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©  Rotary  Actuator. 
A  rotary  actuator  includes  a  housing  (10, 12)  defining  an 

opening,  an  output  shaft  (15)  extending  through  the  opening, 
a  stator  vane  (45)  and  rotor  vane  (42)  associated  with  the 
output  shaft  (15)  and  opening  to  define  a  plurality  of 
actuation  chambers  (54...57)  and  an  inner  surface  of  the 
hosing  (10, 12)  extending  inwardly  past  a  shoulder  portion  of 
the  output  shaft  (15)  to  seal  directly  against  the  shaft  (15). 



BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  t he   f i e l d  

of  r o t a r y   a c t u a t o r s   and  more  p a r t i c u l a r l y ,   to  a  vane  t y p e  

r o t a r y   a c t u a t o r   w i t h   an  improved   means  f o r   s e a l i n g   the   p n e u m a t i c  

a c t u a t i o n   c h a m b e r s .  

In  g e n e r a l ,   a  r o t a r y   a c t u a t o r   c a u s e s   the  r o t a t i o n  

of  an  o u t p u t   d r i v e   s h a f t   t h r o u g h   a  f i x e d   a rc   at  r e l a t i v e l y  

h i g h ,   i n s t a n t a n e o u s   t o r q u e   and  r e l a t i v e l y   low  s p e e d .   A  v a n e  

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

c h a m b e r ,   a  d r i v e   s h a f t   e x t e n d i n g   t h r o u g h   the   i n n e r   c h a m b e r  

and  a t   l e a s t   one  s t a t i o n a r y   ( s t a t o r )   vane  and  one  r o t a t i n g  

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

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

c o n n e c t e d   w i t h   the   i n t e r i o r   of  the   c y l i n d e r   wal l   and  a  s i n g l e  

r o t o r   vane  c o n n e c t e d   wi th   the  r o t a t i n g   o u t p u t   s h a f t .   By 

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

e x h a u s t i n g   such  f l u i d   from  the  c h a m b e r s   d e f i n e d   b e t w e e n   t h e s e  

v a n e s ,   the  o u t p u t   s h a f t   is  c a u s e d   to  r o t a t e ,   t hus   p e r m i t t i n g  

i t   to  d r i v e   any  d e v i c e   where  such  r o t a t i o n a l   movement  is   d e s i r e d .  

A  s i n g l e   vane  r o t a r y   a c t u a t o r ,   by  i t s   v e r y   n a t u r e ,   is  l i m i t e d  

to  a  r o t a t i o n a l   a rc   of  l e s s   t han   3 6 0 ° .  

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

s t a t o r   v a n e s ,   a  p a i r   of  r o t o r   vanes   and  a  p n e u m a t i c   a c c u a t i o n  

chamber   b e t w e e n   each  of  t h e s e   v a n e s .   With  a  d o u b l e   vane  r o t a r y  

a c t u a t o r ,   the   t o r q u e   which  can  be  c r e a t e d   wi th   a  g i v e n   p r e s s u r e  

is  s i g n i f i c a n t l y   i n c r e a s e d .   The  d r a w b a c k   to  a  d o u b l e   v a n e  

r o t a r y   a c t u a t o r   as  opposed   to  a  s i n g l e   vane  is  t h a t   i t   i s  

l i m i t e d   to  a  r o t a t i o n a l   arc  of  l e s s   t h a n   1 8 0 ° .  



One  o b j e c t i v e   in  the  d e s i g n   and  m a n u f a c t u r e   of  a l l  

vane   t ype   r o t a r y   a c t u a t o r s   is  to  p r o v i d e   an  e f f e c t i v e   s e a l  

f o r   the  a c c u a t i o n   c h a m b e r s   so  t h a t   a i r   or  o t h e r   p n e u m a t i c  

f l u i d   l e a k a g e   b e t w e e n   such  c h a m b e r s   can  be  m i n i m i z e d .   One 

a r e a   which  has  c a u s e d   p a r t i c u l a r   p r o b l e m s   in  the  m a n u f a c t u r e  

of  vane  t y p e   r o t a r y   a c t u a t o r s   is  the   a r ea   b e t w e e n   the   j u n c t i o n  

of  the   o u t p u t   s h a f t ,   the   r o t o r   and  s t a t o r   vane  s e a l s   and  t h e  

end  cap.   In  p r e s e n t l y   e x i s t i n g   r o t a r y   a c t u a t o r s ,   t h i s   s e a l  

is  a c c o m p l i s h e d   by  an  a n n u l a r   end  cap  s e a l   member  which   i s  

p o s i t i o n e d   in  an  a n n u l a r   g roove   in  the   end  cap  to  s e a l   a g a i n s t  

a  p o r t i o n   of  t he   o u t p u t   s h a f t   as  wel l   as  p o r t i o n s   of  t he   s t a t o r  

and  r o t o r   vane   s e a l s .   These  end  cap  s e a l s   which  have   i n c l u d e d  

"O"  r i n g ,   quad  and  v a r i o u s   o t h e r   t y p e s   of  s e a l s   have  r o u n d e d  

c o r n e r s ;   t h u s ,   t h e r e   is   a lways   a  sma l l   a n n u l a r   o p e n i n g   b e t w e e n  

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

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

d e s i g n s   a l s o   embody  a  s t r u c t u r e   in  which  a  p o r t i o n   of  t h e  

r o t o r   vane  s e a l   e n g a g e s   the  end  cap  s e a l .   Th is   i n v o l v e s   c o n t a c t  

b e t w e e n   one  s e a l   member  and  a n o t h e r ,   which  is   n o r m a l l y   a  

r u b b e r   to  r u b b e r   or  e l a s t o m e r   to  e l a s t o m e r   c o n t a c t .   B e c a u s e  

of  t h i s   c o n t a c t ,   the   " b r e a k   away"  f o r c e ,   or  the   f o r c e   n e e d e d  

to  s t a r t   t he   vane  mov ing ,   is   q u i t e   h igh   and  the  s e a l   l i f e  

is  q u i t e   s h o r t .  

A c c o r d i n g l y ,   t h e r e   is  a  need  in  the   a r t   f o r   a  v a n e  

t ype   r o t a r y   a c t u a t o r   w i th   improved   s e a l   means  so  as  to   r e d u c e  

the   " b r e a k   away"  f o r c e ,   i n c r e a s e   the   s ea l   l i f e   and  a l s o   p r e v e n t  

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

SUMI%IARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  vane  t y p e   r o t a r y  

a c t u a t o r   which   o v e r c o m e s   the  d e f i c i e n c i e s   in  the  p r i o r   a r t  

by  s i g n i f i c a n t l y   i m p r o v i n g   the   a c t u a t i o n   chamber   s e a l s .   I n  



the   p r e f e r r e d   s t r u c t u r e   of  the   p r e s e n t   i n v e n t i o n ,   a l l   r u b b e r  

to  r u b b e r   and  e l a s t o m e r   to  e l a s t o m e r   c o n t a c t   has  been   e l i m i n a t e d .  

This   in  t u r n   l e a d s   to  a  s i g n i f i c a n t   r e d u c t i o n   in  t he   " b r e a k  

away"  f o r c e   and  a  s i g n i f i c a n t l y   l o n g e r   s e a l   l i f e .   A d d i t i o n a l l y ,  

the   s e a l   means  of  the   p r e s e n t   i n v e n t i o n   v i r t u a l l y   e l i m i n a t e s  

a l l   l e a k a g e   so  t h a t   the   c h a m b e r s   in  the   a c t u a t o r   a re   " b u b b l e  

t i g h t " ,   t h u s   i n c r e a s i n g   the   e f f i c i e n c y   of  the   a c t u a t o r .  

The  s p e c i f i c   s t r u c t u r e   of  the   r o t a r y   a c t u a t o r   o f  

the   p r e s e n t   i n v e n t i o n   e l i m i n a t e s   the   a n n u l a r   g r o o v e   and  c o r r e -  

s p o n d i n g   a n n u l a r   s e a l   in  the   end  caps   which  a re   common  i n  

p r i o r   a r t   d e v i c e s .   I n s t e a d ,   the   i m p r o v e d   s t r u c t u r e   of  t h e  

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

s h a f t   to  be  s e a l e d   d i r e c t l y   a g a i n s t   an  i n n e r   s u r f a c e   of  t h e  

end  w a l l .   To  a c c o m m o d a t e   t h i s   s e a l ,   the   end  cap  is  d e s i g n e d  

wi th   an  i n n e r   s u r f a c e   which  e x t e n d s   i n w a r d l y   p a s t   a  p o r t i o n  

of  the   o u t p u t   s h a f t   so  t h a t   a  s h o u l d e r   p o r t i o n   of  such  s h a f t  

w i l l   b e a r   d i r e c t l y   a g a i n s t   i t   in  s e a l i n g   r e l a t i o n s h i p .   I n  

the   p r e f e r r e d   e m b o d i m e n t ,   the   i n w a r d m o s t   edge  of  t h i s   ; r n e r  

s u r f a c e   is   c a n t i l e v e r e d   to   g ive   i t   l i m i t e d   f l e x i b i l i t y .   T h i s  

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

p o r t i o n   of  t h e   o u t p u t   s h a f t   in  a  s e a l i n g   r e l a t i o n s h i p .  

A  f u r t h e r   f e a t u r e   of  the   p r e s e n t   i n v e n t i o n   is   t h e  

p r o v i s i o n   of  a  l i p   s e a l   to  form  b o t h   t he   s t a t o r   and  r o t o r  

s e a l s   and  means  e m b o d i e d   in  one  of  such  s e a l s   to  p r e c l u d e  

u n d e s i r a b l e   e n g a g e m e n t   b e t w e e n   the   l i p   edges   of  t h e s e   s e a l  

members  d u r i n g   o p e r a t i o n .   In  the  p r e f e r r e d   e m b o d i m e n t ,   t h i s  

s t o p   member  i n c l u d e s   a p p r o p r i a t e   bumpers   or  r a i s e d   p o r t i o n s  

d i s p o s e d   on  the   f a c e s   of  e i t h e r   the   s t a t o r   or  r o t o r   s e a l s .  

A c c o r d i n g l y ,   i t   is  an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   an  i m p r o v e d   vane  type   r o t a r y   a c t u a t o r   which   r e d u c e s  

the   " b r e a k   away"  f o r c e ,   i n c r e a s e s   the   s e a l   l i f e   and  m i n i m i z e s  



the   " b r e a k   away"  f o r c e ,   i n c r e a s e s   the  s e a l   l i f e   and  m i n i m i z e s  

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

A n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  

a  vane  t ype   r o t a r y   a c t u a t o r   h a v i n g   an  i m p r o v e d   s e a l   m e a n s  

which   e l i m i a t e s   a l l   r u b b e r   to  r u b b e r   or  e l a s t o m e r   to  e l a s t o m e r  

c o n t a c t .  

A  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  vane  t ype   r o t a r y   a c t u a t o r   in  which   a  s h o u l d e r   p o r t i o n  

of  t he   o u t p u t   s h a f t   and  p o r t i o n s   of  the   end  e d g e s   of  the   s t a t o r  

and  r o t o r   vane  s e a l s   a l l   s e a l   a g a i n s t   the   i n n e r   s u r f a c e   o f  

the   end  c a p s .  

A n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e  

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

of  t he   s t a t o r   and  r o t o r   v a n e s   and  improved   means  f o r   l i m i t i n g  

i n t e r f e r e n c e   b e t w e e n   the   l i p   p o r t i o n s   of  such   s e a l s .  

These  and  o t h e r   o b j e c t s   of  the   p r e s e n t   i n v e n t i o n  

w i l l   become  a p p a r e n t   w i t h   r e f e r e n c e   to  the   d r a w i n g s ,   the   d e s c r i p -  

t i o n   of  the   p r e f e r r e d   e m b o d i m e n t ,   and  the   a p p e n d e d   c l a i m s .  

DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  p i c t o r i a l   view  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   p r e s e n t   i n v e n t i o n .  

F i g u r e   2  is   a  p i c t o r i a l ,   b r o k e n   a p a r t   view  of  t h e  

r o t a r y   a c t u a t o r   of  the   p r e s e n t   i n v e n t i o n .  

F i g u r e   3  is  a  p i c t o r i a l   b r o k e n   a p a r t   v iew  of  t h e  

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

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

F i g u r e   4  is   a  v iew,   p a r t i a l l y   in  s e c t i o n ,   as  t a k e n  

a l o n g   the   s e c t i o n   l i n e   4-4  of  F i g u r e   1 .  

F i g u r e   5  is  a  v iew,   p a r t i a l l y   in  s e c t i o n ,   as  v i e w e d  

a l o n g   the   s e c t i o n   l i n e   5-5  of  F i g u r e   4 .  



F i g u r e   6  is  a  v i ew,   p a r t i a l l y   in  s e c t i o n ,   as  v i e w e d  

a l o n g   the   s e c t i o n   l i n e   6-6  of  F i g u r e   4 .  

F i g u r e   7  is  an  e l e v a t i o n a l   v iew,   w i th   p o r t i o n s   b r o k e n  

away,  of  t he   i n s i d e   s u r f a c e   of  one  of  the   end  c a p s .  

F i g u r e   8  is   an  e l e v a t i o n a l   view  of  the   o u t e r   s u r f a c e  

of  one  of  the   end  c a p s .  

F i g u r e   9  is  a  v i ew,   p a r t i a l l y   in  s e c t i o n ,   as  v i e w e d  

a l o n g   the   s e c t i o n   l i n e   9-9  of  F i g u r e   8 .  

F i g u r e   10  is  a  p i c t o r i a l ,   s p l i t   view  of  one  of  t h e  

r o t o r   s e a l s .  

F i g u r e   11  is  a  p i c t o r i a l ,   s p l i t   view  of  one  of  t h e  

s t a t o r   s e a l s .  

F i g u r e   12  is  an  e l e v a t i o n a l   end  view  of  t he   a c t u a t i n g  

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

F i g u r e   13  is  an  e n l a r g e d   s e c t i o n a l   v iew  of  a  p o r t i o n  

of  t he   end  cap  in  a c c o r d a n c e   w i t h   the   p r e f e r r e d   e m b o d i m e n t  

of  the   p r e s e n t   i n v e n t i o n .  

F i g u r e   14  is  a  v i e w ,   p a r t i a l l y   in  s e c t i o n ,   of  o n e  

of  t he   end  caps   and  a  p o r t i o n   of  the   o u t p u t   s h a f t   and  r o t o r  

vane  s e a l s   s h o w i n g   an  a l t e r n a t e   embodiment   in  a c c o r d a n c e   w i t h  

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

F i g u r e   15  is  a  v i e w ,   p a r t i a l l y   in  s e c t i o n ,   of  a  

f u r t h e r   e m b o d i m e n t   of  the  p r e s e n t   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

F i g u r e   1  is  a  p i c t o r i a l   view  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 th   the   p r e s e n t   i n v e n t i o n .   The  a c t u a t o r   i n c l u d e s  

a  h o u s i n g   c o m p r i s i n g   a  c y l i n d e r   p o r t i o n   10,  a  p a i r   of  e n d  

caps   11  and  12  and  an  end  p o r t i o n   16  of  the   o u t p u t   s h a f t   1 4 .  

F i g u r e   2  i s   a  p i c t o r i a l   view  of  the  r o t a r y   a c t u a t o r   of  t h e  

p r e s e n t   i n v e n t i o n   which  has  been   b r o k e n   a p a r t   to  show  t h e  

v a r i o u s   i n t e r n a l   c o m p o n e n t s .   As  i l l u s t r a t e d ,   the   c y l i n d e r  



p o r t i o n   10  i s   s a n d w i c h e d   b e t w e e n   the  end  caps  11  and  12  a n d  

i n c l u d e s   a  g e n e r a l l y   c y l i n d r i c a l l y   s h a p e d   o p e n i n g   24  e x t e n d i n g  

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

the  c y l i n d r i c a l   o p e n i n g   24  a re   a  p a i r   of  s t a t o r   v a n e s   c o m p r i s i n g  

a  p a i r   of  s t a t o r   s e a l   a s s e m b l i e s   25  and  26.  These  s e a l   a s s e m b l i e s  

25  and  26  e n g a g e   the   i n n e r   c y l i n d r i c a l   s u r f a c e   of  t h e   o p e n i n g  

24  and  e x t e n d   r a d i a l l y   i n w a r d l y   from  d i a m e t r i c a l l y   o p p o s e d  

p o s i t i o n s   t o w a r d   the   o u t p u t   s h a f t   1 4 .  

Each  of  the  end  caps   11  and  12  i n c l u d e s   an  a n n u l a r  

r e c e s s e d   g r o o v e   36  d i s p o s e d   n e a r   t he   o u t e r   edge  of  i t s   i n n e r  

f a c e .   The  g r o o v e   36  is  a d a p t e d   to  r e c e i v e   a  c o n v e n t i o n a l   " o "  

r i n g   22  or  o t h e r   s e a l   member  to  p r o v i d e   a  s e a l i n g   r e l a t i o n s h i p  

b e t w e e n   t h e   i n n e r   s u r f a c e   38  of  each  of  the   end  c a p s   11  a n d  

12  and  a  r e s p e c t i v e   end  f a c e   of  the   c y l i n d e r   p o r t i o n   10.  E a c h  

of  t he   end  caps   11  and  12  is  p r o v i d e d   w i t h   a  p l u r a l i t y   o f  

o p e n i n g s   29  to  a c c e p t   c o r r e s p o n d i n g   t h r e a d e d   s c r e w s   30  o r  

o t h e r   c o n n e c t i o n   m e m b e r s  t o   r e t a i n   the  end  caps   11  and  12  

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

10.  In  the   p r e f e r r e d   e m b o d i m e n t ,   t he   c y l i n d e r   p o r t i o n   10  i s  

p r o v i d e d   w i t h   a  g roove   28  of  g e n e r a l l y   c i r c u l a r   c r o s s   s e c t i o n a l  

c o n f i g u r a t i o n   a l o n g   each  of  i t s   c o r n e r   e d g e s .   Each  of   t h e  

g r o o v e s   28  is   a l i g n e d   w i th   one  of  t he   o p e n i n g s   29  in  t he   e n d  

caps   11  and  12  to  t h r e a d e d l y   r e c e i v e   the   s c r e w s   30.  The  g r o o v e s  

28  can  be  p r o v i d e d   wi th   i n t e r n a l   t h r e a d s   or  t h e y   can  be  d e s i g n e d  

to  r e c e i v e   s e l f   t a p p i n g   s c r e w s   30  of  t he   t ype   c o n t e m p l a t e d  

by  the   p r e f e r r e d   e m b o d i m e n t .   The  c y l i n d e r   p o r t i o n   10  is   p r e f e r a b l y  

c o n s t r u c t e d   of  a  l i g h t   me ta l   such  as  a luminum,   a l t h o u g h   v a r i o u s  

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

An  o u t p u t   s h a f t   14  i s   c e n t r a l l y   p o s i t i o n e d   w i t h i n  

the  c y l i n d r i c a l   o p e n i n g   24  and  e x t e n d s   t h r o u g h   the   c y l i n d e r  

10.  The  o u t p u t   s h a f t   i n c l u d e s   a  c e n t r a l   p o r t i o n   15  of  an  e n l a r g e d  



d i a m e t e r   and  an  end  s e c t i o n   16  of  l e s s e r   d i a m e t e r   e x t e n d i n g  

o u t w a r d l y   a l o n g   the   l o n g i t u d i n a l   a x i s   from  each  end  of  t h e  

c e n t r a l   p o r t i o n   15.  A  p a i r   of  s h o u l d e r   p o r t i o n s   18  j o i n   t h e  

c e n t r a l   p o r t i o n   15  wi th   the   end  p o r t i o n s   16.  Each  of  t he   s h o u l d e r s  

18  i n c l u d e s   an  a n n u l a r   s u r f a c e   w h i c h ,   in  the   p r e f e r r e d   e m b o d i m e n t ,  

is   d i s p o s e d   a t   g e n e r a l l y   r i g h t   a n g l e s   w i th   r e s p e c t   to  t h e  

l o n g i t u d i n a l   a x i s   of  the   s h a f t   1 4 .  

A  p a i r   of  r o t o r   vanes   c o m p r i s i n g   a  p a i r   of  r o t o r  

s e a l   a s s e m b l i e s   19  and  20  are  mounted   on to   the   c e n t r a l   p o r t i o n  

15  of  the   o u t p u t   s h a f t   14  a l ong   i t s   l o n g i t u d i n a l   a x i s   a n d  

on  d i a m e t r i c a l l y   o p p o s i t e   s i d e s .   As  i l l u s t r a t e d   b e s t   in  F i g u r e s  

3,  4,  6,  and  10,  each   of  t he   r o t o r   vane  s e a l   a s s e m b l i e s   i s  

c o m p r i s e d   of  a  r i g i d   m o u n t i n g   e l e m e n t   42  and  an  o u t e r   l i p  

s e a l   member  44.  The  r i g i d   m o u n t i n g   members  42  a re   s e c u r e d  

to  the   c e n t r a l   p o r t i o n   15  of  the   o u t p u t   s h a f t   in  a  l o n g i t u d i n a l  

s l o t   41  by  any  a p p r o p r i a t e   means  such  as  c e m e n t i n g   or  by  p r e s s  

f i t t i n g   the   members   42  i n t o   t h e i r   r e s p e c t i v e   s l o t s   41.  F i g u r e  

10  is  a  p i c t o r i a l ,   s p l i t   view  of  the   l i p   s e a l   member  44.  As  

shown,  t he   member  44  i n c l u d e s   an  i n n e r ,   r e c t a n g u l a r l y   s h a p e d  

o p e n i n g   50  which   f i t s   ove r   and  is   s e c u r e d   to  the  m o u n t i n g  

member  42.  D i s p o s e d   on  the   o u t e r   s i d e   s u r f a c e s   of  e ach   o f  

t he   l i p   s e a l   members   44  is   a  r a i s e d   p o r t i o n   or  bumper   21  w h i c h  

is   a d a p t e d   f o r   e n g a g e m e n t   w i th   a  s i d e   p o r t i o n   of  t he   s t a t o r  

s e a l .   The  bumper   21  f u n c t i o n s   to  l i m i t   the   r o t a t i o n a l   m o v e m e n t  

of  the   o u t p u t   s h a f t   14  and  t hus   the   e n t i r e   r o t o r   so  as  t o  

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

p o r t i o n s   of  t he   r o t o r   s e a l s   19  and  20  and  the   s t a t o r   s e a l s  

25  and  26.  The  l i p   s ea l   members  44  are   c o n n e c t e d   to  t he   m o u n t i n g  

member  42  and  a l s o   to  the   c e n t r a l   p o r t i o n   15  by  a p p r o p r i a t e  

a d h e s i v e   or  v u l c a n i z a t i o n   means .   When  f u l l y   a s s e m b l e d ,   t h e  

l i p   p o r t i o n s   of  each   of  t he   s e a l   members  44  form  a  s e a l i n g  



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

24  and  the   i n n e r   s u r f a c e s   of  the   end  caps   11  and  12.  A l t h o u g h  

the   l i p   s e a l   member  44  can  be  c o n s t r u c t e d   from  a  v a r i e t y   o f  

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

the   s e a l   member  44  to  be  c o n s t r u c t e d   of  Buna  N. 

As  i l l u s t r a t e d   in  F i g u r e s   4,  5,  11  and  12,  e a c h  

of  t he   s t a t o r   vane   s ea l   a s s e m b l i e s   25  and  26  is  c o m p r i s e d  

of  an  i n n e r   s u p p o r t   member  45  i n t e g r a l l y   formed  w i t h   t he   c y l i n d e r  

10  and  an  o u t e r   l i p   s ea l   member  46.  The  s u p p o r t   p o r t i o n s   45  

are   d i a m e t r i c a l l y   opposed   to  each  o t h e r   and  e x t e n d   in  a  l o n g i -  

t u d i n a l   d i r e c t i o n   a long   an  i n n e r   s u r f a c e   of  the  c y l i n d r i c a l  

o p e n i n g   24.  As  i l l u s t r a t e d   in  F i g u r e   5,  the   ends  of  t h e   s u p p o r t  

member  45  do  n o t   e x t e n d   a l l   the   way  to  t he   end  f a c e   of  t h e  

c y l i n d e r   10,  bu t   a re   s p a c e d   i n w a r d l y   t h e r e f r o m   to  a c c o m m o d a t e  

the   l i p   s e a l   member  46.  The  s t r u c t u r e   of  the   l i p   s e a l   m e m b e r  

46  is   shown  b e s t   in  F i g u r e s   4  and  11.  The  l i p   s e a l   m e m b e r  

46  i n c l u d e s   a  c e n t r a l   g roove   51  c o r r e s p o n d i n g   s u b s t a n t i a l l y  

in  shape   and  s i z e   to  the  c r o s s   s e c t i o n a l   c o n f i g u r a t i o n   o f  

the   s u p p o r t   member  45,  t hus   p e r m i t t i n g   the   member  46  to   b e  

p l a c e d   o v e r   and  r e t a i n e d   by  the   s u p p o r t   45.  The  s e a l   46  i s  

r e t a i n e d   in  t h i s   p o s i t i o n   by  the   s h a f t   18.  An  a p p r o p r i a t e  

a d h e s i v e   or  o t h e r   means  may  a l s o   be  u s e d .   When  so  p o s i t i o n e d ,  

the   l i p   p o r t i o n s   of  the   s e a l   46  form  a  s e a l i n g   r e l a t i o n s h i p  

w i th   t he   i n n e r   s u r f a c e   of  t he   o p e n i n g   24,  the   c e n t r a l   p o r t i o n  

15  of  t he   s h a f t   14  and  the   i n n e r   end  s u r f a c e s   of  t he   end  c a p s  

11  and  1 2 .  

The  s t r u c t u r e   of  t he   end  caps   11  and  12  is   i l l u s t r a t e d  

b e s t   in  F i g u r e s   1,  7,  8,  9  and  13.  As  d e s c r i b e d   a b o v e ,   e a c h  

of  the   end  caps   11  and  12  i n c l u d e s   a  p l u r a l i t y   of  o p e n i n g s  

29  to  f a c i l i t a t e   c o n n e c t i o n   of  the   end  caps   to  the   c y l i n d e r  

p o r t i o n   10.  Each  of  the  end  caps   11  and  12  is  a l s o   p r o v i d e d  



,n  a  p a i r   of  o p e n i n g s   or  p o r t s   39  and  40  on  the   i n n e r  s u r f a c e  

38  ( F i g u r e s   2  and  7)  which   a r e   in  c o m m u n i c a t i o n   w i t h   t h e   i n t e r i o r  

of  the   p n e u m a t i c   a c t u a t i o n   c h a m b e r s   when  the   a c t u a t o r   i s  

a s s e m b l e d .   As  i l l u s t r a t e d   b e s t   in  F i g u r e   7,  each   of  t h e s e  

p o r t s   39  and  40  is   d i r e c t l y   c o n n e c t e d   by  p a s s a g e s   48  and  4 9 ,  

r e s p e c t i v e l y ,   to  a  s u p p l y   and  e x h a u s t   p o r t   3 4 .  A s   shown  i n  

F i g u r e s   2,  9  and  13,  the   i n n e r   s u r f a c e   38  of  each   of  t he   e n d  

caps   11  and  12  e x t e n d s   i n w a r d l y   t o w a r d   the   s h a f t   14  to   a  c e n t r a l l y  

p o s i t i o n e d   c i r c u l a r   o p e n i n g   33.  The  p o r t i o n   of  t h i s   i n n e r  

s u r f a c e   38  a d j a c e n t   to  the   o p e n i n g   33  forms  the   i n n e r   s i d e  

s u r f a c e   of  an  a n n u l a r   p o r t i o n   32  in  each  of  the   end  c a p s   11 

and  12.  Th is   a n n u l a r   p o r t i o n   32  e x t e n d s   r a d i a l l y   i n w a r d l y  

from  the   main  body  p o r t i o n   of  the   end  cap  and  i s   d e f i n e d   a t  

i t s   i n n e r m o s t   edge  by  t he   o p e n i n g   33.  The  i n n e r   s u r f a c e   o f  

t h i s   a n n u l a r   p o r t i o n   32  fo rms   a  s e a l i n g   s u r f a c e   f o r   e n g a g e m e n t  

by  t he   s h o u l d e r   18  of  t he   s h a f t   1 4 .  

Each  of  the   end  caps   a l s o   i n c l u d e s   a  c o u n t e r b o r e  

31  i n t o   which   a  b e a r i n g   member  35  i s   s e a t e d .   In  t he   p r e f e r r e d  

e m b o d i m e n t ,   the   c o u n t e r b o r e   31  e x t e n d s   i n w a r d l y   to  t h e   a n n u l a r  

p o r t i o n   32  and  has  a  d i a m e t e r   of  D3  ( F i g u r e   13 ) .   The  d i a m e t e r  

D 3  i s   p r e f e r a b l y   g r e a t e r   t h a n   the   d i a m e t e r   of  t he   c e n t r a l  

p o r t i o n   15  of  t he   s h a f t   to  a l l o w   t h e   p o r t i o n   32  to   f l e x   s l i g h t l y  

when  e n g a g e d   by  the   s h o u l d e r   p o r t i o n   18  of  t he   s h a f t .   T h e  

b e a r i n g   35  i s   p r e s s   f i t   i n t o   t he   b o r e   31  and  i n c l u d e s   a  c e n t r a l  

o p e n i n g   to  r o t a t a b l y   s u p p o r t   t he   end  p o r t i o n   16  of  t h e   o u t p u t  

or  d r i v e   s h a f t   14.  The  d i m e n s i o n   D2  shown  in  F i g u r e   13  d e f i n e s  

the  r a d i a l   d i m e n s i o n   of  the  a n n u l a r   p o r t i o n   32,  w h i l e   t h e  

d i m e n s i o n   D1  d e f i n e s   the   l o n g i t u d i n a l   d i m e n s i o n   of  t he   p o r t i o n  

3 2 .  

To  p r o v i d e   the  b e n e f i t s   of  the   p r e s e n t   i n v e n t i o n ,  

the  i n n e r m o s t   edge  of  the   a n n u l a r   p o r t i o n   32  ( d e f i n e d   by  t h e  



o p e n i n g   33)  has  a  d i a m e t e r   s l i g h t l y   l a r g e r   than   the  d i a m e t e r  

of  the   end  p o r t i o n   16  of  the   s h a f t   14,  bu t   a  d i a m e t e r   l e s s  

than   the   d i a m e t e r   of  the   c e n t r a l   p o r t i o n   15.  This   a l l o w s   t h e  

end  p o r t i o n s   16  to  r o t a t e   f r e e l y   w i t h i n   the   o p e n i n g s   33  a n d  

the  s h o u l d e r   p o r t i o n   18  of  t he   o u t p u t   s h a f t   to  engage   t h e  

i n n e r   s u r f a c e   of  t he   p o r t i o n   32  in  a  s e a l i n g   r e l a t i o n s h i p  

when  the   u n i t   i s   a s s e m b l e d .   Th is   r e l a t i o n s h i p   is   i l l u s t r a t e d  

b e s t   in  F i g u r e s   5  and  6 .  

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

p o r t i o n   15  of  the   s h a f t   14  is   s l i g h t l y   l o n g e r   than   t he   l e n g t h  

of  the   c y l i n d e r   p o r t i o n   30.  Thus ,   when  the   end  caps   11  a n d  

12  a re   c o n n e c t e d   w i th   the   c y l i n d e r   p o r t i o n   30,  the   i n w a r d l y  

e x t e n d i n g   a n n u l a r   p o r t i o n s   32  w i l l   be  s q u e e z e d   a g a i n s t   t h e  

s h o u l d e r   p o r t i o n   18,  t hus   f o r m i n g   a  s e a l i n g   r e l a t i o n s h i p   b e t w e e n  

the  s h o u l d e r   18  and  the  p o r t i o n   32.  In  t he   p r e f e r r e d   e m b o d i m e n t ,  

the  c y l i n d e r   30  is   a p p r o x i m a t e l y   44 .73   mm,  w h e r e a s   t h e  

c e n t r a l   p o r t i o n   15  is  a p p r o x i m a t e l y   0 .125   mn  l o n g e r .   B e c a u s e  

of  t h i s   d i f f e r e n c e   in  l e n g t h ,   t he   a n n u l a r   p o r t i o n s   32  a r e  

s l i g h t l y   f l e x e d   as  the  end  caps   11  and  12  a re   s e c u r e d   to  t h e  

c y l i n d e r  p o r t i o n   30.  Thus,  t he   a n n u l a r   p o r t i o n s   32  mus t   b e  

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

p o r t i o n   32  can  have   v a r i o u s   d i m e n s i o n a l   c o n f i g u r a t i o n s ,   t h e  

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

l o n g i t u d i n a l   d i m e n s i o n   Dl  of  t he   p o r t i o n   32  is  l e s s   t h a n   t h e  

r a d i a l   d i m e n s i o n   D2.  The  p o r t i o n   32  s h o u l d   a l s o   be  c o n s t r u c t e d  

of  a  m a t e r i a l   which   p e r m i t s   the   above  f l e x i n g .   A l t h o u g h   v a r i o u s  

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

p r e f e r r e d   e m b o d i m e n t   c o n t e m p l a t e s   the  end  caps   to  be  c o n s t r u c t e d  

of  a  h a r d   p l a s t i c   such  as  n y l o n .  

When  f u l l y   a s s e m b l e d ,   t h e   s h a f t   14  w i th   i t s   r o t o r  

s ea l   a s s e m b l i e s   19  and  20  i s   i n s e r t e d   i n t o   the   c y l i n d r i c a l  



o p e n i n g   24  in  the   c y l i n d e r   p o r t i o n   10.  The  "O"  r i n g s   22,  22  

a re   t h e n   i n s e r t e d   in  t he   c o r r e s p o n d i n g   g r o o v e s   36  on  t he   i n s i d e  

s u r f a c e   of  t he   end  p l a t e s   11  and  12  and  the   end  p l a t e s   a r e  

s e c u r e d   to  t he   end  f a c e s   of  the   c y l i n d e r   p o r t i o n   10  by  t h e  

s c r e w s   30.  As  t he   s c r e w s   a re   t i g h t e n e d ,   the   i n n e r   s u r f a c e  

of  t he   a n n u l a r   p o r t i o n   32  ( F i g u r e s   9  and  13)  is   b i a s e d   a g a i n s t  

t he   s h o u l d e r   p o r t i o n s   18  of  the   s h a f t   14  in  a  s e a l i n g   r e l a t i o n -  

s h i p .   The  end  p o r t i o n s   16  of  the   s h a f t   are   r o t a t a b l y   s u p p o r t e d  

by  t he   b e a r i n g   members   3 5 .  

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

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

10  b e t w e e n   t he   v a r i o u s   s t a t o r   and  r o t o r   v a n e s .   These   c h a m b e r s  

54,  55,  56  and  57  a re   i l l u s t r a t e d   b e s t   in  F i g u r e   4.  D u r i n g  

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

such   as  a i r   is   a l t e r n a t e l y   s u p p l i e d   to  and  e x h a u s t e d   f r o m  

t h e s e   c h a m b e r s   t h r o u g h   t h e   p o r t s   39  and  40  and  c o r r e s p o n d i n g  

s u p p l y   and  e x h a u s t   o p e n i n g s   34.  When  p r e s s u r i z e d   p n e u m a t i c  

f l u i d   is  i n t r o d u c e d   i n t o   t h e   c h a m b e r s   55  and  57  t h r o u g h   t h e  

p o r t s   39  and  40  and  the  o p e n i n g   34  in  the   end  cap  12,  t h e  

s h a f t   14-  w i l l   be  c a u s e d   to   r o t a t e   in  a  c o u n t e r 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   4.  When  the   s h a f t   r e a c h e s   t he   end  of  i t s  

c o u n t e r c l o c k w i s e   r o t a t i o n a l   movement  as  d e f i n e d   by  e n g a g e m e n t  

b e t w e e n   t h e   b u m p e r s   21  and  the   s i d e   s u r f a c e s   of  t he   s t a t o r .  

s e a l   46,  a p p r o p r i a t e   v a l v i n g   w i l l   c ause   t he   f l u i d   in  t h e   c h a m b e r s  

55  and  57  to  be  e x h a u s t e d   t h r o u g h   the  p o r t s   39  and  40  a n d  

the   o p e n i n g   34  in  the   end  cap  12.  At  the   same  t ime   p r e s s u r i z e d  

f l u i d   w i l l   be  i n t r o d u c e d   i n t o   c o r r e s p o n d i n g   p o r t s   39  and  4 0  

and  o p e n i n g s   34  in  the  end  cap  11.  I t   s h o u l d   be  n o t e d   t h a t  

t he   o p e n i n g   34  and  the   p o r t s   39  and  40  in  t h e   end  cap  11  a r e  

in  c o m m u n i c a t i o n   w i t h   t h e   a c t u a t i o n   c h a m b e r s   54  and  56.  The  

s u p p l y   of  p r e s s u r e   to  t h e s e   c h a m b e r s   w i l l   c a u s e   the   s h a f t  



14  to  r o t a t e   in  a  c l o c k w i s e   d i r e c t i o n .  

As  i l l u s t r a t e d   b e s t   in  F i g u r e s   5  and  6,  b o t h   t h e  

s i d e   edges   of  the   r o t o r   and  s t a t o r   s e a l   members ,   r e f e r e n c e  

n u m e r a l s   44  and  46,  r e s p e c t i v e l y ,   and  the  s h o u l d e r   p o r t i o n  

18  of  the   s h a f t   14  are  in  s e a l i n g   e n g a g e m e n t   w i t h   the   i n s i d e  

s u r f a c e   38  of  the   end  caps   11  and  12.  A l so ,   the   i n n e r   e d g e  

of  t h e   s t a t o r   s e a l   members  46  ( F i g u r e   5)  and  t he   i n n e r m o s t  

p o r t i o n   of  t he   s i d e   edges   of  the   r o t o r   s e a l   members   44  a r e  

in  s e a l i n g   r e l a t i o n s h i p   w i th   the   c e n t r a l   p o r t i o n   15  of  t h e  

s h a f t .   Th i s   combined   s e a l   r e l a t i o n s h i p   r e s u l t s   in  the   e l i m i n a t i o n  

of  any  r u b b e r   to  r u b b e r   c o n t a c t   and  s i g n i f i c a n t l y   r e d u c e s  

any  l e a k a g e   b e t w e e n   the  v a r i o u s   a c t u a t i o n   c h a m b e r s ,   t h e r e b y  

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

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

a l t e r n a t e   e m b o d i m e n t s   can  be  d e s i g n e d   which  a re   d i f f e r e n t  

f rom  t he   p r e f e r r e d   embod imen t   d e s c r i b e d   above ,   bu t   n e v e r t h e l e s s ,  

s t i l l   i n c o r p o r a t e   the  n o v e l   f e a t u r e s   of  the   p r e s e n t   i n v e n t i o n .  

For  e x a m p l e ,   F i g u r e   14  i l l u s t r a t e s   one  such  a l t e r n a t e   e m b o d i m e n t .  

In  F i g u r e   14,  the   end  cap  a s s e m b l y   i n c l u d e s   an  end  cap  s u p p o r t  

member  6b  and  an  a d j a c e n t   end  cap  s e a l   p l a t e   61.  In  t h i s   e m b o d i -  

m e n t ,   a  g r o o v e   i s ' f o r m e d   in  the   end  s u r f a c e   of  t he   c y l i n d e r  

10  and  an  "0"  r i n g   64  is   p o s i t i o n e d   t h e r e i n   to  s e a l   a g a i n s t  

the   i n s i d e   s u r f a c e   of  t he   p l a t e   61.  The  p l a t e   61  e x t e n d s   i n w a r d l y  

p a s t   the   c e n t e r   bo re   31.  Th is   forms  an  i n w a r d l y   e x t e n d i n g  

a n n u l a r   p o r t i o n   65  fo r   s e a l i n g   r e l a t i o n s h i p   w i t h   t he   c e n t r a l  

p o r t i o n   15  of  the   o u t p u t   s h a f t .   The  s h a f t   is   r o t a t a b l y   s u p p o r t e d  

at  e a c h   of  i t s   ends  16  by  an  a p p r o p r i a t e   b e a r i n g   3 5 .  

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

has   no  s e p a r a t e   end  caps   or  c y l i n d e r   p o r t i o n ,   b u t   which   i n c l u d e s  

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

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



such  as  t h a t   i l l u s t r a t e d   in  F i g u r e  1 5 .   In  t h i s   e m b o d i m e n t ,  

an  "o"  r i n g   71  is  d i s p o s e d   b e t w e e n   a  p a i r   of  h o u s i n g   s e c t i o n s  

66  and  68.  The  o u t p u t   s h a f t   i n c l u d e s   a  c e n t r a l   p o r t i o n   15 

and  a  p a i r   of  end  p o r t i o n s   16.  A  p a i r   of  r o t o r   s e a l s   69  a n d  

s u p p o r t s   70  are   c o n n e c t e d   w i t h   the   c e n t r a l   p o r t i o n   of  t h e  

s h a f t   15  and  a re   c o n f i g u r e d   to  c o n f o r m   wi th   the   i n n e r   s u r f a c e  

of  t he   h o u s i n g   s e c t i o n s   66  and  68.  The  i n n e r   s u r f a c e   d e f i n e d  

by  t he   s e c t i o n s   66  and  68  is   s y m m e t r i c a l   and  i n c l u d e s   an  i n n e r  

a n n u l a r   p o r t i o n   32  f o r   s e a l i n g   e n g a g e m e n t   w i th   the   c e n t r a l  

p o r t i o n   15  of  the   o u t p u t   s h a f t .  

A c c o r d i n g l y ,   i t   is   i n t e n d e d   t h a t   the   s cope   of  t h e  

p r e s e n t   i n v e n t i o n   be  d i c t a t e d   by  the   appended   c l a i m s   r a t h e r  

t h a n   by  the   d e s c r i p t i o n   of  t he   p r e f e r r e d   e m b o d i m e n t .  



1.  A  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 0 . . . 1 2 )   h a v i n g   a  g e n e r a l l y   c y l i n d r i c a l   o p e n i n g  

(24)  f o r m e d   t h e r e i n ,   s a i d   o p e n i n g   (24)  b e i n g   d e f i n e d   on  i t s  

s i d e s   by  an  i n n e r   c y l i n d r i c a l   s u r f a c e   and  on  i t s   e n d s   by  a  

p a i r   o f   s p a c e d ,   g e n e r a l l y   p a r a l l e l   end  s u r f a c e s   ( 3 8 ) ,   e a c h  

of  s a i d   end   s u r f a c e s   (38)  e x t e n d i n g   i n w a r d l y   to   a  c e n t e r  

o p e n i n g   ( 3 3 ) ;  

a  c e n t r a l l y   d i s p o s e d   s h a f t   (14)  e x t e n d i n g   t h r o u g h   s a i d  

c y l i n d r i c a l   o p e n i n g ,   s a i d   s h a f t   (14)  h a v i n g   a  c e n t r a l   p o r t i o n  

(15)  d i s p o s e d   w i t h i n   s a i d   c y l i n d r i c a l   o p e n i n g   (24)  and  a  

p a i r   of   end  p o r t i o n s   (16)  e x t e n d i n g   o u t w a r d l y   f r o m   t h e   e n d s  

of  s a i d   c e n t r a l   p o r t i o n   (15)  a l o n g   t h e   l o n g i t u d i n a l   a x i s   o f  

s a i d   s h a f t   (14)  and  t h r o u g h   s a i d   c e n t e r   o p e n i n g s   ( 3 3 ) ,   a t  

l e a s t   t h e   e n d s   of  s a i d   c e n t r a l   p o r t i o n   (15)  h a v i n g   a  d i a m e t e r  

g r e a t e r   t h a n   t h e   d i a m e t e r   of   s a i d   end  p o r t i o n s   (16)  a n d  

g r e a t e r   t h a n   t h e   d i a m e t e r   of   s a i d   c e n t e r   o p e n i n g   (33)  a n d  

s a i d   end  p o r t i o n s   (16)  h a v i n g   a  d i a m e t e r   l e s s   t h a n   t h e  

d i a m e t e r   of   s a i d   c e n t e r   o p e n i n g   ( 3 3 ) ,   s a i d   s h a f t   (14)  f u r t h e r  

i n c l u d i n g   a  p a i r   of  s h o u l d e r   p o r t i o n s   (18)  d i s p o s e d   b e t w e e n  

s a i d   c e n t r a l   p o r t i o n   (15)  and  s a i d   end  p o r t i o n s   (16)  f o r  

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

s u r f a c e s   a d j a c e n t   to   s a i d   c e n t e r   o p e n i n g   ( 3 3 ) ;  

a  f i r s t   v a n e   member   (25 ,   26)  c o n n e c t e d   w i t h   s a i d   i n n e r  

c y l i n d r i c a l   s u r f a c e   and  h a v i n g   f i r s t   s e a l   m e a n s   (46)  f o r  



s e a l i n g   e n g a g e m e n t   w i t h   s a i d   end   s u r f a c e s   (38)  and   s a i d  

c e n t r a l   p o r t i o n   (15)  of  s a i d   s h a f t   ( 1 4 ) ;  

a  s e c o n d   v a n e   member  (19,   20)  c o n n e c t e d   w i t h   s a i d   c e n t r a l  

p o r t i o n   (15)  of   s a i d   s h a f t   (14)  and   h a v i n g   s e c o n d   s e a l  

means   (44)  f o r   s e a l i n g   e n g a g e m e n t   w i t h   s a i d   end  s u r f a c e s  

(38)  and  s a i d   i n n e r   c y l i n d r i c a l   s u r f a c e ;  

a  p a i r   of  a c t u a t i o n   c h a m b e r s   ( 5 4 . . . 5 7 )   d e f i n e d   b e t w e e n  

s a i d   f i r s t   and   s e c o n d   vane   m e m b e r s   (25,   26;  19,  2 0 ) ;   a n d  

m e a n s   (34 ,   39,   40,  48,  49)  f o r   i n t r o d u c i n g   p r e s s u r i z e d  

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

a c t u a t i o n   c h a m b e r s   ( 5 4 . . . 5 7 ) .  

2.  The  a c t u a t o r   of   c l a i m   1,  w h e r e i n   s a i d   h o u s i n g   ( 1 0 . . . 1 2 )  

i n c l u d e s   a  p a i r   of   s p a c e d   end  c a p s   (11,   12)  e m b o d y i n g   s a i d  

end  s u r f a c e s   (38)  and  s a i d   c e n t e r   o p e n i n g   ( 3 3 ) .  

3.  The  a c t u a t o r   of   c l a i m   2,  w h e r e i n   e a c h   of   s a i d   end   c a p s  

(11,  12)  i n c l u d e s   an  o u t e r   s u r f a c e   g e n e r a l l y   p a r a l l e l   to   i t s  

end  s u r f a c e   (38)  and  a  c o u n t e r b o r e   (31)  e x t e n d i n g   i n w a r d l y  

f rom  s a i d   o u t e r   s u r f a c e   t o w a r d   s a i d   end  s u r f a c e   (38)  on  a n  

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

( 3 3 ) ,   s a i d   c o u n t e r b o r e   (31)  h a v i n g   a  d i a m e t e r   (D3)  g r e a t e r  

t h a n   t h e   d i a m e t e r   of  t he   e n d s   of   s a i d   c e n t r a l   p o r t i o n   ( 1 5 )  

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



4.  The  a c t u a t o r   of  c l a i m   2  or   3,  w h e r e i n   s a i d   h o u s i n g  

( 1 0 . . . 1 2 )   i n c l u d e s   a  t u b u l a r   s e c t i o n   (10)  d i s p o s e d   b e t w e e n  

s a i d   end   c a p s   (11 ,   12 ) ,   s a i d   t u b u l a r   s e c t i o n   (10)  h a v i n g  

a  l e n g t h   l e s s   t h a n   t h e   l e n g t h   of  s a i d   c e n t r a l   p o r t i o n   ( 1 5 )  

so  as   t o   c r e a t e   a  s e a l i n g   f o r c e   b e t w e e n   s a i d   s h o u l d e r  

p o r t i o n s   (18)  and  s a i d   end   s u r f a c e s   (38)  when  s a i d   r o t a r y  

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

5.  The  a c t u a t o r   of  any  of   c l a i m s   2  to   4,  w h e r e i n   s a i d   e n d  

c a p s   (11 ,   12)  a r e   c o n s t r u c t e d   of  a  s y n t h e t i c ,   p l a s t i c  

m a t e r i a l ,   p r e f e r a b l y   n y l o n .  

6.  The  a c t u a t o r   of  any  of   c l a i m s   1  to   5,  w h e r e i n   e a c h   o f  

s a i d   s h o u l d e r   p o r t i o n s   (18)  i n c l u d e s   a  g e n e r a l l y   a n n u l a r  

s u r f a c e   e x t e n d i n g   b e t w e e n   s a i d   c e n t r a l   p o r t i o n   (15)  a n d  

i t s   r e s p e c t i v e   end  p o r t i o n   (16)  f o r   s e a l i n g   e n g a g e m e n t  

w i t h   t h a t   p o r t i o n   of  t h e   end   s u r f a c e   (38)  a d j a c e n t   to   s a i d  

c e n t e r   o p e n i n g   ( 3 3 ) .  

7.  A  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 0 . . . 1 2 )   h a v i n g   a  c h a m b e r   f o r m e d   t h e r e i n ,   s a i d  

c h a m b e r   (24)  b e i n g   d e f i n e d   by  an  i n n e r   s u r f a c e ;  

a  p a i r   of   s h a f t   o p e n i n g s   (33)  on  d i a m e t r i c a l l y   o p p o s i t e  

e n d s   of   s a i d   c h a m b e r   ( 2 4 ) ;  

a  s h a f t   (14)  h a v i n g   a  c e n t r a l   p o r t i o n   (15)  d i s p o s e d  

w i t h i n   s a i d   c h a m b e r   ( 2 4 ) ,   a  p a i r   of  end  p o r t i o n s   ( 1 6 )  



e x t e n d i n g   o u t w a r d l y   f rom  s a i d   c e n t r a l   p o r t i o n   (15)  a n d  

t h r o u g h   s a i d   s h a f t   o p e n i n g s   (33)  and   a  s h o u l d e r   p o r t i o n   ( 1 8 )  

j o i n i n g   e a c h   of   s a i d   end  p o r t i o n s   (16)  w i t h   s a i d   c e n t r a l  

p o r t i o n   ( 1 5 ) ,   a t   l e a s t   t h e   e n d s   of   s a i d   c e n t r a l   p o r t i o n   ( 1 5 )  

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

o p e n i n g s   (33)  and  s a i d   end  p o r t i o n s   ( 1 6 ) ,   e a c h   of   s a i d  

s h o u l d e r   p o r t i o n s   (18)  i n c l u d i n g   a  g e n e r a l l y   a n n u l a r   s u r f a c e  

e x t e n d i n g   b e t w e e n   s a i d   c e n t r a l   p o r t i o n   (15)  and  i t s  

r e s p e c t i v e   end   p o r t i o n   (16)  f o r   s e a l i n g   e n g a g e m e n t   w i t h   t h a t  

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

( 3 3 ) ;  

a  f i r s t   v a n e   (25 ,   26)  c o n n e c t e d   w i t h   s a i d   i n n e r   s u r f a c e  

and  h a v i n g   f i r s t   s e a l   means   (46)  f o r   s e a l i n g   e n g a g e m e n t   w i t h  

s a i d   c e n t r a l   p o r t i o n   (15)  of  s a i d   s h a f t   ( 1 4 ) ;  

a  s e c o n d   v a n e   (19,   20)  c o n n e c t e d   w i t h   s a i d   c e n t r a l   p o r t i o n  

(15)  of  s a i d   s h a f t   (14)  and  h a v i n g   s e c o n d   s e a l   m e a n s   ( 4 4 )  

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

a t   l e a s t   a  p a i r   of  a c t u a t i o n   c h a m b e r s   ( 5 4 . . . 5 7 )   d e f i n e d  

b e t w e e n   s a i d   f i r s t   and  s e c o n d   v a n e   m e m b e r s   (25,   26;  19,  2 0 ) ;   a n d  

means   (34 ,   39,  40,  48,   49)  f o r   s e l e c t i v e l y   i n t r o d u c i n g  

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

s a i d   a c t u a t i o n   c h a m b e r s   ( 5 4 . . . 5 7 ) .  

8.  The  a c t u a t o r   of  c l a i m   7,  w h e r e i n   s a i d   c h a m b e r   (24)  i s  

s y m m e t r i c a l   and  i n c l u d e s   an  a x i s   of   s y m m e t r y   and  w h e r e i n  

s a i d   s h a f t   o p e n i n g s   (33)  a r e   c o n c e n t r i c   w i t h   s a i d   a x i s   o f  

s y m m e t r y .  



9.  The  a c t u a t o r   of  c l a i m   8,  w h e r e i n   s a i d   h o u s i n g   i n c l u d e s  

a  c o u n t e r b o r e   (31)  s p a c e d   o u t w a r d l y   f r o m   e a c h   of   s a i d   s h a f t  

o p e n i n g s   (33)  and  b e i n g   c o n c e n t r i c   w i t h   s a i d   a x i s   o f  

s y m m e t r y ,   s a i d   c o u n t e r b o r e   (31)  h a v i n g   a  d i a m e t e r   (D3)  

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

p o r t i o n   (15)  of  s a i d   s h a f t   ( 1 4 ) .  

10.  The  a c t u a t o r   of  any  of  c l a i m s   7  t o   9,  w h e r e i n   s a i d  

h o u s i n g   ( 1 0 . . . 1 2 )   i s   c o n s t r u c t e d   of   a  s y n t h e t i c   p l a s t i c  

m a t e r i a l ,   p r e f e r a b l y   n y l o n .  

11.  The  a c t u a t o r   of  c l a i m   3  or   9,  i n c l u d i n g   a  b e a r i n g   ( 3 5 )  

d i s p o s e d   in  s a i d   c o u n t e r b o r e   (31)  of  e a c h   of  s a i d   end   c a p s  

(11,  12)  f o r   r o t a t a b l y   s u p p o r t i n g   s a i d   end  p o r t i o n s   ( 1 6 )  

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

12.  The  a c t u a t o r   of   any  of   c l a i m s   1  t o   11,  w h e r e i n   s a i d  

f i r s t   and   s e c o n d   s e a l   m e a n s   (46,   44)  a r e   l i p   s e a l   m e a n s .  

13.  The  a c t u a t o r   of   c l a i m   12,  w h e r e i n   a t   l e a s t   one   (44)  o f  

s a i d   f i r s t   and  s e c o n d   s e a l   m e a n s   (46 ,   44)  i n c l u d e s   a  

r a i s e d   p o r t i o n   (21)  to   p r e v e n t   i n t e r f e r e n c e   b e t w e e n   t h e  

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