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@  Rotary  actuator. 

  A  rotary  actuator  having  a  cylindrical  housing  (10)  in 
which  an  annular  piston  (40,  58)  rotates  through  an  arc 
within  an  annular  chamber  (14)  in  the  housing  (10)  as  a 
result  of  fluid  pressure  to  produce  rotary  motion  com- 
municated  from  the  piston  (40,  58)  to  the  drive  shaft  (16).  The 
piston  head  (58)  is  capable  of  lateral  or  radial  movement 
relative  to  the  piston  arm  (40)  so  as  to  accommodate  flexing 
of  the  piston  arm  (40)  or  variances  in  the  shape  of  the 
chamber  (14).  Friction  reduction  washers  (80,  82)  are  placed 
between  the  piston  head  (58)  and  the  piston  arm  (40)  to 
facilitate  this  movement.  The  overall  effect  is  to  reduce  the 
friction  encountered  by  the  piston  head  (58)  against  the 
walls  of  the  chamber  (14)  during  movement,  thereby  improv- 
ing  overall  performance  of  the  actuator. 



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

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

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

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

w h i c h   p r o d u c e   r o t a r y   m o t i o n   by  means   of  an  a n n u l a r   p i s t o n  

or  p i s t o n s .  

R o t a r y   a c t u a t o r s   a r e   u s e d   to  open   and  c l o s e   d o o r s   o r  

w i n d o w s ,   r a i s e   and  l o w e r   f l a p s   on  an  a i r p l a n e   w i n g ,   t u r n  

s w i t c h e s   or  o p e r a t e   v a l v e s   and  any  o t h e r   d e v i c e   w h i c h  

m u s t   be  moved  in  r o t a r y   f a s h i o n   a b o u t   a  c e n t e r   p o i n t .  

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

f l u i d ,   t y p i c a l l y   h y d r a u l i c   or  p n e u m a t i c ,   i s   u s e d   to  c a u s e  

t h e   r o t a r y   m o v e m e n t .  

One  m e c h a n i s m   u s e d   to  o b t a i n   t h i s   r o t a r y   m o v e m e n t  

u t i l i z e s   one  or  more   a n n u l a r   p i s t o n s .   T h i s   i s   o l d   in  t h e  

a r t .   For   e x a m p l e ,   U .S .   P a t e n t   No.  1 6 3 , 1 8 6 ,   i s s u e d   May 

11,  1 8 7 5 ,   d i s c l o s e s   an  o s c i l l a t i n g   e n g i n e   in  w h i c h   a  p a i r  

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

a n n u l a r   p i s t o n s   i s   more  r e c e n t l y   d i s c l o s e d   in  U.S .   P a t e n t  

No.  3 , 4 4 6 , 1 2 0 ,   i s s u e d   N o v e m b e r   1 4 ,  1 9 6 6 ,   in  a n  

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

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

have   b e e n   u s e d   in  t h e   p a s t   to  p r o d u c e   t h i s   r o t a r y   m o t i o n .  

A  s t r a i g h t   p i s t o n   m e c h a n i s m ,   in  w h i c h   t he   l i n e a r   m o v e m e n t  

of  t h e   p i s t o n   moves   a  r a c k   g e a r   a c r o s s   a  g e a r   s h a f t ,  

i m p a r t i n g   r o t a r y   m o t i o n   to  t he   g e a r   s h a f t ,   has  b e e n   u s e d .  

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

t o r q u e   and  i s   more   c o m p a c t   and  l i g h t   w e i g h t .  

A c t u a t o r s   may  be  s i n g l e   a c t i n g   or  d o u b l e   a c t i n g .   I n  

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

d i r e c t i o n   o n l y .   For   e x a m p l e ,   in  a  s i n g l e   p i s t o n  

m e c h a n i s m ,   t h e   p i s t o n   i s   c a u s e d   to  t r a v e l   in  t he   p i s t o n  

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

c h a m b e r .   Once  t he   p r e s s u r e   i s   r e l e a s e d ,   t he   p i s t o n   w i l l  

be  r e t u r n e d   to  i t s   s t a r t i n g   p o s i t i o n ,   u s u a l l y   by  t h e  

g r a v i t a t i o n a l   w e i g h t   of  t he   d e v i c e   w h i c h   was  o r i g i n a l l y  



moved  by  t he   p i s t o n   or  by  a  s p r i n g .   In  a  d o u b l e   a c t i n g  

a c t u a t o r ,   r o t a r y   m o t i o n   i s   p r o d u c e d   in  b o t h   t he   c o u n t e r -  

c l o c k w i s e   and  c l o c k w i s e   d i r e c t i o n s .   T h i s   is   shown,   f o r  

e x a m p l e ,   in  U.S .   P a t e n t   No.  3 , 4 4 6 , 1 2 0 ,   in  w h i c h   o p p o s i n g  

a n n u l a r   s e g m e n t   s h a p e d   p i s t o n s ,   w o r k i n g   in  s i m i l a r l y  

o p p o s i n g   p i s t o n   c h a m b e r s ,   can  be  made  to  move  in  o p p o s i n g  

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

c h a m b e r s .   O b v i o u s l y ,   t h e r e   a r e   many  u s e s   f o r   an  a c t u a t o r  

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

r e q u i r e d .  

The  p r i o r   a r t   r o t a r y   a c t u a t o r s   have   s u f f e r e d   f rom  a  

number   of  d r a w b a c k s .   The  f i r s t   d r a w b a c k   a r i s e s   as  a  

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

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

c h a m b e r .   B e c a u s e   of  t h e   v a r i a n c e s   in  t h e   d i m e n s i o n s   o f  

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

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

wh ich   w o u l d   p r o v i d e   a  s u f f i c i e n t l y   d u r a b l e   s e a l   a g a i n s t  

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

w i t h o u t   c r e a t i n g   e x c e s s i v e   f r i c t i o n   b e t w e e n   t he   p i s t o n  

head   and  t h e   w a l l .   From  a  d e s i g n   s t a n d p o i n t   i t   i s   t h e  

u l t i m a t e   g o a l   to  p r o d u c e   t h e   maximum  t o r q u e   f rom  t h e  

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

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

p i s t o n   head   and  t he   w a l l s   of  t h e  a n n u l a r   c h a m b e r   w i l l  

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

p r e s s u r e .  
A  f u r t h e r   d r a w b a c k   e n c o u n t e r e d   w i t h   t he   a n n u l a r  

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

p r e s s u r e ,   t he   a n n u l a r   p i s t o n   arm  w i l l   u n d e r g o   s o m e  

f l e x i n g   as  t h e   d i r e c t i o n   of  t he   f o r c e   e x e r t e d   on  t h e  

p i s t o n   arm  by  t h e   f l u i d   p r e s s u r e   a g a i n s t   t he   p i s t o n   h e a d  

is   l i n e a r   and  is   t a n g e n t i a l   to  t he   a x i s   of  t h e   p i s t o n  

arm.   Any  s l i g h t   f l e x i n g   of  t h e   p i s t o n   arm  wou ld   c a u s e  
i n c r e a s e d   f r i c t i o n   b e t w e e n   the   p i s t o n   head   and  the   w a l l  

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

the   a c t u a t o r .  

One  m e t h o d   w h i c h   has  been   u t i l i z e d   to  a t t e m p t   t o  



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

d e f o r m a t i o n s   of  t he   c h a m b e r   w a l l   and  of  t h e   p i s t o n   arm  i s  

to  a l l o w   t he   p i s t o n   head   to  " f l o a t "   r e l a t i v e   to  t h e  

p i s t o n   a rm.   T h i s   i s   s hown ,   f o r   e x a m p l e ,   in  S n e e n ,   U . S .  

P a t e n t   No.  3 , 4 4 6 , 1 2 0   ( s e e   F i g u r e   11)  and  in  Mehm,  U . S .  

P a t e n t   No.  2 , 6 4 9 , 0 7 7   ( s e e   F i g u r e   2 ) .   T h i s   m e t h o d   a i d e d  

in  t h e   r e d u c t i o n   of  f r i c t i o n ,   b u t   t h e r e   was  s t i l l  

c o n s i d e r a b l e   f r i c t i o n   g e n e r a t e d   in  t h e s e   d e v i c e s   by  t h e  

f r i c t i o n   of  t h e   p i s t o n   head   a g a i n s t   t he   p i s t o n   arm.   I n  

o t h e r   w o r d s ,   when  t h e   p i s t o n   head   i s   u n d e r   s u b s t a n t i a l  

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

a g a i n s t   t h e   p i s t o n   a rm.   A c c o r d i n g l y ,   t h e r e   w i l l   be  g r e a t  

f r i c t i o n   b e t w e e n   t h e   p i s t o n   head   and  t h e   p i s t o n   a r m  

s h o u l d   t h e   p i s t o n   head   a t t e m p t   to  move  l a t e r a l l y   r e l a t i v e  

to  t h e   p i s t o n   a rm.   T h e r e f o r e ,   t h e   f a c t   t h a t   t h e   p i s t o n  

head   i s   d e s i g n e d   to  " f l o a t "   in  t h e   p r i o r   a r t   d e v i c e s   d o e s  

no t   i m p r o v e   t h e   p e r f o r m a n c e   of  t h e   a c t u a t o r   as  w e l l   as  i t  

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

t h e   p i s t o n   arm  w i l l   t e n d   to  h o l d   t h e   p i s t o n   head   a g a i n s t  

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

u n n e c e s s a r y   f r i c t i o n   b e t w e e n   t he   p i s t o n   head   and  t h e  

c h a m b e r   w a l l .  

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

b e e n   t he   i n s t a l l a t i o n   of  s l i d e   pads   of  a n t i f r i c t i o n  

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

a b u t s   t h e   c h a m b e r   w a l l .   See  S n e e n ,   U .S .   P a t e n t   N o .  

3 , 4 4 4 , 7 8 8 ,   i s s u e d   May  20,  1 9 6 9 .   T h i s   m e t h o d   a l s o   d o e s  

no t   a d d r e s s   t he   p r o b l e m   of  p i s t o n   h e a d / p i s t o n   a r m  

f r i c t i o n .  

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

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

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

c o s t s   of  m a n u f a c t u r e   and  m a i n t e n a c e   and  l o w e r  

p e r f o r m a n c e .  

The  r o t a r y   a c t u a t o r   h e r e i n   d e s c r i b e d   and  c l a i m e d  

o v e r c o m e s   t he   d r a w b a c k s   of  t he   p r i o r   a r t   in  an  a c t u a t o r  

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

in  a  h o u s i n g   and  a  p i s t o n   o p e r a t i n g   in  t h a t   s i n g l e  



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

means   b e t w e e n   t he   p i s t o n   head   and  p i s t o n   arm  to  i m p r o v e  

p e r f o m r a n c e .  

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

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

c a v i t y   in  t h e   h o u s i n g .   A  s i n g l e   p i s t o n   h e a d ,   a t t a c h e d   t o  

a  s i n g l e   arm,   i s   c a u s e d   to  t r a v e l   in  t he   a n n u l a r   c h a m b e r ,  

in  b o t h   d i r e c t i o n s ,   by  p r o v i d i n g   f o r   t he   p r e s s u r i z a t i o n  

of  t h e   l a r g e r   c a v i t y   in  w h i c h   t h e   p i s t o n   arm  r e s i d e s ,   a n d  

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

p i s t o n   head   to  d r i v e   t he   p i s t o n   i n t o   t he   a n n u l a r   c h a m b e r ,  

and  p r o v i d i n g   t h e   c o n v e n t i o n a l   p r e s s u r i z i n g   means   t o  

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

to  f o r c e   t h e   p i s t o n   arm  ou t   of  t h e   a n n u l a r   c h a m b e r ,  

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

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

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

e m b o d i m e n t .  

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

b e t w e e n   t he   p i s t o n   head   and  t h e   p i s t o n   arm  to  a l l o w   f o r  

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

arm,   so  t h a t   t h e   p i s t o n   head   may  f l o a t   w i t h i n   t h e   a n n u l a r  

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

any  f l e x i n g   of  t h e   p i s t o n   arm  u n d e r   l o a d   and  a n y  
v a r i a n c e s   in  t h e   d i m e n s i o n s   of  t h e   a n n u l a r   c h a m b e r .  

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

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

i m p r o v e d   p e r f o r m a n c e   c h a r a c t e r i s t i c s .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  more  p a r t i c u l a r l y  

d e s c r i b e d   w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s ,   i n  

w h i c h : -  

F i g u r e   1  i s   a  t op   v i e w   of  a  p r e f e r r e d   e m b o d i m e n t   o f  

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 ,   i n  

c r o s s - s e c t i o n   t a k e n   a l o n g   l i n e   1-1  in  F i g u r e   2.  T h i s  

f i g u r e   shows  an  a n n u l a r   c h a m b e r   and  a  s i n g l e   p i s t o n   w h i c h  

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

h o u s i n g   in  w h i c h   a  p i s t o n   arm  r e s i d e s .   A l s o   shown  i n  

t h i s   f i g u r e   i s   f r i c t i o n   r e d u c t i o n   means   b e t w e e n   t h e  



p i s t o n   head   and  t he   p i s t o n   a r m .  

F i g u r e   2  is   a  s i d e   v i e w   of  t he   a c t u a t o r   of  t h i s  

i n v e n t i o n   in  c r o s s - s e c t i o n   t a k e n   a l o n g   l i n e   2-2  in  F i g u r e  

1.  The  r e l a t i o n s h i p   b e t w e e n   a  c e n t r a l   d r i v e   s h a f t ,   t h e  

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

shown  is   t he   g e n e r a l   c o n s t r u c t i o n   of  t h e   a c t u a t o r .  

F i g u r e   3  i s   a  b o t t o m   v i ew   of  t h e   a c t u a t o r .  

F i g u r e   4  i s   a  t o p   v i e w   of  t h e   a c t u a t o r .  

F i g u r e   5  i s   a  v i e w   in  i s o l a t i o n   of  an  a l t e r n a t i v e  

e m b o d i m e n t   of  t h e   p i s t o n   head   of  t h e   a c t u a t o r   and  of  a n  

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

head   i s   a t t a c h e d   to  t h e   p i s t o n   a r m .  

F i g u r e   6  i s   a  v i e w   in  i s o l a t i o n   of  an  a l t e r n a t i v e  

e m b o d i m e n t   of  t h e   p i s t o n   h e a d .  

The  a c t u a t o r   o f  t h i s   i n v e n t i o n   has   an  o u t e r   h o u s i n g  

10.  In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t he   h o u s i n g   10  i s   of  a  

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

h o u s i n g   10  i s   c o n s t r u c t e d   f rom  s t e e l .   The  i n t e r i o r   o f  

h o u s i n g   10  i s   a  h o l l o w   c y l i n d e r   c o n t a i n i n g   a  f i r s t  

c h a m b e r   12  and  a  s e c o n d   c h a m b e r   14.   The  s e c o n d   c h a m b e r  

14  is   a n n u l a r   in  c o n f i g u r a t i o n   and  in  t h e   p r e f e r r e d  

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

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

t o l e r a n c e s   in  t h e   s e c o n d   c h a m b e r   14,  t h e   t o r o i d   s e g m e n t  
is   p r e f e r a b l y   c u t ,   r a t h e r   t h a n   c a s t .  

The  h o u s i n g   10  has  a  s m a l l   o p e n i n g   a t   one  e n d  

t h r o u g h   w h i c h   i s   i n s e r t e d   a  d r i v e   s h a f t   16.  The  o t h e r  

end  of  h o u s i n g   10  is   o p e n .   A  d i a p h r a m   18,  h a v i n g   a  

c e n t r a l   o p e n i n g   to  f i t   o v e r   t h e   end  of  d r i v e   s h a f t   1 6 ,  

f i t s   i n t o   t he   h o u s i n g   10  to  e n c l o s e   c h a m b e r   1 2 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   h o u s i n g   10  i s   g e n e r a l l y  

a  c y l i n d e r ,   c l o s e d   a t   one  end ,   and  open  a t   t he   o t h e r .  

A n n u l a r   c h a m b e r   14  i s   f o r m e d   a t   t he   b o t t o m   edge   of  t h e  

c l o s e d   end  of  t h i s   c y l i n d e r .   The  r e m a i n i n g   v o l u m e   of  t h e  

c y l i n d e r   is   o p e n ,   d e f i n i n g   a  v o i d   s p a c e .   T h i s   l a r g e   v o i d  

s p a c e   b e c o m e s   f i r s t   c h a m b e r   12  a f t e r   d i a p h r a m   18  i s  

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

t he   c o n s t r u c t i o n   of  t he   a c t u a t o r .   For   e x a m p l e ,   i t   w i l l  



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

arm  40  and  t h e   d r i v e   s h a f t   16  to  be  of  u n i t i z e d  

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

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

o t h e r   a c t u a t o r s .  

T h r u s t   b e a r i n g s   20  and  22  f i t   a r o u n d   t h e   d r i v e   s h a f t  

16  and  in  t h e   a p e r t u r e s   in  t h e   h o u s i n g   10  and  d i a p h r a m  

18,   r e s p e c t i v e l y ,   to  h o l d   t h e   d r i v e   s h a f t   16  in  p l a c e   a n d  

to  a l l o w   t h e   d r i v e   s h a f t   16  to  r o t a t e .   Two  s e t s   o f  

p a c k i n g   and  r e t a i n e r   r i n g s   24  and  26  s e a l   t h r u s t   b e a r i n g  

20  a g a i n s t   h o u s i n g   10  and  d r i v e   s h a f t   16  r e s p e c t i v e l y ;  

and  two  s e t s   of  p a c k i n g   and  r e t a i n e r   r i n g s   28  and  30 

p r o v i d e   t h e   same  f u n c t i o n   b e t w e e n   t h r u s t   b e a r i n g   22  a n d  

d i a p h r a m   18  and  d r i v e   s h a f t   16.   A n o t h e r   p a c k i n g   a n d  

r e t a i n e r   r i n g   s e t   32  s e a l s   t he   e x t e r i o r   c i r c u m f e r e n c e   o f  

t h e   d i a g p r a m   18  a g a i n s t   h o u s i n g   10.   A  m e t a l   s p l i t   r i n g  

34  i s   i n s e r t e d   i n t o   an  a p p r o p r i a t e l y   s i z e d   a p e r t u r e  
f o r m e d   by  c o r r e s p o n d i n g   g r o o v e s   in  h o u s i n g   10  a n d  

d i a p h r a m   18  to  h o l d   d i a p h r a m   18  in  p l a c e   a g a i n s t   h o u s i n g  
10.   An  a c c e s s   s l o t   36  ( F i g u r e   4)  i s   p r o v i d e d   in  t h e  

e x t e r i o r   of  h o u s i n g   10  to  a l l o w   t h e   s p l i t   r i n g   34  to  b e  

fed   i n t o   p o s i t i o n .   A  s e t   s c r e w   38  k e e p s   t h e   d i a p h r a m   18  

f rom  t u r n i n g   in  p l a c e   r e l a t i v e   to  t he   h o u s i n g   1 0 .  

L o o k i n g   a t   F i g u r e   1,  i t   w i l l   be  s e e n   t h a t   p i s t o n   a r m  

40  is   f o r m e d   i n t e g r a l l y   w i t h   d r i v e   s h a f t   16  as  t h e y   a r e  

of  u n i t i z e d   c o n s t r u c t i o n .   I t   w i l l   be  u n d e r s t o o d   t h a t  

c o n v e n t i o n a l   a t t a c h m e n t   means   c o u l d   be  u s e d .   I t   a l s o  

w i l l   be  a p p r e c i a t e d   t h a t   t h e   f i r s t   c h a m b e r   12  i s   o f  

s u f f i c i e n t   s i z e   to  a c c o m m o d a t e   t h e r e i n   t he   p i s t o n   arm  40  

and  a  p o r t i o n   of  t h e   d r i v e   s h a f t   1 6 .  

On  t he   h e e l   of  p i s t o n   arm  40  is   a t t a c h e d   a  r u b b e r  

s t o p   42.   A  s h o u l d e r   44  is   f o r m e d   on  t he   i n t e r i o r   o f  

h o u s i n g   10  a g a i n s t   wh ich   r u b b e r   s t o p   42  a b u t s   to  s t o p  

m o v e m e n t   of  t h e   p i s t o n   arm  4 0 .  

P i s t o n   arm  40  is   a l s o   f o r m e d   as  an  a r c   s e g m e n t   of  a  
t o r o i d   h a v i n g   an  a r c   r a d i u s   e q u a l   to  t h a t   of  s e c o n d  

c h a m b e r   14.  The  c r o s s - s e c t i o n a l   d i a m e t e r   of  p i s t o n   a r m  
40  is   a p p r e c i a b l y   l e s s   t h a n   t h e   i n t e r i o r   c r o s s - s e c t i o n  



d i a m e t e r   of  s e c o n d   c h a m b e r   14  so  t h a t   p i s t o n   arm  40  may  

move  f r e e l y   i n t o   s e c o n d   c h a m b e r   14.  I t   w i l l   b e  

a p p r e c i a t e d   t h a t   in  o r d e r   f o r   p i s t o n   arm  40  to  be  a b l e   t o  

move  c o m p l e t e l y   i n t o   s e c o n d   c h a m b e r   14,  t h e   c e n t e r   p o i n t  

f o r   t h e   a r c   r a d i u s   of  p i s t o n   arm  40  m u s t   be  t h e   same  a s  

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

14.   I t   w i l l   f u r t h e r   be  a p p r e c i a t e d   t h a t   f o r   i m p r o v e d  

c o m p a c t n e s s ,   when  p i s t o n   arm  40  i s   in  t h e   f u l l y   r e t r a c t e d  

p o s i t i o n   w i t h   r u b b e r   s t o p   42  a g a i n s t   s h o u l d e r   44,   t h e  

d i s t a l   end  46  of  p i s t o n   arm  40  i s   a t   or  n e a r   t h e   e n t r a n c e  

to  s e c o n d   c h a m b e r   1 4 .  

C h a r g i n g   p o r t s   48  and  50  p r o v i d e   t h e   means   w h e r e b y  

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

12  and  s e c o n d   c h a m b e r   14,   r e s p e c t i v e l y .   T h r e a d e d   h o l e s  

52,  53,  54  and  55  a r e   p r o v i d e d   in  t he   e x t e r i o r   p o r t i o n   o f  

h o u s i n g   10  f o r   e a s e   of  a t t a c h m e n t   of  t h e   a c t u a t o r   t o  

a n o t h e r   s u r f a c e .  

A  p i s t o n   head   58  i s   a t t a c h e d   to  p i s t o n   arm  40  b y  

means   w h i c h   a l l o w   t h e   p i s t o n   head   58  to  " f l o a t "   in  a  

l a t e r a l ,   or  in  t h e   p r e f e r r e d   e m b o d i m e n t ,   a  r a d i a l   m a n n e r  

r e l a t i v e   to  p i s t o n   arm  40.  T h e s e   a t t a c h m e n t   m e a n s  

c o m p r i s e   a  c o r n e r   n o t c h   60  f o r m e d   in  p i s t o n   arm  40  w h i c h  

p r e s e n t s   a  s h o u l d e r   62  w h i c h   i s   p a r a l l e l   to  t h e   f a c e   64 

of  t h e   p i s t o n   arm  40.   A  h o l e   i s   f o r m e d   b e t w e e n   t h e   f a c e  

64  and  s h o u l d e r   62.  The  h o l e   i s   s i t u a t e d   a t   t h e   c e n t e r  

p o i n t   of  f a c e   64.   A  b o l t   66  h a v i n g   an  e n l a r g e d   head   68 

e x t e n d s   t h r o u g h   t h a t   h o l e   and  i s   s e c u r e d   by  nu t   70 

a g a i n s t   s h o u l d e r   62.   The  l e n g t h   of  b o l t   66  is   s u c h   t h a t  

i t   e x t e n d s   an  a p p r e c i a b l e   d i s t a n c e   b e y o n d   t h e   f a c e   64  o f  

p i s t o n   arm  40.  The  e n l a r g e d   head   68  of  b o l t   66  p r e s e n t s  

a  s h o u l d e r   72  w h i c h   i s   p a r a l l e l   to  f a c e   6 4 .  

The  p i s t o n   head   58,   w h i c h   i s   p r e f e r a b l y   c o n s t r u c t e d  

of  an  a l u m i n u m - n i c k e l - b r o n z e   a l l o y ,   is   c u p - s h a p e d   s u c h  

t h a t   i t   has   an  i n t e r i o r   c a v i t y   74  of  s u f f i c i e n t   s i z e   t o  

f i t   o v e r   t he   e n l a r g e d   head   68  of  b o l t   66.  A  p o r t i o n   o f  

t h e   i n t e r i o r   s u r f a c e   of  c a v i t y   74  is   t h r e a d e d   so  as  t o  

r e c e i v e   a  t h r e a d e d   i n s e r t   76  wh ich   r e t a i n s   t he   p i s t o n  

head   58  upon  e n l a r g e d   head   68  of  b o l t   66.  I t   w i l l   b e  



a p p r e c i a t e d   t h a t   t h e   h o l e   in  p i s t o n   arm  40  b e t w e e n  

s h o u l d e r   62  and  f a c e   64  has  an  i n t e r i o r   d i a m e t e r   e q u a l   t o  

t h e   e x t e r i o r   d i a m e t e r   of  b o l t   66  such   t h a t   t h e r e   i s   n o  

l a t e r a l   or   r a d i a l   m o v e m e n t   by  b o l t   66  in  t h a t   h o l e .   On 

t h e   o t h e r   h a n d ,   t h e   i n t e r i o r   d i a m e t e r   of  h o l e   78  i n  

t h r e a d e d   i n s e r t   76  i s   a p p r e c i a b l y   l a r g e r   t h a n   t h e  

e x t e r i o r   d i a m e t e r   of  b o l t   66.  s i m i l a r l y ,   t h e   i n t e r i o r  

d i a m e t e r   of  c a v i t y   74  i s   a p r e c i a b l y   l a r g e r   t h a n   t h e  

e x t e r i o r   d i a m e t e r   of  e n l a r g e d   head   68.  A c c o r d i n g l y ,  

p i s t o n   head   58  i s   c a p a b l e   of  l a t e r a l   or  r a d i a l   m o v e m e n t  

r e l a t i v e   to  b o l t   66  and  h e n c e ,   r e l a t i v e   to  p i s t o n   arm  4 0 .  

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

l a t e r a l   or  r a d i a l   m o v e m e n t ,   t h e r e   mus t   be  some  f r e e   s p a c e  

p r o v i d e d   b e t w e e n   p i s t o n   head   58  and  p i s t o n   arm  40.  T h i s  

f r e e   s p a c e   i s   o b t a i n e d   by  m a k i n g   t h e   i n t e r i o r   c a v i t y   74  

and  p i s t o n   head   58  a p p r e c i a b l y   d e e p e r   t h a n   t h e   d i s t a n c e  

b o l t   66  e x t e n d s   away  f rom  f a c e   64  of  p i s t o n   arm  40.  A 

l o c k   p i n   65  i s   i n s e r t e d   i n t o   c o r r e s p o n d i n g   h o l e s   i n  

p i s t o n   head   58  and  i n s e r t   76  to  p r e v e n t   i n s e r t   76  f r o m  

t u r n i n g   a f t e r   i t   has  b e e n   i n s e r t e d .   W r e n c h i n g   h o l e   67  i s  

a d d e d   to  i n s e r t   76  to  a i d   in  i t s   i n s e r t i o n   and  r e m o v a l .  

Even  t h o u g h   t h e s e   p r o v i s i o n s   have   b e e n   made  to  a l l o w  

f o r   r a d i a l   or  l a t e r a l   m o v e m e n t   of  p i s t o n   head   58  r e l a t i v e  

to  p i s t o n   arm  40,  i t   w i l l   be  r e a d i l y   u n d e r s t o o d   a f t e r  

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

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

be  e x e r t e d   a g a i n s t   p i s t o n   head   58  p u s h i n g   i t   a g a i n s t   t h e  

f a c e   64  of  p i s t o n   arm  40.  The  r e s u l t a n t   f r i c t i o n   b e t w e e n  

p i s t o n   head   58  and  i n s e r t   76  a g a i n s t   t he   f a c e   64  o f  

p i s t o n   arm  40  w i l l   v i r t u a l l y   p r e c l u d e   t he   f r e e   l a t e r a l  

m o v e m e n t   of  p i s t o n   58.  T h i s   c o m p l e t e l y   v i t i a t e s   t h e  

b e n e f i c i a l   r e s u l t s   e x p e c t e d   by  a l l o w i n g   p i s t o n   head   58  t o  

f l o a t   in  t he   f i r s t   i n s t a n c e .   To  c o u n t e r a c t   t h i s  

p h e n o m e n a ,   a  low  f r i c t i o n   t h r u s t   w a s h e r   80  i s   p l a c e d  

b e t w e e n   s h o u l d e r   72  of  e n l a r g e d   head   68  and  t h r e a d e d  

i n s e r t   76,  and  a n o t h e r   low  f r i c t i o n   t h r u s t   w a s h e r   82  i s  

p l a c e d   b e t w e e n   f a c e   64  of  p i s t o n   arm  40  and  the   t h r e a d e d  

i n s e r t   76.  S u i t a b l e   t h r u s t   w a s h e r s   have   a  c o a t i n g   of  a  



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

e x c e p t i o n a l l y   low  f r i c t i o n .   T h e r e f o r e ,   even   u n d e r  

s u b s t a n t i a l   l o a d s ,   t h e   p i s t o n   head   58  w i l l   be  a b l e   t o  

f l o a t   r e l a t i v e   to  t h e   p i s t o n   arm  40.  T h e r e f o r e ,   d u r i n g  

t h e   t r a v e l   of  t h e   p i s t o n   arm  40  t h r o u g h   i t s   a r c   in  s e c o n d  

c h a m b e r   14,  as  t h e   p i s t o n   arm  40  may  f l e x   d u r i n g   s u r g e s  
in  p r e s s u r e ,   or  as  t h e   p i s t o n   head   58  e n c o u n t e r s  

v a r i a n c e s   in  t h e   c o n f i g u r a t i o n s   of  t he   w a l l s   of  s e c o n d  

c h a m b e r   14,   t h e   p i s t o n   head   58  w i l l   more  r e a d i l y   and  w i t h  

l e s s   f r i c t i o n   f l o a t   r e l a t i v e   to  p i s t o n   arm  40  so  t h a t   t h e  

p i s t o n   head   58  w i l l   a d j u s t   i t s   p o s t i o n   to  s e e k   t h e   p a t h  

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

i t   and  t h e   w a l l s   of  s e c o n d   c h a m b e r   14,   p r o d u c i n g  

m a x i m i z e d   p e r f o r m a n c e   f o r   t he   a c t u a t o r .  

In  F i g u r e   1,  one  of  s e v e r a l   e m b o d i m e n t s   f o r   t h e  

c o n f i g u r a t i o n   of  t h e   p i s t o n   head   58  i s   s hown .   H e r e   i t  

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

head   58  is   s u c h   t h a t   i t   c o n t a c t s   t h e   w a l l s   of  s e c o n d  

c h a m b e r   14  a t   one  c i r c u m f e r e n t i a l   p o i n t   o n l y .   At  t h a t  

p o i n t ,   a  s e a l i n g   r i n g   84  is   f i t t e d   i n t o   an  a p p r o p r i a t e l y  

s i z e d   g r o o v e   f o r m e d   in  p i s t o n   head   58.  The  b e s t  

p e r f o r m a n c e   i s   o b t a i n e d   by  u s i n g   a  s e a l i n g   r i n g   84  w h i c h  

i s   r e s i s t a n t   to  e x t r u s i o n   u n d e r   h i g h   p r e s s u r e .  
A n o t h e r   m e t h o d   of  a t t a c h m e n t   of  t he   p i s t o n   head   5 8  

to  t h e   p i s t o n   arm  40  i s   shown  in  F i g u r e s   5  and  6.  H e r e ,  

t he   p i s t o n   head   58'  and  58"  d o e s   no t   have   an  i n t e r i o r  

c a v i t y .   R a t h e r ,   t h e   p i s t o n   head   has   a  c e n t r a l l y   l o c a t e d  

a p e r t u r e   t h r o u g h   w h i c h   b o l t   66  is   i n s e r t e d .   A n o t h e r  

m o d i f i c a t i o n   i s   made  to   f a c e   64  of  p i s t o n   arm  40.  T h e  

end  of  p i s t o n   arm  40  i s   r e d u c e d   in  s i z e   to  c r e a t e  a  

s h o u l d e r   100  and  a  neck   p o r t i o n   102 .   The  p i s t o n   head   5 8 '  

and  58"  has  a  s m a l l   c a v i t y   w h i c h   f i t s   o v e r   t h e   n e c k  

p o r t i o n   102 .   To  p r o v i d e   f o r   m o v e m e n t   of  t h e   p i s t o n   h e a d  

58'  and  58"  r e l a t i v e   to  t he   p i s t o n   arm  in  t h i s  

a r r a n g e m e n t ,   t h e   a p e r t u r e   104  b e t w e e n   f a c e   64  a n d  

s h o u l d e r   62  is   made  a p p r e c i a b l y   l a r g e r   t h a n   t h e   s i z e   o f  

b o l t   66.  A  s p a c e r   106  e x t e n d s   b e t w e e n   nu t   70  and  t h e  

u n d e r s i d e   of  t he   p i s t o n   head   58'  and  58"  to  a l l o w   f o r  



p r e t e n s i o n i n g   of  t h e   b o l t   66.  T h i s   p r e t e n s i o n i n g   of  t h e  

b o l t   66  i n c r e a s e s   i t s   f a t i g u e   l i f e ,   and  a l s o   p e r m i t s  

p r e c i s e   l o o s e n e s s   b e t w e e n   t he   p i s t o n   head   58'  and  58"  a n d  

t h e   p i s t o n   arm  40.  In  t h i s   e m b o d i m e n t ,   t h e   t h r u s t  

w a s h e r s   80  and  82  a r e   p l a c e d   b e t w e e n   t h e   p i s t o n   58'  a n d  

58"  head   and  f a c e   64  and  b e t w e e n   s h o u l d e r   62  and  n u t   7 0 .  

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

t he   p i s t o n   head   i s   now  e x p o s e d   to  f l u i d   u n d e r   p r e s s u r e ,  

p a c k i n g   and  r e t a i n e r   r i n g   108  m u s t   be  u t i l i z e d .  

F i g u r e s   5  and  6  a l s o   d i s p l a y   a l t e r n a t i v e   e m b o d i m e n t s  

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

to  F i g u r e   5,  p i s t o n   head   58'  i s   in  t h e   s h a p e   of  a  t o r o i d  

s e g m e n t   so  t h a t   t h e   s e a l i n g   c o n t a c t   b e t w e e n   t h e   p i s t o n  

head   58'  and  t h e   w a l l s   of  s e c o n d   c h a m b e r   14  i s   i n c r e a s e d .  

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

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

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

58'  p r e s e n t s   a  p o t e n t i a l   f o r   g r e a t e r   f r i c t i o n   b e t w e e n   t h e  

p i s t o n   head   and  t h e   w a l l   of  s e c o n d   c h a m b e r   14,   t h e  

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

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

of  t h e   p i s t o n   head   58'   d u r i n g   m o v e m e n t   of  t he   p i s t o n   a r m  

40,   m i n i m i z e s   t he   i n c r e a s e d   f r i c t i o n a l   p r o b l e m s .  

In  F i g u r e   6,  a n o t h e r   e m b o d i m e n t   of  p i s t o n   head   5 8 "  

i s   shown .   H e r e ,   t h e   e x t e r i o r   p i s t o n   s u r f a c e   i s   g e n e r a t e d  

by  a  r a d i u s   e q u a l   to  t h a t   of  t h e   i n t e r i o r   s u r f a c e   110  o f  

t h e   e x t e r i o r   w a l l   p o r t i o n   of  s e c o n d   c h a m b e r   1 4 .  



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

h o u s i n g   (10)   h a v i n g   a  c l o s e d   f i r s t   e n d ,   and  an  o p e n  
s e c o n d   end ,   s a i d   h o u s i n g   (10)   d e f i n i n g   a  c y l i n d r i c a l  

h o l l o w   s p a c e   (12)   e x c e p t   f o r   an  a n n u l a r   c h a m b e r   (14)   i n  

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

(10)   a g a i n s t   s a i d   c l o s e d   e n d ,   s a i d   a n n u l a r   c h a m b e r   ( 1 4 )  

o p e n i n g   i n t o   s a i d   h o l l o w   s p a c e   (12)   in  s a i d   h o u s i n g ;   a  

c e n t r a l l y   l o c a t e d   a p e r t u r e   in  s a i d   c l o s e d   f i r s t   end  o f  

s a i d   h o u s i n g   ( 1 0 ) ;   a  d r i v e   s h a f t   (16)   r o t a t a b l y   m o u n t e d  

in  s a i d   h o u s i n g   (10)   and  e x t e n d i n g   e x t e r i o r l y   of  s a i d  

h o u s i n g   (10)  t h r o u g h   s a i d   a p e r t u r e   in  s a i d   c l o s e d   end ;   a n  

a n n u l a r   p i s t o n   a t t a c h e d   to  s a i d   d r i v e   s h a f t   ( 1 6 ) ,   s u c h  

t h a t   s a i d   p i s t o n   r o t a t e s   in  s a i d   h o u s i n g   (10)   c o a x i a l l y  

w i t h   and  i n t o   s a i d   a n n u l a r   c h a m b e r   ( 1 4 ) ,   s a i d   p i s t o n  

h a v i n g   a  p i s t o n   arm  ( 4 0 ) ,   and  p i s t o n   head   means   ( 5 8 )  

a t t a c h e d   to  s a i d   p i s t o n   arm  (40)   f o r   p r o v i d i n g   s e a l i n g  

c o n t a c t   w i t h   s a i d   a n n u l a r   c h a m b e r   (14)   d u r i n g   t h e  

m o v e m e n t   of  s a i d   p i s t o n   t h e r e i n ;   d i a p h r a m   means   (18)   f o r  

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

( 4 8 , 5 0 )   f o r   i n t r o d u c i n g   f l u i d   u n d e r   p r e s s u r e   i n t o   s a i d  

a n n u l a r   c h a m b e r   (14)   and  i n t o   s a i d   h o l l o w   s p a c e   (12)   i n  

s a i d   h o u s i n g   ( 1 0 ) .  

2.  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  C l a i m   1,  f u r t h e r  

c o m p r i s i n g   a t t a c h m e n t   means   ( 6 6 , 6 8 , 7 0 )   f o r   a t t a c h i n g   s a i d  

p i s t o n   head   (58)   to   s a i d   p i s t o n   arm  (40)  s u c h   t h a t   s a i d  

p i s t o n   head   (58)   may  move  l a t e r a l l y   r e l a t i v e   to  s a i d  

p i s t o n   arm  ( 4 0 ) .  

3.  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  C l a i m   2,  f u r t h e r  

c o m p r i s i n g   f r i c t i o n   r e d u c t i o n   means   ( 8 0 , 8 2 )   b e t w e e n   s a i d  

p i s t o n   head   (58)   and  s a i d   p i s t o n   arm  (40)  f o r   r e d u c i n g  

f r i c t i o n   when  s a i d   p i s t o n   head   (58)   moves   r e l a t i v e   t o  

s a i d   p i s t o n   arm  ( 4 0 ) .  

4.  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  C l a i m   3,  w h e r e i n  

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

t h r u s t   w a s h e r   ( 8 0 , 8 2 ) .  

5.  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  C l a i m   4,  w h e r e i n  

s a i d   t h r u s t   w a s h e r   ( 8 0 , 8 2 )   has   a  c o a t i n g   of  f r i c t i o n  



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

6.  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  C l a i m   5,  w h e r e i n  

s a i d   f r i c t i o n   r e d u c t i o n   c o a t i n g   c o n t a i n s  

p o l y t e t r a f l u o r o e t h y l e n e .  

7.  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  a n y  o n e   of  c l a i m s  

3  to  6,  w h e r e i n   s a i d   a t t a c h m e n t   means   c o m p r i s e s : -  

(a)  b o l t   means   (66)  a t t a c h e d   to  and  e x t e n d i n g  

l o n g i t u d i n a l l y   f rom  s a i d   p i s t o n   arm  ( 4 0 ) ,  

s a i d   b o l t   (66)   h a v i n g   an  e n l a r g e d   p o r t i o n  

(68)  a t   i t s   end  d i s t a l   f rom  s a i d   p i s t o n   a r m  

( 4 0 ) ;  

(b)  an  i n t e r i o r   c a v i t y   (74)  d e f i n i n g   t h e   w i d t h  

s p a c e   in  s a i d   p i s t o n   head   ( 5 8 ) ,   s a i d  

i n t e r i o r   c a v i t y   (74)  b e i n g   of  a  s i z e  

s u b s t a n t i a l l y   g r e a t e r   t h a n   s a i d   e n l a r g e d  

p o r t i o n   (68)  of  s a i d   b o l t   means   ( 6 6 ) ;   a n d  

(c)  i n s e r t   means   (76)   a t t a c h e d   to  s a i d   p i s t o n  

head   (58)  f o r   a t t a c h i n g   s a i d   p i s t o n   h e a d  

(58)  to  s a i d   b o l t   means   ( 6 6 ) ,   s a i d   i n s e r t  

means   (76)  h a v i n g   an  a p e r t u r e   (78)  t h r o u g h  

w h i c h   s a i d   b o l t   means   (66)   p a s s e s ,   s a i d  

a p e r t u r e   (78)  b e i n g   a p p r e c i a b l y   l a r g e r   t h a n  

t h e   d i a m e t e r   of  s a i d   b o l t   means   ( 6 6 ) .  

8.  A  r o a t a r y   a c t u a t o r   a c c o r d i n g   to  C l a i m   7,  w h e r e i n  

s a i d   f r i c t i o n   r e d u c t i o n   means   ( 8 0 , 8 2 )   a r e   p l a c e d   b e t w e e n  

s a i d   i n s e r t   means   (76)  and  s a i d   e n l a r g e d   p o r t i o n   (68)   o f  

s a i d   b o l t   means   ( 6 6 ) ,   and  b e t w e e n   s a i d   i n s e r t   means   ( 7 6 )  

and  s a i d   p i s t o n   arm  ( 4 0 ) .  

9.  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  a n y  o n e   of  c l a i m s  

3  to  6,  w h e r e i n   s a i d   a t t a c h m e n t   means   c o m p r i s e s : -  

(a)  an  a p e r t u r e   (104)   in  s a i d   p i s t o n   arm  ( 4 0 ) ;  

(b)  b o l t   means   (66)   e x t e n d i n g   t h r o u g h   s a i d  

a p e r t u r e   ( 1 0 4 ) ,   s a i d   b o l t   means   (66)  h a v i n g  

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

a p e r t u r e   ( 1 0 4 ) ;  

(c)  an  a p e r t u r e   in  s a i d   p i s t o n   head   ( 5 8 ' , 5 8 " )  

t h r o u g h   w h i c h   s a i d   b o l t   means   (66)  e x t e n d ,  

s a i d   p i s t o n   head   a p e r t u r e   b e i n g   e q u a l   i n  



s i z e   to  s a i d   b o l t   means   ( 6 6 ) ;  

(d)  nu t   means   (70)   f o r   s e c u r i n g   s a i d   b o l t   ( 6 6 )  

to  s a i d   p i s t o n   arm  ( 4 0 ) ;   a n d  

(e)  s p a c e r   means   (106)   b e t w e e n   s a i d   p i s t o n   h e a d  

( 5 8 ' , 5 8 " )   and  s a i d   n u t   means   ( 7 0 ) .  

10.   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  C l a i m   9,  w h e r e i n  

s a i d   f r i c t i o n   r e d u c t i o n   means   ( 8 0 , 8 2 )   a r e   p l a c e d   b e t w e e n  

s a i d   p i s t o n   head   ( 5 8 ' , 5 8 " )   and  s a i d   p i s t o n   arm  ( 4 0 ) ,   a n d  

b e t w e e n   s a i d   p i s t o n   arm  (40)  and  s a i d   n u t   means   ( 7 0 ) .  

11.   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  a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s   w h e r e i n   s a i d   p i s t o n   head   (58)   has   a  

c o n v e x   r a d i a l   e x t e r i o r   c o n f i g u r a t i o n ,   and  e x t e r i o r  

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

h e a d ' s   maximum  e x t e r i o r   d i a m e t e r ,   and  s e a l i n g   means   ( 8 4 )  

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

a n n u l a r   c h a m b e r   ( 1 4 ) .  

12.   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  a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   p i s t o n   head   (58)   has  a n  

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

13.  A  r o t a r y   a c t u a t o r   h a v i n g   a  h o u s i n g   ( 1 0 ) ,   a n  

a n n u l a r   c h a m b e r   (14)   in  s a i d   h o u s i n g ,   an  a n n u l a r   p i s t o n  

arm  (40)  m o u n t e d   in  s a i d   h o u s i n g   (10)   and  r o t a t a b l e  

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

( 1 4 ) ,   and  a  p i s t o n   head   (58)   a t t a c h e d   by  a t t a c h m e n t   m e a n s  

(66)  to   s a i d   p i s t o n   arm  ( 4 0 ) ,   s a i d   a t t a c h m e n t   means   f o r  

a l l o w i n g   l a t e r a l   m o v e m e n t   of  s a i d   p i s t o n   head   ( 5 8 )  

r e l a t i v e   to  s a i d   p i s t o n   arm  ( 4 0 ) ,   c h a r a c t e r i s e d   i n  

c o m p r i s i n g   f r i c t i o n   r e d u c t i o n   means   ( 8 0 , 8 2 )   b e t w e e n   s a i d  

p i s t o n   head   (58)   and  s a i d   p i s t o n   arm  (40)  f o r   r e d u c i n g  

f r i c t i o n   b e t w e e n   s a i d   p i s t o n   head   (58)   and  s a i d   p i s t o n  

arm  (40)  d u r i n g   l a t e r a l   m o v e m e n t   of  s a i d   p i s t o n   head   ( 5 8 )  

r e l a t i v e   to  s a i d   p i s t o n   arm  ( 4 0 ) .  

14.  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  C l a i m   13,  w h e r e i n  

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

t h r u s t   w a s h e r   ( 8 0 , 8 2 )   h a v i n g   a  c o a t i n g   of  f r i c t i o n  

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

15.  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  C l a i m   14,  w h e r e i n  

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