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©  Diaphragm  type  pump  device. 
(57)  A  diaphragm  type  pumpe  device  comprises  a  connect- 
ing  rod  (1),  a  diaphragm  (2)  connected  to  an  end  of  the 
connecting  rod,  a  cover  (13)  which  firmly  secures  the  outer 
circumferential  part  of  the  diaphragm  and  constitutes  a  first 
operation  chamber  (14),  a  frame  (19)  which  opposes  the 
cover  to  firmly  secure  the  outer  circumferential  part  of  the 
diaphragm  (2)  in  association  with  the  cover  (13)  and 
constitutes  a  second  operation  chamber  (20),  and  an  intake 
port  (15;  21)  and  a  discharge  port  (16;  22)  which  are 
respectively  communicated  with  the  first  operation  chamber 
(14)  and  the  second  operation  chamber  (20)  and  provided 
with  check  valves  (17,  23;  18,  24)  each  having  different 
communicating  direction,  wherein  the  first  and  second 
operation  chambers  (14;  20)  alternatively  perform  pumping 
operation  by  the  amplitude  movement  of  the  diaphragm  (2) 
due  to  a  combination  of  the  reciprocating  movement  of  the 
connecting  rod  and  the  action  of  the  check  valves. 

FIGURE  2 
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  A  diaphragm  type  pumpe  device  comprises  a  connect- 
ing  rod  (1),  a  diaphragm  (2)  connected  to  an  end  of  the 
connecting  rod.  a  cover  (13)  which  firmly  secures  the  outer 
circumferential  part  of  the  diaphragm  and  constitutes  a  first 
operation  chamber  (14),  a  frame  (19)  which  opposes  the 
cover  to  firmly  secure  the  outer  circumferential  part  of  the 
diaphragm  (2)  in  association  with  the  cover  (13)  and 
constitutes  a  second  operation  chamber  (20),  and  an  intake 
port  (15;  21)  and  a  discharge  port  (16:  22)  which  are 
respectively  communicated  with  the  first  operation  chamber 
(14)  and  the  second  operation  chamber  (20)  and  provided 
with  check  valves  (17,  23;  18,  24)  each  having  different 
communicating  direction,  wherein  the  first  and  second 
operation  chambers  (14;  20)  alternatively  perform  pumping 
operation  by  the  amplitude  movement  of  the  diaphragm  (2) 
due  to  a  combination  of  the  reciprocating  movement  of  the 
connecting  rod  and  the  action  of  the  check  valves. 



T h e  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e m e n t   in  a 

d i a p h r a g m   t y p e   pump  d e v i c e .  

T h e r e   has  been   p r o p o s e d   a  d e v i c e   of  t h i s   k i n d   a s  

shown  in  F i g u r e   1 .  

In  t h e   F i g u r e ,   a  r e f e r e n c e   n u m e r a l   1  d e s i g n a t e s   a  

c o n n e c t i n g   r o d ;   a  n u m e r a l   2  d e s i g n a t e s   a  d i a p h r a g m  

s e c u r e d   to   an  end  of  t h e   c o n n e c t i n g   rod  1;  a  n u m e r a l   3 

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

d i a p h r a g m ;   a  n u m e r a l   4  d e s i g n a t e s   a  nut   to   f i x   t h e  

d i a p h r a g m   2  and  t h e   r e i n f o r c i n g   p l a t e s   3  to   t h e  

c o n n e c t i n g   rod   1;  a  n u m e r a l   5  d e s i g n a t e s   a  c o v e r   w h i c h  

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

in  a s s o c i a t i o n   w i t h   a  f r a m e   11  and  c o n s t i t u t e s   a n  

o p e r a t i o n   c h a m b e r   6;  a  n u m e r a l   7  d e s i g n a t e s   an  i n t a k e  

p o r t   f o r m e d   in  t he   c o v e r   5;  a  n u m e r a l   8  d e s i g n a t e s   a  

d i s c h a r g e   p o r t   f o r m e d   in  t h e   c o v e r ;   a  n u m e r a l   9 

d e s i g n a t e s   a  c h e c k   v a l v e   p r o v i d e d   in  t h e   i n t a k e   p o r t   7;  a  

n u m e r a l   10  d e s i g n a t e s   a  c h e c k   v a l v e   p r o v i d e d   in   t h e  

d i s c h a r g e   p o r t   8;  and  a  n u m e r a l   12  d e s i g n a t e s   a  f i x i n g  

b o l t .  



The  o p e r a t i o n   cf  the   c o n v e n t i o n a l   pump  d e v i c e   s n o w n  

in  F i g u r e   1  w i l l   be  d e s c r i b e d .  

The  d i a p h r a g m   2  is  s u b j e c t e d   to  a m p l i t u d e   m o v e m e n t  

when  t h e   c o n n e c t i n g   rod  1  is  r e c i p r o c a t i n g l y   moved  by  a  

d r i v i n g   s y s t e m   ( n o t   s h o w n ) .  

The  v o l u m e   of  t he   o p e r a t i o n   c h a m b e r   6  i n c r e a s e s   a s  

t h e   c o n n e c t i n g   rod  1  is  l o w e r e d   in  t he   d i r e c t i o n   of  A  a n d  

f l u i d   is  s u c k e d   f rom  the   i n t a k e   p o r t   7  t h r o u g h   t h e   c h e c k  

v a l v e   9  in  an  o p e n i n g   s t a t e ,   w h i l e   t h e   c h e c k   v a l v e   10  i s  

in  a  c l o s i n g   s t a t e .  

C o n v e r s e l y ,   t h e   vo lume   of  t h e   o p e r a t i o n   c h a m b e r  6  

d e c r e a s e s   as  t h e   c o n n e c t i n g   rod   is   r a i s e d   in  t h e  

d i r e c t i o n   of  B  w h e r e b y   t he   c h e c k   v a l v e   9 

w i l l   be  c l o s e d   w h i l e   t he   c h e c k   v a l v e   10  is   o p e n e d   and  t h e  

f l u i d   in  t h e   o p e r a t i o n   c h a m b e r  6   is  d i s c h a r g e d   t h r o u g h  

the   d i s c h a r g e   p o r t   8.  T h u s ,   p u m p i n g   o p e r a t i o n   i s  

e f f e c t e d   by  r e p e a t i n g   t he   m o v e m e n t   as  m e n t i o n e d   a b o v e .  

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

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

o p e r a t i o n   has   been   e f f e c t e d   o n l y   a t   one  s i d e   of  t h e  

o p e r a t i o n   c h a m b e r   6  c o n s t i t u t e d   by  t h e   c o v e r   5  and  t h e  

d i a p h r a g m   2,  t h e   s h a p e   of  the pump  is  d i s a d v a n t a g e o u s l y  

l a r g e   when  a  pump  h a v i n g   a  l a r g e   c a p a c i t y   is  r e q u i r e d .  

F u r t h e r ,   when  t h e r e   is  t h e   p r o b l e m   of  p u l s a t i o n   o f  

f l u i d ,   i t   i s   n e c e s s a r y   to  i n c r e a s e   t h e   s p e e d   of  t h e  

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

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

2 .  



I t   is  an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to   e l i m i n a t e  

t h e   d i s a d v a n t a g e   of  t he   c o n v e n t i o n a l   d e v i c e   and  to  aim  a t  

m i n i a t u r i z a t i o n   of  t he   s h a p e   of  a  pump  d e v i c e   a n d  

r e d u c t i o n   in  p u l s a t i o n   of  f l u i d .  

The  f o r e g o i n g   and  o t h e r   o b j e c t s   of  t he   p r e s e n t  

i n v e n t i o n   have   been  a t t a i n e d   by  p r o v i d i n g   a  d i a g r a m   t y p e  

pump  d e v i c e   wh ich   c o m p r i s e s   a  c o n n e c t i n g   r o d ,   a  d i a p h r a g m  

c o n n e c t e d   to  an  end  of  t h e   c o n n e c t i n g   r o d ,   a  c o v e r   w h i c h  

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

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

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

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

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

an  i n t a k e   p o r t   and  a  d i s c h a r g e   p o r t   w h i c h   a r e  

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

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

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

d i r e c t i o n ,   w h e r e i n   t he   f i r s t   and  s e c o n d   o p e r a t i o n  

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

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

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

t h e   a c t i o n   of  the   c h e c k   v a l v e s .  

A  more   c o m p l e t e   a p p r e c i a t i o n   of  t h e   i n v e n t i o n   a n d  

many  of  t h e   a t t e n d a n t   a d v a n t a g e s   t h e r e o f   w i l l   be  r e a d i l y  



o b t a i n e d   as  t he   same  b e c o m e s   b e t t e r   u n d e r s t o o d   by  

r e f e r e n c e   to  the   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  

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

w h e r e i n :  

F i g u r e   1  is  a  c r o s s   s e c t i o n a l   v i ew  of  a  c o n v e n t i o n a l  

pump  d e v i c e ;   a n d  

F i g u r e   2  is  a  c r o s s - s e c t i o n a l   v i ew   of  t h e   pump  d e v i c e  

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

An  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n   w i l l   b e  

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

n u m e r a l s   d e s i g n a t e   t he   same  p a r t s   and  t h e r e f o r e ,  

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

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

i s  g e n e r a l l y   c o n s t i t u t e d   by  a  f r a m e   19 ,   a  c o v e r   13,   a  

p a i r   of  end  p l a t e s   25,  26,  a  d i a p h r a g m   2  f i x e d   to   t h e  

c o n n e c t i n g   rod  1  and  c h e c k   v a l v e s   17,  18,  23  and  2 4 .  

The  f r a m e   19  has  an  i n s e r t i o n   h o l e   19a  t h r o u g h   w h i c h  

t h e   c o n n e c t i n g   rod  e x t e n d s   u p w a r d l y   so  as  to   be  m o v a b l e  

by  an  e x t e r n a l   d r i v i n g   m e a n s .   A  s e a l i n g   member   27  i s  

p r o v i d e d   a t   t h e   i n s e r t i o n   h o l e   19a  to   k e e p   a i r t i g h t n e s s .  

The  f r a m e   19  a l s o   has   an  i n n e r   f l a n g e   p a r t   19b  i n w a r d l y  

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

32,  33  a r e   f o r m e d   in  t he   i n n e r   f l a n g e   a t   p o s i t i o n s   n e a r  

t h e   u p p e r   s u r f a c e   of  t he   f r a m e   1 9 .  

The  c o v e r   13  is  p l a c e d   o p p o s i n g   t h e   f r a m e   19  and  h a s  

an  i n n e r   f l a n g e   13a  d o w n w a r d l y   e x t e n d i n g   f rom  t h e   l o w e r  

s u r f a c e .   Two  o p p o s i n g   o p e n i n g s   30,   31  a r e   f o r m e d   in  t h e  



i n n e r   f l a n g e   13a  at  p o s i t i o n s   n e a r   the   l o w e r   s u r f a c e   o f  

t h e   c o v e r   13.  The  o u t e r   c i r c u m f e r e n t i a l   p a r t   of  t h e  

d i a p h r a g m   2,  f i r m l y   s e c u r e d   at  t he   top  end  of  t h e  

c o n n e c t i n g   rod  1  by  t he   nu t   4,  is  c l a m p e d   by  o p p o s i n g  

s u r f a c e s   of  t he   i n n e r   f l a n g e s   of  t he   c o v e r   13  and  t h e  

f r a m e   19.  T h u s ,   a  f i r s t   o p e r a t i o n   c h a m b e r   14  is   f o r m e d  

by  t h e   l o w e r   s u r f a c e   of  t h e   c o v e r   13,  t he   i n n e r   f l a n g e  

13a  and  t h e   d i a p h r a g m   2,  w h i l e   a  s e c o n d   o p e r a t i o n   c h a m b e r  

20  is   f o r m e d   by  the   u p p e r   s u r f a c e   of  t he   f r a m e   19,   t h e  

i n n e r   f l a n g e   19b  and  the   d i a p h r a g m   2 .  

The  end  p l a t e s   25  and  26  a r e   a t t a c h e d   to   o p e n i n g s  

f o r m e d   a t   b o t h   s i d e s   of  t h e   c o v e r   13  and  t he   f r a m e   1 9 .  

The  end  p l a t e   25  has  an  o p e n i n g   f o r   i n t a k i n g   a i r   and  t h e  

end  p l a t e   26  has  an  o p e n i n g   f o r   d i s c h a r g i n g   a i r .  

The  c h e c k   v a l v e   17  as  a  f i r s t   c h e c k   v a l v e   f o r  

i n t a k i n g   a i r   is   p r o v i d e d   n e a r   t h e  o p e n i n g   30  to   fo rm  a  

f i r s t   i n t a k e   p o r t   15;  t h e   c h e c k   v a l v e   18  as  a  s e c o n d  

c h e c k   v a l v e   18  is  p r o v i d e d   n e a r   t h e   o p e n i n g   31  to   fo rm  a  

f i r s t   d i s c h a r g e   p o r t   16;  t h e   c h e c k   v a l v e   23  as  a  t h i r d  

c h e c k   v a l v e   is  p r o v i d e d   n e a r   t h e   o p e n i n g   32  to  fo rm  a  

s e c o n d   i n t a k e   p o r t   21  and  t h e   c h e c k   v a l v e   24  as  a  f o u r t h  

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

d i s c h a r g e   p o r t   22.  The  f i r s t   and  t h i r d   c h e c k   v a l v e s  1 7  

and  23  a c t   to  o n l y   i n t a k e   a i r   and  t h e   s e c o n d   and  f o u r t h  

c h e c k   v a l v e s   18  and  24  a c t   to   o n l y   d i s c h a r g e   a i r .  

The  o p e r a t i o n   of  t h e   e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n   as  shown  in  F i g u r e   2  w i l l   be  d e s c r i b e d .  



R e c i p r o c a t i n g   m o v e m e n t   of  t he   c o n n e c t i n g   rod  1  c a u s e s  

the   a m p l i t u d e   movement   of  the   d i a p h r a g m   2  as  s i m i l a r   t o  

t he   c o n v e n t i o n a l   d e v i c e .  

The  v o l u m e   of  t he   f i r s t   o p e r a t i o n   c h a m b e r   1 4  

i n c r e a s e s   as  t h e   c o n n e c t i n g   rod   1  is   l o w e r e d   in  t h e  

d i r e c t i o n   of  A,  on  a c c o u n t   of  w h i c h   the   f i r s t   c h e c k   v a l v e  

17  is  o p e n e d   and  t h e   s e c o n d   c h e c k   v a l v e   is   c l o s e d   t o  

t h e r e b y   s u c k   f l u i d   t h r o u g h   t h e   f i r s t   i n t a k e   p o r t   1 5 .  

On  t h e   o t h e r   h a n d ,   t h e   v o l u m e   of  t he   s e c o n d   o p e r a t i o n  

c h a m b e r   20  d e c r e a s e s   w h e r e b y   t h e   f o u r t h   c h e c k   v a l v e   24  i s  

o p e n e d   and  the   t h i r d   c h e c k   v a l v e   23  is  c l o s e d   w i t h   t h e  

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

c h a m b e r   20  i s   d i s c h a r g e d   t h r o u g h   t h e   s e c o n d   d i s c h a r g e  

p o r t   2 2 .  

When  t h e   c o n n e c t i n g   rod   1  is  r a i s e d   in  t h e   d i r e c t i o n  

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

14  i s   d i s c h a r g e d   t h r o u g h   t h e   f i r s t   d i s c h a r g e   p o r t   16  a n d  

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

20  f r o m   t h e   s e c o n d   i n t a k e   p o r t   2 1 .  

The  f i r s t   and  s e c o n d   o p e r a t i o n   c h a m b e r s   14,   2 0  

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

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

As  d e s c r i b e d   a b o v e ,   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

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

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

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

c a p a c i t y   of  two  t i m e s   as  much  as  t h e   c o n v e n t i o n a l   d e v i c e .  



I t   i s ,   t h e r e f o r e ,   p o s s i b l e   to  m i n i a t u r i z e   t he   s h a p e   o f  

t h e   pump  w h i l e   i n c r e a s i n g   i t s   c a p a c i t y   in  an  e c o n o m i c a l  

m a n n e r .   F u r t h e r ,   p u l s a t i o n   of  f l u i d   can  be  r e m a r k a b l y  

r e d u c e d .  



1.  A  d i a p h r a g m   t y p e   pump  d e v i c e   wh ich   c o m p r i s e s  

a  c o n n e c t i n g   rod  ( 1 ) ,   a  d i a p h r a g m   (2)  c o n n e c t e d  

to  an  end  of  s a i d   c o n n e c t i n g   rod ,   and  a  c o v e r  

(13 )   w h i c h   f i r m l y   s e c u r e s   t he   o u t e r   c i r c u m f e r e n t i a l  

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

o p e r a t i o n   c h a m b e r   ( 1 4 ) ,   c  h  a  r  a  c  t   e  r  i  z  e  d  

in  t h a t   a  f r a m e   (19)   o p p o s e s   s a i d   c o v e r   ( 1 3 )  

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

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

and  to  c o n s t i t u t e   a  s e c o n d   o p e r a t i o n   c h a m b e r   ( 2 0 ) ,  

t h a t   an  i n t a k e   p o r t   ( 1 5 ; 2 1 )   and  a  d i s c h a r g e  

p o r t   ( 1 6 ; 2 2 ) ,   r e s p e c t i v e l y   a r e   c o m m u n i c a t e d  

w i t h   s a i d   f i r s t   o p e r a t i o n   chamber   (14)   and  s a i d  

s e c o n d   o p e r a t i o n   c h a m b e r   (20)   and  a r e   p r o v i d e d  

w i t h   c h e c k   v a l v e s   ( 1 7 ; 2 3   and  1 8 ; 2 4 )   e a c h   h a v i n g  

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

s a i d   f i r s t   and  s e c o n d   o p e r a t i o n   c h a m b e r s   ( 1 4 ; 2 0 )  

a l t e r n a t e l y   p e r f o r m   p u m p i n g   o p e r a t i o n   by  t h e  

a m p l i t u d e   movemen t   of  s a i d   d i a p h r a g m   (2)  d u e  

to  a  c o m b i n a t i o n   of  t h e   r e c i p r o c a t i n g   m o v e m e n t  

of  s a i d   c o n n e c t i n g   rod  (1)  and  the   a c t i o n   o f  

s a i d   c h e c k   v a l v e s .  

2.  The  d i a p h r a g m   t y p e   pumpe  d e v i c e   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  z  e  d   in  t h a t  

s a i d   f r a m e   (19)   and  c o v e r   (13)   r e s p e c t i v e l y  

have   an  i n n e r   f l a n g e   (13a   and  19b)  to   c l a m p  

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

( 2 ) .  

3.  The  d i a p h r a g m   t y p e   pump  d e v i c e  a c c o r d i n g   t o  

C l a i m   1  or  2,  c  h  a  r  a  c  t   e  r  i  z  e  d   i n  

t h a t   end  p l a t e s   ( 2 5 ; 2 6 )   a r e   a t t a c h e d   to  o p e n i n g s  

( 3 0 ; 3 1   and  3 2 ; 3 3 )   f o r m e d   a t   b o t h   s i d e s   of  s a i d  

c o v e r   (13)   and  f r a m e   (19)   and  in  t h a t   ( 25 )   o n e  



of  s a i d   end  p l a t e s   has  an  o p e n i n g   fo r   i n t a k i n g  

a i r   and  the   o t h e r   (26)   has  an  o p e n i n g   f o r  

d i s c h a r g i n g   a i r .  

4.  The  d i a p h r a g m   t y p e   pumpe  d e v i c e   a c c o r d i n g   t o  

one  of  C l a i m s   1  to  3,  c  h  a  r  a  c  t   e  r  i  z  e  d  

in  t h a t   an  i n t a k e   p o r t   (15)   and  a  d i s c h a r g e  

p o r t   (16)   fo r   s a i d   f i r s t   o p e r a t i o n   c h a m b e r   ( 1 4 )  

a r e   r e s p e c t i v e l y   f o r m e d   by  o p e n i n g s   ( 3 0 , 3 1 )  

f o r m e d   in  an  i n n e r   f l a n g e   ( 1 3 a )   e x t e n d i n g   d o w n w a r d l y  

f rom  t h e   l o w e r   s u r f a c e   of  s a i d   c o v e r   (13)   a n d  

f i r s t   and  s e c o n d   c h e c k   v a l v e s   ( 1 7 , 1 8 )   and  a n  

i n t a k e   p o r t   (21)   and  a  d i s c h a r g e   p o r t   (22)   f o r  

s a i d   s e c o n d   o p e r a t i o n   c h a m b e r   (20)   a re   f o r m e d  

by  o p e n i n g s   ( 3 2 ; 3 3 )   f o r m e d   in  an  i n n e r   f l a n g e   ( 1 9 b )  

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

s a i d   f r a m e   (19)   and  t h i r d   and  f o u r t h   c h e c k  

v a l v e s   ( 2 3 ; 2 4 ) .  
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