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©  Air  driven  diaphragm  pump  and  actuator  valve. 

@  A  diaphragm  pump  has  opposed  pump  cavities  (29, 
31),  a  pump  drive  assembly  (10,  12,  14)  between  said  cavi- 
ties  (29,  31)  forming  an  inner  wall  of  each  of  said  cavities 
(29,  31),  pump  chamber  housings  (28,  30)  meeting  with 
said  pump  drive  assembly  (10,  12,  14)  to  form  the  outer 
wall  of  each  of  said  cavities  (29,  31),  an  inlet  manifold 
(128)  extending  to  and  in  communication  with  each  of 
said  cavities  (29,  31)  and  an  outlet  manifold  (136)  extend- 
ing  to  and  in  communication  with  each  of  said  cavities  (29, 
31),  said  inlet  and  outlet  manifolds  (128,  136)  being  dia- 
metrically  opposed. 

Means  (148)  forcibly  drawing  said  manifolds  (128, 
136)  toward  one  another  are  provided  and  said  manifolds 
(128,  136)  and  said  pump  chamber  housings  (28,  30)  in- 
clude  mating  surfaces  there  between  lying  in  planes  at  an 
acute  angle  to  the  line  of  force  drawing  said  manifolds  to- 
ward  one  another,  said  manifold  mating  surfaces  each 
being  outwardly  of  each  associated  pump  chamber  hous- 
ing  mating  surface. 

The  actuator  valve  comprises  a  valve  piston  (48),  a 
control  rod  (15)  fixed  to  reciprocate  with  the  air  driven 
reciprocating  device,  and  a  housing  (36)  having  a  cylinder 
(50)  closed  at  each  end  and  enclosing  said  valve  piston 
(48),  a  passageway  through  which  said  control  rod  (15) 
extends,  an  air  inlet  (52)  to  said  cylinder  (50)  spaced  from 

the  ends  of  said  cylinder  (50),  valve  piston  vent  passages 
(82,  84)  extending  from  the  ends  of  said  cylinder  (50)  to 
said  passageway,  and  control  rod  vent  passages  (112, 114) 
extending  from  said  passageway  to  atmosphere,  said  valve 
piston  (48)  cooperating  with  said  housing  (36)  to  include 
means  (78,  80)  for  directing  incoming  air  to  the  ends  of 
said  valve  piston  (48)  and  means  (58,  60)  for  selectively 
directing  incoming  air  to  and  exhausting  outgoing  air  from 
the  air  driven  reciprocating  device. 

There  is  an  axial  passage  (110)  in  said  control  rod 
(15)  positioned  between  said  valve  piston  vent  passages 
(82,  84)  to  vent  selectively  each  of  said  valve  piston  vent 
passages  (82,  84)  to  said  control  rod  vent  passages  (112. 
114). 





T e c h n i c a l   F i e l d  

T h e   p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   t o   a i r  

d r i v e n   d i a p h r a g m   p u m p s .  

B a c k g r o u n d   of  t h e   I n v e n t i o n  

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

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

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

t h e i r   a b i l i t y   to   h a n d l e   a  w i d e   v a r i e t y   of   s u b s t a n c e s  

h a v e   m a d e   t h e s e   p u m p s   m a n d a t o r y   e q u i p m e n t   in   m a n y  

a p p l i c a t i o n s .   In  m a n y   c o n s t r u c t i o n   and   m a i n t e n a n c e  

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

a  m a j o r   a d v a n t a g e .  

In  p u m p s   of   t h i s   n a t u r e ,   t h e   l e a s t   d u r a b l e  

p a r t   of   t h e   pump  i s   m o s t   o f t e n   t h e   d i a p h r a g m   or   d i a -  

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

p u m p i n g   c h a m b e r .   S u c h   d i a p h r a g m s   a r e   e x p e c t e d   to  s u r -  

v i v e   a  h i g h   n u m b e r   of  f l e x u r e   c y c l e s   and  a  s i g n i f i c a n t  

a m o u n t   of   a b r a s i o n   due  to  t h e   e n v i r o n m e n t   in  w h i c h   t h e y  

a r e   to   o p e r a t e .   T h e s e   c o n d i t i o n s   h a v e   b e e n   f o u n d   t o  

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

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

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

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



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

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

n a t u r a l l y   be  r e m o v e d .   F u r t h e r m o r e ,   t h e   i n l e t   and  o u t -  

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

a l s o   m u s t   be  d e t a c h e d .   H e r e t o f o r e ,   c l a m p   b a n d s   h a v e  

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

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

u s e d   t o   s e c u r e   t h e   m a n i f o l d s .   T o ' p r o v i d e   r e p e a t e d  

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

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

r e q u i r e d .   N a t u r a l l y ,   w i t h   e a c h   a d d i t i o n a l   c o m p o n e n t ,  

t h e   pump  g a i n s   in   w e i g h t ,   c o s t   and  c o m p l e x i t y .   At  t h e  

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

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

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

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

s p o t s   a s s o c i a t e d   w i t h   s u c h   p u m p s .  

The   f o r e g o i n g   d i f f i c u l t y   i s   g r e a t l y   a g g r a -  

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

d i s m a n t l i n g   i s   r e q u i r e d .   In  b r e w i n g ,   a l l   s y s t e m   c o m -  

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

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

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

to   f r e q u e n t l y   c l e a n   t h e   pump  c h a m b e r s   to  p r e v e n t   p r o -  

d u c t   b u i l d   up  and   t h e   l i k e .   T h e r e f o r e ,   t h e r e   a r e   m a n y  

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

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

d i a p h r a g m   w h i c h   h a s   f a i l e d .   N a t u r a l l y ,   t h e   p o s s i b i l i -  

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

d i s m a n t l i n g .  

A c t u a t o r   v a l v e s   f o r   s u c h   p u m p s   and   o t h e r  

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

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

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

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

p i s t o n   r e s p o n s i v e   to   t h e   p i l o t   rod   p o s i t i o n .   The  v a l v e  

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



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

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

w o r k   and   d r i v i n g   t h e   p i l o t   r o d .   S u c h   a c t u a t o r   v a l v e s  

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

a i r   i n t o   an  a l t e r n a t i n g   f l o w   w i t h o u t   n e e d   f o r   a n y  

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

p r e s s u r e   a l o n e   d r i v e s   t h e   v a l v e   as  w e l l   as  t h e   w o r k i n g  

d e v i c e .  

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

a i r   d r i v e n   d i a p h r a g m   p u m p s   i s   d i s c l o s e d   in  U . S .   P a t e n t  

No .   3 , 0 7 1 , 1 1 8 ,   t h e   d i s c l o s u r e   of  w h i c h   i s   i n c o r p o r a t e d  

h e r e i n   by  r e f e r e n c e .   T h i s   pump  s y s t e m   h a s   i n c l u d e d   a i r  

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

t o r   v a l v e   in   an  a r r a n g e m e n t   s u b s t a n t i a l l y   i d e n t i c a l ,  

o u t w a r d l y   o f   t h e   a c t u a t o r   v a l v e   and   p i l o t   or   c o n t r o l  
r o d ,   t o   t h e   p u m p   s h o w n   in   F i g u r e   1  h e r e i n .   In  t h e  

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

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

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

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

' w h i c h   t h e   v a l v e   p i s t o n   i s   to   o p e r a t e .   V e n t s   f o r   t h e  

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

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

t h e   c o n t r o l   r o d   e x t e n d s .   In   t h i s   way   e a c h   a x i a l  

p a s s a g e   on  t h e   c o n t r o l   r o d   w o u l d   v e n t   o n l y   one   end  o f  

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

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

a x i a l   p a s s a g e   b e c o m e s   e x p o s e d   to   a  v a l v e   p i s t o n   v e n t .  

T h u s ,   e a c h   a x i a l   p a s s a g e   m u s t   c r o s s   t h e   0 - r i n g   s e a l s  

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

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

h o u s i n g .  

Summary   of  t h e   I n v e n t i o n  

The   p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   to   a  n e w  

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

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

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



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

i n l e t   and   o u t l e t   m a n i f o l d s   w h i c h   e x t e n d   to  e a c h   of   t h e  

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

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

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

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

m a n i f o l d s   to   t h e   pump  b o d y .   I n s t e a d ,   m e c h a n i s m s   a r e  

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

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

and   t h e   pump  c h a m b e r   . h o u s i n g s   a r e   a t   a n g l e s   s u c h   t h a t  

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

t o t a l   a s s e m b l y   t o g e t h e r .   In  t h i s   way ,   s i m p l e   t i e   r o d s  

b e t w e e n   t h e   m a n i f o l d s   a c t   to   h o l d   a l l   of  t h e   pump  c o r n -  

p o n e n t s   i n   p l a c e .   T h u s   w e i g h t ,   c o m p l e x i t y   and   t h e  

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

r e d u c e d .   A l l   of  t h e s e   e f f e c t s   a r e   v e r y   a d v a n t a g e o u s   t o  

t h e   u t i l i t y   of   s u c h   d e v i c e s .  

To  f u r t h e r   i m p r o v e   t h e   u t i l i t y   o f   t h e  

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

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

d i a m e t r i c a l l y   o p p o s e d   m a n i f o l d s .   B e c a u s e   of  t h e   0 - r i n g  

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

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

p u m p i n g   p r e s s u r e s   w i t h i n   t h e   pump  c a v i t i e s   i n c r e a s e ,   t h e  

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

e n g a g e m e n t   w i t h   t h e   pump   h o u s i n g .   C o n s e q u e n t l y ,   h a n d  

t i g h t e n i n g   h a s   b e e n   f o u n d   to   be  s u f f i c i e n t .   The  s l o t t e d  

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

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

h e a d s   i n   a s s o c i a t i o n   w i t h   t h e   s l o t s   make  h o l d i n g   of  t h e  

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

n u t s .  

The   p r e s e n t   i n v e n t i o n   i s   a l s o   d i r e c t e d   to   a n  

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

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

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

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

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



c o n t r o l   r o d   and   u s i n g   v e n t s   f o r  t h e   c o n t r o l   rod  w h i c h  

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

p i s t o n .   T h i s   c o n t r o l   rod   and  v e n t   a r r a n g e m e n t   i s o l a t e s  

t h e   c e n t r a l   p o r t i o n s   of  t h e   c o n t r o l   rod   p a s s a g e w a y   b e -  

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

n o t   t r a v e r s e   t h e   o u t e r m o s t   0 - r i n g   d u r i n g   n o r m a l   o p e r a -  

t i o n .   In   t h i s   w a y ,   a  c o n t i n u o u s   s e a l   i s   m a i n t a i n e d  

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

By  n o t   h a v i n g   t h e   a x i a l   p a s s a g e   move   p a s t  

t h e   o u t e r m o s t   0 - r i n g ,   a i r   f r o m   t h e   a i r   c h a m b e r   of  t h e  

w o r k i n g   d e v i c e   c a n n o t   p a s s   to  e x h a u s t   a l o n g   t h e   c o n t r o l  

r o d   a t   a n y   t i m e   d u r i n g   t h e   o p e r a t i o n   of   t h e   d e v i c e .  

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

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

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

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

p u m p e d   c a n   p a s s .   As  m u c h   of  t h e   m a t e r i a l   b e i n g   p u m p e d  

i n   p r a c t i c a l   a p p l i c a t i o n s  o f   t h e s e   pumps   i s   a b r a s i v e   o r  

c o r r o s i v e ,   a d v e r s e   e f f e c t s   a r e   e x p e r i e n c e d   by  t h e  

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

i n t e r n a l   p o r t i o n s   o f   t h e   a c t u a t o r   v a l v e .   S u c h   a  
c o n d i t i o n   h a s   b e e n   a v o i d e d   by  t h e   t o t a l   s e a l i n g   of  t h e  

c o n t r o l   rod   p a s s a g e w a y   in  t h e   p r e s e n t   i n v e n t i o n .  

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

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

a c r o s s   t h e   s e a l s   i n   t h e   c o n t r o l   r o d   p a s s a g e w a y ,   a  
c o n d i t i o n   k n o w n   as  b l o w - b y .   T h e  a x i a l   p a s s a g e   of  t h e  

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

p r e s e n t   d e v i c e   and   t h e   c o m p r e s s e d   a i r   in  t he   a d j a c e n t  

a i r   c h a m b e r   i s   n o t   a b l e   to   r e a c h   t h e   e x h a u s t   p a s s a g e .  
T h u s ,   t h e r e   i s   no  d i r e c t   b l o w - b y   in   t h e   d e v i c e   and  t h e  

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

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

T h e   l a c k   o f   b l o w - b y   b e c o m e s   e v e n   m o r e  

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

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



d e v i c e ,   t h e   a v a i l a b l e ' p o w e r   i s   l i m i t e d   to   t he   p r e s s u r e  

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

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

can   o c c u r .  

T h e   u s e   o f   a  s i n g l e   a x i a l   p a s s a g e   on  t h e  

c o n t r o l   r o d   and   t h e   new  v e n t   p a s s a g e s   h a v e   c r e a t e d   a  

s i d e   b e n e f i t   as   w e l l .   The  0 - r i n g   s e a l s ,   w h i c h   m u s t   b e  

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

r o d   p a s s a g e w a y   and  can   be  e a s i l y   r e a c h e d   in  t h e   p r e s e n t  

e m b o d i m e n t .   A l s o ,   t h i s   new  m e c h a n i s m   r e d u c e s   m a c h i n i n g  

c o s t s   and  m a c h i n e   c o m p l e x i t y .  

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

i n v e n t i o n   t o   p r o v i d e   an  i m p r o v e d   s t r u c t u r e   and  a c t u a t o r  

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

o b j e c t s   and  a d v a n t a g e s   w i l l   a p p e a r   h e r e i n a f t e r .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g u r e   1  i s  a n   e l e v a t i o n   o f   a  pump  o f   t h e  

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

F i g u r e   2  i s   a  s i d e   v i e w   o f   a  pump  of   t h e  

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

F i g u r e   3  i s   a  c r o s s - s e c t i o n a l   e l e v a t i o n   o f  

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

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

p u m p .  

F i g u r e   4  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   4-4  of   F i g u r e   3 .  

F i g u r e   5  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   5 -5   of   F i g u r e   4 .  

F i g u r e   6  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n  

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

F i g u r e   7  i s  a   c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e s   7 - 7   of   F i g u r e   5 .  

F i g u r e   8  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   8 - 8   o f   F i g u r e   7  w i t h   a  p o r t i o n   o f   t h e  

c o n t r o l   rod   b u s h i n g   b r o k e n   o u t   f o r   c l a r i t y .  



D e t a i l e d   D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t  

T u r n i n g   i n   d e t a i l   t o   t h e   d r a w i n g s ,   an  a i r  

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

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

c h a m b e r   h o u s i n g s   10  a n d   12  and   an  a c t u a t o r   v a l v e   1 4  

p o s i t i o n e d   b e t w e e n   t h e   d r i v e   c h a m b e r   h o u s i n g s   10  a n d  

1 2 .   E x t e n d i n g   f r o m   t h e   a c t u a t o r   v a l v e   14  t h r o u g h  

t h e   d r i v e   c h a m b e r   h o u s i n g s   10  a n d   12  i s   a  c o n t r o l   r o d  

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

s i d e   of   t h e   pump   d r i v e   a s s e m b l y   t h r o u g h   t h e   a c t u a t o r  

v a l v e   14  as   d e t e r m i n e d   by  t h e   p o s i t i o n  o f   t h e   c o n t r o l  

r o d   1 5 .   The   o p e r a t i o n   o f   t h e   a c t u a t o r   v a l v e   i s   d i s -  

c l o s e d   i n   p a r t   i n   U n i t e d   S t a t e s   L e t t e r s   P a t e n t   N o .  

3 , 0 1 7 , 1 1 8 ,   t h e   d i s c l o s u r e   of   w h i c h   i s   i n c o r p o r a t e d  

h e r e i n   by  r e f e r e n c e .  

An  o v e r v i e w   of   t h e   o p e r a t i o n   and  e l e m e n t s   o f  

t h e   pump  may  be  b e s t   v i e w e d   f r o m   F i g .   1.  D r i v e   c h a m b e r  

h o u s i n g s   10  and  12  a b u t   t h e   s i d e s   of  t h e   a c t u a t o r   v a l v e  

1 4  w i t h   a p p r o p r i a t e   g a s k e t s   16  and   18  t h e r e b e t w e e n .  

C i r c u l a r   d i a p h r a g m s   20  a n d   22  a r e   a s s o c i a t e d   w i t h   t h e  

d r i v e   c h a m b e r   h o u s i n g s   10  and   12  t o   f o rm  a i r   c h a m b e r s  

2 4   a n d   2 6 .   O u t w a r d l y   o f   t h e   d i a p h r a g m s   20  and  22  a r e  

pump  c h a m b e r   h o u s i n g s   28  and  30  d e f i n i n g   pump  c h a m b e r s  

29  a n d   3 1 .   P i s t o n   a s s e m b l i e s   a r e   l o c a t e d   a b o u t   t h e  

c e n t e r   o f   e a c h   o f   t h e   d i a p h r a g m s   20  a n d   22  a n d   e a c h  

i n c l u d e   an  i n n e r   p l a t e   32  a n d   an  o u t e r   p l a t e   34  b e -  

t w e e n   w h i c h   t h e   d i a p h r a g m s   20  a n d   22  a r e   s a n d w i c h e d .  

T h e   i n n e r   p l a t e   32  and   o u t e r   p l a t e   34  of   t h e   p i s t o n  

a s s e m b l i e s   i s   a s s o c i a t e d   w i t h   t h e   c o n t r o l   rod  15  of  t h e  

a c t u a t o r   v a l v e   14  a s   c a n   b e s t   be  s e e n   in   F i g u r e   3 .  

In  t h e   c o n t e x t   of   t h e   a i r   d r i v e n   d i a p h r a g m  
p u m p   i l l u s t r a t e d   in   F i g u r e   3,   t h e   a c t u a t o r   v a l v e  1 4  

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

e x h a u s t   t o   e a c h   of   t h e   a i r   c h a m b e r s   24  and   2 6 .   T h e  

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

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

T h e   a c t u a t o r   v a l v e   14  s u p p l i e s '   p r e s s u r i z e d   a i r   to  o n e  



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

d r i v e   o n e   d i a p h r a g m   o u t w a r d l y   t o w a r d   an  a d j a c e n t   p u m p  

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

f r o m   a n o t h e r   a d j a c e n t   pump  c a v i t y .   In  t h i s   way ,   t h e r e  

i s   an  i n t a k e   s t r o k e   i n   t h e   r i g h t   pump  c a v i t y   and   a  

pump  s t r o k e   on  t h e   l e f t   pump  c a v i t y   as  t h e   d i a p h r a g m s  

m o v e   l e f t .   At   t h e   e n d   of   t h e   s t r o k e ,   t h e   a c t u a t o r  

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

r e v e r s e d   as   t h e   d i a p h r a g m s   a r e   f o r c e d   t o   move   t o   t h e  

r i g h t .  

L o o k i n g   s p e c i f i c a l l y   to   t h e   a c t u a t o r   v a l v e  

1 4 ,   a  u n i t a r y   c a s t i n g   i s   e m p l o y e d   i n   t h e   p r e f e r r e d  

e m b o d i m e n t   as  h o u s i n g   3 6 .   The  h o u s i n g   36  i n c l u d e s   t w o  

p a r a l l e l   m o u n t i n g   p l a t e s   38  and   40  h a v i n g   f l a t   o u t e r  

s u r f a c e s   f o r   m a t i n g   w i t h   t h e   d r i v e   c h a m b e r   h o u s i n g s   1 0  

and   1 2 .   The   c r o s s - s e c t i o n   of  t h e   a c t u a t o r   14  i n w a r d l y  

o f   t h e   m o u n t i n g   p l a t e s   38  a n d   40  i s   b e s t   s e e n   i n  

F i g u r e   4 .   S t r e n g t h e n i n g   w e b s   4 2 ,   44  a n d   46  e x t e n d  

b e t w e e n   t h e   m o u n t i n g   p l a t e s   38  a n d   40 .   In  t h e   u p p e r  

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

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

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

t h e   h o u s i n g   36  i s   t h e   c o n t r o l   rod   and  b u s h i n g .  

T h e   v a l v e   p i s t o n   48  i s   p o s i t i o n e d   i n   a  

c y l i n d e r   50  f o r m e d   w i t h i n   t h e   h o u s i n g   3 6 .   The   v a l v e  

p i s t o n   48  a n d   c y l i n d e r   50  c o o p e r a t e   t o   p r o v i d e   t w o  

m a j o r   f u n c t i o n s .   The   f i r s t   i s   to   p r o v i d e   m e a n s   f o r  

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

c h a m b e r   24  a n d   26  and   e x h a u s t i n g   t h e   o p p o s i t e   c h a m b e r  

i n   an  a l t e r n a t i n g   m a n n e r .   The   v a l v e   p i s t o n   48  a n d  

c y l i n d e r   50  a l s o   c o o p e r a t e   t o   p r o v i d e   a  m e a n s   f o r  

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

48  s u c h   t h a t   t h e   p i s t o n   i s   c a p a b l e   o f   s h i f t i n g   i n  

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

To  a c c o m p l i s h   t h e s e   f u n c t i o n s ,   t h e   a i r   i n l e t   52  i s  

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

f r o m   t h e   e n d s   of   t h e   c y l i n d e r   as   c a n   b e s t   be  s e e n   i n  

F i g u r e s   4  and  5 .  



I n   p r o v i d i n g   a  m e a n s   f o r   c h a r g i n g  a n d   e x -  

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

t h e   v a l v e   p i s t o n   48  i n c l u d e s   an  a n n u l a r   g r o o v e   o r  

c h a n n e l   54  w h i c h   c o o p e r a t e s   w i t h   an  a r c u a t e   p a s s a g e  
156  c u t   in   t h e   s i d e   of  t h e   c y l i n d e r   50  t o   d i r e c t   a i r  

t o   o n e   o r   t h e   o t h e r   of  two  a i r   c h a m b e r   d u c t s   58  a n d  

6 0  a s   b e s t   s e e n   i n   F i g u r e   3.   W i t h   t h e   c h a n n e l   5 4  

a l i g n e d   w i t h   t h e   a i r   c h a m b e r   d u c t   58,   i n c o m i n g   a i r   w i l l  

p a s s   t h r o u g h   t h e   a i r   i n l e t   52,   t h e  a r c u a t e   p a s s a g e   5 6 ,  

t h e   c h a n n e l   54  and   i n t o   t h e   a i r   c h a m b e r   d u c t   58.   E a c h  

o f   t h e   a i r   c h a m b e r   d u c t s   58  and   60  i s   a l i g n e d   w i t h   a  

h o l e   t h r o u g h   t h e   w a l l   of   t h e   d r i v e   c h a m b e r   h o u s i n g s   1 0  

a n d   1 2 .   W h i l e   a i r   i s   e n t e r i n g   one  of  t h e   d u c t s   58  a n d  

60 ,   t h e   o t h e r   d u c t   w i l l   o p e r a t e   as  an  e x h a u s t   p a s s a g e .  

A  c a v i t y   62  e x i s t s   in   t h e   c e n t e r   of   t h e   v a l v e   p i s t o n  

48 .   T h i s   c a v i t y   e n a b l e s   t h e   a i r   f l o w i n g   t h r o u g h   t h e  

e x h a u s t i n g   d u c t   t o   f l o w   t h r o u g h   t h e   c a v i t y   62  a n d  

t h r o u g h   p o r t s   64  and   66  to   one  of  two  e x h a u s t   d u c t s   6 8  

a n d   7 0 .   The   e x h a u s t   d u c t s   6 8  a n d   70  e x t e n d   to   a  b a l l  

c h e c k   v a l v e   72  as   c a n   b e s t   be  s e e n   in   F i g u r e   6.  W h e n  

t h e   v a l v e   p i s t o n   48  i s   s h i f t e d   f r o m   o n e   end   to   t h e  

o t h e r   o f   t h e   c y l i n d e r   5 0 ,   t h e   f l o w   t h r o u g h   t h e   a i r  

c h a m b e r   d u c t s   58  and  60,   t h e   c a v i t y   62  and  t h e   p o r t s   6 4  

a n d   66  i s   r e v e r s e d .   The  s h i f t   in   t h e   v a l v e   p i s t o n   4 8  

a l s o   c a u s e s   o n e   of   t h e   e x h a u s t   d u c t s   68  and  70  to   b e -  

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

i n g   t h e   a l t e r n a t e   one   of   t h e   a i r   c h a m b e r s   24  and   2 6 .  

T h e   s e c o n d   m a i n   f u n c t i o n   p e r f o r m e d   by  t h e  

v a l v e   p i s t o n   48  and   c y l i n d e r   50  i s   t h e   c o n t r o l   of  t h e  

l o c a t i o n   o f   t h e   v a l v e   p i s t o n   48 .   To  t h i s   e n d ,   t h e  

v a l v e   p i s t o n   48  h a s   a  d i a m e t e r   w h i c h   i s   s l i g h t l y  

s m a l l e r   t h a n   t h e   d i a m e t e r   of  t h e   c y l i n d e r   50 .   T h u s ,  

a i r   i s   a b l e   to   f l o w   in   t h e   c l e a r a n c e   to   b o t h   e n d s   o f  

t h e   v a l v e   p i s t o n   48  r e g a r d l e s s   of   i t s   p o s i t i o n   in  t h e  

c y l i n d e r   5 0 .   T h i s   c l e a r a n c e   i s   n o t   i l l u s t r a t e d   i n  

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

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

f l o w   to   o n e   end   of   t h e   o t h e r   of   t h e   v a l v e   p i s t o n   4 8 .  



T h e s e   a x i a l   p a t h s   e a c h   i n c l u d e   a  b o r e   74  and  76  and  a  

h o l e   78  a n d   80  d r i l l e d   i n t o   t h e  r e s p e c t i v e   b o r e .   T h e  

h o l e s   78  and   80  a r e   s p a c e d   s u c h   t h a t   t h e   d i s t a n c e   f r o m  

t h e   i n s i d e   e d g e   to  i n s i d e   edge   i s   t h e   same  as  t h e   w i d t h  

of   t h e   a r c u a t e   p a s s a g e   56.   T h u s ,   o n l y   one   of  t h e   h o l e s  

78  and   80  may  be  e x p o s e d   d i r e c t l y   to   t h e   i n c o m i n g   a i r  

i n   t h e   a r c u a t e   p a s s a g e   56  a t   one  t i m e .   T h i s   s e l e c t i v e  

d i r e c t i o n   of   a i r   t h r o u g h   t h e   h o l e s   78  and  80  p r o v i d e s  

an  e f f e c t i v e   a n t i - s t a l l   f e a t u r e   b e t t e r   d e s c r i b e d   in  t h e  

e a r l i e r   p a t e n t   No.  3 , 0 7 1 , 1 1 8 .  

T o  ' i n i t i a t e   t h e   s h i f t i n g   of  t h e   v a l v e   p i s t o n  

4 8 ,   o n e   or   t h e   o t h e r   of   two  v a l v e   p i s t o n   v e n t   p a s s a g e s  

82  and   84  i s   o p e n e d   to   a t m o s p h e r e .   T h e s e   v e n t   p a s s a g e s  

a r e   l o c a t e d   a t   t h e   e n d s   of   t h e   c y l i n d e r   50  as   c a n   b e  

s e e n   in   F i g u r e   5.  D u r i n g   n o r m a l   o p e r a t i o n ,   t h e  v e n t  

p a s s a g e   a t   t h e   end  f u r t h e s t   f rom  t h e   v a l v e   p i s t o n   48  i s  

v e n t e d .   T h e   v a l v e   p i s t o n   48  t h e n   m o v e s   t o w a r d   t h a t  

v e n t e d   e n d   of   t h e   c y l i n d e r .   D u r i n g   t h e   s t r o k e   of  t h e  

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

a c t u a t o r   v a l v e   1 4 ,   n e i t h e r   end   of  t h e   c y l i n d e r   50  i s  

v e n t e d .   I t   i s   o n l y   a t   e a c h   end   of   t h e   w o r k i n g   s t r o k e  

t h a t   v e n t i n g   t a k e s   p l a c e .  

D u r i n g   t h e   w o r k i n g   s t r o k e   of  t h e   a i r   d r i v e n  

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

b e t w e e n   t h e   v a l v e   p i s t o n   48  and   t h e   c y l i n d e r   5 0 , a n d  

t h r o u g h   o n e   of   t h e   p a t h s   in  t h e   v a l v e   p i s t o n   48.   O n c e  

p r e s s u r e   h a s   b u i l t   up  a t   b o t h   e n d s ,   t h e r e   i s   s u b s t a n -  

t i a l l y   no  f l o w   a x i a l l y   in   t h e   c y l i n d e r   50.  Two  b o s s e s  

86  a n d   88  f o r m   s p a c e r s   on  e i t h e r   e n d   of   t h e   v a l v e  

p i s t o n   48  s u c h   t h a t   an  a n n u l a r   a i r   s p a c e   i s   c r e a t e d   a t  

t h e   e n d s   o f   t h e   v a l v e   p i s t o n   4 8 .   T h i s   a i r   s p a c e   h a s  

b e e n   r e f e r r e d   t o   a s   a  s h i f t   c h a m b e r   and   a c t s   as   a  

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

s h i f t i n g   of  t h e   v a l v e   p i s t o n   4 8 .  

The   c y l i n d e r   and   v a l v e   p i s t o n   t o l e r a n c e   a n d  

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

c y l i n d e r   50  may  be  v e n t e d   much   f a s t e r   t h a n   t h e y   a r e  

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



v e n t i n g   o c c u r s   a t   one   end   of   t h e   v a l v e   p i s t o n   c h a m b e r  

50 ,   a  p r e s s u r e   i m b a l a n c e   i s   e x p e r i e n c e d   by  t h e   v a l v e  

p i s t o n   4 8 .   T h e   s h i f t   c h a m b e r   a t   t h e   u n v e n t e d   e n d  

of   t h e   v a l v e   p i s t o n   48  h a s   a  r e s e r v o i r   o f   c o m p r e s s e d  

a i r   s u c h   t h a t   t h e   v e n t i n g   of  t h e   o t h e r   end  r e l e a s e s   t h e  

a i r   s p r i n g   to   d r i v e   t h e   v a l v e   p i s t o n   48  to   t h e   v e n t e d  

end   of   t h e   c y l i n d e r .   Once   t h e   v a l v e   p i s t o n  4 8   r e a c h e s  

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

5 0 ,   t h e   s h i f t i n g   i s   a i d e d   by  t h e   a x i a l   p a t h   of  t h e  

v a l v e   p i s t o n   48  e x t e n d i n g   to   t h e   u n v e n t e d   end   of   t h e  

c y l i n d e r   50.   T h i s   m e c h a n i s m   i n s u r e s   a  c o m p l e t e  

s h i f t .  

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

f o r c e   t h e   v a l v e   p i s t o n   48  a g a i n s t   t h e   o p p o s i t e   s i d e   o f  

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

f l o w   c o n d i t i o n s   b e c a u s e   t h e   p o r t s   64  and  66  a r e   v e n t e d .  

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

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

t h e   p i s t o n   a g a i n s t   t h e   o p p o s i t e   w a l l .   T h i s   b i a s i n g   o f  

t h e   p i s t o n   i s   b e n e f i c i a l   b e c a u s e   t h e   a x i a l   p a t h s  

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

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

d u c t s   58  a n d   60  a n d   e x h a u s t   d u c t s   68  and   70  w h e r e  

a p p r o p r i a t e .  
!  T h e   v a l v e   p i s t o n   i s   c o n t a i n e d   w i t h i n   t h e  

c y l i n d e r   50  by  m e a n s   of  t h e   d r i v e   c h a m b e r   h o u s i n g s   1 0  

a n d   12  w h i c h   d e f i n e   t h e   e n d s   o f   t h e   v a l v e   p i s t o n  

c h a m b e r   5 0 .   F u r t h e r m o r e ,   a  p i n   90  e x t e n d i n g   i n t o   t h e  

b o r e   76  m a i n t a i n s   t h e   a n g u l a r   o r i e n t a t i o n   of  t h e   v a l v e  

p i s t o n   4 8 .  

To  a c h i e v e   t h e   s h i f t i n g   of  t h e   v a l v e   p i s t o n  

48  a t   t h e   a p p r o p r i a t e   t i m e ,   a  c o n t r o l   rod   15  i s   u s e d .  

The   c o n t r o l   r o d   i s   f i x e d   to   r e c i p r o c a t e   w i t h   t h e   a i r  

d r i v e n   r e c i p r o c a t i n g   d e v i c e   by  e i t h e r   a  d i r e c t   a t t a c h -  

m e n t   or  some  c o n v e n t i o n a l   f o r m   of  l i n k a g e .   The  c o n t r o l  

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

36 .   The   c o n t r o l   r o d   15  f u r t h e r   e x t e n d s   i n t o   t h e   a i r  

c h a m b e r s   24  a n d   26  t o   r e t a i n   t h e   d i a p h r a g m  p i s t o n s  



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

a l i g n m e n t .   A  b u s h i n g   94  f i x e d   t o   t h e   h o u s i n g   36  a n d  

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

c o n t r o l   rod   1 5 .  

T h e   v a l v e   p i s t o n   v e n t   p a s s a g e s   82  a n d   8 4  

e x t e n d   f r o m   t h e   e n d s   of  t h e   c y l i n d e r   50  t o   c i r c u l a r  

g r o o v e s   96  and   9 8 .   The   v a l v e   p i s t o n   v e n t   p a s s a g e s   8 2  

a n d   84  c r o s s   o v e r   as   c a n   b e s t   be  s e e n   in   F i g u r e   8 .  

E i t h e r   t h e   v a l v e   p i s t o n   v e n t   p a s s a g e s   82  and  8 4  o r   t h e  

a i r   c h a m b e r   d u c t s   5 8  a n d   60  s h o u l d   c r o s s   o v e r   to   o p p o =  

s i t e   e n d s   of   t h e   a c t u a t o r   v a l v e   14  so  t h a t   a i r   f l o w  

t h r o u g h   t h e   c a v i t y   62  i n   t h e   v a l v e   p i s t o n   48  w i l l   b e  

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

c y l i n d e r   5 0 .   On  e i t h e r   s i d e   o f   e a c h   of   t h e   c i r c u l a r  

g r o o v e s   96  and   98  a r e   c i r c u l a r   s e a t s   w h i c h   e a c h   c o n t a i n  

an  0 - r i n g   s e a l   100   t h r o u g h   106  t o   s e a l   t h e s e   c i r c u l a r  

g r o o v e s   96  and  9 8 .  

The   c o n t r o l   rod   15  i n c l u d e s   an  a x i a l   p a s s a g e  

1 1 0 .   The   a x i a l   p a s s a g e   110  i n c l u d e s   t r u n c a t e d   c o n i c a l  

s e c t i o n s   w i t h   a  c e n t r a l   c y l i n d r i c a l   s e c t i o n   h a v i n g   a  

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

1 5 .   T h i s   a x i a l   p a s s a g e   110  i s   p o s i t i o n e d   b e t w e e n   t h e  

c i r c u l a r   g r o o v e s   96  and  98  s u c h   t h a t   when  e i t h e r   of  t h e  

i n n e r   0 - r i n g s   102  and  104  a r e   e n c o u n t e r e d ,   a i r   c o m m u n i -  

c a t i o n   b e t w e e n   t h e   v a l v e   p i s t o n   v e n t   p a s s a g e s   82  a n d  

84  and  t h e   a x i a l   p a s s a g e   110  i s   a c h i e v e d .  

B e t w e e n   t h e   i n n e r   O - r i n g s   102  and   1 0 4 ,   t w o  

c o n t r o l   r o d   v e n t   p a s s a g e s   112   and   114  e x t e n d   to   a t m o -  

s p h e r e .   The   c o n t r o l   r o d   v e n t   p a s s a g e s   may  be  i n   a n y  

c o n f i g u r a t i o n   b e t w e e n   t h e   i n n e r   s e a l s   102  and  1 0 4 .   F o r  

e x a m p l e ,   o n e   c o n t i n u o u s   p a s s a g e w a y   may  be  e m p l o y e d   a s  

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

o n e   of  t h e   s e a l s   a t   102  or  1 0 4 .   The  o u t e r   s e a l s   a t   1 0 0  

and   106   a r e   n e v e r   d i s t u r b e d   by  t h e   a x i a l   p a s s a g e   1 1 0 .  

T h u s ,   a  c o n s t a n t   s e a l   i s   m a i n t a i n e d   to   p r e v e n t   a n y  
m a t t e r   f r o m   e n t e r i n g   i n t o   t h e   b u s h i n g   94  f rom  t h e   a i r  

c h a m b e r s   24  and  2 6 .  

T h r o u g h   t h e   u s e   of   t h e   s i n g l e   a x i a l   p a s s a g e  



1 1 0 ,   t h e r e   i s   no  d i r e c t   b l o w - b y   w h e r e   p r e s s u r i z e d   a i r  

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

n e e d e d   t o   f i l l   t h e   a i r   c h a m b e r s   24  and  26  to  move  t h e  

d i a p h r a g m s   20  and   22  and   t h e   a i r   n e e d e d   to   s h i f t   t h e  

v a l v e   p i s t o n   48  i s   s u b s t a n t i a l l y   a l l   t h a t   i s   u s e d  

by  t h e   p r e s e n t   d e v i c e .  

In  o v e r v i e w ,   t h e   o p e r a t i o n   of   t h e   a c t u a t o r  

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

T h a t   i s ,   t h e   l o c a t i o n   of  t h e   v a l v e   p i s t o n   48  d e t e r m i n e s  

t h e   m o v e m e n t   of   t h e   a i r   d r i v e n   r e c i p r o c a t i n g   d e v i c e .  

The   m o v e m e n t   of   t h e   a i r   d r i v e n   r e c i p r o c a t i n g   d e v i c e   i n  

t u r n   c o n t r o l s   t h e   l o c a t i o n   of  t h e =  c o n t r o l   rod   15.   T h e  

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

v a l v e   p i s t o n .   The   c o n t r o l   of   t h e   s t r o k e   of   t h e   a i r  

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

p a s s a g e   110  a n d   t h e   d i s t a n c e   b e t w e e n   t h e   s e a l s   a t   t h e  

O - r i n g s   102   and  1 0 4 .   R o u g h l y ,   t h e   d i s t a n c e   b e t w e e n   t h e  

s e a l s   102   a n d   104  m i n u s   t h e   l e n g t h   of  t h e   a x i a l   p a s s a g e  

1 1 0   e q u a l s   t h e   s t r o k e   l e n g t h   o f   t h e   r e c i p r o c a t i n g  

d e v i c e .  

L o o k i n g   in   g r e a t e r   d e t a i l   to   t h e   pump  i t s e l f ,  

t h e   d r i v e   c h a m b e r   h o u s i n g s   10  and   12  a r e   a s s o c i a t e d  

w i t h   pump   c h a m b e r   h o u s i n g s   28  and   30  t o   f o r m   o p p o s e d  

pump  c a v i t i e s .   T h e s e   c a v i t i e s   a r e   m o s t   c o n v e n i e n t l y  

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

f u l l   s t r o k e   o f   t h e   p u m p .   The   d i a p h r a g m s   20  a n d   2 2  

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

c h a m b e r s   24  a n d   26  and   pump  c h a m b e r s   29  and   3 1 .   T h e  

d i a p h r a g m s   20  and   22  h a v e   a  c i r c u l a r   b e a d   a b o u t   t h e  

p e r i p h e r y   o f ' t h e   d i a p h r a g m .   E a c h   b e a d   116  i s   p o s i -  

t i o n e d   in   two  c h a n n e l s ,   one   in  t h e   d r i v e   c h a m b e r   h o u s -  

i n g s   10  a n d   12  and   one   in   t h e   pump  c h a m b e r   h o u s i n g s  

28  and   3 0 .   The   b e a d   a c t s   to   s e a l   t h e   c h a m b e r s   and  t o  

l o c a t e   t h e   h o u s i n g s   r e l a t i v e   t o   o n e   a n o t h e r .   T h e  

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

r o d   15  m a i n t a i n   t h e   a l i g n m e n t   of   t h e   d i a p h r a g m ,   c o n -  
t r i b u t e   to   u n i f o r m   f l e x u r e   and  p r o v i d e   a  f e e d b a c k   i n p u t  

to  t h e   a c t u a t o r   v a l v e   1 4 .  



The   pump  c h a m b e r   h o u s i n g s   28  and   3 0  d e f i n e  

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

pump  c h a m b e r s   w i t h   t h e   d i a p h r a g m s   20  and  22.   Each   p u m p  

c h a m b e r   h o u s i n g   28  and   30  i n c l u d e s   an  i n l e t   p o r t   1 1 8  

and   an  o u t l e t  p o r t   1 2 0 .   The  i n l e t  p o r t   118  i s   l o c a t e d  

a t   t h e   l o w e r   end   of  t h e   pump  c h a m b e r   h o u s i n g   and   i n -  

c l u d e s   a  b a l l   c h e c k   v a l v e   l o c a t e d   t h e r e i n .   The   b a l l  

c h e c k   v a l v e   i n c l u d e s   a  b a l l   1 2 2 ,   a  s e a t   124  a n d  r i b s  

1 2 6 .   The   r i b s   126  s i m p l y   a c t   to  r e t a i n   t h e   b a l l   122  i n  

t h e   b a l l   c h e c k   v a l v e .   The   s e a t   124  i s   c o n v e n i e n t l y  

p o s i t i o n e d   a t   t h e   o u t e r   end   of   t h e   i n l e t   p o r t   118  s o  

t h a t   i t   c a n   be  e a s i l y   r e p l a c e d   i f   n e c e s s a r y .   The   i n l e t  

p o r t   118  t e r m i n a t e s   in  a  s u r f a c e   w h i c h   i s   in  a  p l a n e   a t  

r o u g h l y   a  45°   a n g l e   t o   t h e   a x i s   of   t h e   c o n t r o l   rod   1 5 .  

The   o u t l e t   p o r t   120   i s   s i m p l y   a  h o l e   t h r o u g h   t h e   w a l l  

of   t h e   pump  c h a m b e r   h o u s i n g s   28  and  30  w h i c h   t e r m i n a t e s  

i n   a  s u r f a c e   w h i c h   i s   a l s o   a t   an  a n g l e   r e l a t i v e   to  t h e  

c o n t r o l   rod   15  of   a p p r o x i m a t e l y   4 5 ° .  

The   i n l e t   m a n i f o l d   128  e x t e n d s   f r o m   a  c e n -  

t r a l   i n l e t   p o s i t i o n   130   o u t w a r d l y   to   t h e   i n l e t   p o r t s  

118  a s s o c i a t e d   w i t h   e a c h   pump  c h a m b e r   h o u s i n g   28  a n d  

3 0 .   The   i n l e t   m a n i f o l d   128  c o n v e n i e n t l y   i n c l u d e s   f e e t  

132  i n   o r d e r   t h a t   t h e   pump  w i l l   s t a n d   i n d e p e n d e n t l y .  

An  i n l e t   p a s s a g e w a y   134  e x t e n d s   f r o m   t h e   i n l e t   130  t o  

e a c h   of   t h e   i n l e t   p o r t s   118  s u c h   t h a t   a  m a t i n g   s u r f a c e  

i s   p r o v i d e d   a d j a c e n t   e a c h   of  t h e   i n l e t   p o r t s   118  w h i c h  

w i l l   m e e t   t h e   s u r f a c e   e x t e n d i n g   a t   45°  r e l a t i v e   to  t h e  

c o n t r o l   r o d   1 5 ,   t h e   i n l e t   m a n i f o l d   128  b e i n g   o u t w a r d l y  

of   t h e   i n l e t   p o r t s   1 1 8 .   The   v a l v e   s e a t   124  i s   p o s i -  

t i o n e d   a t   t h e   s u r f a c e   of  e a c h   of  t h e   i n l e t   p o r t s   118  t o  

h o l d   t h e   s e a t   124  i n   p l a c e   by  p l a c e m e n t   of  t h e   i n l e t  

m a n i f o l d   128  as  can   b e s t   be  s e e n   in  F i g u r e   1 .  

An  o u t l e t   m a n i f o l d   126  i s   p o s i t i o n e d   a b o v e  

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

t o   t h e   i n l e t   m a n i f o l d   1 2 8 .   The   o u t l e t   m a n i f o l d   1 3 6  

a l s o   i n c l u d e s   a  c e n t r a l   p o r t   and   a  p a s s a g e w a y   140  e x -  

t e n d i n g   to  e a c h   of   t h e   pump  c h a m b e r   h o u s i n g s   28  and  3 0 .  

The   o u t l e t   m a n i f o l d   136  i n c l u d e s   o u t l e t   p o r t   b a l l   c h e c k  



v a l v e s   e a c h   i n c l u d i n g   a  b a l l  1 4 2 ,   a  s e a t   144-  and  p l a c e -  

, m e n t   r i b s   1 4 6 .   The   b a l l   c h e c k   v a l v e   i s   p l a c e d   in  t h e  

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

2 8   and   30  s u c h   t h a t   t h e   s e a t   144  may  be  a t   t h e   j o i n t  

b e t w e e n   t h e   pump  c h a m b e r   h o u s i n g s   28  and  30  and   t h e   o u t -  

l e t   m a n i f o l d   136  as   c a n   b e s t   be  s e e n   in  F i g u r e   1.  T h e  

s u r f a c e   of   e a c h   of   t h e   pump  c h a m b e r   h o u s i n g s   28  and  3 0  

m a t i n g   w i t h   t h e   o u t l e t   m a n i f o l d   1 3 6   i s   a n g l e d ,   a s  

m e n t i o n e d   a b o v e ,   a t   4 5 ° .   The   m a t i n g   s u r f a c e s   of   t h e  

o u t l e t   m a n i f o l d   136  a r e   s i m i l a r l y   a n g l e d   s u c h   t h a t   t h e  

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

i n g s   28  and  3 0 .  

!  To  t i e   t h e   pump  a s s e m b l y   t o g e t h e r ,   t i e   r o d s  

1 4 8   e x t e n d   b e t w e e n   t h e   i n l e t   m a n i f o l d   128  and  t h e   o u t -  

l e t   m a n i f o l d   1 3 6 .  A s   c a n   be  s e e n   in   F i g u r e   2,  a  p a i r  

of   t i e   r o d s   a r e   p o s i t i o n e d   a t   one  end  of  t h e   pump.   As  

c a n   be  s e e n   in   F i g u r e   1,  a  s e c o n d   p a i r   of  t i e   r o d s   1 4 8  

i s   p o s i t i o n e d   a t   t h e   o t h e r   end  of  t h e   pump  as  w e l l .   I n  

t h e   p r e s e n t   e m b o d i m e n t ,   t h e   t i e   r o d s   148  i n c l u d e   c a r -  

r i a g e   b o l t s   150  t h r e a d e d   a t   one   end   to   r e c e i v e   h a n d  

t i g h t e n e d   n u t s   1 5 2 .   T h e s e   t i e   r o d s   148  a c t   as  m e a n s  

f o r   f o r c i b l y   d r a w i n g   t h e   i n l e t   m a n i f o l d   128  and   t h e  

o u t l e t   m a n i f o l d   136  t o g e t h e r   and  p r o v i d e   a  d r a w i n g   l i n e  

o f  f o r c e   a l o n g   t h e   r o d s .   T h e  m a n i f o l d s   128  and   1 3 6  

h a v e   o p e n   e n d e d   s l o t s   154  f o r   r e c e i v i n g   t h e   t i e   r o d s  

148  w i t h o u t   c o m p l e t e l y   s e p a r a t i n g   t h e   n u t   152  f r o m   t h e  

b o l t   1 5 0 .  

As  c a n   be  s e e n   in   F i g u r e   1,  t h e   m a t i n g   s u r -  

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

i n g s   28  a n d   30  a r e   a t   a c u t e   a n g l e s   r e l a t i v e   to  t h e  

d i r e c t i o n   of   f o r c e   i m p o s e d   by  t h e   t i e   r o d s   148 .   As  t h e  

t i e   r o d s   a r e   d r a w n   t o g e t h e r ,   t h e   m a n i f o l d s   128  and  1 3 6  

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

p u m p   c h a m b e r   h o u s i n g s   28  and   30  t o w a r d   one   a n o t h e r .  

C o m p r e s s i o n   in   t h e   m a i n   b o d y   of   t h e   pump  i s   t h e n   e x -  

p e r i e n c e d   to   h o l d   t h e   d i a p h r a g m s   20  and  22  b e t w e e n   t h e  

d r i v e   c h a m b e r   h o u s i n g s   10  and   12  and   t h e   pump  c h a m b e r  

h o u s i n g s   28  and   30 .   The   d r i v e   c h a m b e r   h o u s i n g s   10  a n d  



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

a g a i n s t   t h e   a c t u a t o r   v a l v e   1 4 ,   In  t h i s   way  f o u r   t i e  

r o d s   148  a r e   c a p a b l e   of  h o l d i n g   t h e   e n t i r e   pump  a s s e m b l y  

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

r o d s   i s   s h o w n   to   be  4 5 ° .   H o w e v e r ,   a  45°  a n g l e   i s   n o t  

c r i t i c a l   and   may  be  i n c r e a s e d   or  d e c r e a s e d   d e p e n d i n g   o n  

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

t i e   r o d s   w h i c h   may  be  d e s i r e d .  

T h u s ,   an  i m p r o v e d   a i r   d r i v e n   d i a p h r a g m   p u m p  

a s s e m b l y   i s   d i s c l o s e d   w h i c h   i s   e a s y   to   a s s e m b l e   a n d  

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

p h r a g m s ,   c h e c k   v a l v e s   and   t h e   v a l v e   a c t u a t o r   may  b e  

c h a n g e d   v e r y   q u i c k l y   w i t h   a  m i n i m u m   of  down  t i m e   and  a  

m i n i m u m   of   p o t e n t i a l   a s s e m b l y   e r r o r .   A l s o   an  i m p r o v e d  

a c t u a t o r   v a l v e   f o r   an  a i r   d r i v e n   r e c i p r o c a t i n g   d e v i c e  

i s   d i s c l o s e d .   W h i l e   e m b o d i m e n t s   a n d   a p p l i c a t i o n s   o f  

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

be  a p p a r e n t   to   t h o s e   s k i l l e d   in   t h e   a r t   t h a t   many  m o r e  

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

i n v e n t i v e   c o n c e p t s   h e r e i n   d e s c r i b e d .   The   i n v e n t i o n ,  

t h e r e f o r e ,   i s   n o t   to  be  r e s t r i c t e d   e x c e p t   by  t h e   s p i r i t  

of  t h e   a p p e n d e d   c l a i m s .  



1.  A  p u m p   h a v i n g   o p p o s e d   pump  c a v i t i e s ,   a  

pump  d r i v e   a s s e m b l y   ( 1 0 ,   12,   14)  b e t w e e n   s a i d   c a v i t i e s  

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

c h a m b e r   h o u s i n g s   ( 2 8 ,   30)   m e e t i n g   w i t h   s a i d   pump  d r i v e  

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

t i e s ,   an   i n l e t   m a n i f o l d   ( 1 2 8 )   e x t e n d i n g   to   and   i n  

c o m m u n i c a t i o n   w i t h   e a c h   of  s a i d   c a v i t i e s   and  an  o u t l e t  

m a n i f o l d   ( 1 3 6 )   e x t e n d i n g   to   and   in   c o m m u n i c a t i o n   w i t h  

e a c h   of   s a i d   c a v i t i e s ,   s a i d   i n l e t   and  o u t l e t   m a n i f o l d s  

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

c o m p r i s e s  

m e a n s   ( 1 4 8 )   f o r   f o r c i b l y   d r a w i n g   s a i d   m a n i -  

f o l d s   t o w a r d   one  a n o t h e r ;  

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

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

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

m a n i f o l d s   t o w a r d   one  a n o t h e r ,   s a i d   m a n i f o l d   m a t i n g   s u r -  

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

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

2.  The  pump  of   c l a i m   1  w h e r e i n   a  d i a p h r a g m  

( 2 0 ,   22)   i s   p o s i t i o n e d   b e t w e e n   s a i d   pump  d r i v e   a s s e m b l y  

and   e a c h   s a i d   pump  c h a m b e r   h o u s i n g   to  d i v i d e   e a c h   s a i d  

;  c a v i t y   i n t o   a  d r i v e   c h a m b e r   ( 2 4 ,   26)  and  a  pump  c h a m b e r  

( 2 9 ,   3 1 ) ,   e a c h   s a i d   d i a p h r a g m   b e i n g   o r i e n t e d   in  a  p l a n e  

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

t o w a r d   o n e   a n o t h e r   and  b e i n g   c o m p r e s s e d   by  d r a w i n g   s a i d  

m a n i f o l d s   t o w a r d   one  a n o t h e r .  

3.  The  pump  of  c l a i m   1  w h e r e i n   s a i d   c o m m u n i -  

c a t i o n   b e t w e e n   e a c h   of   s a i d   c a v i t i e s   and  e a c h   of  s a i d  

m a n i f o l d s   i s   c o n t r o l l e d   by  b a l l   c h e c k   v a l v e s   ( 1 2 2 ,  

1 4 2 ) .  

4.  T h e   pump  of   c l a i m   1  w h e r e i n   s a i d   a c u t e  

a n g l e   i s   a p p r o x i m a t e l y   a b o u t   4 5 ° .  

5.  The   pump  of   c l a i m   1  w h e r e i n   s a i d   m e a n s  

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

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

6.  An  a c t u a t o r   v a l v e   f o r   an  a i r   d r i v e n   r e c i -  



p r o c a t i n g   d e v i c e ,   c o m p r i s i n g   a  v a l v e   p i s t o n   ( 4 8 ) ,   a  

c o n t r o l   r o d   ( 1 5 )   f i x e d   t o   r e c i p r o c a t e   w i t h   t h e   a i r  

d r i v e n   r e c i p r o c a t i n g   d e v i c e ,   and  a  h o u s i n g   (36 )   h a v i n g  

a  c y l i n d e r   ( 5 0 )   c l o s e d   a t   e a c h   end   and  e n c l o s i n g   s a i d  

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

r o d   e x t e n d s ,   an  a i r   i n l e t   ( 52 )   to   s a i d   c y l i n d e r  s p a c e d  

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

s a g e s   ( 8 2 ,   84)  e x t e n d i n g   f r o m   t h e   e n d s   of  s a i d   c y l i n d e r  

to   s a i d   p a s s a g e w a y ,   and  c o n t r o l   rod   v e n t   p a s s a g e s   ( 1 1 2 ,  

1 1 4 )   e x t e n d i n g   f rom  s a i d   p a s s a g e w a y   to  a t m o s p h e r e ,   s a i d  

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

m e a n s   ( 7 8 ,   80)   f o r   d i r e c t i n g   i n c o m i n g   a i r   to  t h e   e n d s  

of   s a i d   v a l v e   p i s t o n   and  m e a n s   ( 5 8 ,   60)  f o r   s e l e c t i v e l y  

d i r e c t i n g   i n c o m i n g   a i r   to   and   e x h a u s t i n g   o u t g o i n g   a i r  

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

i m p r o v e m e n t   c o m p r i s e s   an  a x i a l   p a s s a g e   ( 1 1 0 )   i n   s a i d  

c o n t r o l   r o d   p o s i t i o n e d   b e t w e e n   s a i d   v a l v e   p i s t o n   v e n t  

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

v e n t   p a s s a g e s   to  s a i d   c o n t r o l   r o d   v e n t   p a s s a g e s .  
7.  The   a c t u a t o r   v a l v e   of  c l a i m   6  w h e r e i n   t h e  

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

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

p a s s a g e s .  

8.  The  a c t u a t o r   v a l v e   of  c l a i m   7  w h e r e i n   t h e  

i m p r o v e m e n t   f u r t h e r   c o m p r i s e s   s e a l s   ( 1 0 2 ,   104)   o u t w a r d l y  

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