  t h e   l i k e .   A 

q u a n t i t y   of  f e r r o f l u i d   34  i s   p o s i t i o n e d   i n t e r m e d i a t e   t h e  

f i r s t   and  s e c o n d   p o l e   s u r f a c e s ,   22  and  28,   r e s p e c t i v e l y .  
30  and  a d j a c e n t   t h e   f i r s t   and  s e c o n d   s i d e   s u r f a c e s   24  and  3 0 ,  

r e s p e c t i v e l y .  
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A  means   f o e   s u p p l y i n g   a  m a g n e t i c   f l u x   to  a  f l u x  

p a t h   p r e f e r a b l y   i n c l u d e s   p e r m a n e n t   m a g n e t   36,  w h i c h   i s  

p o l a r i z e d   as  i n d i c a t e d .   The  f l u x   p a t h   i n c l u d e s   t he   f i r s t  

p o l e   means   20  and  t h e   s e c o n d   p o l e   means   26,   w i t h   t h e   f l u x  

p a t h   b e i n g   i l l u s t r a t e d   s c h e m a t i c a l l y   by  a r r o w s   3 8 .  

As  b e s t   s e e n   in   F i g .   4,  and  a g a i n   i l l u s t r a t e d   b y  

a r r o w s   38,   t h e   f l u x   e x t e n d s   b e t w e e n   t h e   f i r s t   and  s e c o n d  

p o l e   means   20  and  26  and  f r i n g e s   o u t w a r d l y   t h e r e f r o m  

b e y o n d   t h e   f i r s t   and  s e c o n d   s i d e   s u r f a c e s   24  and  30,  so  a s  

to   h o l d   t h e   f e r r o f l u i d   b e t w e e n   t he   f i r s t   and  s e c o n d   s i d e  

s u r f a c e s   a t   a  l e v e l   w h i c h   e x t e n d s   a b o v e   t h e s e   s i d e  

s u r f a c e s .   The  r o t a t a b l e   s h a f t   10  i s   s u p p o r t e d   on  t h e  

q u a n t i t y   of  f e r r o f l u i d   34  and  i s   t h e r e b y   h e l d   ou t   o f  

c o n t a c t   w i t h   t h e   s i d e   s u r f a c e s   24  and  30  s u c h   t h a t   t h e  

s h a f t   i s   f r e e l y   r o t a t a b l e .   The  g r o o v e   12  of  s h a f t   10  i s  

a l i g n e d   w i t h   t h e   q u a n t i t y   of  f e r r o f l u i d   34  and  a  p o r t i o n  

of  t h i s   f l u i d   i s   r e c e i v e d   w i t h i n   t h e   g r o o v e   12.  T h e  

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

r a i s e d   c o n f i g u r a t i o n   a n d ,   as  a  c o n s e q u e n c e ,   t he   f l u i d   34  

and   t h e   g r o o v e   12  a c t   t o g e t h e r   to  r e s i s t   a x i a l   movement   o f  

t h e   s h a f t .  

In  t h e   e m b o d i m e n t   of  F i g s .   1 - 4 ,   t h e   f i r s t   a n d  

s e c o n d   s i d e   s u r f a c e s   24  and  30,  r e s p e c t i v e l y ,   a r e   c u r v e d ,  

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

p e r i p h e r y   of  t h e   s h a f t   10.   As  a  c o n s e q u e n c e ,   in   t h i s  

e m b o d i m e n t   t h e   s h a f t   i s   n o t   r e s t r a i n e d   f r o m   u p w a r d  

m o v e m e n t   . 
I t   w i l l   be  a p p r e c i a t e d   t h a t   i t   i s   i m p o r t a n t   t h a t  

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

a l u m i n u m .   I f   s h a f t   10  w e r e   to  be  made  of   a  m a g n e t i c  

m a t e r i a l ,   t h e   f r i n g i n g   f l u x   b r i d g i n g   p o l e   means   20  and  26  
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w o u l d   t e n d   to  d r a w   t h e   s h a f t   10  t o w a r d   s i d e   s u r f a c e s   2 4  

and   30.  w i t h   t h e   r e s u l t   t h a t   f r i c t i o n a l   f o r c e s   c o u l d   b e  

p r o d u c e d   i f   c o n t a c t   w e r e   made  b e t w e e n   t h e   s h a f t   a n d  

s u r f a c e s   24  and  30.   F u r t h e r ,   t h e   p r e s e n c e   of  a  s h a f t   m a d e  

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

f r i n g i n g   f l u x   and  w o u l d   t h e r e f o r e   a l t e r   t h e   e f f e c t   w h i c h  

s u c h   f l u x   has   u p o n   t h e   f e r r o f l u i d   3 4 .  

R e f e r e n c e   i s   now  made  to  F i g .   5  w h i c h   i l l u s t r a t e s  

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

10  s h a f t   40  is   c o m p l e t e l y   s u r r o u n d e d   by  t h e   b e a r i n g .   A l l   o f  

t h e   b e a r i n g   e l e m e n t s   a r e   g e n e r a l l y   a n n u l a r   in   s h a p e .   I t  

w i l l   be  a p p r e c i a t e d   t h a t   i t   may  be  d e s i r a b l e   to  u t i l i z e   a  

s e c o n d   s u c h   b e a r i n g   w i t h   s h a f t   40.  in   t h e   m a n n e r  

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

15  i n v e n t i o n ,   in   o r d e r   to   p r o v i d e   a  s t a b l e   s u p p o r t   f o r   s h a f t  

4 0 .  

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

means   42  of  m a g n e t i c a l l y   p e r m e a b l e   m a t e r i a l   d e f i n i n g   a  

g e n e r a l l y   c y l i n d r i c a l   s i d e   s u r f a c e   44.  and  a  s e c o n d   p o l e  
20  means   46  of  m a g n e t i c a l l y   p e r m e a b l e   m a t e r i a l   d e f i n i n g   a  
"  s e c o n d   s i d e   s u r f a c e   48.   C y l i n d r i c a l   s u r f a c e s   44  and  4 8  

a r e   a x i a l l y   a l i g n e d   and  t o g e t h e r   d e f i n e   a  c y l i n d r i c a l  

o p e n i n g   50  t h r o u g h   w h i c h   t h e   s h a f t   40  e x t e n d s .  

A  means   f o r   s u p p l y i n g   m a g n e t i c   f l u x   to  a  f l u x  

25  p a t h   i n c l u d e s   a  g e n e r a l l y   a n n u l a r   p e r m a n e n t   m a g n e t   5 2  

w h i c h   is   a x i a l l y   p o l a r i z e d ,   as  s h o w n ,   w i t h   one  p o l e   f a c i n g  

s u r f a c e   54  of  t h e   f i r s t   p o l e   means   42  and  t h e   o p p o s i t e  

p o l e   f a c i n g   s u r f a c e   56  of  t h e   s e c o n d   p o l e   means   46.   T h e  

f l u x   p a t h   i n c l u d e s   t h e   f i r s t   and  s e c o n d   p o l e   m e a n s ,   a s  
30  i n d i c a t e d   by  a r r o w s   38,   s u c h   t h a t   f l u x   f r i n g e s   f r o m   t h e  

p o l e   means   in  t h e   r e g i o n   of  an  a n n u l a r   g a p ,   i n d i c a t e d   a t  
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58 .   F r i n g i n g   of  t h e   f l u x   a t   t h e   a n n u l a r   gap  o c c u r s   t o w a r d  

t h e   s h a f t   40.   A  g e n e r a l l y   a n n u l a r   s p a c e r   e l e m e n t   60  f i l l s  

a  p o r t i o n   of  t h i s   g a p ,   w i t h   a  s e c o n d a r y   s p a c e r   62  

p o s i t i o n e d   b e t w e e n   s p a c e r   60  and  t h e   a n n u l a r   p e r m a n e n t  

m a g n e t   52.  A  q u a n t i t y   of  f e r r o f l u i d   64  i s   h e l d   b e t w e e n  

t h e   p o l e   means   42  and   46  i n   c o n t a c t   w i t h   t h e   s h a f t   40  a n d  

w i t h i n   a  g r o o v e   66  d e f i n e d   by  t h e   s h a f t .   The  f e r r o f l u i d  

i s   h e l d   in  t h i s   p o s i t i o n   by  t h e   f l u x   w h i c h   f r i n g e s   f r o m  

t h e   p o l e   means   42  and  46 .   As  a  c o n s e q u e n c e ,   s i n c e   t h e  

s h a f t   40  d o e s   n o t   c o n t a c t   s u r f a c e s   44  and  48,   bu t   r a t h e r  

o n l y   t h e   f l u i d   64,  t h e   s h a f t   40  i s   s u p p o r t e d   by  t h e  

f e r r o f l u i d   f o r   f r e e   r o t a t i o n .  

As  s t a t e d   p r e v i o u s l y ,   t h e   f e r r o f l u i d   64  i s  

p o s i t i o n e d   b e t w e e n   t h e   p o l e   m e a n s   42  and   46  in   t h e  

e m b o d i m e n t   of  F i g .   5.  and   t h e   f e r r o f l u i d   34  i s   p o s i t i o n e d  

b e t w e e n   t h e   p o l e   m e a n s   20  and   26  in   t h e   e m b o d i m e n t   o f  

F i g s .   1 - 4 .   By  t h e s e   s t a t e m e n t s ,   i t   i s   m e a n t   t h a t   t h e  

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

t h e   p o l e   means   so  as  to   be  a f f e c t e d   by  f r i n g i n g   f l u x .  

A l t h o u g h   t h e   f e r r o f l u i d   i s   s h o w n   as  f i l l i n g   a  s p a c e  
b e t w e e n   o p p o s i n g   f a c e s   of  t h e   two  p o l e s ,   t h i s   s p a c e   may  b e  

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

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

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

The  two  e m b o d i m e n t s   d e s c r i b e d   a b o v e   a n d  

i l l u s t r a t e d   in   t h e   d r a w i n g s   e a c h   i n c l u d e   a  gap  b e t w e e n   a  

p a i r   of  p o l e   m e a n s .   S u c h   a  gap   may,  h o w e v e r ,   n o t   b e  

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

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

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

s u f f i c i e n t l y   in  i t s   c r o s s - s e c t i o n a l   a r e a   so  as  to  s a t u r a t e  
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t h e   m e m b e r ,   f r i n g i n g   of  t h e   f l u x   may  be  p r o d u c e d .   S u c h  

f r i n g i n g   may  be  u t i l i z e d   to  h o l d   an  a n n u l a r   b e a d   o f  

f e r r o f l u i d   m a t e r i a l   in   p l a c e .   The  f e r r o f l u i d   b e a d   m a y  

t h e r e f o r e   be  u s e d   to   s u p p o r t   a  s h a f t ,   w h i l e   p e r m i t t i n g   t h e  

s h a f t -   to  r o t a t e   f r e e l y .   I t   w i l l   be  f u r t h e r   a p p r e c i a t e d  

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

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

e l e c t r o m a g n e t s   may  a l s o   be  u s e d .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   b e a r i n g  

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

t h a t   t h e   s h a f t   i s   f r e e   to   t u r n ,   w i t h   e x t r e m e l y   l o w  

f r i c t i o n a l   r e s i s t a n c e .   A d d i t i o n a l l y ,   s i n c e   t h e   s h a f t   i s  

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

a r e   n o t   s u b j e c t   to   w e a r   o v e r   e x t e n d e d   p e r i o d s   of  u s e .  

H a v i n g   d e s c r i b e d   t h e   i n v e n t i o n   in   d e t a i l   and   b y  

r e f e r e n c e   to  p r e f e r r e d   e m b o d i m e n t s   t h e r e o f ,   i t   w i l l   b e  

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

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

in  t h e   a p p e n d e d   c l a i m s .  
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1.  A  b e a r i n g   a r r a n g e m e n t ,   c h a r a c t e r i z e d   b y :  
f i r s t   and  s e c o n d   p o l e   m e a n s   ( 2 0 ,   26,  42,  46)  o f  

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

s u r f a c e   ( 2 4 .   30.  44.  4 8 ) ,   s a i d   f i r s t   and  s e c o n d   p o l e   m e a n s  
5  ( 2 0 ,   26 ,   42,   46)  b e i n g   s p a c e d   a p a r t   s u c h   t h a t   s a i d   s i d e  

s u r f a c e s   ( 2 4 .   30.  44 .   48)   a r e   a l i g n e d ,  

a  s h a f t   ( 1 0 ,   40)   of  n o n m a g n e t i c   m a t e r i a l  

p o s i t i o n e d   a d j a c e n t   s a i d   s i d e   s u r f a c e s   ( 24 ,   30,  44,  48)  , 
means   f o r   s u p p l y i n g   m a g n e t i c   f l u x   to  a  f l u x   p a t h  

10  i n c l u d i n g   s a i d   f i r s t   and  s e c o n d   p o l e   means   ( 20 ,   26.   4 2 .  

46)   s u c h   t h a t   f l u x   f r i n g e s   f r o m   s a i d   p o l e   means   t o w a r d  

s a i d   s h a f t   ( 1 0 .   4 0 ) .   a n d  

a  q u a n t i t y   of  f e r r o f l u i d   ( 3 4 ,   64)  h e l d   b e t w e e n  

s a i d   p o l e   means   ( 20 .   26.   42 .   46)   in   c o n t a c t   w i t h   s a i d  
15  s h a f t   ( 1 0 .   40)   by  f l u x   f r i n g i n g   f r o m   s a i d   p o l e   means   ( 2 0 .  

26 .   42 .   4 6 ) ,   s u c h   t h a t   s a i d   s h a f t   ( 1 0 ,   40)  i s   s u p p o r t e d   b y  

s a i d   f e r r o f l u i d   (34 .   64)  f o r   f r e e   r o t a t i o n .  

2.  A  b e a r i n g   a r r a n g e m e n t   a c c o r d i n g   to  c l a i m   1  i n  

w h i c h   s a i d   s h a f t   ( 1 0 ,   40)   d e f i n e s   an  a n n u l a r   g r o o v e   ( 1 2 ,  

16)   w h i c h   r e c e i v e s   a  p o r t i o n   of  s a i d   q u a n t i t y   o f  

f e r r o f l u i d   ( 3 4 ,   64)  s u c h   t h a t   a x i a l   m o v e m e n t   of  s a i d   s h a f t  
5  i s   i n h i b i t e d .  

3.  A  b e a r i n g   a r r a n g e m e n t   a c c o r d i n g   to  c l a i m   1  i n  

w h i c h   s a i d   f i r s t   and  s e c o n d   s i d e   s u r f a c e s   ( 24 ,   30,  44,  4 8 )  

a r e   c u r v e d   c o n c a v e   s u r f a c e s   and  i n   w h i c h   s a i d   q u a n t i t y   o f  

f e r r o f l u i d   ( 3 4 ,   64)  d e f i n e s   a  f l u i d   b e a d   e x t e n d i n g   a r o u n d  
5  a t   l e a s t   a  p o r t i o n   of  s a i d   s h a f t   ( 1 0 .   4 0 ) .  
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4.  A  b e a r i n g   a r r a n g e m e n t   a c c o r d i n g   to  c l a i m   1  i n  

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

p e r m a n e n t   m a g n e t   ( 3 6 ) .  

5.  A  b e a r i n g   a r r a n g e m e n t   a c c o r d i n g   to  c l a i m   1  i n  

w h i c h   s a i d   f i r s t   and  s e c o n d   s i d e   s u r f a c e s   (24 .   30,  44,  4 3 )  

a r e   c y l i n d r i c a l ,   a x i a l l y   a l i g n e d   s u r f a c e s   w h i c h   d e f i n e   a  

c y l i n d r i c a l   o p e n i n g   (50)   t h r o u g h   w h i c h   s a i d   s h a f t   (10 ,   4 0 )  

e x t e n d s   and  in  w h i c h   a  s p a c e r   (60 .   62)  is  p o s i t i o n e d  

b e t w e e n   s a i d   p o l e   means  (20 ,   26,  42,  46)  to  l i m i t   t h e  

a m o u n t   of  f e r r o f l u i d   (34 ,   64)  w h i c h   can  f l o w   d i r e c t l y  

b e t w e e n   s a i d   p o l e   means  (20 ,   26,  42,  46)  . 
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