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©  Limited  angle  electric  rotary  actuator. 
An  electric  rotary  actuator for  producing  rotation  through 

a  limited  angle  comprises  a  rotor  winding  (30)  made  of  a 
plurality  of  thin  loop  coils  (31)  arranged  in  a  continuous  cylin- 
drical  framework  as  part  of  a  rotor  shell.  The  rotor  shell  lies  in 
an  annular  flux  gap  defined  by  stator  magnet  assembly  (13) 
and  a  flux  return  means.  Each  pair  of  adjacent  axially  extend- 
ing  limbs  of  adjacent  loop  coils  lies  opposite  to  and  cooper- 
ates  with  a  respective  stator  pole  face.  This  winding  arrange- 
ment  helps  to  optimise  the  torsional  resonance  characteris- 
tics  of  the  rotating  mass. 



T e c h n i c a l   F i e l d  o f   t h e   I n v e n t i o n  

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  e l e c t r i c   r o t a r y  

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

B a c k g r o u n d   A r t  

A  t y p i c a l   a p p l i c a t i o n   f o r   such  an  a c t u a t o r   i s   t h e  

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

s e l e c t e d   i n f o r m a t i o n   b e a r i n g   t r a c k s   on  the   d i s k s .   The  t o t a l  

a n g u l a r   r a n g e   of  m o v e m e n t   n e c e s s a r y   to  move  the   h e a d s   a c r o s s  

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

To  m i n i m i s e   t he   t i m e   to  a c c e s s   a  g i v e n   t r a c k   i t   i s   d e s i r a b l e  

t h a t   t h e   a c t u a t o r   s h o u l d   have   a  h i g h   t o r q u e / i n e r t i a   r a t i o .  

B e c a u s e   t he   movemen t   has   to  be  c o n t r o l l e d   w i t h   g r e a t  

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

a c t u a t o r   s h o u l d   have   a  v e r y   l i n e a r   r e s p o n s e   to  d r i v e   c u r r e n t  

and  t h a t   t h e   s t r u c t u r e   s h o u l d   be  f r e e   of  r e s o n a n t   modes   w h i c h  

c o u l d   a f f e c t   t he   s t a b i l i t y   of  t he   s e r v o   s y s t e m .  

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

is   d e s c r i b e d   in  UK  p a t e n t   1 3 4 2 4 9 5   and  in  an  a r t i c l e   b y  

J  S  H e a t h   in  t he   IBM  J o u r n a l   of  R e s e a r c h   and  D e v e l o p m e n t  

( J u l y   1976 ,   p a g e s   389  to  3 9 7 ) .   T h i s   a c t u a t o r   is  of  t h e  

s o - c a l l e d   s w i n g i n g   arm  t y p e   which   c o m p r i s e s   a  v o i c e   c o i l   o n  

,  one  end  of  a  p i v o t a l l y   m o u n t e d   h e a d / a r m   a s s e m b l y .   When  

e n e r g i s e d ,   t h e   v o i c e   c o i l   moves ,   w i t h i n   a  m a g n e t i c   f l u x   g a p ,  
in  an  a rc   to  wh ich   i t s   a x i s   is   a l w a y s   t a n g e n t i a l   to  c a u s e   r o -  

t a t i o n   of  t h e   h e a d / a r m   a s s e m b l y   a b o u t   t h e   p i v o t .   T h i s   t y p e  

of  a c t u a t o r   does   no t   p r o v i d e   b a l a n c e d   t o r q u e   a b o u t   t he   p i v o t ,  

l e a d i n g   to  r e a c t i o n s   in  t h e   p i v o t   b e a r i n g s   wh ich   can  c a u s e  

r e s o n a n t   v i b r a t i o n   in  t he   a c t u a t o r   body .   T h e s e   v i b r a t i o n s  



can   p r o d u c e   m i s r e g i s t r a t i o n   b e t w e e n   h e a d s   and  t r a c k s   or   c a u s e  

u n d e s i r a b l e   r e s o n a n c e s   in  t h e   s e r v o   s y s t e m .   Nor  i s   t h e  

t o r q u e / i n e r t i a   r a t i o   of  t h e   s w i n g i n g   arm  a c t u a t o r   as  h i g h   a s  

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

of  t h e   mov ing   m a s s ,   i s   n o t   a c t i v e   in   p r o d u c i n g   t o r q u e .   I t   i s  

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

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

m a t i o n   s t o r a g e   a p p l i c a t i o n s   such   as  a  d i s k   f i l e .  

T o r q u e   b a l a n c e   can  be  a c h i e v e d   in  a  t r u l y   r o t a r y   a c -  

t u a t o r ,   more  l i k e   a  c o n v e n t i o n a l   e l e c t r i c   m o t o r ,   in  w h i c h   t h e  

r o t o r   i s   c o a x i a l   w i t h   t h e   a x i s   of  r o t a t i o n   of  t h e   h e a d / a r m  

a s s e m b l y   or  o t h e r   l o a d .  

One  such   r o t a r y   a c t u a t o r   i s   d e s c r i b e d   in  an  a r t i c l e  

" L i m i t e d   R o t a t i o n   M o t o r "   by  P  Y  Hu  (IBM  T e c h n i c a l   D i s c l o s u r e  

B u l l e t i n ,   Volume  16,  Number  7,  D e c e m b e r   1 9 7 3 ,   page   2 2 5 9 ) .  

T h i s   a r t i c l e   d e s c r i b e s   a  way  of  c o n v e r t i n g   v a r i o u s   k n o w n  

t y p e s   of  d . c .   m o t o r   to   l i m i t e d   r o t a t i o n   d e v i c e s   and  shows  o n e  

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

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

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

t h e   a r m a t u r e   so  t h a t   a  f i x e d   p a t h   of  c u r r e n t   f l ow  i s  

c r e a t e d .   The  p a t h   i s   such   t h a t   t h e   c u r r e n t   i n t e r a c t s   w i t h   a  

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

of  t h e   need   f o r   a  f o r m e r ,   t h i s   t y p e   of  m o t o r   does   n o t  

m a x i m i s e  t h e   c u r r e n t   d e n s i t y   in  t h e   f l u x   gap .   F u r t h e r m o r e  

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

gap  l e n g t h   to   a c c o m m o d a t e   t h e   o f f s e t t i n g   of  t h e   w i n d i n g s   a t  

t h e   r o t o r   e n d s .   T h i s   i n c r e a s e   in  l e n g t h   w i l l   l o w e r   t h e  

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

A n o t h e r   r o t a r y   a c t u a t o r   i s   d e s c r i b e d   in  an  a r t i c l e  

" M e t e r   Movement   R o t a r y   A c t u a t o r "   by  H  G  D i c k i e   and  A  R  H e a r n  



(IBM  T e c h n i c a l   D i s c l o s u r e   B u l l e t i n ,   Volume  22,  Number  1,  J u n e  

1979 ,   p a g e   3 5 5 ) .   T h i s   a c t u a t o r   r e s e m b l e s   a  r u g g e d   m o v i n g  

c o i l   m e t e r   w i t h   a  b r o a d e n e d   c o i l .   The  a c t u a t o r   has   a  c y l i n -  

d r i c a l   s h e l l   r o t o r  c o n n e c t e d   c o a x i a l l y   to  a  t o r q u e   t r a n s -  

m i t t i n g   o u t p u t   s h a f t .   The  r o t o r   w i r e   i s   wound  o v e r   t he   t o p  

and  b o t t o m   of  a  h o l l o w   s i d e d   c y l i n d r i c a l   f o r m e r   so  t h a t   t h e r e  

i s   o n l y   w i r e   and  no  f o r m e r   m a t e r i a l   in  t he   w o r k i n g   m a g n e t i c  

gap .   For  e f f i c i e n c y   and  to  a v o i d   ou t   of  p l a n e   f o r c e s ,   t h e  

w i r e   mus t   be  wound  as  n e a r   to  t h e   a x i s   as  p o s s i b l e .   T h i s   i s  

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

b u i l d   up  of  w i r e   above   and  b e l o w   t he   f o r m e r .   The  t o r s i o n a l  

s t i f f n e s s   of  the   r o t a t i n g   p o r t i o n   of  t h i s   a c t u a t o r   is  n o t  

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

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

t h i n   o u t p u t   s h a f t .   Thus  the   t o r s i o n a l   r e s o n a n c e   f r e q u e n c y  

may  be  l o w e r   t h a n   t h a t   which   can  be  t o l e r a t e d   by  a  h i g h   p e r -  
f o r m a n c e   s e r v o   s y s t e m .  

A  r o t a r y   a c t u a t o r   f o r   an  e n t i r e l y   d i f f e r e n t   a p p l i c a t i o n ,  

i s   shown  in  UK  p a t e n t   980487  ( S p e r r y   R a n d ) .   T h i s   p a t e n t  

shows  a  " t o r q u e r "   and  a  " p i c k o f f "   f o r   a  g y r o s c o p e   in  wh ich   a  

c y l i n d r i c a l   s h e l l   r o t o r   h a s ,   d e p o s i t e d   on  a  c y l i n d r i c a l  

f o r m e r ,   two  d i a m e t r i c a l l y   o p p o s e d   s q u a r e   p a n c a k e   c o i l s   t h e  

a x i a l   l i m b s   of  wh ich   i n t e r a c t   w i t h   t he   p o l e s   of  an  i n t e r n a l  

p e r m a n e n t   m a g n e t   s t a t o r .   The  t o r q u e r   r e s t o r e s   a  g y r o s c o p e  

c o n t a i n i n g   drum  to  a  p r e d e t e r m i n e d   o r i e n t a t i o n   f i x e d   by  p i c k -  

o f f   c o i l s   a l s o   on  t h e   r o t o r .   The  t o r s i o n a l   r i g i d i t y   of  t h e  

t o r q u e r   is   a l m o s t   e n t i r e l y   t h a t   of  t he   f o r m e r   wh ich   by  i t s  

p r e s e n c e   in  t h e   gap  r e d u c e s   t he   m o t o r   e f f i c i e n c y .  



D i s c l o s u r e   of  t h e   I n v e n t i o n  

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   t h e r e   i s   p r o v i d e d   a n  
e l e c t r i c   r o t a r y ' a c t u a t o r   f o r   p r o d u c i n g   r o t a t i o n   t h r o u g h   a  

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

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

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

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

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

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

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

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

c o n d u c t i v e   w i n d i n g   and  b e i n g   l o c a t e d   in  t h e   f l u x   gap  c o -  

a x i a l l y   t h e r e w i t h ;   c h a r a c t e r i z e d   in  t h a t : -   t h e   r o t o r   w i n d i n g  

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

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

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

s t r u c t u r e   so  t h a t   e a c h   p a i r   of  a d j a c e n t   a x i a l l y   e x t e n d i n g  

p o r t i o n s   of  a d j a c e n t   c o i l s   l i e s   o p p o s i t e   a  r e s p e c t i v e   one  o f  

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

The  n o v e l   r o t o r   w i n d i n g   has   s e v e r a l   a d v a n t a g e s ,   t h e   p r i -  

mary   one  b e i n g   i t s   s t r u c t u r a l   r i g i d i t y   w h i c h   r e d u c e s   o r  

r e m o v e s   t h e   need   f o r   f o r m e r   m a t e r i a l   in   t h e   f l u x   gap ,   p e r -  

m i t t i n g   a  s m a l l e r   and  t h u s   more  e f f i c i e n t   gap  to  be  e m -  

p l o y e d .   T h i s   form  of  w i n d i n g   a l s o   h a s   t h e , m a j o r   a d v a n t a g e   o f  

i n c r e a s i n g   t he   t o r s i o n a l   r e s o n a n c e   f r e q u e n c y   of  t he   r o t o r .  

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

p a r t l y   a  c o n s e q u e n c e   of  t h e   v e r y   e f f i c i e n t   use   of  a x i a l  

h e i g h t   r e s u l t i n g   from  t h e   l a t t i c e - l i k e   w i n d i n g   s t r u c t u r e .  

T h i s   w i n d i n g   s t r u c t u r e   has   n o n - a c t i v e   p o r t i o n s   w h i c h   do  n o t  

c o n t r i b u t e   to   t h e   m o t o r   t o r q u e   t a k i n g   up  o n l y   a  minimum  p r o -  

p o r t i o n   of  t h e   a x i a l   h e i g h t   of  t h e   w i n d i n g .   B e c a u s e   the   a c -  

t i v e   c u r r e n t   e l e m e n t   o v e r   any  s t a t o r   p o l e   f a c e   c o m p r i s e s   t w o  



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

l imb  is   o n l y   h a l f   what   i t   wou ld   need   to  be  i f   one  c o i l   a l o n e  

p r o v i d e d   t h e   a c t i v e   c u r r e n t   e l e m e n t .   C o n s e q u e n t l y   t h e   n o n  

a c t i v e   ( i . e .   c i r c u m f e r e n t i a l l y   d i s p o s e d )   p o r t i o n s   of  t he   l o o p  

c o i l s   w h i c h   add  to  t he   h e i g h t   of  t h e   w i n d i n g   a r e   a l s o   h a l v e d  

in  w i d t h a n d   t he   h e i g h t   is   t h u s   f u r t h e r   r e d u c e d .  

A  p r e f e r r e d   f e a t u r e   of  t he   loop   c o i l s   i s   t h a t   t h e y   a r e  

of  s u b s t a n t i a l l y   r e c t a n g u l a r   f o r m .   T h i s   m a x i m i z e s   the   a b o v e  

s t a t e d   h e i g h t   a d v a n t a g e   and  a l s o   i s   m a g n e t i c a l l y   m o s t  

e f f i c i e n t   s i n c e   a l l   of  the   a c t i v e   p o r t i o n s   a re   a x i a l l y   d i s -  

p o s e d   and  t h u s   o r t h o g o n a l   to  b o t h   t h e   gap  f i e l d   and  t h e  

d i r e c t i o n   of  m o t i o n .   Th i s   a l s o   r e d u c e s   t he   f o r c e s   t e n d i n g   t o  

d i s t o r t   t h e   m o t o r .   I t   i s   f u r t h e r   p r e f e r r e d   t h a t   t he   c o i l s  

s h o u l d   be  c o n t i g u o u s ,   e . g .   b u t t e d   or  o v e r l a p p e d   to  i n c r e a s e  

r i g i d i t y   and  m i n i m i s e   gap  d i m e n s i o n s .  

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

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

s t r u c t u r e   be  e m p l o y e d   so  t h a t   t h e   a x i a l   p o r t i o n s   of  t he   c o i l s  

e x t e n d   a c r o s s   t h e   e n t i r e   r a d i a l   t h i c k n e s s   of  t he   r o t o r   s h e l l  

and  a r e   n o t   s u p p o r t e d   in  t he   gap  by  any  b a c k i n g   f o r m e r .  

I t   i s   p r e f e r r e d   t h a t   a  cup  s h a p e d   p a r t i a l   f o r m e r   s h o u l d  

c o n s t i t u t e   one  end  of  the   r o t o r   s h e l l   and  be  r i g i d l y   c o n -  

n e c t e d   to  t h e   r o t o r   w i n d i n g s .   Such  a  f o r m e r   can  a d v a n -  

t a g e o u s l y   i n c l u d e   i n s e r t   p o r t i o n s   l o c a t e d   w i t h i n   and  c o n -  

f o r m i n g   to  t h e   i n n e r   d i m e n s i o n s   of  t h e   loop   c o i l s   and  f l u s h  

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

I t   i s   a n o t h e r   p r e f e r r e d   f e a t u r e   of  t he   i n v e n t i o n   t h a t ,  

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

c o n n e c t e d   to   a  l o a d .  s u p p o r t   p l a t e   f o r   s u p p o r t i n g   the   l oad   t o  

be  d r i v e n .   T h i s   t y p e   of  c o n n e c t i o n   d i s p e n s e s   w i t h   the   n e e d  



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

would   have   a  c o n s i d e r a b l e   e f f e c t   on  t he   o v e r a l l   t o r s i o n a l  

r e s o n a n c e   f r e q u e n c y   of  t h e   r o t a t i n g   m a s s .   Such  c o n n e c t i o n   i s  

f a c i l i t a t e d   by  t h e  w i n d i n g   s t r u c t u r e   wh ich   d o e s   n o t   r e q u i r e  

t h e   t u r n s   to   be  t a k e n   o v e r   t h e   top   and  b o t t o m   s u r f a c e   of  t h e  

c y l i n d e r .  

A  s h a f t   and  b e a r i n g s   f o r   m o u n t i n g   t h e   r o t o r   i s ,   h o w e v e r ,  

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

to  t r a n s m i t   t o r q u e .  

The  p r e f e r r e d   o v e r a l l   a r r a n g e m e n t   of  an  a c t u a t o r  

a c c o r d i n g   to   t h e   i n v e n t i o n   i s   t h a t   i t   s h o u l d   have   an  e x t e r n a l  

r o t o r   and  i n t e r n a l   s t a t o r   c o m p r i s i n g   a  n u m b e r   of  a x i a l l y   e x -  

t e n d i n g   r a d i a l l y   m a g n e t i s e d   p e r m a n e n t   m a g n e t   s e g m e n t s   a r o u n d  

a  c e n t r a l   m a g n e t i c a l l y   p e r m e a b l e   c o r e .   Such  an  a r r a g n e m e n t  

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

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

b e t w e e n   t h e   m a g n e t s .  

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 s  

F i g u r e   1  i s  a   p a r t l y   c u t   away  v i ew  of  a  r o t a r y   a c t u a t o r  

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 ;  

F i g u r e   2  i s   a  v e r t i c a l   s e c t i o n   t h r o u g h   t h e   m o t o r   o f  

F i g u r e   1 ;  

F i g u r e   3  shows  in   o p p o s i t e   h a l v e s   h o r i z o n t a l   s e c t i o n s  

t h r o u g h   t h e   m o t o r   of   F i g u r e   1  a t   d i f f e r e n t   l e v e l s ;  

F i g u r e   4  shows  a  s e c t i o n a l   v i ew  t h r o u g h   a  f u r t h e r   e m b o d i -  

ment   of  a  m o t o r   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 ;  



F i g u r e   5  shows  t h e   r o t o r   w i n d i n g   e m p l o y e d   in  t h e   m o t o r  

of  F i g u r e   4;  a n d  

F i g u r e   6  shows  t he   s t a t o r   e m p l o y e d   in  t h e   m o t o r   o f  

F i g u r e   4 .  

D e t a i l e d   D e s c r i p t i o n  

The  a c t u a t o r   i l l u s t r a t e d   in  F i g u r e s   1,  2  and  3  c o m p r i s e s  

a  r o t o r ,   g e n e r a l l y   d e s i g n a t e d   10,  a  s t a t o r   g e n e r a l l y   d e s i g -  

n a t e d   11  and  an  e x t e r n a l   h o u s i n g   g e n e r a l l y   d e s i g n a t e d   1 2 .  

The  s t a t o r   as  b e s t   s een   in  F i g u r e   2  and  the   l o w e r   h a l f  

of  F i g u r e   3  c o m p r i s e s   s ix   p e r m a n e n t   m a g n e t   s e g m e n t s   13  b o n d e d  

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

c o r e   14.  The  m a g n e t   s e g m e n t s   a r e   l o c a t e d   on  t he   c o r e   a n d  

s p a c e d   from  e a c h   o t h e r   by  a  s e p a r a t o r   c a g e   15  made  of  a  n o n -  

m a g n e t i c   p l a s t i c s   m a t e r i a l .   The  m a g n e t   s e g m e n t s   13  a r e  

r a d i a l l y   m a g n e t i s e d   w i t h   a l t e r n a t e   p o l a r i t y ,   the   c o r e   14  p r o -  

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

The  s t a t o r   11  i s   s u p p o r t e d   by  t h e   e x t e r n a l   h o u s i n g   12  

w h i c h   i n c l u d e s   a  c y l i n d r i c a l   s h r o u d   20  of  s o f t   m a g n e t i c  

m a t e r i a l   s u r r o u n d i n g   the   s t a t o r   and  d e f i n i n g   an  a n n u l a r   m a g -  
n e t i c   f l u x   gap  21  t h e r e b e t w e e n .   The  s h r o u d   fo rms   t he   o u t e r  

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

a x i a l   s l o t s   22  to  c o n c e n t r a t e   t he   f l u x   d i r e c t l y   o v e r   t h e  

m a g n e t s .   T h e s e   s l o t s   a l s o   a l l o w   c o o l i n g   a i r   to  p a s s   t h r o u g h  

t h e   m o t o r .   The  s h r o u d   a l s o   p r o v i d e s   good  m a g n e t i c   s h i e l d i n g  

fo r   the   a c t u a t o r .  

The  s h r o u d   20  i s   b o l t e d ,   as  i s   t h e   c o r e   14,  to  a  

m o u n t i n g   c o l l a r   23,  o m i t t e d   from  F i g u r e   3  fo r   c l a r i t y .   A 

l o c k   p l a t e   24  i s   a t t a c h e d   to  t he   b a s e   of  t h e   m o u n t i n g   c o l l a r .  



The  r o t o r   10  of  t h e   m o t o r   has   an  a r m a t u r e   w i n d i n g   30  o f  

n o v e l   c o n s t r u c t i o n .   The  w i n d i n g   c o m p r i s e s   s i x   l o o p   c o i l s   3 1  

of  s u b s t a n t i a l l y   r e c t a n g u l a r   form  a r r a n g e d   in   a  c y l i n d r i c a l  

l a t t i c e   s t r u c t u r e '   in   t he   f l u x   gap  21.  Each  l oop   c o i l   i s  

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

r e c t a n g u l a r   p a n c a k e   c o i l .   The  c o i l   i s   s e v e r a l   t u r n s   o f  

c o p p e r   w i r e   t h i c k   and  i s   h e a t   b o n d e d   t o g e t h e r .   The  b o n d e d  

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

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

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

r o t o r .   S ix   s u c h   c o i l s   a r e   t h e n   a s s e m b l e d   i n t o   a  c y l i n d r i c a l  

l a t t i c e   and  edge   b o n d e d   r i g i d l y   t o g e t h e r   w i t h   e p o x y   r e s i n .  

In  t h i s   a r r a n g e m e n t ,   t h e   a x i a l   e d g e s   of  a d j a c e n t   c o i l s  

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

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

of  a x i a l   l i m b s   of  a d j a c e n t   c o i l s   f a c e s   one  of  t h e   m a g n e t  

s e g m e n t s   13.  In  o p e r a t i o n ,   c u r r e n t   f l o w s   in  t h e   s a m e  

d i r e c t i o n   in   t h e   a d j a c e n t   l i m b s .   The  m a g n e t s   a r e   b r o a d e r  

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

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

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

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

f i e l d   a t   t h e   v e r t i c a l   e d g e s   of  t h e   m a g n e t s .  

B e c a u s e   of  t he   s e l f   s u p p o r t i n g   n a t u r e   of  t h e   w i n d i n g   30  

no  b a c k i n g   s u p p o r t   f o r   t h e   w o r k i n g   p o r t i o n   of  c o i l s   31  n e e d  

be  p r o v i d e d .   The  m a g n e t i c   f l u x   gap  21  n e e d s   o n l y   to  b e  

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

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

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



A  m a j o r   a d v a n t a g e   of  t he   c y l i n d r i c a l   l a t t i c e   w i n d i n g   i s  

t h a t   i t   r e d u c e s   t he   a x i a l   h e i g h t   of  t he   r o t o r .   I f   t he   p a i r  
of  l i m b s   of  a d j a c e n t   c o i l s   were   a  s i n g l e   l imb   of  a  s i n g l e  

c o i l ,   t h a t   c o i l - w o u l d   be  as  wide  a t   t he   top   and  b o t t o m   as  t h e  

p a i r   of  l i m b s   in  t h e   d e s c r i b e d   a r r a n g e m e n t .   Thus  t h e   a x i a l  

h e i g h t   wou ld   be  i n c r e a s e d .   A l t e r n a t i v e   w i n d i n g   t e c h n i q u e s  

e m p l o y i n g   a  r e t u r n  p a t h   o v e r   t he   top  and  b o t t o m   of  a  c y l i n -  

d r i c a l   r o t o r   would   a l s o   t e n d   to  b u i l d   up  t he   o v e r a l l   h e i g h t .  

A  f u r t h e r   a d v a n t a g e   of  the   l a t t i c e   s t r u c t u r e   i s   t h e  

i n c r e a s e d   s t r u c t u r a l   r i g i d i t y   r e s u l t i n g   from  t he   c o n t i n u o u s  

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

h e i g h t   r e d u c t i o n   and  the   i n c r e a s e d   r i g i d i t y   c o n t r i b u t e   to  a n  

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

f o r   s e r v o   s y s t e m   s t a b i l i t y .  

The  r o t o r   d o e s   i n c l u d e   a  p a r t i a l   f o r m e r   32  to   g i v e  

a d d i t i o n a l   r i g i d i t y   to  t he   s t r u c t u r e   and  to  p r o v i d e   a  m e a n s  

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

c o m p r i s e s   an  end  cap  whose  r im  33  is   b o n d e d   to  t h e   u p p e r   h o r i -  

z o n t a l   ( n o n - a c t i v e )   p o r t i o n s   of  loop   c o i l s   31.  I n s e r t s   34  

d e p e n d   from  t he   r im   33  and  o c c u p y   t he   s p a c e   w i t h i n   t he   c e n t r e  

of  loop   c o i l s   31  to   g i v e   i n c r e a s e d   t o r s i o n a l   r i g i d i t y   to  t h e  

r o t o r   s h e l l .  

At  i t s   c e n t r e ,   f o r m e r   32  i s   l o c a t e d   on  t h e   u p p e r m o s t  
r o u n d e d   p o r t i o n   of  a  s p i n d l e   40.  The  s p i n d l e   40  i n c l u d e s   a  

r o u g h l y   t r i a n g u l a r   l oad   p l a t f o r m   41  c a s t   i n t e g r a l l y   t h e r e -  

w i t h .   The  f o r m e r   32  i s   b o l t e d   to  t he   l oad   p l a t f o r m   a t   t h r e e  

p o i n t s   to  p r o v i d e   a  r i g i d ,   t o r q u e   t r a n s m i t t i n g   c o n n e c t i o n .  

T h i s   t y p e   of  m e c h a n i c a l   c o n n e c t i o n   is  f a c i l i t a t e d   by  t h e  

w i n d i n g   30  b e i n g   c o n f i n e d   to  t he   c y l i n d r i c a l   s u r f a c e   of  t h e  

r o t o r .   Wi th   such   a  c o n n e c t i o n   the   s p i n d l e   s h a f t   p o r t i o n   42 

p l a y s   o n l y   a  c e n t e r i n g   r o l e   and  i s   n o t   used   to  t r a n s m i t s  a n y  



t o r q u e .   T h i s  f u r t h e r   i n c r e a s e s   t h e   t o r s i o n a l   r e s o n a n c e   f r e -  

q u e n c y   of  t he   o v e r a l l   r o t a t i n g   m a s s ,   i n c l u d i n g   t h e   l o a d ,   o v e r  

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

t h r o u g h   a  s h a f t . . .   The  l o a d   p l a t f o r m   41  s u p p o r t s   a  l o a d ,   s u c h  

as   t h e   h e a d / a r m   a s s e m b l y   of  a  m a g n e t i c   d i s k   f i l e ,   wh ich   c a n  

be  l o c a t e d   on  t he   p l a t f o r m   by  l o c a t i n g   p i n s   and  b o l t e d   to  i t  

a t   s e v e r a l   p o i n t s .   For   o p t i m u m   p e r f o r m a n c e ,   t h e   e n t i r e  

r o t a t i n g   mass  i n c l u d i n g   t h e   l o a d   s h o u l d   be  d y n a m i c a l l y  

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

j e c t i o n   44  wh ich   moves  b e t w e e n   two  l i m i t   s t o p s   ( n o t   shown)  t o  

r e s t r i c t   movemen t   to   t h e   p r e d e t e r m i n e d   a n g u l a r   r a n g e .  

The  s p i n d l e   s h a f t   42  i s   m o u n t e d   f o r   r o t a t i o n   in  b e a r i n g s  

45  and  46.   The  u p p e r   b e a r i n g   45  i s   f i x e d   in  p l a c e   in  c o r e   14  

w h i l e   t h e   l o w e r   b e a r i n g   46  i s   f l o a t i n g .   A x i a l   p r e l o a d   o f  

b e a r i n g   46  i s   p r o v i d e d   by  c o i l   s p r i n g   47  and  r a d i a l   p r e l o a d  

by  a  bowed  l e a f   s p r i n g   48.  Thus  t he   w h o l e   r o t o r   a s s e m b l y   10  

i s   m o u n t e d   f o r   r o t a t i o n   on  s p i n d l e   s h a f t   p o r t i o n   42  and  t r a n s -  

m i t s   t o r q u e   to  a  l oad   by  way  of  s p i n d l e   l o a d   p l a t f o r m   4 1 .  

A  s p i n d l e   r e t r a c t   s p r i n g   43  c o n s i s t i n g   of  a  s i n g l e  

h e l i c a l   t u r n   i s   b o l t e d   a t   one  end  to  t h e   c o r e   14  and  a t   t h e  

o t h e r   to   an  e x t e n s i o n   arm  49  w h i c h   i s   f i x e d   to   t h e   s p i n d l e  

and  r o t a t e s   t h e r e w i t h .   When  t h e   m o t o r   i s   n o t   e n e r g i s e d ,   t h e  

r e t r a c t   s p r i n g   43  u r g e s   t h e   s p i n d l e   and  h e n c e   t h e   whole   r o t o r  

to   one  e x t r e m e   of  i t s   p e r m i t t e d   r a n g e   of  m o v e m e n t   as  l i m i t e d  

by  t h e   p r o j e c t i o n   44  and  l i m i t   s t o p s .   The  r e t r a c t   s p r i n g   4 3  

a l s o   p r o v i d e s   a  c o n d u c t i v e   p a t h   to  g r o u n d   t h e   s p i n d l e   4Q 

e l e c t r i c a l l y .  

I t   r e m a i n s   to   d e s c r i b e   t h e   e l e c t r i c a l   c o n n e c t i o n   of  t h e  

w i n d i n g   30  w i t h   p a r t i c u l a r   r e f e r e n c e   to   F i g u r e   2  and  to  t h e  

u p p e r   h a l f   of  F i g u r e   3.  The  b a s i c   e l e m e n t   of  c o n n e c t i o n   i s   a  
d i s c   s h a p e d   c o n n e c t o r   c a r d   50  h a v i n g   a  p a t t e r n   of  p r i n t e d  



c i r c u i t   t y p e   c o n d u c t o r s   51  t h e r e o n .   The  c a r d   50  i s   s u p p o r t e d  

by  and  r o t a t e s   w i t h   f o r m e r   32.  Each  c o n d u c t o r   51  

e l e c t r i c a l l y   c o n n e c t s   a  p a i r   of  a d j a c e n t   c o i l s   by  way  of  c o i l  

t e r m i n a t i o n   w i r e s   52  so  t h a t   a l l   s i x   c o i l s   31  a r e   c o n n e c t e d  

in  s e r i e s .   The  p r i n t e d   c i r c u i t   c o n d u c t o r s   t e r m i n a t e   e l e c t r i -  

c a l l y   in  p r i n t e d   t e r m i n a l s   53.  To  e a c h   of  t h e s e   t e r m i n a l s   53  

i s   s o l d e r e d   one  w i r e   of  a  2  c o r e   f l e x i b l e   c a b l e   54  w h i c h  

f o r m s   an  a l m o s t   c o m p l e t e   h e l i c a l   l oop   a b o u t   t h e   c o n n e c t o r  

c a r d   50  and  i s   l o o s e l y   s u p p o r t e d   by  f o r m e r   32  w h i c h   i n c l u d e s  

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

i s   s u p p o r t e d   s l i g h t l y   above   t he   p l a n e   of  t he   c o n n e c t o r   c a r d  

b u t   i s   c a r r i e d   down  t h r o u g h   the   c a r d   b e t w e e n   t e r m i n a l s   53  a n d  

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

c e n t r e s   of  t e r m i n a l s   53  fo r   s o l d e r i n g .  

At  i t s   o t h e r   e n d ,   t h e   f l e x i b l e   c a b l e   i s   c l a m p e d   f o r  

s t r a i n   r e l i e f   on  t he   u p p e r   edge   of  s h r o u d   20  and  led   down  a  

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

b l o c k   55  f i x e d l y   m o u n t e d   on  c o l l a r   23.  E x t e r n a l   e l e c t r i c a l  

c o n n e c t i o n   i s   made  to   t h e   a c t u a t o r   t h r o u g h   t e r m i n a l s   56  o n  
b l o c k   5 5 .  

As  t he   r o t o r   10  r o t a t e s   c a r r y i n g   t h e   c o n n e c t o r   c a r d   50  

w i t h   i t ,   t he   f l e x i b l e   c a b l e   54  c o i l s   and  u n c o i l s   s l i g h t l y   t o  

p e r m i t   f r e e   movemen t   w i t h i n   t he   p r e d e t e r m i n e d   a n g u l a r   l i m i t s  

of  m o t i o n .  

T u r n i n g   now  to  F i g u r e s   4  to   6,  t h e r e   i s   shown  a  f u r t h e r  

e m b o d i m e n t   of  a  r o t a r y   a c t u a t o r   a c c o r d i n g   to  the   i n v e n t i o n .  

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

t h a t   of  F i g u r e s   1  to   3  b u t   is   of  l e s s   r u g g e d   c o n s t r u c t i o n .  

I t   i s   s u i t a b l e   f o r   a p p l i c a t i o n s   w h e r e   t he   l oad   i n e r t i a   a n d  

a c c e l e r a t i o n s   r e q u i r e d   a re   l o w e r .  



As  shown  in  F i g u r e   4 ,  t h e   a c t u a t o r   r o t a t e s   an  o u t p u t  
s h a f t   1 0 1 : b y   m o v e m e n t  o f   an  i r o n l e s s   r o t o r   102  of  s p e c i a l  

c o n s t r u c t i o n .  

F i g u r e   5  s h o w s   t h e   p r i n c i p l e   of  c o n s t r u c t i o n   of  r o t o r  

102  f r o m  f o u r   or   m o r e  f l a t   c i r c u l a r   p a n c a k e ,   c o i l s   1 0 3 .  

D u r i n g   a s s e m b l y ,   t h e s e   c o i l s   a r e   wound  a n d  l o o s e l y   b o n d e d   t o  

p e r m i t   h a n d l i n g   w h e n  r e m o v e d   f rom  a  w i n d i n g   m a n d r e l .   T h e y  

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

e d g e s   o v e r l a p p i n g ,   a n d  r i g i d l y   b o n d e d   t o g e t h e r   w i t h   an  e n d  

s u p p o r t  c a p  1 0 4 .   T h i s   cap   i s   r i g i d l y   a t t a c h e d   t o   t h e  

a c t u a t o r ,   s h a f t   101 ,   a s  - s h o w n   in  t h e   a s s e m b l e d  a c t u a t o r   o f  

F i g u r e   4 .  

The  m a g n e t i c   c i r c u i t  o f   t h e   a c t u a t o r   c o m p r i s e s   a  f o u r  

p o l e   p e r m a n e n t   m a g n e t   s t a t o r   105  ( shown  s e p a r a t e l y   in  F i g u r e  

6)  and  a  f l u x   r e t u r n   p a t h   i n c l u d i n g   a  c y l i n d r i c a l   s t e e l  

s h r o u d   106 .   The  s t a t o r   105  and  s h r o u d   106  a r e   m o u n t e d   on  a  

c o m p l e m e n t a r y   p o r t i o n   107  of  t h e   m a c h i n e   c a s i n g   in  w h i c h   t h e  

a c t u a t o r   i s   e m p l o y e d .   F l e x i b l e   l e a d s   108  p r o v i d e   e l e c t r i c a l  

c o n n e c t i o n   t o   t h e   p a n c a k e   c o i l s   to   a l l o w   r o t a t i o n   w i t h i n   t h e  

l i m i t e d   a n g u l a r   r a n g e   i n d i c a t e d   by  t h e   a r r o w   109  of  F i g u r e  

6.  The  c o i l s   a r e   c o n n e c t e d   in  s e r i e s   w i t h   a l t e r n a t e  

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

o v e r l a p   of   t h e   c o i l ,   t h e   c u r r e n t s   a r e   a d d i t i v e ,   as  i n d i c a t e d  

by  the   a r r o w s   in  F i g u r e   5 .  

The  a c t u a t o r   of  F i g u r e s   4  to   6,  l i k e   t h a t   of  F i g u r e s   1 

to   3,  h a s   a  h i g h   t o r q u e / i n e r t i a   r a t i o   and  a  l i n e a r   r e s p o n s e  
o v e r   t h e   l i m i t e d   r a n g e   of  m o v e m e n t   i n d i c a t e d   by  a r r o w   1 0 9 .  

L ike   t h e   a c t u a t o r   of  F i g u r e s   1  to   3,  t h a t   of   F i g u r e s   4  to   5 

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

r e s o n a n c e .  



I t   w i l l   be  r e a l i s e d   t h a t   a l t h o u g h   a  s p e c i f i c   a p p l i c a t i o n  

to  d i s k   f i l e   head   p o s i t i o n i n g   has   been   m e t n i o n e d ,   r o t a r y   a c -  

t u a t o r s   a c c o r d i n g   to  t he   i n v e n t i o n   may  be  e m p l o y e d   in  o t h e r  

f i e l d s .   The  t w o  a c t u a t o r s   d e s c r i b e d   in  F i g u r e s   1  to   6  may  

a l s o   be  m o d i f i e d   in  a  number   of  ways  w i t h o u t   d e p a r t i n g   f r o m  

t h e   p r i n c i p l e s   of  t he   i n v e n t i o n .   F o r  e x a m p l e ,   t h e   number   o f  

p o l e s   may  be  any  even   number   and  need  n o t   be  f o u r   or  s i x .  

The  s t a t o r   m a g n e t s   need  no t   be  p e r m a n e n t   b u t   c o u l d   be  e l e c t r o -  

m a g n e t s .   The  c o i l   w i n d i n g s   fo r   e i t h e r   m o t o r   c o u l d   be  a  

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

wound  in  a  s p i r a l .   T h i s   c o u l d   i n c r e a s e   t he   c u r r e n t   d e n s i t y  

in  t he   gap  b u t   mus t   be  b a l a n c e d   a g a i n s t   i n c r e a s e d   i n e r t i a .  

The  w i r e   m a t e r i a l   need  no t   be  c o p p e r   b u t   c o u l d   be  a n y  
s u i t a b l e   c o n d u c t o r   such   as  a l u m i n i u m .   R a t h e r   t h a n   p r o d u c i n g  

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

f o r m e r   c o u l d   be  i n j e c t i o n   m o u l d e d   a r o u n d   t he   c o i l   so  as  t o  

e n c a p s u l a t e   i t .  

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

r o t o r / i n t e r n a l   s t a t o r   a c t u a t o r s   have   been   d e s c r i b e d ,   t h e  

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

to  an  e x t e r n a l   s t a t o r / i n t e r n a l   r o t o r   a c t u a t o r   where   m a g n e t i c  

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



1.  An  e l e c t r i c   r o t a r y   a c t u a t o r   f o r   p r o d u c i n g   r o t a t i o n  

t h r o u g h   a  l i m i t e d   a n g l e ,   c o m p r i s i n g :   a  s t a t o r   h a v i n g   a  c o m m o n  

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

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

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

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

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

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

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

c o n d u c t i v e   w i n d i n g   and  b e i n g   l o c a t e d   in  t h e   f l u x   gap  c o -  

a x i a l l y   t h e r e w i t h ;   c h a r a c t e r i z e d   in   t h a t : -   t h e   r o t o r   w i n d i n g  

c o m p r i s e s   a  p l u r a l i t y   of   l oop   c o i l s ,   w h i c h   a r e   t h i n   in   c o m -  

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

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

s t r u c t u r e   so  t h a t   e a c h   p a i r   of  a d j a c e n t   a x i a l l y   e x t e n d i n g  

p o r t i o n s   of   a d j a c e n t   c o i l s   l i e s   o p p o s i t e   a  r e s p e c t i v e   one  o f  

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

2.  An  a c t u a t o r   as  c l a i m e d   in  c l a i m   1  in  w h i c h   t h e   l o o p   c o i l s  

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

3.  An  a c t u a t o r   as  c l a i m e d   in   c l a i m   2  in  w h i c h   the   a x i a l l y  

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

t o g e t h e r .  

4.  An  a c t u a t o r   as  c l a i m e d   in   C l a i m   1  in   w h i c h   t he   l o o p   c o i l s  

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

5.  An  a c t u a t o r   as  c l a i m e d   in  c l a i m   4  in   w h i c h   t h e   a x i a l l y  

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



6.  An  a c t u a t o r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   in  w h i c h  

the   r o t o r   w i n d i n g   is  s u b s t a n t i a l l y   s e l f   s u p p o r t i n g   and  i n  

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

e n t i r e   r a d i a l   t h i c k n e s s   of  t he   r o t o r   s h e l l .  

7.  An  a c t u a t o r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   in  w h i c h  

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

t h e   r o t o r   w i n d i n g   i s   r i g i d l y   j o i n e d   a t   one  end ,   t he   f o r m e r  

b e i n g   i t s e l f   r i g i d l y   d i r e c t l y   c o n n e c t e d   to  a  l oad   s u p p o r t  

p l a t e   f o r   s u p p o r t i n g   t h e   l oad   to   be  d r i v e n .  

8.  An  a c t u a t o r   as  c l a i m e d   in  c l a i m   7  in  w h i c h  t h e   r o t o r  

i n c l u d e s   an  i n n e r   s h a f t   on  w h i c h   t he   cup  f o r m e r   i s   m o u n t e d ,  

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

s h a f t   and  r o t o r   s h e l l   f o r   r o t a t i o n   a b o u t   t h e   r o t o r   a x i s .  

9.  An  a c t u a t o r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   in  w h i c h  

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

l o c a t e d   w i t h i n   and  c o n f o r m i n g   to  the   i n n e r   d i m e n s i o n s   of  t h e  

loop   c o i l s   and  f l u s h   t h e r e w i t h .  

10.  An  a c t u a t o r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m   in  w h i c h  

t h e   r o t o r   i s   e x t e r n a l   and  t h e   s t a t o r   i n t e r n a l ,   t he   s t a t o r  

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

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

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

p e r m e a b l e   c o r e   on  wh ich   t he   m a g n e t   s e g m e n t s   a r e   m o u n t e d .  

11.  An  a c t u a t o r   as  c l a i m e d   in  c l a i m   10  in  which   the   f l u x  

r e t u r n   means  is   a  c y l i n d r i c a l   s h r o u d   s u r r o u n d i n g   the   c o i l s ,  

the   s h r o u d   b e i n g   s l o t t e d   b e t w e e n   t h e   m a g n e t   s e g m e n t s .  
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