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@  A  double  diaphragm  pump  comprises  a  pair  of  cham- 
bers  (14,  15),  each  with  a  plate  and  diaphragm  arrangement 
(23,  24  and  25,  26)  which  forms  parts  of  the  boundaries 
thereof.  A  pressurised  fluid  such  as  air  is  directed  alter- 
nately  to  respective  spaces  (31,  32)  outside  the  chambers 
and  adjacent  the  diaphragms  by  means  of  an  actuating 
means  (30)  which  comprises  a  spool  (34)  in  a  spool  chamber 
(33).  A  control  means  (9)  which  comprises  a  rod  (27)  extend- 
ing  between  the  plates  (23  and  25)  controls  operation  of  the 
actuating  means.  The  control  means  which  is  movable  with 
the  diaphragms  directs  fluid  alternately  to  the  ends  of  the 
spool  chamber  and  prevents  supply  of  fluid  to  an  end  of  the 
spool  chamber  opposite  to  that  end  to  which  fluid  is 
directed  at  a  selected  moment. 
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A   double  diaphragm  pump  comprises  a  pair  of  cham- 
bers  (14,15),  each  with  a  plate  and  diaphragm  arrangement 
(23,  24  and  25,  26)  which  forms  parts  of  the  boundaries 
thereof.  A  pressurised  fluid  such  as  air  is  directed  alter- 
nately  to  respective  spaces  (31,  32)  outside  the  chambers 
and  adjacent  the  diaphragms  by  means  of  an  actuating 
means  (30)  which  comprises  a  spool  (34)  in  a  spool  chamber 
(33).  A  control  means  (9)  which  comprises  a  rod  (27)  extend- 
ing  between  the  plates  (23  and  25)  controls  operation  of  the 
actuating  means.  The  control  means  which  is  movable  with 
the  diaphragms  directs  fluid  alternately  to  the  ends  of  the 
spool  chamber  and  prevents  supply  of  fluid  to  an  end  of  the 
spool  chamber  opposite  to  that  end  to  which  fluid  is 
directed  at  a  selected  moment. 



The  i n v e n t i o n   r e l a t e s   to  a  pump  of  t h e   k i n d   c o m p r i s -  

ing   two  c h a m b e r s ,   e a c h   c h a m b e r   h a v i n g   an  i n l e t   and  a n  

o u t l e t   f o r   pumped  f l u i d ,   t h e   i n l e t   and  t h e   o u t l e t   b e i n g  

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

w a l l   of  e a c h   c h a m b e r   is   f o r m e d   of  a  r e s p e c t i v e   d i a p h r a g m ,  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

is   in  t h e   s e c o n d   of  s a i d   p o s i t i o n s ,   t h e   f i r s t   p a s s a g e  

c o m m u n i c a t e s   w i t h   t h e   t h i r d   p a s s a g e .  
In  p u b l i s h e d   E u r o p e a n   P a t e n t   a p p l i c a t i o n   n u m b e r  

0 0 1 8 1 4 3   of  W i l d e n   Pump  &  E n g i n e e r i n g   Company ,   t h e r e   i s  

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

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

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

f l u i d   to  p a s s   from  a  f l u i d   i n l e t   b e s i d e   t h e   s p o o l   to   b o t h  

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

of  t h e   pump.  Ven t   p a s s a g e s   a r e   p r o v i d e d   f o r   v e n t i n g  

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

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

by  a  r i g i d   c o n t r o l   rod  e x t e n d i n g   b e t w e e n   t h e   d i a p h r a g m s .  

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



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

t h e   s p o o l .  

D u r i n g   a  m a j o r   p a r t   of  t h e   s t r o k e   of  t h e   c o n t r o l   r o d  

of  t h e   pump  d i s c l o s e d   in  t h e   a f o r e s a i d   p u b l i s h e d   a p p l i -  

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

p r e v e n t e d .   Only   a t   t h e   end  of  e a c h   s t r o k e ,   i s   v e n t i n g   o f  

one  or  o t h e r   end  of  t h e   s p o o l   c h a m b e r   p e r m i t t e d .   When  

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

r e s t r i c t e d ,   b o t h   e n d s   of  t h e   s p o o l   w i l l   be  s u b j e c t e d   to  a  

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

s p o o l   w i l l   no t   c o n t i n u e .   I f   an  a t t e m p t   is   m a d e  t o   o p e r a t e  

t h e   pump  a t   h i g h   s p e e d ,   v e n t i n g   of  one  end  of  t h e   s p o o l  

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

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

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

o c c u r .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   a  pump  of  t h e  

k i n d   r e f e r r e d   to  has   c o n t r o l   m e a n s   m o v a b l e   w i t h   t h e  

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

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

an  end  of  t h e   s p o o l   c h a m b e r   o p p o s i t e   t h a t   end  to  w h i c h  

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

F l u i d   is   d i r e c t e d   to  e a c h   end  of  t h e   s p o o l   c h a m b e r  

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

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

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

o p e r a t i n g   s p e e d s   of  t h e   p u m p .  
An  e x a m p l e   of  a  pump  in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to   t h e  

a c c o m p a n y i n g   d r a w i n g s   w h e r e i n : -  

FIGURE  1  shows  d i a g r a m m a t i c a l l y   a  pump  w i t h   p a r t s  

t h e r e o f   c u t - a w a y ;  

FIGURE  2  shows  d i a g r a m m a t i c a l l y   and  on  an  e n l a r g e d  

s c a l e   c e r t a i n   p a r t s   of  t h e   pump  of  F i g u r e   1,  t h e   p u m p  

a g a i n   b e i n g   p a r t l y   c u t   away;   a n d  

FIGURE  3  i l l u s t r a t e s   in  a  m a n n e r   s i m i l a r   to  t h a t   o f  

F i g u r e   2  t h e  a c t u a t i n g   m e c h a n i s m   of  a  s e c o n d   e x a m p l e   o f  

p u m p .  



F i g u r e   1  shows   a  pump  10  of  t h e   k i n d   c o m m o n l y  

r e f e r r e d   to   as  a  d o u b l e   d i a p h r a g m   pump.  The  pump 

c o m p r i s e s   a  m a i n   i n l e t   11  and  p a s s a g e s   12  and  13  l e a d i n g  

from  t h e   i n l e t   to  r e s p e c t i v e   c h a m b e r s   14  and  15.  A  v a l v e  

16  a t   t h e   i n l e t   of  c h a m b e r   14  and  a  v a l v e   17  a t   t h e   i n l e t  

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

from  t h e   m a i n   i n l e t .  

P a s s a g e s   20  and  21  l e a d   from  c h a m b e r s   14  and  1 5  

r e s p e c t i v e l y   to   a  common  m a i n   o u t l e t   22.  V a l v e s   18  a n d  

19  a t   t h e   o u t l e t s   of  r e s p e c t i v e   c h a m b e r s   14  and  15  c a n  

c l o s e   s a i d   c h a m b e r s   f rom  t h e   m a i n   o u t l e t .   T h e  v a l v e s   16 

to  19  a r e   n o n - r e t u r n   v a l v e s   and  a r e   s u i t a b l y   of  a  " b a l l "  

or  " c l a c k "   k i n d .  

The  v o l u m e s   of  t h e   c h a m b e r s   14  and  15  v a r y   d u r i n g  

t h e   o p e r a t i o n   of  t h e   pump  10.   A  p l a t e   23  and  a  d i a p h r a g m  

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

c h a m b e r   14.   The  d i a p h r a g m   p r o v i d e s   a  f l e x i b l e   s e a l e d  

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

b o u n d a r y   of  t h e   c h a m b e r .  A   p a r t   of  t h e   b o u n d a r y   of  t h e  

c h a m b e r   15  is   d e f i n e d   by  a  p l a t e   2 5 .  a n d   a  f u r t h e r  

d i a p h r a g m   26  a r r a n g e d   in  t h e   same  m a n n e r   as  t h e   p l a t e   2 3  

and  d i a p h r a g m   24.   The  p l a t e   23  and  d i a p h r a g m   24  a l s o  

d e f i n e   a  p a r t   of  t h e   b o u n d a r y   of  an  e n c l o s e d   s p a c e   31  

o u t s i d e   t h e   c h a m b e r   14  and  t h e   p l a t e   25  and  d i a p h r a g m   2 6  

form  a  p a r t   of  t h e   b o u n d a r y   of  a  c o r r e s p o n d i n g   s p a c e   3 2  

o u t s i d e   t h e   c h a m b e r   1 5 .  

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

d r i v i n g   t h e   pump.  The  pump  has   a  m a i n   d r i v i n g   f l u i d  

i n l e t   45  t h r o u g h   w h i c h   a i r   u n d e r   p r e s s u r e   can  be  s u p p l i e d  

from  an  e x t e r n a l   s o u r c e   t o   t h e   p u m p   to  d r i v e   t h e  

d i a p h r a g m s .   A c t u a t i n g   m e a n s   30  is   p r o v i d e d   f o r   d i r e c t i n g  

p r e s s u r i s e d   a i r   a l t e r n a t e l y   to  t h e   s p a c e s   31  and  32  i n  

o r d e r   to  e x e r t   p r e s s u r e   on  t h e   d i a p h r a g m s   a l t e r n a t e l y .  

The  pump  a l s o   i n c l u d e s   c o n t r o l   m e a n s   9  w h i c h   is   m o v a b l e  

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

a c t u a t i n g   m e a n s   30  in  s u c h   a  m a n n e r   t h a t   a i r   is   d i r e c t e d  

to  one  of  t h e   s p a c e s   31  and  32  and  e x h a u s t e d   f rom  t h e  



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

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

by  d i r e c t i n g   a i r   to  t h e   o t h e r   of  t h e   s p a c e s   31  and  32  a n d  

v e n t i n g   t h e   one  s p a c e .  
The  c o n t r o l   m e a n s   9.  c o m p r i s e s   a  c o n n e c t i n g   member   i n  

t h e   form  of  a  rod   27  w h i c h   e x t e n d s   b e t w e e n   t h e   p l a t e s   2 3  

and  25  a n d ,   in  c o n j u n c t i o n   w i t h   t h e   p l a t e s ,   p r o v i d e s   a  

r i g i d   c o n n e c t i o n   b e t w e e n   t h e   d i a p h r a g m s   24  and  2 6 .  

C o n v e n i e n t l y ,   t h e   d i a p h r a g m s   and  p l a t e s   have   a p e r t u r e s  

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

b e i n g   s e c u r e d   on  t h e   end  p o r t i o n s   of  t h e   r o d .   The  rod   2 7  

i s   c o n s t r a i n e d   by  a  h o u s i n g   28  to   move  a l o n g   an  a x i s   29 

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

r e c i p r o c a t e   t o g e t h e r   w i t h   t h e   r o d .  

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

d i r e c t i o n   to  t h e   l e f t ,   as  shown  in  F i g u r e   1,  s e r v e s   t o  

d e c r e a s e   t h e   v o l u m e   of  c h a m b e r   14  and  i n c r e a s e   t h e   v o l u m e  

of  c h a m b e r   15.   The  c o n s e q u e n t   d e c r e a s i n g   p r e s s u r e   i n  

c h a m b e r   15  s e r v e s   to  h o l d   i n l e t   v a l v e   17  open   and  o u t l e t  

v a l v e   19  c l o s e d   so  t h a t   m a t e r i a l   to   be  pumped   i s   d r a w n  

from  i n l e t   11,   t h r o u g h   p a s s a g e   13  i n t o   t h e   c h a m b e r .  

S i m u l t a n e o u s l y ,   t h e   i n c r e a s i n g   p r e s s u r e   in  c h a m b e r   1 4  

s e r v e s   to  h o l d   i n l e t   v a l v e   16  c l o s e d   and  o u t l e t   v a l v e   1 8  

open   so  t h a t   m a t e r i a l   i s   d r i v e n   ou t   of  t h e   c h a m b e r   a l o n g  

p a s s a g e   20  to  o u t l e t   22.  The  r e v e r s e   o c c u r s   u p o n  

m o v e m e n t   of  t h e   rod   to   t h e   r i g h t .   I t   w i l l   be  a p p a r e n t  

t h a t   t h e   rod   can  in   an  a l t e r n a t i v e   e m b o d i m e n t   b e  

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

As  shown  in  F i g u r e   2,  t h e   a c t u a t i n g   m e a n s   30  

c o m p r i s e s   a  s p o o l   c h a m b e r   33  w h i c h   c o n t a i n s   a  s p o o l   3 4 .  

The  s p o o l   has   a  c e n t r a l   l a n d   35  and  r e c e s s e s   36  and  37  o n  

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

p r e f e r a b l y   a n n u l a r .   O p p o s i t e   end  p o r t i o n s   38  and  39  o f  

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

end  p o r t i o n s   and  t h e   l a n d   35  a r e   c y l i n d r i c a l   a b o u t   a n  

a x i s   40  of  t h e   s p o o l   c h a m b e r   and  a r e   a  f r e e   s l i d i n g   f i t  

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



i m p e d e d   bu t   t h e r e   is   no  s u b s t a n t i a l   gap  b e t w e e n   t h e .  

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

p o r t i o n s   and  l a n d   of  t he   s p o o l .  

The  m o v e m e n t   of  t h e   s p o o l   34  in  one  d i r e c t i o n   i s  

l i m i t e d   by  end  f a c e   44  of  t h e   s p o o l   c h a m b e r   33  w h i c h  

e n g a g e s   end  f a c e   43  of  p i s t o n   p o r t i o n   39  when  t h e   s p o o l  

is   in  a  f i r s t   l i m i t   p o s i t i o n ,   as  shown  in  F i g u r e   2 .  

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

l i m i t e d   by  end  f a c e   42  of  t h e   c h a m b e r   w h i c h   e n g a g e s   e n d  

f a c e   41  of  p i s t o n   p o r t i o n   38  when  t h e   s p o o l   has   t r a v e l l e d  

from  t h e   f i r s t   p o s i t i o n   shown  in  F i g u r e   2  or  F i g u r e   3  t o  

a  s e c o n d   l i m i t   p o s i t i o n   ( n o t   s h o w n ) .  

The  i n l e t   p a s s a g e   45  l e a d s   to  a  p o r t   50  of  t h e   s p o o l  

c h a m b e r   33,  w h i c h   p o r t   50  is   a p p r o x i m a t e l y   e q u a l l y   s p a c e d  

from  t h e   o p p o s i t e   e n d s   of  t h e   c h a m b e r .   P a s s a g e s   46  a n d  

47  l e a d   to  s p a c e s   31  and  32  r e s p e c t i v e l y   from  r e s p e c t i v e  

f u r t h e r   p o r t s   51  and  52  w h i c h   a r e   e q u a l l y   s p a c e d   i n  

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

c h a m b e r   and  from  t h e   p o r t   50.  O u t l e t   p a s s a g e s   48  and  49 

l e a d   from  r e s p e c t i v e   p o r t s  5 3   and  54  of  t he   s p o o l   c h a m b e r  

to  t h e   h o u s i n g   28.   The  p o r t s   53  and   54  a r e   s p a c e d  

a x i a l l y   b e t w e e n   p o r t   50  and  end  f a c e   41,  and  p o r t   52  a n d  

end  f a c e   42  r e s p e c t i v e l y .  

The  p a s s a g e   46  d e f i n e s   t he   s o l e   p a t h   f o r   f l o w   o f  

f l u i d   i n t o   and  from  t h e   s p a c e   31  so  t h a t   t h e   s p o o l   3 4  

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

t h e   s p a c e .   S i m i l a r l y ,   t h e   p a s s a g e   47  d e f i n e s   t h e   s o l e  

p a t h   f o r   f l o w   of  f l u i d   i n t o   and  f rom  t h e   s p a c e   32  so  t h a t  

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

v e n t i n g   t h e r e o f .  

When  t h e   s p o o l   34  is   in  t h e   f i r s t   l i m i t   p o s i t i o n   i n  

s p o o l   c h a m b e r   33,  shown  in  F i g u r e   2,  a i r   i s   d i r e c t e d   b y  

t h e   s p o o l   to   p a s s   f rom  i n l e t   p a s s a g e   45  to  p a s s a g e   46  a n d  

t h e n c e   to  s p a c e   31  a d j a c e n t   p l a t e   23  and  d i a p h r a g m   24  o f  

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

s p o o l   c h a m b e r   t h r o u g h   r e c e s s   36.  Land  35  p r o v i d e s   a  s e a l  

a g a i n s t   f l u i d   p a s s i n g   i n t o   t h e   p a s s g e   47,  and  p i s t o n  



p o r t i o n   38  s i m i l a r l y   p r o v i d e s   a  s e a l   a g a i n s t   f l u i d  

e n t e r i n g   o u t l e t   p a s s a g e   4 8 .  

At  t h e   same  t i m e   as  a  p a t h   from  i n l e t   p a s s a g e   45  t o  

p a s s a g e   46  i s   o p e n ,   a  p a t h   from  p a s s a g e   47  to   o u t l e t  

p a s s a g e   49  i s   a l s o   o p e n .   Land  35  and  p i s t o n   p o r t i o n   39 

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

a l o n g   t h e   s p o o l   c h a m b e r   t h r o u g h   r e c e s s   37  from  p a s s a g e   47  

l e a v e s   t h e   a c t u a t i n g   m e a n s   by  o u t l e t   p a s s a g e   49.  I n  

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

34,  t h e r e   may  be  p r o v i d e d   p a s s a g e s   w h i c h   e x t e n d   t h r o u g h  

t h e   i n t e r i o r   of  t h e   s p o o l .  

I t   can  be  s e e n   t h a t ,   as  f l u i d   is   d i r e c t e d   t h r o u g h  

t h e   s p o o l   c h a m b e r   to   s p a c e   31,  t h e   c o n t r o l   rod   27  i s  

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

s p a c e   32  t h r o u g h   t h e   s p o o l   c h a m b e r   v i a   o u t l e t   p a s s a g e   4 9 .  

When  t h e   s p o o l   i s   a t   t he   o p p o s i t e   end  of  t h e   s p o o l  

c h a m b e r   from  t h a t   shown  in  F i g u r e   2,  a  p a t h   b e t w e e n   i n l e t  

p a s s a g e   45  and  p a s s a g e   47,  and  a  f u r t h e r   p a t h   b e t w e e n  

p a s s a g e   46  and  o u t l e t   p a s s a g e   48  a r e   o p e n ,   and  t h e  

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

t h e   s p o o l   in  t h e   s p o o l   c h a m b e r   i s   a p p r o x i m a t e l y   e q u a l   t o  

t h e   c o m b i n e d   a x i a l   e x t e n t   of  l a n d   35  and  t h e   p o r t   5 0 .  

The  a x i a l   d i s t a n c e   b e t w e e n   t h e   p o r t s   51  and  52  i s  

a p p r o x i m a t e l y   e q u a l   to  t h e   a d d i t i o n   of  t h e   a x i a l   l e n g t h  

of  t h e   p o r t   50  and  t w i c e   t h e   a x i a l   l e n g t h   of  l a n d   3 5 .  

The  a x i a l   l e n g t h   of  p i s t o n   p o r t i o n s   38  and  39  a r e  

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

a p p r o x i m a t e l y   e q u a l   to  t h e   a x i a l   d i s t a n c e   b e t w e e n  

r e s p e c t i v e   a d j a c e n t   p o r t   53  and  end  f a c e   41  or  b e t w e e n  

p o r t   54  and  end  f a c e   42  of  t h e   s p o o l   c h a m b e r .  

T h u s ,   an  a x i a l   end  f a c e   of  t h e   l a n d   35  i s   a d j a c e n t  

to  p o r t   5 0 , a n d   an  i n w a r d l y   d i r e c t e d   a x i a l   f a c e   of  e i t h e r  

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

when  t h e   s p o o l   is   in  t he   f i r s t   or  s e c o n d   p o s i t i o n .  

T r a n s f e r   of  t h e   s p o o l   34  b e t w e e n   t h e   f i r s t   a n d  

s e c o n d   p o s i t i o n s   o c c u r s   when  t h e  c o n t r o l   rod   27  r e a c h e s   a  

l i m i t   p o s i t i o n .   As  shown  in  F i g u r e   2,  a  p a s s a g e   61  l e a d s  



from  t h e   s o u r c e   of  o p e r a t i n g   f l u i d   to  a  p o r t   62  in  t h e  

h o u s i n g   28.  The  p o r t   o c c u p i e s   a  c e n t r a l   p o s i t i o n   in  t h e  

h o u s i n g .  

O u t l e t   p a s s a g e s   ( n o t   shown  in  F i g u r e   2)  l e a d   f r o m  

p o r t s   63  and  64  and  may  s u i t a b l y   c o m b i n e   w i t h   o u t l e t  

p a s s a g e s   48  and  49  to  p r o v i d e   a  p a t h   by  w h i c h   f l u i d   c a n  

l e a v e   t h e   pump  and  be  d i s c h a r g e d   to  a t m o s p h e r e .   T h e  

p o r t s   63  and  64  a r e   e q u a l l y   s p a c e d   a p a r t   on  e i t h e r   s i d e  

of  t h e   i n l e t   p o r t .   The  rod   27  is   a  f r e e   s l i d i n g   f i t   i n  

p o r t i o n s   of  t he   h o u s i n g   a d j a c e n t   to  t h e   o u t l e t   p o r t s   63  

and  64  and  i n l e t   p o r t   62.  S e a l s   65,  w h i c h   a r e   p o s i t i o n e d  

a x i a l l y   on  e i t h e r   s i d e   of  e a c h   of  t h e   p o r t s ,   s e r v e   t o  

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

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

c o n t r o l   r o d .   The  s e a l s   may  c o m p r i s e   0 - r i n g s .  

B e t w e e n   t h e   i n l e t   p o r t   62  and  e a c h   of  t h e   o u t l e t  

p o r t s   63  and  64,  t h e   h o u s i n g   d e f i n e s   r e s p e c t i v e   a n n u l a r  

s p a c e s   66  and  67  a b o u t   t h e   c o n t r o l   r o d .   F u r t h e r   p a s s a g e s  
68  and  69  l e a d   from  r e s p e c t i v e   a n n u l a r   s p a c e s   66  and  67  

to  r e s p e c t i v e   end  p o r t i o n s   of  t h e   s p o o l   c h a m b e r   33  a t   t h e  

end  f a c e s   41  and  42.  In  t h e   rod   t h e r e   a r e   two  r e c e s s e s   i n  

t h e   form  of  a n n u l a r   g r o o v e s   70  and  71  w h i c h   c o m m u n i c a t e  

w i t h   r e s p e c t i v e   a n n u l a r   s p a c e s   66  and  6 7 .  

For   t h e   g r e a t e r   p a r t   of  t h e   o p e r a t i n g   c y c l e   of  t h e  

pump,  and  as  i l l u s t r a t e d   in  F i g u r e   2,  t h e   p o r t s   62,  63  

and  64  a r e   s e a l e d   from  t he   f u r t h e r   p a s s a g e s   68  and  6 9 .  

The  c o n t r o l   rod   27  c o - o p e r a t e s   w i t h   t h e   s e a l s   65  t o  

p r e v e n t   s u p p l y   of  a i r   from  t he   p a s s a g e   61  to  e i t h e r   e n d  

of  t h e   s p o o l   c h a m b e r   3 3 .  

When  t h e   rod   27  r e a c h e s   one  of  i t s   two  l i m i t  

p o s i t i o n s ,   two  of  t h e   s e a l s   65  a r e   i n e f f e c t i v e   b e c a u s e  

t h e y   s u r r o u n d   one  or  o t h e r   of  t he   g r o o v e s   70  and  71  i n  

t h e   c o n t r o l   r o d .   The  c o n t r o l   r o d ,   in  p a r t i c u l a r   t h e  

s u r f a c e s   t h e r e o f   d e f i n i n g   t he   g r o o v e s   70  and  71,   d i r e c t  

a i r   from  t h e   p a s s a g e   61  to  one  end  of  t h e   s p o o l   c h a m b e r  

and  p e r m i t   a i r   to  f l o w   from  t he   o t h e r   end  of  t h e   s p o o l  

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

one  of  t h e   p a s s a g e s   63  and  6 4 .  



With   t h e   pump  a t   t he   s t a g e   of  i t s   o p e r a t i n g   c y c l e  

shown  in  F i g u r e   2,  t h e   rod   27  is   m o v i n g   to  t h e   l e f t   a n d  

a p p r o a c h i n g   t he   f i r s t   l i m i t   p o s i t i o n .   When  t h e   rod   h a s  

r e a c h e d   t h e   l i m i t   p o s i t i o n ,   g r o o v e   71  p r o v i d e s   a  p a t h   f o r  

o p e r a t i n g   f l u i d   from  p o r t   62  a b o u t   a  s e a l   65  to  a n n u l a r  

s p a c e   67.  F l u i d   i s   t h e r e b y   p e r m i t t e d   to   p a s s   f rom  t h e  

s o u r c e   v i a   f u r t h e r   p a s s a g e   69  to  an  end  of  t h e   s p o o l  

c h a m b e r   33  b e t w e e n   p i s t o n   p o r t i o n   39  and  end  f a c e   44.   A t  

t h e   same  t i m e ,   g r o o v e   70  p r o v i d e s   a  p a s s a g e   from  a n n u l a r  

s p a c e   66  a r o u n d   a  s e a l   65  to  o u t l e t   p o r t   63.  F l u i d   i s  

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

p o r t i o n   38  and  end  f a c e   42.  The  p r e s s u r e   of  f l u i d   on  e n d  

f a c e   43  of  t he   p i s t o n   p o r t i o n   is   s u f f i c i e n t   to  d r i v e   t h e  

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

O p e r a t i n g   f l u i d   is  t h e r e b y   r e d i r e c t e d   to  s p a c e   32  t o  

d r i v e   t h e   rod   in  t h e   o p p o s i t e   d i r e c t i o n ,   to  t h e   r i g h t   a s  

shown  in  F i g u r e   2.  The  g r o o v e s   w i l l   a c c o r d i n g l y  m o v e   o u t  

of  c o m m u n i c a t i o n   w i t h   p o r t s   63  and  62  w h i c h   become   c l o s e d  

f rom  a n n u l a r   s p a c e s   66  and  67  by  t h e   s e a l s   6 5 .  

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

42  and  41  is   s u f f i c i e n t   to  h o l d   t h e   s p o o l   in  t h e   s e c o n d  

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

o p e r a t i o n   t a k e s   p l a c e .   T h i s   w i l l   o c c u r   when  g r o o v e   7 1  

m o v e s   i n t o   a l i g n m e n t   w i t h   one  of  t h e   s e a l s   65  a d j a c e n t   t o  

t h e   o u t l e t   p o r t   64  ( t o   e s t a b l i s h   c o m m u n i c a t i o n   b e t w e e n  

t h i s   p o r t   and  s p a c e   67)  and  g r o o v e   70  m o v e s   i n t o   a l i g n -  

m e n t   w i t h   a n o t h e r   s e a l   65  a d j a c e n t   to  i n l e t   p o r t   62,  w h e n  

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

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

c o m m u n i c a t i o n   w i t h   a  r e s p e c t i v e   a n n u l a r   s p a c e   66  and  67  

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

a l i g n e d   w i t h   one  of  t h e   o u t e r m o s t   s e a l s   65.  I t   i s  

t h e r e f o r e   no t   p o s s i b l e   f o r   any  pumped  f l u i d   w h i c h   h a s  

p a s s e d   i n t o   e i t h e r   of  s p a c e s   31  or  32  a c r o s s   a  f r a c t u r e d  

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

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

g r o o v e s ,   d i m e n s i o n   B  in  F i g u r e   2,  i s   s l i g h t l y   g r e a t e r  



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

t h e   o u t l e t   p o r t s ,   d i m e n s i o n   A.  By  t h i s   m e a n s ,   f l u i d   f r o m  

one  end  of  t he   s p o o l   c h a m b e r   is   p e r m i t t e d   to  e v a c u a t e  

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

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

T h i s   a c h i e v e s   a  m o r e   e f f i c i e n t   t r a n s f e r   of  t he   s p o o l   w h e n  

t h e   rod   r e a c h e s   a  l i m i t   p o s i t i o n .  

F i g u r e   3  i l l u s t r a t e s   t h e   c o n t r o l   m e a n s   of  a  m o d i f i e d  

v e r s i o n   of  t h e   pump  shown  in  F i g u r e s   1  and  2.  T h e  

g e n e r a l   a r r a n g e m e n t   of  t h e   pump  i l l u s t r a t e d   in  F i g u r e  3  

is   t h e   same  as  t h a t   of  t h e   pump  i l l u s t r a t e d   in  F i g u r e s   1 

and  2  and  t h e   p r e c e d i n g   d e s c r i p t i o n   is   deemed  to  a p p l y   t o  

t he   pump  of  F i g u r e   3,  e x c e p t   f o r   t h e   d i f f e r e n c e s   h e r e i n -  

a f t e r   m e n t i o n e d .  

The  c o n t r o l   rod  127  of  t he   pump  shown  in  F i g u r e   3  i s  

f o r m e d   w i t h   t h r e e   V - s h a p e d   g r o o v e s ,   172 ,   173  and  1 7 4 .  

The  s m a l l e s t   r a d i u s   of  e a c h   g r o o v e ,   m e a s u r e d   from  t h e  

i n t e r s e c t   of  t h e   V  to  t h e   a x i s   of  t h e   r o d ,   l i e s   w i t h i n  

t h e   r a n g e   one  h a l f   to  f i v e   s i x t h s   of  t h e   r a d i u s   of  a  m a i n  

p o r t i o n   of  t h e   r o d . I n   t h e   e x a m p l e   i l l u s t r a t e d ,   t h e  

minimum  r a d i u s   is  a p p r o x i m a t e l y   two  t h i r d s   t h a t   of  t h e  

m a i n   p o r t i o n   of  t h e   r o d .   In  an  a l t e r n a t i v e   e m b o d i m e n t  

t h e   g r o o v e s   may  be  a n n u l a r .   The  h o u s i n g   128  f o r   t h e  

c o n t r o l   rod   d e f i n e s   a  s i n g l e   a n n u l a r   s p a c e   175  s u r r o u n d -  

ing   a  c e n t r a l   p a r t   of  t he   c o n t r o l   r o d .   When  t h e   c o n t r o l  

rod   127  r e a c h e s   a  f i r s t   l i m i t   p o s i t i o n ,   g r o o v e   1 7 4  

e s t a b l i s h e s   c o m m u n i c a t i o n   b e t w e e n   o u t l e t   p o r t   164  a n d  

p a s s a g e   169  l e a d i n g   t o  o n e   end  of  t h e   s p o o l   c h a m b e r   1 3 3 .  

At  t h e   same  t i m e ,   t h e   g r o o v e   173  e s t a b l i s h e s   c o m m u n i -  

c a t i o n   b e t w e e n   an  i n l e t   p o r t   162  and  a  p a s s a g e   170  w h i c h  

l e a d s   to  t h e   o t h e r   end  of  t h e   s p o o l   c h a m b e r .  

A c c o r d i n g l y ,   a i r   is   a d m i t t e d   to  t h i s   o t h e r   end  of  t h e  

s p o o l   c h a m b e r   and  is   e x h a u s t e d   from  t he   one  end  of  t h e  

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

p o s i t i o n   shown  in  F i g u r e   3 .  

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

in  F i g u r e   3  a r e   a r r a n g e d   in  t h e   same  m a n n e r   as  a r e   t h e  



c o r r e s p o n d i n g   p a r t s   of  t he   pump  of  F i g u r e s   1  and  2  a n d  

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

t he   pump  to  be  r e d i r e c t e d   as  h e r e i n b e f o r e   d e s c r i b e d .  

At  t h e   s e c o n d   l i m i t   p o s i t i o n   of  t h e   c o n t r o l   rod   1 2 7  

shown  in  F i g u r e   3,  t h e   g r o o v e   172  e s t a b l i s h e s   c o m m u n i -  

c a t i o n   b e t w e e n   t h e   p a s s a g e   170  and  t h e   o u t l e t   p o r t   1 6 3  

w h i l s t   t h e   g r o o v e   173  e s t a b l i s h e s   c o m m u n i c a t i o n   b e t w e e n  

t h e   i n l e t   p o r t   162  and  t h e   p a s s a g e   1 6 9 .  

In  b o t h   t he   pump  i l l u s t r a t e d   in  F i g u r e s   1  and  2  a n d  

t h e   pump  i l l u s t r a t e d   in  F i g u r e   3,  t h e   s p o o l   c h a m b e r   i s  

p r e f e r a b l y   f o r m e d   in  a  body  w h i c h   is   s e p a r a b l e   f rom  t h e  

h o u s i n g   of  t h e   c o n t r o l   r o d .   An  e l a s t o m e r i c   g a s k e t ,  

d e s i g n a t e d   80  in  F i g u r e   2  and  180  in  F i g u r e   3,  i s  

p r o v i d e d   a t   t h e   i n t e r f a c e   b e t w e e n   t h i s   body   and  t h e  

h o u s i n g   of  t h e   c o n t r o l   r o d ,   in  o r d e r   to   p r e v e n t   l e a k a g e  

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

e x t e n d   b e t w e e n   t he   s p o o l   c h a m b e r   and  t h e   c o n t r o l   r o d .  

B o t h   of  t h e   pumps  i l l u s t r a t e d   may  be  m o d i f i e d   by  t h e  

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

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

w h i c h   f l u i d   u n d e r   p r e s s u r e   f l o w s   to  one  or  o t h e r   of  t h e  

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

is   d i r e c t e d   by  t h e   c o n t r o l   r o d .   C o n v e n i e n t l y ,   t h e   b l e e d  

p a s s a g e   or  e a c h   b l e e d   p a s s a g e   may  be  p r o v i d e d   in  o r  

a d j a c e n t   to  t he   g a s k e t   b e t w e e n   t h e   body  c o n t a i n i n g   t h e  

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

a  g r o o v e   may  be  c u t   in  t h e   g a s k e t   to  e x t e n d   b e t w e e n   t w o  

of  t h e   p a s s a g e s .  
In  one  e x a m p l e   of  a  pump  as  i l l u s t r a t e d   in  F i g u r e s   1 

and  2  b u t   m o d i f i e d   by  t h e   p r o v i s i o n   of  two  b l e e d  

p a s s a g e s ,   a  b l e e d   p a s s a g e   f o r m e d   in  t h e   g a s k e t   e x t e n d s  

b e t w e e n   t h e   p a s s a g e   46  and  t h e   p a s s a g e   68.  T h u s ,   w h e n  

a i r   u n d e r   p r e s s u r e   is  d i r e c t e d   f rom  t h e   i n l e t   p a s s a g e   4 5  

t h r o u g h   t h e   p a s s a g e   46  to  t h e   s p a c e   31,  a i r   i s   p e r m i t t e d  

to  b l e e d   a t   a  r e l a t i v e l y   low  r a t e   from  t h e   p a s s a g e   46  t o  

t h e   p a s s a g e   68  and  t h e   c o r r e s p o n d i n g   end  of  t h e   s p o o l  

c h a m b e r .   T h i s   m a i n t a i n s   a  s u b s t a n t i a l   p r e s s u r e   on  t h e  



end  f a c e   41  of  t he   s p o o l   to  e n s u r e   t h a t   t h e   s p o o l   i s  

moved   f u l l y   to  and  is   h e l d   in  t he   r e q u i r e d   p o s i t i o n  

e n g a g i n g   t he   end  f a c e   44  of  t h e   s p o o l   c h a m b e r .   The  e n d  

p o r t i o n   of  t h e   s p o o l   c h a m b e r   a d j a c e n t   to  t h e   f a c e   44  i s  

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

and  e x t e n d i n g   b e t w e e n   t h e   p a s s a g e   69  and  t h e   p a s s a g e   4 7 .  

The  p r o v i s i o n   of  t h e   b l e e d   p a s s a g e s   a v o i d s   a n y  

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

p o s i t i o n   in  w h i c h   t he   c e n t r a l   l a n d   35  p a r t l y   c o v e r s   t h e  

i n l e t   p a s s a g e   45  and  r e s t r i c t s   t he   s u p p l y   of  a i r   to  o n e  

or  o t h e r   of  t he   s p a c e s   31  and  3 2 .  

I t   w i l l   be  u n d e r s t o o d   t h a t ,   i f   m o v e m e n t   of  t h e   s p o o l  

w i t h i n   t h e   s p o o l   c h a m b e r   is  no t   c o m p l e t e d   b e f o r e   t h e  

c o n t r o l   rod   27  m o v e s   ou t   of  i t s   l i m i t   p o s i t i o n ,   s u p p l y   o f  

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

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

and  t h e   s p o o l   may  f a i l   to  r e c i p r o c a t e   f u l l y .   T h i s   c o u l d  

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

t h a t   t he   pump  s t a l l s .  

The  b l e e d   p a s s a g e s   p r o v i d e d   in  t h e   g a s k e t   w o u l d   b e  

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

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

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

to  and  from  t he   s p o o l   c h a m b e r   a r e   t y p i c a l l y   10mm  to  12mm 

in  d i a m e t e r ,   i t   is   i n t e n d e d   t h a t   t he   b l e e d   p a s s a g e s   b e  

b e t w e e n   0.5mm  and  1mm  in  d i a m e t e r .  

In  p l a c e   of  b l e e d   p a s s a g e s   f o r m e d   in  t h e   g a s k e t ,  

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

p o r t i o n s   38  and  3 9  o f   t h e   s p o o l .   I t   w i l l   be  n o t e d   t h a t  

s u c h   b l e e d   p a s s a g e s   do  no t   p r o v i d e   f o r  t h e   c o n t i n u o u s  

s u p p l y   of  a i r   u n d e r   p r e s s u r e   from  t h e   i n l e t   4 5  t o   b o t h  

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

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

p a s s a g e   a t   a n y  o n e   t i m e .  



1.  A  pump  c o m p r i s i n g   two  c h a m b e r s ,   e a c h   c h a m b e r   h a v i n g  

an  i n l e t   and  an  o u t l e t   f o r   pumped  f l u i d ,   t h e   i n l e t   a n d  

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

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

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

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

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

of  one  c h a m b e r   and  d e c r e a s e s   t h e   v o l u m e   of  t h e   o t h e r  

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

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

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

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

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

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

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

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

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

w h e r e i n , w h e n   t h e   s p o o l   i s   in  a  f i r s t   of  s a i d   p o s i t i o n s ,  

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

a n d ,   when  t h e   s p o o l   i s   in  t h e   s e c o n d   of  s a i d   p o s i t i o n s ,  

t h e   f i r s t   p a s s a g e   c o m m u n i c a t e s   w i t h   t h e   t h i r d   p a s s a g e ,  
c h a r a c t e r i s e d   by  c o n t r o l   m e a n s  ( 9 )   m o v a b l e   w i t h   t h e  

d i a p h r a g m s   ( 2 4 , 2 6 )   f o r   d i r e c t i n g   f l u i d   to  t h e   e n d s   of  t h e  

s p o o l   c h a m b e r   (33)   a l t e r n a t e l y   and  f o r   p r e v e n t i n g   s u p p l y  

of  f l u i d   to  an  end  o p p o s i t e   to  t h a t   end  to   w h i c h   f l u i d   i s  

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

2.  A  pump  a c c o r d i n g   to  C la im  1  w h e r e i n   t h e   c o n t r o l  

m e a n s   (9)  i s   a r r a n g e d   a l s o   f o r   c o n t r o l l i n g   f l o w   of  f l u i d  

from  ends   of   t he   s p o o l   c h a m b e r   ( 3 3 ) .  

3 .  A   pump  a c c o r d i n g   to  C la im  2  w h e r e i n   t h e   c o n t r o l  

m e a n s   i n c l u d e s   a  r i g i d   c o n n e c t i n g   member   (27)   w h i c h  

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

( 2 4 , 2 6 )   and  i s   m o u n t e d   in  a  h o u s i n g   (28)   f o r   s l i d i n g  



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

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

end  of  t h e   s p o o l   c h a m b e r   and  a l l o w s   f l u i d   to  l e a v e   t h e  

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

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

end  of  t h e   s p o o l   c h a m b e r   and  a l l o w s   f l u i d   to  l e a v e   t h e  

one  end  of  t he   s p o o l   c h a m b e r .  

4.  A  pump  a c c o r d i n g   to  any  p r e c e d i n g   c l a i m   w h e r e i n   t h e  

s p o o l   (34)   c o m p r i s e s   r e s p e c t i v e   end  p o r t i o n s   ( 3 8 , 3 9 )   a n d  

a  s i n g l e   l a n d   (35)   w h i c h   l i e s   b e t w e e n   t he   end  p o r t i o n s  

and  is   s e p a r a t e d   t h e r e f r o m   by  r e s p e c t i v e   r e c e s s e s  

( 3 6 , 3 7 ) ,   w h e r e i n   e a c h   of  t h e   end  p o r t i o n s   a c t s   as  a  

p i s t o n   in  t he   s p o o l   c h a m b e r   when  f l u i d   is   d i r e c t e d   to   a  

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

is   d r i v e n   from  one  of  s a i d   p o s i t i o n s   to  t h e   o t h e r  

p o s i t i o n .  

5.  A  pump  a c c o r d i n g   to  C la im  4  w h e r e i n   m o v e m e n t   of  t h e  

s p o o l   (34)   from  one  p o s i t i o n   to  t h e .  o t h e r   p o s i t i o n  

c a r r i e s   t h e   l a n d   (35)   from  one  s i d e   of  t he   f i r s t   p a s s a g e  
(45)   to  t h e   o t h e r   s i d e   t h e r e o f .  

6.  A  pump  a c c o r d i n g   to  any  p r e c e d i n g   c l a i m   w h e r e i n   a  

f a c e   of  one  end  p o r t i o n   ( 3 8 , 3 9 )   e n g a g e s   t h e   f a c e   a t   a  

r e s p e c t i v e   end  of  t he   s p o o l   c h a m b e r   (33)   when  t h e   s p o o l  

is   in  one  of  s a i d   p o s i t i o n s .  

7.  A  pump  a c c o r d i n g   to  any  one  of  t h e   p r e c e d i n g   c l a i m s  

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

of  t h e   s p o o l   c h a m b e r   (33)   f rom  a  r e s p e c t i v e   one  of  t h e  

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

s a i d   one  of  t h e   o t h e r   p a s s a g e s   e x c e e d s   t h e   p r e s s u r e   i n  

s a i d   end  of  t he   s p o o l   c h a m b e r .  

8.  Any  n o v e l   f e a t u r e   or  n o v e l   c o m b i n a t i o n   of  f e a t u r e s  

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