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5f)  Rotary  actuator. 
The  force  exerted  by  the  spring  21  on  the  piston  assembly 

5  as  the  latter  moves  away  from  the  end  closure  member  3  is 
at  least  partly  balanced  by  introducing  pressurised  fluid  into  a 
space  29  in  the  casing  16  between  the  end  closure  member  4 
and  the  piston  20. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  p r e s s u r e   f l u i d - o p e r a t e d   r o t -  

a ry   a c t u a t o r   of  the   k i n d   c o m p r i s i n g   a  h o u s i n g   w i t h   a  c y l i n -  

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

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

ment   w i t h i n   s a i d   c y l i n d r i c a l   b o r e ,   a  cam  s i t u a t e d   b e t w e e n   t h e  

two  p i s t o n s   and  s e c u r e d   to  a  s h a f t   r o t a t a b l e   a b o u t   an  a x i s  

f i x e d   r e l a t i v e   to  t he   h o u s i n g   and  d i s p o s e d   s u b s t a n t i a l l y   a t  

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

w i t h   t he   p e r i p h e r a l   s u r f a c e   of  t h e   cam  e n g a g i n g   the   c o n f r o n t -  

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

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

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

s u p p l y i n g   p r e s s u r i s e d   f l u i d   to  a  s p a c e   in  s a i d   c y l i n d r i c a l  

b o r e   f o r   mov ing   s a i d   p i s t o n   a s s e m b l y   away  f rom  s a i d   l i m i t   p o s -  
i t i o n   in  a  s e c o n d   d i r e c t i o n   o p p o s i t e   to  s a i d   f i r s t   d i r e c t i o n .  

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

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

away  f rom  s a i d   l i m i t   p o s i t i o n   in  s a i d   s e c o n d   d i r e c t i o n   is  c o n -  
v e r t e d   by  s a i d   cam  i n t o   a  r o t a r y   movemen t   of  s a i d   s h a f t ,   a n d  

t h i s   r o t a r y   movement   is   e m p l o y e d   to  o p e r a t e   one  or  more  m e c h a n -  

i c a l   or  e l e c t r i c a l   d e v i c e s .   For   e x a m p l e ,   t he   s h a f t   may  o p e r -  
a t e   v a r i o u s   fo rms   of  r o t a r y   f l u i d - c o n t r o l   v a l v e s   or  be  used   t o  

c o n t r o l   the   o p e n i n g   and  c l o s i n g   of  d o o r s   or  t he   s e t t i n g   of  t h e  

a i r   v a n e s   in  an  a i r   c o n d i t i o n i n g   p l a n t .  A g a i n ,   t he   r o t a t i o n   o f  

t h e   s h a f t   may  be  e m p l o y e d   to  c o n t r o l   t he   a c t u a t i o n   of  one  o r  

more  e l e c t r i c a l   s w i t c h e s   w h i c h   in  t u r n   c o n t r o l   some  form  o f  

e l e c t r i c a l   a p p a r a t u s .   The  s p r i n g   means   of  the   a c t u a t o r   r e t u r n s  

t he   p i s t o n   a s s e m b l y   to  s a i d   l i m i t   p o s i t i o n   when  the   s u p p l y   o f  

p r e s s u r i s e d   f l u i d   to  s a i d   s p a c e   is   cut   o f f   and  the   s p a c e   i s  

c o n n e c t e d   to  e x h a u s t ,   and  a c t s   as  a  f a i l - s a f e   d e v i c e   in  t h e  

e v e n t   of  f a i l u r e   of  t he   s u p p l y   of  p r e s s u r i s e d   f l u i d   to  t h e  

a c t u a t o r .   R e t u r n   of  t he   p i s t o n   a s s e m b l y   to  s a i d   l i m i t   p o s i t i o n  

may  be  a s s i s t e d   by  s u p p l y i n g   p r e s s u r i s e d   f l u i d   to  a  s e c o n d  

s p a c e   in  s a i d   c y l i n d r i c a l  b o r e .  

A  d i s a d v a n t a g e   of  r o t a r y   a c t u a t o r s   of  t he   k ind   r e f e r r e d   t o  



is   t h a t   more  and  more  e n e r g y   is   u s e d   in  l o a d i n g   t he   s p r i n g  

means  t he   f a r t h e r   t he   p i s t o n   a s s e m b l y   moves   away  f rom  s a i d  

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

t o r q u e   a v a i l a b l e   at  t he   s h a f t   of  t h e   a c t u a t o r   d e c r e a s e s   t h e  

f a r t h e r   t he   p i s t o n   a s s e m b l y   moves  f rom  s a i d   l i m i t   p o s i t i o n   i n  

s a i d   s e c o n d   d i r e c t i o n .  

The  p r e s e n t   i n v e n t i o n   aims  to  p r o v i d e   a  r o t a r y   a c t u a t o r  

of  the   k i n d   r e f e r r e d   to  in  w h i c h   t he   t o r q u e   a v a i l a b l e   f rom  s a i d  

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

p i s t o n   a s s e m b l y   f rom  s a i d   l i m i t   p o s i t i o n   in  s a i d   s e c o n d   d i r e c -  

t i o n .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   a  r o t a r y   a c t u a t o r   of  t h e   k i n d  

r e f e r r e d   to  i s   c h a r a c t e r i s e d   in  t h a t   t he   f o r c e   e x e r t e d   by  t h e  

s p r i n g   means   on  t he   p i s t o n   a s s e m b l y   as  t he   l a t t e r   moves   f r o m  

s a i d   l i m i t  p o s i t i o n   in  s a i d   s e c o n d   d i r e c t i o n   is  at   l e a s t  p a r t l y  

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

on  the   s p r i n g   m e a n s .  

S a i d   t h i r d   p i s t o n   may  be  s l i d a b l e   in   s a i d   c y l i n d r i c a l   b o r e  

in  wh ich   c a s e   a  f l u i d - t i g h t   p a r t i t i o n   w o u l d   be  p r o v i d e d   in  t h e  

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

m e n t s   in  w h i c h   t he   p i s t o n   a s s e m b l y   and  t he   t h i r d   p i s t o n ,   r e s p e c  

t i v e l y ,   w o u l d   be  l o c a t e d ,   a  rod  s l i d a b l e   in  a  f l u i d - t i g h t   m a n n e  

in  s a i d   p a r t i t i o n  b e i n g   i n t e r p o s e d   b e t w e e n   s a i d   p i s t o n   a s s e m b l y  

and  s a i d   t h i r d   p i s t o n .   P r e f e r a b l y ,   h o w e v e r ,   s a i d   t h i r d   p i s t o n  

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

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

s a i d   c y l i n d r i c a l   c a s i n g  s h o u l d   be  m o u n t e d   on  one  end  of  s a i d  

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

and  c a s i n g   in  a l i g n m e n t   w i t h   one  a n o t h e r .   In  t h i s   c a s e ,   a  

common  end  c l o s u r e   may  be  p r o v i d e d   f o r   b o t h   t he   h o u s i n g   a n d  

s a i d   c y l i n d r i c a l   c a s i n g ,   a  rod   s l i d a b l e   in  a  f l u i d - t i g h t   m a n n e r  

in  s a i d   common  end  c l o s u r e   member  b e i n g   i n t e r p o s e d   b e t w e e n   t h e  

p i s t o n   a s s e m b l y   and  s a i d   t h i r d   p i s t o n .  

The  s p r i n g   means   of  t he   a c t u a t o r   i s   p r e f e r a b l y   a  h e l i c a l  



s p r i n g   and  the  movement  of  the  p i s t o n   a s semb ly   from  s a i d  

l i m i t   p o s i t i o n   in  s a i d   s econd   d i r e c t i o n   may  p lace   the  s p r i n g  
u n d e r   t e n s i o n .   P r e f e r a b l y ,   h o w e v e r ,   the  s p r i n g   is  a r r a n g e d  

so  t h a t   movement   of  the  p i s t o n   a s s e m b l y   frem  said  l i m i t  

p o s i t i o n   in  s a i d   s econd   d i r e c t i o n   p l a c e s   the  s p r i n g   u n d e r  

i n c r e a s i n g   c o m p r e s s i o n .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  of  e x a m p l e  

w i t h   r e f e r e n c e   to  the  a c c o m p a n y i n g   d r a w i n g ,   in  w h i c h  

F i g u r e   1  is  a  s e c t i o n a l   s i de   view  of  one  embodiment  o f  

a  r o t a r y   a c t u a t o r   in  a c c o r d a n c e   wi th   the  i n v e n t i o n ,  

F i g u r e   2  is  a  p a r t l y   s e c t i o n e d   p l an   of  the  a c t u a t o r   o f  

F i g u r e   1 ,  

F i g u r e   3  is  a  s e c t i o n a l   view  t aken   on  the  l i n e   I I I - I I I  

of  F i g u r e   2,  a n d  

F i g u r e   4  is  a  p a r t l y   s e c t i o n e d   s c h e m a t i c   side  v i e w  o f  

a  s e c o n d   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   in  a c c o r d a n c e   w i t h  

the   i n v e n t i o n .  

The  r o t a r y   a c t u a t o r   shown  in  F i g u r e s   1  to  3  compr i se s   a 

h o u s i n g   1  h a v i n g   a  c i r c u l a r   c y l i n d r i c a l   bore  2  t h e r e i n   and 

end  c l o s u r e   members  3  and  4.  S l i d a b l e   w i t h i n   the  bore  2 

is   a  p i s t o n   a s s e m b l y ,   g e n e r a l l y   d e s i g n a t e d   by  the  numeral   5 ,  

w h i c h   c o m p r i s e s   two  p i s t o n s   6 ,  7   he ld   t o g e t h e r   in  s p a c e d - a p a r t  

r e l a t i o n s h i p   by  t u b e s   8  to  which  the  p i s t o n s   are  s ecu red   by 

s c r e w s   9 .  

A  s h a f t   10  is  r o t a t a b l y   mounted   in  b e a r i n g s   11  in  t h e  

w a l l s   of  the   h o u s i n g   1,  the  a x i s   of  the  s h a f t   being  d i s p o s e d  

b e t w e e n   the   p i s t o n s   6 ,  7   at  r i g h t   a n g l e s   to  the  l o n g i t u d i n a l  

a x i s   of  the   bore   2.  A  d i s c   cam  12  is  s e c u r e d   to  the  sha f t   10 

and  has  i t s   p e r i p h e r a l   s u r f a c e   b e a r i n g   a g a i n s t   d i s c s   13  o f  

low  f r i c t i o n   m a t e r i a l ,   fo r   example   p o l y t e t r a f l u o r o e t h y l e n e ,  

s e c u r e d   in  the  c o n f r o n t i n g   s u r f a c e s   of  the   p i s t o n s   6,  7 .  



The  n u m e r a l   16  d e s i g n a t e s   a  h o l l o w   c y l i n d r i c a l   c a s i n g  

w h i c h   i s   s e c u r e d   b e t w e e n   t he   c l o s u r e   member  4  and  an  end  c a p  

17  by  m e a n s   of  t i e   r o d s   18  and  n u t s   19,   t he   l o n g i t u d i n a l  
a x i s   of  t he   c a s i n g   16  b e i n g   a l i g n e d   w i t h   the  l o n g i t u d i n a l  

a x i s   of   t h e   b o r e   2.  A  p i s t o n   20  i s   s l i d a b l e   i n  t h e   c a s i n g  
16  and  a  h e l i c a l   s p r i n g   21  i s   h o u s e d   in  the   c a s i n g   l6  b e t w e e n  

the   p i s t o n   20  and  the   end  cap  17.  A  rod   22,  w h i c h   i s   s l i d -  

a b l e   in   a  f l u i d - t i g h t   b e a r i n g   23  in  t h e   end  c l o s u r e   m e m b e r  

4,  has   one  end  c o n n e c t e d   to  t he   p i s t o n   20  by  a  s c r e w   15 

and  i t s   o t h e r   end  a b u t t i n g   t he   p i s t o n   7 .  

The  end  c l o s u r e   member  3  has   a  s c r e w - t h r e a d e d   t h r o u g h -  

b o r e   24  f o r   a t t a c h m e n t   of  a  c o n d u i t   ( n o t   shown)  by  means   o f  

w h i c h   c o m p r e s s e d   a i r   can  be  s u p p l i e d   t o ,   or  e x h a u s t e d   f r o m ,  

the   c y l i n d e r   s p a c e   25  b e t w e e n   t h e   p i s t o n   6  and  t h e   end  c l o s -  

ure   member   3.  The  end  c l o s u r e   m e m b e r  4   has  a  f i r s t   s c r e w -  

t h r e a d e d   t h r o u g h - b o r e   26  f o r  a t t a c h m e n t   of  a  c o n d u i t   ( n o t  

shown)   by  means   of  w h i c h   c o m p r e s s e d   a i r   can  be  s u p p l i e d   t o ,  

or  e x h a u s t e d   f r o m ,   the   c y l i n d e r   s p a c e   27  b e t w e e n   t h e   p i s t o n  

7  and  t h e   end  c l o s u r e   member  4.  The  end  c l o s u r e   member   4 

has  a  s e c o n d   s c r e w - t h r e a d e d   t h r o u g h - b o r e   28  f o r   a t t a c h m e n t  

of  a  c o n d u i t   ( n o t   shown)  by  means   of  w h i c h   c o m p r e s s e d   a i r   c a n  

be  s u p p l i e d   t o ,   or  e x h a u s t e d   f r o m ,   t h e   c y l i n d e r   s p a c e   29 

b e t w e e n   t h e   p i s t o n   20  and  t he   end  c l o s u r e   member  4.  T h e  

c y l i n d e r   s p a c e   30  b e t w e e n   the   p i s t o n   20  and  t h e  e n d   cap  17 

is   c o n n e c t e d   to   a t m o s p h e r e   by  a  t h r o u g h - b o r e   31  in   t h e   e n d  

cap  1 7 .  

F i g u r e   1  shows  the   a c t u a t o r   w i t h   t he   p i s t o n   a s s e m b l y   5 

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

21.  I f   c o m p r e s s e d   a i r   i s   s u p p l i e d   to  t he   c y l i n d e r   s p a c e   2 5 ,  

w i t h   t h e   c y l i n d e r   s p a c e   27  c o n n e c t e d   to  e x h a u s t ,   t h e   p i s t o n  

a s s e m b l y   5  w i l l   be  moved  to  t he   r i g h t   (as  v i e w e d   in  F i g u r e  

1)  to  c a u s e   r o t a t i o n   of  t he   cam  12  and  i t s   s h a f t   10  in  a  

c l o c k w i s e   d i r e c t i o n   (as  v i e w e d   in   F i g u r e   1) .   The  p r o f i l e   o f  

the   cam  12  i s   d e s i g n e d   so  t h a t   i t   a l w a y s   makes  c o n t a c t   w i t h  

the   i n w a r d l y - f a c i n g   s u r f a c e   of  t h e   p i s t o n   6  s u b s t a n t i a l l y  



at  t he   c e n t r e   of  t h i s   s u r f a c e .   I f   the  a c t i o n   of  the  s p r i n g  

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

o u t p u t   t o r q u e   would   be  d e l i v e r e d   by  the  s h a f t   10  as  t h e  

p i s t o n   a s s e m b l y   5  moves  from  l e f t   to  r i g h t   as  v i ewed   i n  

F i g u r e   1.  H o w e v e r ,   as  the  p i s t o n   a s s e m b l y   moves  more  a n d  

more  to  t h e   r i g h t ,   the   s p r i n g   21  is  c o m p r e s s e d   more  a n d  

more  by  t he   p i s t o n   20,  v i a   the   rod  22,  w i th   the  r e s u l t   t h a t  

more  and  more  of  t he   e n e r g y   of  t he   c o m p r e s s e d   a i r   is  u s e d  

in  c o m p r e s s i n g   the   s p r i n g   21  and  l e s s   and  l e s s   of  the   e n e r g y  
is  c o n v e r t e d   i n t o   a  u s e f u l   o u t p u t   t o r q u e   at  the   s h a f t   1 0 .  

H o w e v e r ,   i f   at  t he   same  t ime   as  c o m p r e s s e d   a i r   is  s u p p l i e d  

to  the   c y l i n d e r   s p a c e   25,  f u r t h e r   c o m p r e s s e d   a i r   is  s u p p l i e d  

v i a   the   b o r e   28  to  the  c y l i n d e r   s p a c e   29,  t h i s   f u r t h e r   com-  

p r e s s e d   a i r   w i l l   f o r c e   the  p i s t o n   20  to  the  r i g h t   (as  v i e w e d  

in  F i g u r e   1)  and  at  l e a s t   p a r t l y   b a l a n c e   the  r e s t o r i n g   f o r c e  

of  t he   s p r i n g   21.  D i f f e r e n t   s i t u a t i o n s   can  a r i s e   d e p e n d i n g  

on  v a r i o u s   p a r a m e t e r s   of  the   a c t u a t o r ,   in  p a r t i c u l a r   t h e  

s t r e n g t h   of  t he   s p r i n g   21  and  the   p r e s s u r e   of  the  c o m p r e s s e d  

a i r   s u p p l i e d   to  the   c y l i n d e r   s p a c e   29.  If   t h e s e   p a r a m e t e r s  

are   such   t h a t   the   s u p p l y i n g   of  c o m p r e s s e d   a i r   to  the  s p a c e  

29  r e s u l t s   in  the   rod  22  no  l o n g e r   b e a r i n g   a g a i n s t   the   p i s t o n  

7,  t h e n   the   p i s t o n   a s s e m b l y   5  is   e n t i r e l y   r e l i e v e d   of  t h e  

r e s t o r i n g   f o r c e   of  the   s p r i n g   21  and  a  s u b s t a n t i a l l y   c o n s t a n t  

t o r q u e   is  d e l i v e r e d   by  the  s h a f t   10  t h r o u g h o u t   the   m o v e m e n t  

of  the   p i s t o n   a s s e m b l y   5  from  i t s   p o s i t i o n   shown  in  F i g u r e  

1  to  a  p o s i t i o n   in  wh ich   the   p i s t o n  7   comes  up  a g a i n s t   t h e  

end  c l o s u r e   member  4.  On  the  o t h e r   h a n d ,   i f   t h e s e   p a r a m e t e r s  

are   such   t h a t   the   rod   22  s t i l l   b e a r s   a g a i n s t   the   p i s t o n   7 

when  c o m p r e s s e d   a i r   is  s u p p l i e d   to  the   c y l i n d e r   space   2 9 ,  

t h e n   the   p i s t o n   a s s e m b l y   5  w i l l   not   be  e n t i r e l y   r e l i e v e d   o f  

the   r e s t o r i n g   f o r c e   of  the   s p r i n g   21.  C o n s e q u e n t l y ,   t h e r e  

w i l l   be  a  d e c r e a s e   in  the  t o r q u e   d e l i v e r e d   by  the  s h a f t   1 0 ,  

as  the   p i s t o n   a s s e m b l y   5  moves  to  the   r i g h t ,   as  v i ewed   i n  

F i g u r e   1,  bu t   t h i s   t o r q u e   w i l l   be  more  n e a r l y   c o n s t a n t   t h a n  

in  the  c a s e   in  wh ich   c o m p r e s s e d   a i r   is  not  s u p p l i e d   to  t h e  

c y l i n d e r   s p a c e   2 9 .  

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



to  s u p p l y   t h e   c y l i n d e r   s p a c e s   25  and  29,  i t   is   u s u a l l y  
s u i t a b l e   to  s u p p l y   a i r   f rom  t h e   same  c o m p r e s s e d   a i r   s u p p l y  
to  t he   two  s p a c e s .  

In  o r d e r   to   r e t u r n   the   p i s t o n   a s s e m b l y   5  f rom  i t s  

d i s p l a c e d   p o s i t i o n   back   to  the   p o s i t i o n   shown  in  F i g u r e   1 ,  

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

a i r   to  t h e   s p a c e s   25  and  29  and  c o n n e c t   t he   b o r e s   24  and  28  

to  e x h a u s t .   The  s p r i n g   21  w i l l   t h e n   r e - a s s e r t   i t s e l f   a n d  

r e t u r n   t he   p i s t o n   a s s e m b l y   5  to  t h e   p o s i t i o n   shown  in  F i g u r e  

1.  H o w e v e r ,   in  o r d e r   to  a s s i s t   t h e   r e t u r n   of  t he   p i s t o n  

a s s e m b l y ,   c o m p r e s s e d   a i r   may  be  s u p p l i e d   v i a   t he   b o r e   26 

to  t h e   c y l i n d e r   s p a c e   2 7 .  

In  a  m o d i f i e d   e m b o d i m e n t   of  t h e   r o t a r y   a c t u a t o r   shown  i n  

F i g u r e s   1  to  3,  t h e   c a s i n g   16  is   f o r m e d   i n t e g r a l l y   w i t h ,   and  aε 

an  e x t e n s i o n   o f ,   t he   h o u s i n g   1,  as  i n d i c a t e d   by  t he   c h a i n  

l i n e s   16b  in   F i g u r e   2.  In  t h i s   c a s e ,   t he   end  c l o s u r e   m e m b e r  

4  may  be  f o r m e d   as  a  p a r t i t i o n   w a l l   in  t he   c o m b i n e d   c a s i n g  

and  h o u s i n g .  

In  t h e   e m b o d i m e n t   of  the   r o t a r y   a c t u a t o r   shown  i n  

F i g u r e   4,  t he   s p r i n g   21  of  the   e m b o d i m e n t   of  F i g u r e s   1  to  3 

is   r e p l a c e d   by  a  t e n s i o n   s p r i n g   21a  h o u s e d   in  a  s p r i n g  

c a s i n g   16a  m o u n t e d   at  the   o p p o s i t e   end  of  t h e   h o u s i n g   1  c o m -  

p a r e d   w i t h   t h e   c a s i n g   16  of  F i g u r e s   1  to   3 .  

In  t h e   e m b o d i m e n t   of  F i g u r e   4,  t h e   h o u s i n g   1,  t he   p i s t o n  

a s s e m b l y   5,  t h e   cam  12  and  t he   s h a f t   10  a re   of  t he   s a m e  

c o n s t r u c t i o n   as  in  t he   e m b o d i m e n t   of  F i g u r e s   1  to   3.  T h e  

end  c l o s u r e   member   3  of  the   h o u s i n g   1  s e r v e s   as  a  common 

end  c l o s u r e   member   f o r   t he   h o u s i n g   1  and  t h e   c a s i n g   16a .   A 

p i s t o n   20a  i s   s l i d a b l e   in  the   c a s i n g   1 6 a ,   and  t h i s   p i s t o n  

is  c o n n e c t e d   to  t he   p i s t o n   6  of  t he   p i s t o n   a s s e m b l y   5  by  a   ̀

rod   22a .   The  r o d   22a  is  s l i d a b l e   in  a  f l u i d - t i g h t   b e a r i n g   33  

in  t h e   end  c l o s u r e   member  3.  The  t e n s i o n   s p r i n g   21a  h a s  

one  of  i t s   e n d s   s e c u r e d   to  the  end  cap  17  and  i t s   o t h e r   e n d  

s e c u r e d   to  t h e   p i s t o n   20a .   The  c y l i n d e r   s p a c e   30  is  open  t o  



a t m o s p h e r e   and  a  b o r e   34  c o m m u n i c a t i n g   w i t h   the   c y l i n d e r  

s p a c e   29  would   be  c o n n e c t e d   to  a  c o n d u i t   (no t   shown)  f o r  

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

c y l i n d e r   s p a c e   29.  In  use  of  the   e m b o d i m e n t   of  the   r o t a r y  

a c t u a t o r   shown  in  F i g u r e   4,  movement   of  the   p i s t o n   a s s e m b l y  

5  away  from  the   end  c l o s u r e   member  3  r e s u l t s   in  t e n s i o n i n g  

of  t he   s p r i n g   2 1 a , ' a n d   t e n s i o n i n g   of  the   s p r i n g   i s   a s s i s t e d  

by  s u p p l y i n g   c o m p r e s s e d   a i r   v i a   t he   b o r e   34  to  the   c y l i n d e r  

s p a c e   2 9 .  

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

a c t u a t o r s   o p e r a t e d   by  c o m p r e s s e d   a i r ,   i t   w i l l   be  a p p r e c i a t e d  

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

by  o t h e r   p r e s s u r i s e d   g a s e o u s   or  l i q u i d   m e d i a ,   f o r   e x a m p l e  

o i l .  



1.  A  p r e s s u r e   f l u i d - o p e r a t e d   r o t a r y   a c t u a t o r   c o m p r i s i n g  

a  h o u s i n g   (1)  w i t h   a  c y l i n d r i c a l   bo re   ( 2 ) ,   a  p i s t o n   a s s e m b l y  

(5)  c o m p r i s i n g   a  p a i r   of  s p a c e d - a p a r t   p i s t o n s   (6 ,   7)  c o u p l e d  

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

d r i c a l   b o r e ,   a  cam  (12)   s i t u a t e d   b e t w e e n   the   two  p i s t o n s   a n d  

s e c u r e d   to   a  s h a f t   (10)   r o t a t a b l e   a b o u t   an  a x i s   f i x e d   r e l a t i v e  

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

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

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

(13)   of  t h e   two  p i s t o n s   of  s a i d   p i s t o n   a s s e m b l y ,   s p r i n g   m e a n s  

(21 ;   21a)   u r g i n g   s a i d   p i s t o n   a s s e m b l y   in  a  f i r s t   d i r e c t i o n  

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

means   (24)   f o r   s u p p l y i n g   p r e s s u r i s e d   f l u i d   to  a  s p a c e   in  s a i d  

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

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

d i r e c t i o n , ' c h a r a c t e r i s e d   in  t h a t   t he   f o r c e   e x e r t e d   by  t h e  

s p r i n g   means   (21;   21a)   on  t he   p i s t o n   a s s e m b l y   (5)  as  t h e  

l a t t e r   moves   f rom  s a i d   f i r s t   l i m i t   p o s i t i o n   in  s a i d   s e c o n d  

d i r e c t i o n   is   at  l e a s t   p a r t l y   b a l a n c e d   by  a  t h i r d   p r e s s u r i s e d  

f l u i d - o p e r a t e d   p i s t o n   (20;   20a)   a c t i n g   on  the   s p r i n g   m e a n s .  

2.  An  a c t u a t o r   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   s a i d   t h i r d   p i s t o n   (20;   20a)   i s   s l i d a b l e   in  a  h o l l o w   c y l i n -  

d r i c a l   c a s i n g   (16;   16a)   s e c u r e d   to  s a i d   h o u s i n g   ( 1 ) .  

3.  An  a c t u a t o r   a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i s e d   i n  

t h a t   s a i d   c y l i n d r i c a l   c a s i n g   (16;   16a)  is  m o u n t e d   on  one  e n d  

(4;   3)  of  s a i d   h o u s i n g   ( 1 ) .  

4.  An  a c t u a t o r   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i s e d   i n  

t h a t   t h e   l o n g i t u d i n a l   a x e s   of  t he   h o u s i n g   (1)  and  the   c a s i n g  

(16 ;   16a)   a r e   in  a l i g n m e n t   w i t h   one  a n o t h e r .  
. 

5.  An  a c t u a t o r   a c c o r d i n g   to  c l a i m   4,  c h a r a c t e r i s e d   i n  

t h a t   a  common  end  c l o s u r e   member  (4;  3)  is  p r o v i d e d   f o r   b o t h  

the  h o u s i n g   (1)  and  s a i d   c y l i n d r i c a l   c a s i n g   (16 ;   1 6 a ) ,   a  r o d  

(22 ;   22a)   s l i d a b l e   in  a  f l u i d - t i g h t   m a n n e r   in  s a i d   common  e n d  



c l o s u r e   b e i n g   i n t e r p o s e d   b e t w e e n   the   p i s t o n   a s s e m b l y   (5)  a n d  

s a i d   t h i r d   p i s t o n   (20 ;   2 0 a ) .  

6.  An  a c t u a t o r   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   s a i d   t h i r d   p i s t o n   (20;   20a)   is   s l i d a b l e   in  s a i d   c y l i n d r i -  

ca l   bo re   ( 2 ) .  

7.  An  a c t u a t o r   a c c o r d i n g   to  c l a i m   6',  c h a r a c t e r i s e d   i n  

t h a t   a  f l u i d - t i g h t   p a r t i t i o n   is  p r o v i d e d   in  t he   h o u s i n g   ( 1 )  

to  d i v i d e   the   c y l i n d r i c a l   b o r e   (2)  i n t o   two  c o a x i a l   c o m p a r t -  

m e n t s   in  w h i c h   t h e   p i s t o n   a s s e m b l y   (5)  and  the   t h i r d   p i s t o n  

(20;   2 0 a ) ,   r e s p e c t i v e l y ,   a re   l o c a t e d ,   a  rod  (22;   22a)   s l i d a b l e  

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

b e t w e e n   s a i d   p i s t o n   a s s e m b l y   and  s a i d   t h i r d   p i s t o n .  

8.  An  a c t u a t o r   a c c o r d i n g   to   any  of  the   p r e c e d i n g   c l a i m s ,  
c h a r a c t e r i s e d   in  t h a t   s a i d   s p r i n g   means   (21;   21a)   is   a  h e l i c a l  

s p r i n g .  

9.  An  a c t u a t o r   a c c o r d i n g   to  c l a i m   8,  c h a r a c t e r i s e d   i n  

t h a t   the   m o v e m e n t   of  the   p i s t o n   a s s e m b l y   (5)  f rom  s a i d   l i m i t  

p o s i t i o n   in  s a i d   s e c o n d   d i r e c t i o n   p l a c e s   the   s p r i n g   (21a )   u n d e r  

t e n s i o n .  

10.  An  a c t u a t o r   a c c o r d i n g   to  c l a i m   8,  c h a r a c t e r i s e d   i n  

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

a s s e m b l y   (5)  f rom  s a i d   l i m i t   p o s i t i o n   in  s a i d   s e c o n d   d i r e c t i o n  

p l a c e s   t he   s p r i n g   (21)   u n d e r   i n c r e a s i n g   c o m p r e s s i o n .  
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