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§)  High  pressure  diaphragm  pump. 

A  high  pressure  diaphragm  pump  has  a  diaphragm  2 
which  carries  a  valve  poppet  7  on  its  upper  surface.  The  valve 
poppet  7  fits  into  a flared  portion  6  of  a  passage  4  for  hydrau- 
lic  fluid.  When  the  diaphragm  2  restores  to  the  position  shown 
in  Figure  1,  the  valve  poppet  7  closes  the  passage  4  and  pre- 
vents  the  diaphragm  being  punched  back  into  the  passage  by 

excessive  fluid  pressure  on  the  opposite  side  of  the  di- 
aphragm.  The  diaphragm  is  made  with  flat  edges  10,11,12  so 
that  it  can  easily  be  mounted  in  a  housing  by  means  of  three 
easily  formed  components  13,14,15.  A  small  axial  compres- 
sion  between  components  14  and  15  is  all  that  is  necessary  to 
keep  the  diaphragm  in  place  during  operation. 



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

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

b e i n g   a r r a n g e d   w i t h i n   t h e   h o u s i n g   so  as  to   s e p a r a t e   a  

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

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

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

s u p p l y   v i a   a  p a s s a g e .   S u c h   a  pump  i s   d i s c l o s e d   i n   o u r  
U . S .   P a t e n t   S p e c i f i c a t i o n   4  116  5 9 0 .  

E x p e r i e n c e   w i t h   t h e   pumps   p r e v i o u s l y   d i s c l o s e d  

h a s   shown  t h a t   t h e   d i a p h r a g m s   a r e   a t   r i s k   i f   t h e   o u t l e t ,  

or  d i s c h a r g e ,   v a l v e s   f a i l .   I f   a  d i s c h a r g e   v a l v e   f a i l s ,  

t h e   e n t r y   of   t h e   f l u i d   to   be  p u m p e d   p u n c h e s   t h e   d i a p h r a g m  
b a c k   a g a i n s t   t h e   w a l l   of  t h e   h y d r a u l i c   f l u i d   s p a c e .  
H y d r a u l i c   f l u i d   e n t e r s   t h i s   s p a c e   t h r o u g h   o p e n   p a s s a g e s ,  
and   i f   t h e   d i a p h r a g m   i s   p u n c h e d   b a c k   a g a i n s t   t h e   e d g e s  

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

t h e   d i a p h r a g m   may  e v e n t u a l l y   r u p t u r e .  

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

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

h y d r a u l i c   f l u i d   s p a c e ,   so  t h a t   an  a n n u l a r   gap  i s   l e f t  

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

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

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



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

c u l a r l y   s a t i s f a c t o r y   i n   t h a t   i t   r e q u i r e s   an  e x t r a  

c o m p o n e n t   of   some  s i z e   t o   be   f i x e d   i n   t h e   h o u s i n g   a n d  

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

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

p u n c h e d   b a c k .  

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

i n   a  p u m p   as  s e t   f o r t h   a b o v e ,   a n d   to   t h i s   end  t h e   d i a p h r a g m  

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

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

r e a c h e s   t h e   end  of   i t s   i n t a k e   m o v e m e n t .  

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

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

member   i s   a  p o p p e t ' w h i c h   f i t s   i n t o   t h e   f l a r e d   p o r t i o n  

to   c l o s e   t h e   p a s s a g e .   The  p a s s a g e   i s   p r e f e r a b l y   c l o s e d  

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

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

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

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

The  a n g l e   of   t h e   f l a r e d   p a s s a g e   p o r t i o n   and   o f  

t h e   e d g e s   of  t h e   p o p p e t   may  be  4 5 ° .   T h i s   e n s u r e s   t h a t  

t h e r e   i s   no  c h a n c e   of   t h e   p o p p e t   j a m m i n g   i n   t h e   p a s s a g e  
p o r t i o n   when  t h e   d i a p h r a g m   i s   r e q u i r e d   to   c a r r y   o u t   a  

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

f l u i d - t i g h t   s e a l   i n   t h e   f l a r e d   p a s s a g e   p o r t i o n .  
The  d i a p h r a g m   may  be  f o r m e d   w i t h   an  u n d e r c u t  

r e c e s s   w h i c h   r e c e i v e s   a  f l a n g e   of  t h e   p o p p e t .   No  f u r t h e r  

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

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

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

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

The  or   e a c h   d i a p h r a g m   may  h a v e   a  t h i c k n e s s   t o  

d i a m e t e r   r a t i o   of   a t   l e a s t   1 : 5 ,   and   t h e   p e r i p h e r a l   e d g e  



of  t h e   or   e a c h   d i a p h r a g m   may  be  a  r i g h t   c y l i n d r i c a l  

s u r f a c e ,   and   f l a t   a n n u l a r   s u r f a c e s   may  a d j o i n   t h e  

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

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

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

e q u a l   to   or   s l i g h t l y   l e s s   t h a n   t h e   d i a m e t e r   of  t h e  

r i g h t   c y l i n d r i c a l   s u r f a c e ,   and   be  c o n f i n e d   by  s u r f a c e s  

e x e r t i n g   an  a x i a l   c o m p r e s s i o n   on  s a i d   t o p   and   b o t t o m  

a n n u l a r   s u r f a c e s .  

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

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

W i t h   t h i s   m e t h o d   of  f i x i n g ,   t h e   h o u s i n g   c o n s t r u c -  

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

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

t h e   a x i a l   c o m p r e s s i o n   can   be  a p p l i e d   by  two  f l a t   p l a t e s  

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

p u l l e d   t o g e t h e r   by  b o l t s .  

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

to   make  t h a n   t h e  s h a p e   shown  i n   our   p r i o r   U . S .   P a t e n t  

S p e c i f i c a t i o n .  

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

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

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

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

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

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

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

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

The  i n v e n t i o n . w i l l   now  be  f u r t h e r   d e s c r i b e d ,   b y  

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 ,   i n   w h i c h :  

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

of  a  h i g h   p r e s s u r e   pump  i n   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 ,  

t h e   l e f t h a n d   h a l f   of   F i g u r e   1  b e i n g   a  s e c t i o n   on  l i n e  

A-A  of  F i g u r e   2,  t h e   r i g h t h a n d   h a l f   of   F i g u r e   1  b e i n g  

a  s e c t i o n   on  l i n e   B-B  of  F i g u r e   2 ;  

F i g u r e   2  i s   a  s e c t i o n   on  l i n e   C-C  of   t h e   l e f t -  

h a n d   h a l f   of   F i g u r e   1 ;  

F i g u r e   3  i s   a  c r o s s - s e c t i o n   t h r o u g h   a  d i a p h r a g m ;  

a n d  

F i g u r e   4  s h o w s   a  c l o s u r e   m e m b e r   i n   t h e   f o r m   o f  

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

of  F i g u r e   3 .  

I n   g e n e r a l , - t h e   pump  shown  i n   F i g u r e   1  p o s s e s s e s  
t h e   same  f e a t u r e s   as  t h e   pump  d i s c l o s e d   i n   ou r   p r e v i o u s  

U . S .   P a t e n t   S p e c i f i c a t i o n   4 , 1 1 6 , 5 9 0 ,   and   o n l y   t h e   p a r t s  

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

c a t i o n   w i l l   be  d e s c r i b e d   i n   d e t a i l .  

The  pump  h o u s i n g   1  c o n t a i n s   two  d i a p h r a g m s   2  

e a c h   c o n t a i n e d   i n   a  c h a m b e r   3.  A b o v e   e a c h   d i a p h r a g m   2  

t h e r e   i s   a  s p a c e   3a  f o r   r e c e i v i n g   h y d r a u l i c   f l u i d ,   a n d  

b e l o w   e a c h   d i a p h r a g m   t h e r e   i s   a  s p a c e   3b  f o r   r e c e i v i n g  

f l u i d   to   be  p u m p e d .   The  h y d r a u l i c   f l u i d ,   w h i c h   f l a t t e n s  

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

c h a m b e r   3  t h r o u g h   a  p a s s a g e   4  f r o m   a  p i s t o n   u n i t   5  

o p e r a t i n g   i n   i t s   own  c h a m b e r .   The  l o w e r   end  of   t h e  

p a s s a g e   4  i s   f l a r e d   o u t w a r d l y   a t   6  to   f o r m   a  s e a t   f o r  

a  p o p p e t   7.  The  p o p p e t  7   i s   c o n n e c t e d   to   t h e   d i a p h r a g m  

2  and   w i l l   move  up  and   down  w i t h  t h e   d i a p h r a g m   as  t h e  

d i a p h r a g m   f l e x e s .  

A  d i a p h r a g m   2  i s   s h o w n   on  a  l a r g e r   s c a l e   i n  

F i g u r e   3.  I t   w i l l   be  s e e n   t h a t   t h e   t o p   f a c e   of  t h e '  

d i a p h r a g m   h a s   an  u n d e r c u t   r e c e s s   8  f o r   r e c e i v i n g   t h e  

p o p p e t   7.  The  p o p p e t   i t s e l f   i s   shown  on  a  l a r g e r   s c a l e  

i n   F i g u r e   4,  and   i t   w i l l   b e ' s e e n   t h a t   t h i s   h a s   a  f l a n g e  



9  w h i c h   i s   r e c e i v e d   i n   t h e   r e c e s s   8.  No  a d d i t i o n a l  

f i x i n g   m e a n s   a r e   r e q u i r e d .   The  f l a n g e   9  i s   r e t a i n e d   i n  

p l a c e   by  t h e   l i p s   of  t h e   u n d e r c u t   r e c e s s   8 .  

The  e d g e s   of  t h e   d i a p h r a g m   2  h a v e   a  r i g h t   c i r c u l a r  

s u r f a c e   10,   and   t o p   and   b o t t o m   f l a t   a n n u l a r   s u r f a c e s   11  

and  1 2 .  A s   shown  i n   t h e   r i g h t h a n d   h a l f   of  F i g u r e   3 ,  

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

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

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

c o m p o n e n t s   14  and   15  j u s t   h a v e   f l a t   s u r f a c e s   w h i c h  

c o n t a c t   t h e   f l a t   s u r f a c e s   11  and   12.   The  c o m p o n e n t s   1 4  

and  15  a r e   d r a w n   t o g e t h e r   b y ,   f o r   e x a m p l e ,   b o l t s   t o  

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

d i a p h r a g m .  

The  p o p p e t  7   h a s   a n g l e d   f a c e s   16  w h i c h   c o r r e s p o n d  

to   t h e   a n g l e   of   t h e   o u t w a r d l y   f l a r e d   p a s s a g e   p o r t i o n   6 .  

The  a n g l e   of  t h e   f a c e s   16  and   t h e   p o r t i o n   6  may  b e ,   f o r  

e x a m p l e ,   4 5   to   t h e   a x i s   of  t h e   p a s s a g e   and  t h e   a x i s   o f  

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

The  u n d e r s i d e   of   t h e   d i a p h r a g m   h a s   a  s t e p   1 7 .  

T h i s   i s   to   p r e v e n t   t h e   a r e a   18  of  t h e   d i a p h r a g m   f r o m  

t o u c h i n g   t h e   m e t a l   p l a t e   15  when  t h e   d i a p h r a g m  i s  

f l a t t e n e d .  



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

(1 )   c o n t a i n i n g   a t   l e a s t   one  s e l f - r e s t o r i n g   d i a p h r a g m   ( 2 ) ,  

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

so  as  to   s e p a r a t e   a  s p a c e   ( 3 a )   f o r   r e c e i v i n g   h y d r a u l i c  

f l u i d   f r o m   a  s p a c e   ( 3 b )   f o r   r e c e i v i n g   f l u i d   to   be  p u m p e d ,  

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

w i t h   a  h y d r a u l i c   f l u i d   s u p p l y   v i a   a  p a s s a g e   ( 4 ) ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   d i a p h r a g m   (2 )   c a r r i e s   a .  

c l o s u r e   member   (7 )   on  i t s   s i d e   f a c i n g   t h e   h y d r a u l i c  

f l u i d   s p a c e   ( 3 a ) ,   f o r   c l o s i n g   t h e   p a s s a g e   (4 )   when   t h e  

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

2.  A  pump  a c c o r d i n g   t o   c l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   t h e   p a s s a g e   (4 )   e n t e r s   t h e   h y d r a u l i c   f l u i d   s p a c e  
( 3 a )   v i a   a  f l a r e d   p a s s a g e   p o r t i o n   ( 6 ) ,   and  t h e   c l o s u r e  

member   i s   a  p o p p e t   (7 )   w h i c h   f i t s   i n t o   t h e   f l a r e d   p o r t i o n  

(6 )   to   c l o s e   t h e   p a s s a g e   ( 4 ) .  

3.  A  pump  a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i s e d  i n  

t h a t   t h e   d i a p h r a g m   (2 )   i s   f o r m e d   w i t h   an  u n d e r c u t   r e c e s s  

(8 )   w h i c h   r e c e i v e s   a  f l a n g e   (9 )   of   t h e   p o p p e t   ( 7 ) .  

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 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   c l o s u r e   m e m b e r   (7 )   i s   a r r a n g e d  

to   c l o s e   t h e   p a s s a g e   (4 )   w h e n   t h e r e   i s   s t i l l   s o m e  

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

s p a c e  ( 3 a ) .  

5.  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 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   p a s s a g e   (4 )   e n t e r s   t h e   h y d r a u l i c  

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

member   (7 )   i s   i n   t h e   c e n t r e   o f   t h e   d i a p h r a g m   ( 2 ) .  

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 ,  

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

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



f l a t   a n n u l a r   s u r f a c e s   ( 1 1 ,   12)  a d j o i n i n g   t h e   c y l i n d r i c a l  

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

t h e   d i a p h r a g m   b e i n g   m o u n t e d   i n   t h e   h o u s i n g   (1 )   w i t h i n  

a  c y l i n d r i c a l   h o u s i n g   p o r t i o n   ( 1 3 )   of  d i a m e t e r   e q u a l  

to   or  s l i g h t l y   l e s s   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 r i c a l  

s u r f a c e   ( 1 0 ) ,   and  b e i n g   c o n f i n e d   by  s u r f a c e s   ( 1 4 ,   1 5 )  

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

( 1 1 ,   1 2 ) .  

7.  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 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   d i a p h r a g m   (2)   h a s   a  s t e p   ( 1 7 )  

a t   t h e   e d g e   of  i t s   s i d e   w h i c h   f a c e s   t h e   s p a c e   ( 3 b )  

f o r   r e c e i v i n g   f l u i d   to   be  p u m p e d .  
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