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©  Diaphragm  or  piston  pump. 
@  A  double  diaphragm  pump  has  a  casing  10,  11,  12  inter- 
nally  divided  axially  by  a  central  partition  member  14  and 
each  of  the  two  compartments  thus  formed  accommodates  a 
diaphragm  16,  17.  A  push  rod  22  slidably  mounted  in  the 
partition  member  abuts  both  diaphragms.  The  spaces  19  on 
the  outer  sides  of  the  diaphragms  constitute  motor  chambers 
receiving  compressed  air  alternately  to  drive  the  pump.  The 
spaces  20  between  the  two  diaphragms  and  the  partition 
member  14  constitute  pumping  chambers.  The  partition 
member  has  an  inlet  passage  25  for  the  pumped  fluid  which 
passage  is  bifurcated  to  form  two  branch  passages  leading  to 
the  two  pumping  chambers  20  respectively,  and  two  further 
passages  in  the  partition  member  lead  from  the  respective 
pumping  chambers  20  to  a  common  outlet  26.  Each  branch, 
passage  incorporates  a  non-return  valve  permitting  flow  in  a 
direction  from  the  inlet  towards  the  outlet  only.  The  end 
members  of  the  casing  carry  pilot  valve  members  34  which 
when  contacted  by  the  diaphragms  actuate  operation  of  a 
changeover  valve  39  to  reverse  the  connections  of  the  cham- 
bers  19  to  pressure  air  supply  and  exhaust,  to  drive  the  dia- 
phragms  16,  17  and  push  rod  22  in  the  opposite  direction. 
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The  i n v e n t i o n   r e l a t e s   to  pumps  and  has  a 

p a r t i c u l a r l y   u s e f u l   but   no t   e x c l u s i v e   a p p l i c a t i o n   i n  

pumps  of  t h e   k i n d   known  as  d o u b l e   d i a p h r a g m   p u m p s .  

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

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

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

and  g e n e r a l l y   p a r a l l e l   to  each   o t h e r   a d j a c e n t   t h e  

r e s p e c t i v e   end  p o r t i o n s   of  t h e   c a s i n g ,   e a c h  

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

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

f i x e d   i n t e r n a l   p a r t i t i o n   member  d i s p o s e d   b e t w e e n  

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

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

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

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   and  o u t l e t s   t h e r e -  

f rom  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 ,   a  push   r o d  

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

member  to  t r a n s m i t   a x i a l   d i s p l a c i n g   f o r c e s   b e t w e e n  

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

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

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

two  f i r s t   c h a m b e r s   a l t e r n a t e l y   to  a  s o u r c e   of  p r e s s u r e  
f l u i d   and  to  e x h a u s t ,   t h e r e b y   to   c a u s e   t h e   push   r o d  

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

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

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

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

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

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

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

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

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



b r a n c h   p a s s a g e s  e x t e n d i n g   f rom  a  common  i n l e t  

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

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

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

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

s e c o n d   c h a m b e r s   b e i n g  m o u n t e d   in  t h e   b r a n c h   p a s s a g e s .  
The  two  e n d s   of  s a i d   push   rod  may  a d v a n t a g e o u s l y  

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

or  p i s t o n s   r e s p e c t i v e l y  a n d   a r e   no t   n e c e s s a r i l y  

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

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

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

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

to  t h e   p a r t i t i o n   member ,   and  t h e   two  d i a p h r a g m s   o r  

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

p e r i p h e r i e s   to   t h e   a d j a c e n t   end  m e m b e r s .  

Where  d i a p h r a g m s   a r e   e m p l o y e d   t h e y   may  have   a 

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

t h e r e o f .  

One  e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   by  way  of  e x a m p l e   w i t h   r e f e r e n c e   to   t h e  

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

F i g u r e   1  shows  a  pump  a c c o r d i n g   to   t h e   i n v e n t i o n  

in  a x i a l   s e c t i o n ,  

F i g u r e   2  is  a  s e c t i o n a l   end  view  on  t h e   l i n e   2 - 2  

of  F i g u r e   1,  a n d  

F i g u r e s   3A  to   3F  show  t h e   s e q u e n c e   of  o p e r a t i o n s  

of  t h e   pump  d i a g r a m m a t i c a l l y .  

R e f e r r i n g   to   t h e   d r a w i n g s   t h e   pump  has   a n  

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

r i n g   10  to   o p p o s i t e   ends   of  w h i c h   end  c o v e r s   11,  12 

a re   s e c u r e d   by  t i e   b o l t s   o r ,   w h e r e  f r e q u e n t   c l e a n i n g   o f  

t h e   pump  is  n e c e s s a r y ,   q u i c k - r e l e a s e   c l a m p s .   A 

c y l i n d r i c a l   d i a p h r a g m   r i n g   13  of  t h e   same  a x i a l  



l e n g t h   as  t h e   s u p p o r t   r i n g   10  e n c l o s e d   w i t h i n   t h e  

s u p p o r t   r i n g   and  a  t r a n s v e r s e   p a r t i t i o n   member  14  i s  

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

d i a p h r a g m s   16,  17  h a v i n g   a  p e r i p h e r a l   bead  18  a r e  

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

t h e   s u p p o r t   r i n g   13  and  p a r t i t i o n   member  14  at  one  s i d e  

and  t h e   two  end  c o v e r s   11,  12  a t   t h e   o t h e r   s i d e .   T h e  

bead   18  i t s e l f   is  a c c o m m o d a t e d   in  c h a n n e l   s e c t i o n  

g r o o v e s   in  t h e   s u p p o r t   r i n g   and  t h e   end  c o v e r .   T h e  

g r o o v e   in  t h e   end  c o v e r   may  h a v e   a  d o v e t a i l   s e c t i o n  

( n o t   shown)   and  t h e   bead  may  h a v e   a  c o r r e s p o n d l y  

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

to   a t t a c h   t h e   d i a p h r a g m   r e m o v a b l y   to  t h e   a d j a c e n t   e n d  

c o v e r .   Each  d i a p h r a g m   16,  17  d i v i d e s   t h e   s p a c e   b e t w e e n  

t h e   a d j a c e n t   end  c o v e r   11,  12  and  t h e   p a r t i t i o n   m e m b e r  

14  i n t o   two  c h a m b e r s   19,  20 .   The  two  a x i a l l y   o u t e r  

c h a m b e r s   19  c o n s t i t u t e   m o t o r   c h a m b e r s   and  t h e   t w o  

a x i a l l y   i n n e r   c h a m b e r s   20  c o n s t i t u t e   pumping   c h a m b e r s .  

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

a  r e i n f o r c i n g   d i s c   21  e m b e d d e d   in  t h e   d i a p h r a g m  

m a t e r i a l   and  a  push   rod  22  w h i c h   is  a  s l i d i n g   s e a l i n g  

f i t   in  two  s e a l i n g   r i n g s   23  in  t h e   p a r t i t i o n   m e m b e r  

has  i t s   ends   in  a b u t m e n t   w i t h   t h e   two  d i a p h r a g m s  

r e s p e c t i v e l y   in  o p e r a t i o n   of  t h e   pump.  A  b u s h  

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

in  t h e   p a r t i t i o n   member  may  be  u s e d   i n s t e a d   of  r i n g s   2 3  

i f   d e s i r e d .  

The  p a r t i t i o n   member  has  f o r m e d   in  i t   t w o  

b i f u r c a t e d   p a s s a g e s   25,  26  s e r v i n g   r e s p e c t i v e l y   a s  

i n l e t s   and  o u t l e t s   r e s p e c t i v e l y   f o r   t h e   pumped  f l u i d ,  

and  each   of  t h e   b r a n c h e s   of  e a c h   p a s s a g e   i n c o r p o r a t e s   a 

n o n - r e t u r n   v a l v e .   The  two  b r a n c h e s   of  t h e   i n l e t  

p a s s a g e   a r e   shown  at   25a  and  25b  and  e x t e n d   f rom  a 

common  i n l e t   at  t h e   o u t e r   p e r i p h e r y   of  t h e   p a r t i t i o n  



member  14  to   t h e   two  p u m p i n g   c h a m b e r s   20  r e s p e c t i v e l y .  

Each  of  t h e   b r a n c h e s   has  m o u n t e d   in  i t   a  v a l v e   s e a t i n g  

e l e m e n t   28  and  a  c a p t i v e   b a l l   29  t o g e t h e r   c o n s t i t u t i n g  

t h e   n o n - r e t u r n   v a l v e .   S i m i l a r l y   t h e   two  b r a n c h e s  

2 6 a ,   26b  of  t h e   o u t l e t   p a s s a g e   e x t e n d   f rom  t h e   r e s p e c t -  

ive   p u m p i n g   c h a m b e r s   20  to   a  common  o u t l e t   a t   t h e  

p e r i p h e r y   of  t h e   p a r t i t i o n   member ,   and  e a c h   b r a n c h  

i n c o r p o r a t e s   a  v a l v e   s e a t i n g   e l e m e n t   28  and  a  c a p t i v e  

b a l l   29  c o n s t i t u t i n g   t h e   n o n - r e t u r n   v a l v e .   In  t h e  

i l l u s t r a t e d   c o n s t r u c t i o n   t h e   p a r t i t i o n   member   14  i s  

made  in  one  p i e c e   f rom  a  p l a s t i c s   m a t e r i a l   s u c h   a s  

PTFE  and  e a c h   s e a t i n g   e l e m e n t   28  is  p r e s s e d   i n t o   p l a c e  

t h r o u g h  a c h o r d a l   a p e r t u r e   28a  in  t h e   member   14  a n d  

c o m p r i s e s   a  p o r t i o n   28b  wh ich   b l a n k s   o f f   t h e   a p e r t u r e  

28a  and  a  p o r t i o n   28c  w h i c h   p r o v i d e s   a  s e a t   f o r   t h e  

c a p t i v e   b a l l   29 .   The  i n n e r   f a c e   of  p o r t i o n   28b  h a s  

an  a r c h - l i k e   p r o j e c t i n g   r i b   28d  t h e   l i m b s   of  w h i c h  

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

t h e   b a l l   f o r   r e c t i l i n e a r   m o v e m e n t .   In  an  a l t e r n a t i v e  

c o n s t r u c t i o n ,   no t   i l l u s t r a t e d ,   t h e   p a r t i t i o n   member  i s  

made  in  two  h a l v e s   w h i c h   a r e   c l a m p e d   t o g e t h e r   a x i a l l y  

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

in  g r o o v e s   on  t h e   a x i a l l y   i n n e r   s u r f a c e s   of  t h e   t w o  

h a l v e s .  

The  p a r t i t i o n   member   is  l o c a t e d   w i t h   t h e   common 

i n l e t   and  t h e   common  o u t l e t   in  c i r c u m f e r e n t i a l   a l i g n -  

ment   w i t h   r a d i a l   a p e r t u r e s   in  t h e   d i a p h r a g m   r i n g   13 

by  t w o a x i a l   p i n s   13a ,   and  a  l i n e r   in  t h e   f o r m   of  a 

h o l l o w   b o l t   30  e x t e n d s   t h r o u g h   each   of  t h e s e   a p e r t u r e s  

and  an  a l i g n e d   a p e r t u r e   in  t h e   s u p p o r t   r i n g   10,  t h e  

head   of  t h e   b o l t - b e i n g   c o u n t e r s u n k   in  t h e   d i a p h r a g m  

r i n g   13  and  t h e   s h a n k   of  t h e   b o l t   b e i n g   in  s c r e w -  

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

r i n g .   A  j o i n t i n g   b o s s   e x t e n d s   a b o u t   t h e   o u t e r   e n d  



of  e a c h   of  t h e s e   a p e r t u r e s   in  t h e   s u p p o r t   r i n g   1 0 .  

An  a i r - s u p p l y / e x h a u s t   p a s s a g e   40  shown  i n  

F i g u r e   3A  is  f o r m e d   in  each  end  c o v e r   11,   12  t h r o u g h  

w h i c h   c o m p r e s s e d   a i r   is  a d m i t t e d   to   and  e x h a u s t e d  

f rom  t h e   a s s o c i a t e d   m o t o r   c h a m b e r   19  by  way  of  a 

s e r v o   v a l v e   3 9 .  

In  t h e   o u t e r   end  of  a  b o r e   e x t e n d i n g   c e n t r a l l y  

t h r o u g h   each   end  c o v e r   is  s e c u r e d   a  p i l o t   v a l v e  

u n i t   33  w h i c h   is  s c r e w - t h r e a d e d   i n t o   t h e   end  c o v e r  

and  w h i c h   c a r r i e s   a  p i l o t   v a l v e   member   34  loaded  l i g h t l y  

i n t o   s e a l i n g   e n g a g e m e n t   w i th   a  v a l v e   s e a t   35  by  a 

c o m p r e s s i o n   s p r i n g   36.   An  i n t e r m e d i a t e   e n l a r g e d  

p o r t i o n   of  t h e   b o r e   f o r m s   a  c h a m b e r   38  a b o u t   t h e  

u n i t   and  each   of  t h e   c h a m b e r s   c o m m u n i c a t e s   t h r o u g h  

a  p a s s a g e   41  w i t h   an  a s s o c i a t e d   p i l o t   c h a m b e r   37  of  a 

p n e u m a t i c   s e r v o   c h a n g e o v e r   v a l v e   39 .   T h i s   v a l v e  

( s e e   F i g u r e   3A)  is  of  t h e   k ind   c o m p r i s i n g   a  v a l v e  

body  42  h a v i n g   a  b o r e   in  which   a  v a l v e   s p o o l   44  i s  

s l i d a b l y   m o u n t e d .   The  c h a m b e r s   37  at   o p p o s i t e   e n d s  

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

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

p a s s a g e s   4 5 ,  

The  o p e r a t i o n   of  t h e   pump  is  i l l u a t r a t e d   i n  

F i g u r e s   3A  to  3F  to  wh ich   r e f e r e n c e   is  now  m a d e .  

C o m p r e s s e d   a i r   s u p p l i e d   to  t h e   l e f t   hand   c h a m b e r   19 

c a u s e s   t h e   d i a p h r a g m   16  to  move  to  t h e   r i g h t   a s  

shown  in  F i g u r e   3A,  p u s h i n g   t h e   push   rod  22  a n d  

d i a p h r a g m   17  to  t h e   r i g h t   a l s o .   In  t h i s   s t r o k e ,  

f l u i d   in  t h e   l e f t   hand  c h a m b e r   20  is  e x p e l l e d   t h r o u g h  

t h e   n o n - r e t u r n   v a l v e   2 8 c ,   29  in  t h e   p a s s a g e  2 6 a ,  

f l u i d   is  d rawn  i n t o   t h e   r i g h t   hand  c h a m b e r   20  t h r o u g h  

t h e   n o n - r e t u r n   v a l v e   in  p a s s a g e   2 5 b .   The  r i g h t   h a n d  

a i r   c h a m b e r   19  is  open  to  e x h a u s t   v i a   i t s   i n l e t /  

e x h a u s t   p a s s a g e   shown  at   40  and  an  e x h a u s t   p o r t   4 8  



in  t h e   s e r v o   v a l v e   39.  When  t h e   d i a p h r a g m   17  c o n t a c t s  

t h e   a d j a c e n t   p i l o t   v a l v e   member  34  ( F i g u r e   3B) ,   t h e  

member   is  l i f t e d   away  f rom  t he   s e a t   35  and  a l l o w s  

c o m p r e s s e d   a i r   in  t h e   c h a m b e r   38  of  t he   b o r e   to  f l o w  

i n t o   t h e   a d j o i n i n g   c h a m b e r   19  and  t h e n c e   to  e x h a u s t  

t h r o u g h   p a s s a g e   40 .   The  r e d u c t i o n   of  p r e s s u r e   in  t h e  

c o r r e s p o n d i n g   end  c h a m b e r   37  of  t h e   s e r v o   v a l v e   3 9  

c a u s e s   t h e   v a l v e   s p o o l   44  to  be  moved  to  t h a t   end  o f  

i t s   s t r o k e   by  t h e   a i r   p r e s s u r e   in  t h e   o t h e r   end  c h a m b e r  

37  ( F i g u r e   3C)  and  to  r e v e r s e   t h e   c o n n e c t i o n   of  t h e   a i r  

s u p p l y   p o r t   50  and  e x h a u s t   p o r t s   48  to   c h a m b e r s   19,  s o  

t h a t   a i r   u n d e r   p r e s s u r e   is  s u p p l i e d   to  t h e   r i g h t   h a n d  

c h a m b e r   19,  and  t h e   l e f t   hand  c h a m b e r   19  is  c o n n e c t e d  

to  e x h a u s t .   D u r i n g   the   r e s u l t i n g   l e f t w a r d   m o v e m e n t  

( F i g u r e   3D)  of  t h e   d i a p h r a g m s   16  and  17  and  push  r o d  

2 2  ,   t h e   f l u i d   d rawn  i n t o   t h e   r i g h t   hand  c h a m b e r   2 0  

in  t h e   p r e v i o u s   s t r o k e   is  d i s c h a r g e d   t h r o u g h   t h e   n c n -  

r e t u r n   v a l v e   in  p a s s a g e   26b  and  a  f r e s h   c h a r g e   o f  

f l u i d   is  d r a w n   i n t o   t h e   l e f t   hand  c h a m b e r   20  t h r o u g h  

t h e   n o n - r e t u r n   v a l v e   in  p a s s a g e   2 5 a .   A  s i m i l a r   c y c l e  

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

c o n t a c t s   i t s   a d j a c e n t   p i l o t   v a l v e   member   ( F i g u r e   3 E ) ,  

s e t t i n g   in  t r a i n   ( F i g u r e   3F)  t h e   n e x t   r i g h t w a r d   m o v e -  

ment   of  t h e   d i a p h r a g m   and  t h e   push   r o d .  

E l e c t r i c   s o l e n o i d   d e v i c e s   may  be  p r o v i d e d   w h i c h  

c o n t r o l   m o v e m e n t s   of  t he   s p o o l   v a l v e   member  in  b o t h  

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

d e v i c e s   may  be  p r o v i d e d   wh ich   c o n t r o l   m o v e m e n t s   o f  

t h e   s p o o l   v a l v e   in  bo th   d i r e c t i o n s   i n d e p e n d e n t l y  

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

member   i n t o   e i t h e r   of  i t s   end  p o s i t i o n s   f rom  a  c e n t r a l  

p o s i t i o n   i n t o   wh ich   i t   is  u r g e d   by  c e n t r a l i s i n g   s p r i n g s  

p r o v i d e d   in  t h e   end  c h a m b e r s ;   in  t h i s   c a s e ,   t h e   v a l v e  

p o r t s   and  l a n d s   a r e   a r r a n g e d   so  t h a t   b o t h   m o t o r  

c h a m b e r s   19  a r e   c o n n e c t e d   to  e x h a u s t   when  t h e   s p o o l  

v a l v e   member   is  in  i t s   c e n t r a l   p o s i t i o n .  



The  e n d s   of  t h e   push  rod  22  a r e   f l a t   but   may  b e  

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

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

t h e   l a t t e r .   The  d i a p h r a g m s   t h e m s e l v e s   may  be  m a d e  

f rom  any  s u i t a b l e   m a t e r i a l s ,   i n c l u d i n g   PTFE,  r u b b e r ,  

n e o p r e n e ,   v i t o n   and  P T F E - f a c e d   r u b b e r ,   and  may  b e  

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

d i a p h r a g m   i f   r e q u i r e d .   The  d i a p h r a g m s   may  be  of  t h e  

t a n d e m   or  d o u b l e - s k i n   t y p e   w i t h   a  l i q u i d   h e l d   c a p t i v e  

b e t w e e n   t h e   two  s k i n s   to  t r a n s m i t   t h e   p r e s s u r e s   f r o m  

one  s k i n   to   t h e   o t h e r ,   and  a  d e v i c e   r e s p o n s i v e   to  t h e  

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

c o m p o s i t i o n   of  t h e   l i q u i d   may  be  p r o v i d e d   to   i n d i c a t e  

r u p t u r e   of  one  of  t h e   s k i n s .  

In  an  a l t e r n a t i v e   c o n s t r u c t i o n ,   no t   shown ,   t h e  

d i a p h r a g m s   16,  17  a re   s e c u r e d   to   t h e   ends   of  t h e   p u s h  
rod  2 2 .  

The  p a r t i t i o n   member  and  t h e   b o l t s   30  may  be  m a d e  

f rom  s t a i n l e s s   s t e e l ,   p l a s t i c s ,   g l a s s ,   wood  or  a n y  
m a t e r i a l   s u i t a b l y   r e s i s t a n t   to  c o r r o s i v e   p r o p e r t i e s   o f  

t h e   f l u i d   to  be  p u m p e d ,   and  i t   w i l l   be  a p p a r e n t   t h a t  

t h e   d i a p h r a g m s   16,  17  p r e v e n t   l e a k a g e  o f   t h e   p u m p e d  
f l u i d   b e t w e e n   t h e   p a r t i t i o n   member   14  and  t h e   b o l t s   3 0 ,  

so  t h a t   t h e s e   f i v e   c o m p o n e n t s   j o i n t l y   c o n f i n e   t h e  

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

F l a p   v a l v e s   may  be  e m p l o y e d   in  p l a c e   of  t h e   b a l l  

v a l v e s   and  may  a d v a n t a g e o u s l y   be  a r r a n g e d   so  as  t o  

e n a b l e   t h e   pumped  f l u i d   to  e n t e r   by  t h e   top   p a s s a g e   26  

and  be  d e l i v e r e d   t h r o u g h   t he   b o t t o m   p a s s a g e   2 5 .  

A  m a j o r   a d v a n t a g e   of  t h e   i l l u s t r a t e d   pump  is  t h a t  

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



w i t h   r e l a t i v e   s a f e t y   in  t h a t   t h e   p a r t i t i o n   member   14 

can  be  made  of  p l a s t i c s ,   g l a s s   or  wood  or  any  o t h e r  

m a t e r i a l   w h i c h   in  i t s e l f   is  r e l a t i v e l y   f r a g i l e   b u t  

wh ich   is  a p p r o p r i a t e l y   r e s i s t a n t   to   t h e   e f f e c t s   o f  

t h e   f l u i d ,   b e c a u s e   t he   p a r t i t i o n   member  is  p r o t e c t e d  

by  t h e   s u p p o r t   r i n g   and  t h e   end  c o v e r s   a g a i n s t  

a c c i c e n t a l   d a m a g e .   In  a d d i t i o n ,   t h e r e   is  no  e x t e r n a l  

p i p e w o r k   c o n n e c t i n g   t h e   p u m p i n g   c h a m b e r s   and  r e q u i r i n g  

j o i n t s   and  s e a l s   wh ich   a r e   p o t e n t i a l l y   s o u r c e s   o f  

l e a k a g e .  

In  c o n v e n t i o n a l   d o u b l e   d i a p h r a g m   pumps ,   t h e   p u m p i n g  

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

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

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

and  is  c o n s e q u e n t l y   d i f f i c u l t   of  a c c e s s ,   b u t   in  t h e  

i l l u s t r a t e d   pump  t he   p n e u m a t i c   s w i t c h i n g   m e c h a n i s m  

can  be  c o n v e n i e n t l y   m o u n t e d   on  t h e   c a s i n g   to   be  r e a d i l y  

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

s i n c e   t h e   a i r   c h a m b e r s   a r e   a t   t h e   ends   of  t h e   p u m p ,  
t h e   rod  22  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   is  n e v e r  

in  t e n s i o n   so  t h a t   i t   is  in  many  c a s e s   u n n e c e s s a r y   t o  

c o n n e c t   t h e   rod  to  t he   d i a p h r a g m s .   Thus  t h e  

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

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

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

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

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

of  t h e   d i a p h r a g m s   a g a i n s t   t h e   push  rod  e n a b l e s   t h e  

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

e x t e n s i v e   d i s m a n t l i n g   of  t h e   pump;  m o r e o v e r   t h e  



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

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

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

The  l e n g t h   of  t h e   w o r k i n g   s t r o k e   can  be  a d j u s t e d  

by  a l t e r i n g   t h e   l e n g t h   of  t h e   p i l o t   v a l v e   member   3 8  

p r o j e c t i n g   i n t o   t h e   c y l i n d e r .  

In  some  c a s e s ,   p a r t i c u l a r l y   w h e r e   t h e   f l u i d   to   b e  

pumped  is  l i k e l y   to   c a u s e   h e a v y   wear   on  a  g u i d e   o r  

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

or  r i n g s   may  be  o m i t t e d   and  t h e   push  rod  a t t a c h e d   t o  

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

t h e   push   rod  w h e r e   i t   p a s s e s   t h r o u g h   t h e   p a r t i t i o n  

m e m b e r .   The  c l e a r a n c e   is  d e t e r m i n e d   h a v i n g   r e g a r d   t o  

t h e   v i s c o s i t y   of  t h e   pumped  f l u i d   such   t h a t   t h e r e   i s  

no  s i g n i f i c a n t   l e a k a g e   b e t w e e n   t h e   two  a x i a l l y   i n n e r  

c h a m b e r s .  

A l t h o u g h   t he   i n v e n t i o n   has  been   d e s c r i b e d  

p r i n c i p a l l y   as  a p p l i e d   to  a  d i a p h r a g m   pump,  i t   w i l l  

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

p i s t o n s .  



1.  A  pump  c o m p r i s i n g   a  h o l l o w   c a s i n g   c l o s e d   at   i t s  

e n d s ,   two  d i a p h r a g m s   or  p i s t o n s   d i s p o s e d   w i t h i n   t h e  

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

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

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

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

member  d i s p o s e d   b e t w e e n   t h e   d i a p h r a g m s   or  p i s t o n s   a n d  

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

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

i n l e t s   t h e r e t o   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   a n d  

o u t l e t s   t h e r e f r o m   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 ,   a 

push  rod  e x t e n d i n g   in  a  s e a l i n g   m a n n e r   t h r o u g h   t h e  

p a r t i t i o n   member   to  t r a n s m i t   a x i a l   d i s p l a c i n g   f o r c e s  

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

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

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

t h e   two  f i r s t   c h a m b e r s   a l t e r n a t e l y   to   a  s o u r c e   of  p r e s s u r e  
f l u i d   and  to   e x h a u s t ,   t h e r e b y   to   c a u s e   t h e   push   rod  a n d  

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

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

c h a m b e r s   as  p u m p i n g   c h a m b e r s .  

2.  A  pump  as  c l a i m e d   in  c l a i m   1,  w h e r e i n   i n l e t   p a s s -  

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

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

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

3.  A  pump  as  c l a i m e d   in  c l a i m   2,  w h e r e i n   s a i d   i n l e t  

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

f rom  a  common  i n l e t   o p e n i n g   in  t h e   c a s i n g ,   s a i d   o u t l e t  

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

a re   c o n s t i t u t e d   by  b r a n c h   p a s s a g e s   e x t e n d i n g   f rom  a 

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

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



4.  A  pump  as  c l a i m e d   in  any  one  of  c l a i m s   1  to   3 ,  

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

of  t h e   push   rod  a re   in  a b u t t i n g   r e l a t i o n s h i p   w i t h   b u t  

a re   no t   c o n n e c t e d   to  t he   d i a p h r a g m s .  

5.  A  pumps  as  c l a i m e d   in  any  one  of  c l a i m s   1  to   4 ,  

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

by  r e s p e c t i v e   end  members   w h i c h   a r e   d e t a c h a b l y   s e c u r e d  

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

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

p e r i p h e r i e s   to  t h e   a d j a c e n t   end  m e m b e r s .  

6.  A pump  as  c l a i m e d   in  any  one  of  c l a i m s   1  to   5 ,  

w h e r e i n   t h e   i n t e r n a l   p a r t i t i o n   member   is  f o r m e d   i n  

two  h a l v e s   w h i c h   a b u t   each   o t h e r   a x i a l l y .  

7.  A  pump  as  c l a i m e d   in  any  one  of  c l a i m s   1  to  6 ,  

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

f o r  f r e e   bu t   g u i d e d   r e c t i l i n e a r   m o v e m e n t   i n t o   and  o u t  

of  e n g a g e m e n t   w i t h   an  a n n u l a r   v a l v e   s e a t   so  as  t o  

o p e r a t e   as  a  n o n - r e t u r n   v a l v e .  

8.  A  pump  as  c l a i m e d   in  c l a i m   7  in  c o n j u n c t i o n  

w i t h   c l a i m   6,  w h e r e i n   s a i d   v a l v e   s e a t s   a r e   c o n s t i t u t e d  

by  a n n u l a r   i n s e r t s   d i s p o s e d   b e t w e e n   t h e   two  h a l v e s   o f  

t he   p a r t i t i o n   m e m b e r .  

9.  A  pump  as  c l a i m e d   in  any  one  of  c l a i m s   1  to  6 

w h e r e i n   one  or  more  of  s a i d   v a l v e s   a r e   f l a p   v a l v e s .  

10.  A  pump  as  c l a i m e d   in  any  one  of  c l a i m s   1  to   9 ,  

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

in  each   end  p o r t i o n   which   p i l o t   v a l v e   is  o p e n e d   b y  

a b u t m e n t   t h e r e w i t h   of  t he   a d j a c e n t   d i a p h r a g m   at   t h e   e n d  

of  a  s t r o k e   of  t h e   pump  and  o p e r a t e s   to   open  an  e x t e r n a l  

s e r v o   p r e s s u r e   l i n e   to  e x h a u s t .  

11.  In  c o m b i n a t i o n ,   a  pump  as  c l a i m e d   in  c l a i m   10 

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

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



s p o o l   b e i n g   a r r a n g e d   to  have   a i r   u n d e r   p r e s s u r e  

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

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

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

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

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

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

e x h a u s t   t h e   c h a m b e r   not   b e i n g   s u p p l i e d   w i t h   c o m p r e s s e d  

a i r .  

12.  The  c o m b i n a t i o n   c l a i m e d   in  c l a i m   11,  w h e r e i n  

t h e   s e r v o   v a l v e   has  e l e c t r i c a l   c o n t r o l   means  o p e r a b l e  

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

i n i t i a t e d   by  o p e r a t i o n   of  t h e   p i l o t   v a l v e s .  
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