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©  RECIPROCATING  PUMP. 

A  reciprocating  pump  having  a  suction  valve  (92),  a  dis- 
charge  valve  (93),  a  pressure  control  valve  (11)  including  a 
pressure  receiving  surface  and  supported  at  a  valve  seat  (91) 
for  supporting  at  least  one  of  the  valves  (92)  and  (93),  the 
pressure  receiving  surface  disposed  on  a  discharge  passage 
(8b), the  valve  (11)  being  provided  in  a  cylinder  head  (8),  and  a 
control  spring  (12)  provided  in  a  pressure  regulator  (13)  for 
urging  the  valve  (11)  toward  the  valve  seat  (91),  wherein  the 
control  valve  (11)  is  operated  as  relief,  safety  and  unloading 
valve through  a  simple  construction.  Thus,  this  pump  allows  a 
reduction  in  the  number  of  components  and  can  therefore  be 
readily  assembled  in  a  pump  body  so  as  to  reduce  its  cost  and 
weight. 



FIELD  OF  THE  ART 

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

and  more   p a r t i c u l a r l y   to  a  r e c i p r o c a t i n g   pump  w h i c h   i s  

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

a  p l u n g e r   to  be  r e e l y   r e c i p r o c a t i n g ,   w i t h   a  s u c t i o n   p a s s -  

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

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

so  t h a t   t h e   p l u n g e r   r e c i p r o c a t e s   to  a c t u a t e   t h e   s u c t i o n  

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

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

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

BACKGROUND  OF  THE  ART 

C o n v e n t i o n a l l y ,   a  r e c i p r o c a t i n g   pump  i s   w e l l - k n o w n  

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

as  to  a d j u s t   f l u i d   p r e s s u r e   w i t h i n   a  d i s c h a r g e   p a s s a g e   i n  

a  d e s i r e d   v a l u e .  

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

so  c o n s t r u c t e d   t h a t   a  v a l v e   s e a t   and  a  v a l v e   body  a r e   a s s -  

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

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

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



s p r i n g   b i a s i n g   t h e   v a l v e   body  to  t h e   v a l v e   s e a t ,   and  a n  

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

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

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

pump  so  t h a t   t h e   v a l v e   box  c o m m u n i c a t e s   a t   t he   i n l e t   s i d e  

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

s i d e   of  t he   v a l v e   box  a  h o s e   open  in  t h e   a t m o s p h e r e .  

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

w h i c h   i s   s e p a r a t e   f rom  t h e  m a i n   body  of  t he   pump,  b e c o m e s  

c o m p l e x   in  c o n s t r u c t i o n   and  i n c r e a s e s   in  t h e   number   o f  

p a r t s .   As  a  r e s u l t ,   t he   pump  is   c o m p l i c a t e d   to  a s s e m b l e ,  

e x p e n s i v e   as  a  w h o l e   to  m a n u f a c t u r e ,   and  l a r g e r   in  s i z e  

and  w e i g h t .  

On  t he   o t h e r  h a n d ,   a  w e l l - k n o w n   p r e s s u r e   c o n t r o l  

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

v a l v e .   When  in  u se   of  t he   u n l o a d e r   v a l v e ,   t h e   p r e s s u r e  

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

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

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

v e n t i o n   has  been   d e s i g n e d .   A  main  o b j e c t  o f   t he   i n v e n i t o n  

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

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

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

a s s e m b l y .  

A n o t h e r   o b j e c t   of  the   i n v e n t i o n   i s   to  p r o v i d e   a  



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

i m m e d i a t e l y   u n l o a d i n g   the   l i q u i d   d i s c h a r g e d   f rom  t h e   d i s -  

c h a r g e   p a s s a g e   when  t he   p r e s s u r e   w i t h i n   the   d i s c h a r g e   p a s -  

s age   r e a c h e s   t he   s e t   v a l u e .  

DISCLOSURE  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   is   c h a r a c t e r i z e d   in  t h a t   a  

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

ing   at   l e a s t   one  of  a  s u c t i o n   v a l v e   and  d i s c h a r g e   v a l v e  

a c t u a t e d   by  r e c i p r o c a t i o n   of  a  p l u n g e r ,   the   c o n t r o l   v a l v e  

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

and  b i a s e d   to  the   v a l v e   s e a t   by  means  of  a  c o n t r o l   s p r i n g ,  

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

m o u n t e d   on  the   c y l i n d e r   in  r e l a t i o n   of  b e i n g   m o v a b l e .   T h e  

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

of  t h e   c y l i n d e r ,   t h e r e b y   e l i m i n a t i n g   t he   a f o r e s a i d   c o n v e n -  

t i o n a l   p o r b l e m s   in  the   a s s e m b l y   of  v a l v e   box  s e p a r a t e   f r o m  

the   main  body  of  t he   p u m p .  

F u r t h e r m o r e ,   t he   r e c i p r o c a t i n g   pump  of  t h e   i n v e n -  

t i o n   i m p r o v e d   as  f o r e g o i n g ,   is  p r o v i d e d   at   t he   o u t e r   p e -  

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

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

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

v a l v e   w i t h i n   the   d i s c h a r g e   p a s s a g e ,   a  p r e s s u r e   ' h a m b e r   i s  

p r o v i d e d   b e t w e e n   the   p r e s s u r e - r e c e i v i n g   p o r t i o n   and  t h e  

c y l i n d e r ,   a  c h e c k   v a l v e   is  i n t e r p o s e d   on  the   way  of  a  



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

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

t h e   l i q u i d   d e l i v e r y   c o n d u i t   a t   t he   o u t l e t   s i d e   of   t h e   c h e c k  

v a l v e   so  t h a t   the   b y - p a s s   c o n d u i t   c o m m u n i c a t e s  w i t h   t h e  

p r e s s u r e   c h a m b e r .   H e n c e ,   t he   p r e s s u r e   c o n t r o l   v a l v e   i s  

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g . 1   is   a  s c h e m a t i c   l o n g i t u d i n a l   s e c t i o n a l   v i e w  

of  an  e m b o d i m e n t   of  t he   i n v e n t i o n ,   F i g . 2   i s   an  e n l a r g e d  

s e c t i o n a l   v iew  of  a  p r i n c i p a l   p o r t i o n   t h e r e o f ,   and  F i g . 3  

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

t h e   i n v e n t i o n ,   c o r r e s p o n d i n g   to  F i g . 2 .  

THE  BEST  FORM  FOR  PRACTICE  OF  THE  INVENTION 

The  b e s t   form  f o r   p r a c t i c e   of  t h e   i n v e n t i o n   w i l l  

be  d e t a i l e d   in  a c c o r d a n c e   w i t h   the   d r a w i n g s .  

R e f e r r i n g   t o  F i g s . 1   and  2,  a  t r i p l e x   r e c i p r o c a t -  

i n g   pump has   t h r e e   p l u n g e r s   d i s p o s e d   in  p a r a l l e l .   The  pump 

i s   b a s i c a l l y   c o n s t r u c t e d   such   t h a t   a  d r i v e   s h a f t   2  is   s u p -  

p o r t e d   r o t a t a b l y   to  a  h o u s i n g   1  t h r o u g h   b e a r i n g s   3,  t h r e e  

c y l i n d r i c a l   cam  b o d i e s   4  each   h a v i n g   an  e c c e n t r i c   s h a f t  

b o r e   4a  a re   m o u n t e d   on  t he   d r i v e   s h a f t   2,  t h r e e   c y l i n d e r s  

5  a r e   m o u n t e d   on  the   h o u s i n g   1,  t h r e e   p l u n g e r s   7  c o n n e c t e d  

to  t he   cam  b o d i e s   4  t h r o u g h   r o d s   6  a re   h o u s e d   w i t h i n   t h e  

c y l i n d e r   c h a m b e r s   5a  in  a  r e l a t i o n   of  b e i n g   f r e e l y  r e c i p -  

r o c a t i n g ,   a  c y l i n d e r   head   8  h a v i n g   a  s u c t i o n   p a s s a g e   8a  a n d  



d i s c h a r g e   p a s s a g e   8b  and  t h r e e   v a l v e   d e v i c e s   9,  a re   p r o v i d -  

ed  a t   t h e   f o r e m o s t   ends   of  c y l i n d e r s   5  r e s p e c t i v e l y ,   and  a  

p r e s s u r e   c o n t r o l   v a l v e   11  is   i n c o r p o r a t e d   w i t h   one  c y l i n d -  

er  5 .  

B e t w e e n   the   o u t e r   p e r i p h e r y   of  e a c h   p l u n g e r   7  a n d  

t h e   i n n e r   p e r i p h e r y   of  each   c y l i n d e r   c h a m b e r   5a  a re   p r o v i d -  

ed  a  s e a l i n g   member  51,  a  s e a l   h o l d e r   52  s u p p o r t i n g   t h e  

s e a l i n g   member  51,  and  a  s p r i n g   53  b i a s i n g   t h e   s e a l i n g   mem- 

ber   51  to  the   s e a l   h o l d e r   52.  Each  c y l i n d e r   5  is   s a n d w i c h -  

ed  b e t w e e n   the   c y l i n d e r   head  8  and  the   h o u s i n g   1  and  f i x e d  

t h e r e t o   by  m o u n t i n g   b o l t s   ( n o t   s h o w n ) .  

Each  cf  t he   v a l v e   d e v i c e s   9  c o m p r i s e s   a  v a l v e   s e a t  

91  h a v i n g   a t   i t s   c e n t e r   a  s u c t i o n   bo re   91a  and  a t   t h e   o u t e r  

p e r i p h e r a l   p o r t i o n   a  d i s c h a r g e   bo re   91b,   a  s u c t i o n   v a l v e   92 

to  open  and  c l o s e   the   s u c t i o n   bo re   91a ,   a  d i s c h a r g e   v a l v e  

93  to  open  and  c l o s e   t he   d i s c h a r g e   bo re   91b,   and  a  f i r s t  

and  a  s e c o n d   v a l v e   s p r i n g   94  and  95  f o r   b i a s i n g   the   s u c t i o n  

v a l v e   92  and  d i s c h a r g e   v a l v e   93  to  the   v a l v e   s e a t   91.   T h e  

v a l v e   s e a t   91  c o m p r i s e s   a  v a l v e   s e a t   body  91c  of  a  r o u n d  

p l a t e - l i k e   s h a p e   and  a  c y l i n d r i c a l   p o r t i o n   91d  e x t e n d i n g  

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

body  91c ,   so  t h a t   t he   s u c t i o n   bo re   91a  is  f o r m e d   of  a  

t h r o u g h   bo re   at  the   c e n t e r   of  body  91c  and  of  a  s p a c e   w i t h -  

in  t he   c y l i n d r i c a l   p o r t i o n   91d .   The  d i s c h a r g e   bo re   91b  i s  

f o r m e d   at   t he   o u t e r   p e r i p h e r a l   p o r t i o n   of  body  91c .   T h e  



body  91c  i s   i n t e r p o s e d   a t   t he   o u t e r - p e r i p h e r a l  e d g e   t h e r e -  

of  b e t w e e n   t he   f o r e m o s t   end  f a c e   of   e a c h   c y l i n d e r   5  a n d  

t h e   c y l i n d e r   head   8,  and  f i x e d   t o g e t h e r   w i t h   e a c h   c y l i n d e r  

5  to  t he   h o u s i n g   1  t h r o u g h   t he   f i x i n g   of   c y l i n d e r   head   8 .  

In  a d d i t i o n ,   t he   body  91c  and  c y l i n d r i c a l   p o r t i o n   91d  may  

be  i n t e g r a l   or  s e p a r a t e .   W h e n   s e p a r a t e d ,   t h e r e   i s   a d v a n -  

t a g e   in  t h a t   t h e   body  91c  and  c y l i n d r i c a l   p o r t i o n   91d  a r e  

e a s y   to  m a n u f a c t u r e .  

The  s u c t i o n   v a l v e   9 2  i s  d i s p o s e d   a t   t he   o u t l e t  

s i d e   of  s u c t i o n   b o r e  9 1 a ,   i . e . ,   w i t h i n   t h e   c y l i n d e r   c h a m b e r  

5a ,   and  t h e   d i s c h a r g e   v a l v e   93  i s   d i s p o s e d   a t   t h e  o u t l e t  

s i d e   of  d i s c h a r g e   b o r e   91b,   i . e . ,   w i t h i n   t h e   d i s c h a r g e  

p a s s a g e   8b,   so  t h a t   t h e   f i r s t   and  s e c o n d  v a l v e   s p r i n g s   94 

and  95  b i a s   t h e   s u c t i o n   v a l v e   92  and  d i s c h a r g e   v a l v e   93  

to  t he   v a l v e   s e a t   91.  B e t w e e n  t h e   s u c t i o n   p a s s a g e   8 a  o f  

c y l i n d e r   head   8  and  t h e   d i s c h a r g e  p a s s a g e   8b  t h e r e o f   a r e  

p r o v i d e d   t h r e e   t h r o u g h   b o r e s   81,  8 2  a n d   83.  The  c y l i n d r i -  

c a l   p o r t i o n s   91d  at  two  of  t he   v a l v e  s e a t s   91  a r e   i n s e r t e d  

a t   o n e  e n d s   i n t o   the   two  t h r o u g h   b o r e s   81  and  82  so  t h a t  

t h e   s u c t i o n   b o r e s  9 1 a   a t   t he   two  v a l v e   s e a t s   91  a re   a l l o w -  

ed  to  c o m m u n i c a t e   w i t h   t he   s u c t i o n  p a s s a g e   8 a .  

One  r e m a i n i n g   v a l v e   s e a t  9 1   o t h e r   t h a n   t h e   a b o v e  

two,   has  i t s   c y l i n d r i c a l   p o r t i o n   91d  s m a l l e r   in  a x i a l  

l e n g t h   t h a n   o t h e r s ,   a n d  t h e   p r e s s u r e   c o n t r o l   v a l v e   11  i s  

s u p p o r t e d   to  s a i d   c y l i n d r i c a l  p o r t i o n  9 1 d   at   one  a x i a l  e n d  



t h e r e o f ,   i . e . ,   at  t he   i n l e t   s i d e   of  s u c t i o n   b o r e   91a .   T h e  

c o n t r o l   v a l v e   11  is  f o rmed   of  a  c y l i n d r i c a l   body  l a r g e r   i n  

an  o u t e r   d i a m e t e r   t h a n   the   c y l i n d r i c a l   p o r t i o n   91d  at  t h e  

v a l v e   s e a t   91  and  i s   p r o v i d e d   at   one  a x i a l   end  w i t h   a  r i n g -  

l i k e   s h a p e d   b o t t o m   p l a t e   a b o u t   e q u a l   in  an  i n n e r   d i a m e t e r  

to  t he   c y l i n d r i c a l   p o r t i o n   91d  so  t h a t   the   b o t t o m   p l a t e  

f o r m s   a  p r e s s u r e - r e c e i v i n g   f a c e   1 1 a .  

The  c o n t r o l   v a l v e   11  c o n s t r u c t e d   as  f o r e g o i n g   h a s  

the   b o t t o m   p l a t e   d i s p o s e d   w i t h i n   t he   d i s c h a r g e   p a s s a g e   8 b  

and  a b u t t i n g   a g a i n s t   t he   c y l i n d r i c a l   p o r t i o n   91d ,   and  i s  

i n s e r t e d   at  t h e   open  end  i n t o   the   bo re   83  at  t he   c y l i n d e r  

head  8  in  a  r e l a t i o n   of  b e i n g   a x i a l l y   m o v a b l e ,   w h e r e b y   t h e  

s u c t i o n   bo re   91a  fo rmed   a t   t he   r e m a i n i n g   c y l i n d r i c a l   p o r -  

t i o n   91d  c o m m u n i c a t e s   w i t h   t he   s u c t i o n   p a s s a g e   8a  t h r o u g h  

the   c o n t r o l   v a l v e   1 1 .  

A  c o n t r o l   s p r i n g   12  a c t s   on  the   c o n t r o l   v a l v e   11 

to  t h e r e b y   b i a s   the   p r e s s u r e - r e c e i v i n g   f a c e   11a  of  t h e  

b o t t o m   p l a t e   to  the   f o r e m o s t   end  f a c e   of  c y l i n d r i c a l   p o r -  

t i o n   91d .   A  p r e s s u r e   a d j u s t e r   13  is   s c r e w e d   w i t h   t he   c y l -  

i n d e r   head  8  and  p r o v i d e d   w i t h   a  s p r i n g   h o l d e r   14  h a v i n g  

l i q u i d - c i r c u l a t i o n   bo re   14a,   so  t h a t   the   s p r i n g   h o l d e r   14 

s u p p o r t s   one  end  of  the   s p r i n g   12  wh ich   is  s e a t e d   at   t h e  

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

v a l v e   1 1 .  

H e n c e ,   the   a d j u s t e r   13  is   o p e r a t e d   to  e l a s t i c a l l y  



t r a n s f o r m   the   c o n t r o l   s p r i n g   12  to  t h e r e b y   a d j u s t   t h e   b i a s -  

ing   f o r c e   of  c o n t r o l   v a l v e   11  a p p l i e d   to  t h e  v a l v e  s e a t   9 1 .  

The  a d j u s t m e n t   of   b i a s i n g   f o r c e  c a n   a d j u s t   l i q u i d   p r e s s u r e  

when  t h e   c o n t r o l   v a l v e   11  o p e n s ,  a n d   s e t   l i q u i d   p r e s s u r e  

w i t h i n   t h e   d i s c h a r g e   p a s s a g e   8b  in  a  d e s i r e d   v a l u e .  

In  t h e   a f o r e s a i d   c o n s t r u c t i o n ,   t he   d r i v e   s h a f t   2 

r o t a t e s   to  r e c i p r o c a t e   t h e  p l u n g e r   7.  When  t h e  p l u n g e r  7  

moves  b a c k w a r d ,   t h e   d i s c h a r g e   v a l v e  9 3   c l o s e s   and  t h e   s u c -  

t i o n   v a l v e   92  o p e n s ,  w h e r e b y   l i q u i d   s t o r e d   w i t h i n   a  t a n k  

or  t he   l i k e   i s   t a k e n   i n t o   t he   s u c t i o n   p a s s a g e  8 a   t h r o u g h  

an  i n l e t   t h e r e o f   and  t h e n   i n t o  t h e   c y l i n d e r   c h a m b e r   5 a  

t h r o u g h   t he   s u c t i o n   p a s s a g e   8a  and  s u c t i o n   b o r e   91a .   When 

t he   p l u n g e r  7  m o v e s   f o r w a r d ,   the   s u c t i o n   v a l v e   92  c l o s e s  

and  t h e   d i s c h a r g e   v a l v e   93  o p e n s ,  w h e r e b y   t he   l i q u i d  t a k e n  

i n t o   t h e   c y l i n d e r   c h a m b e r   5 a  i s   a p p l i e d   w i t h   p r e s s u r e   a n d  

t h e n   d i s c h a r g e d   i n t o   t he   d i s c h a r g e   p a s s a g e   8b.   T h e  l i q u i d  

d i s c h a r g e d   i n t o   t he   d i s c h a r g e   p a s s a g e   8b  i s   c o n t r o l l e d  

u n d e r   p r e s s u r e   s e t   by  b i a s i n g   the   c o n t r o l   v a l v e   11  to  t h e  

v a l v e   s e a t   91,  t h e r e b y  b e i n g   d i s c h a r g e d   i n t o   a  l i q u i d   d e -  

l i v e r y   c o n d u i t   1 5  t h r o u g h   t he   o u t l e t   of  d i s c h a r g e   p a s s a g e  

8b.  For  e x a m p l e ,   when  a  g a t e   v a l v e   p r o v i d e d  i n   t h e   v i c i n i t y  

of  an  o u t l e t   of  t h e   l i q u i d   d e l i v e r y   c o n d u i t   15  c l o s e s   or  a  

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

p r e s s u r e   w i t h i n   t h e   d i s c h a r g e   p a s s a g e   8b  more  t h a n   t h e   s e t  

value  ,  a  p u s h i n g - u p   f o r c e   a p p l i e d   to  the   p r e s s u r e - r e c e i v i n g  



f a c e   11a  a t   t he   c o n t r o l   v a l v e   11  e x c e e d s   t he   b i a s i n g   f o r c e  

a p p l i e d   to  t he   v a l v e   s e a t   91  by  the   c o n t r o l   v a l v e   1 1 ,  

w h e r e b y   the   p u s h i n g - u p   f o r c e   o p e n s   t h e   c o n t r o l   v a l v e   11  t o  

a l l o w   t he   p r e s s u r i z e d   l i q u i d   w i t h i n   t he   d i s c h a r g e   p a s s a g e  

8b  to  f l o w   i n t o   the   s u c t i o n   p a s s a g e   8a  t h r o u g h   t he   c o n t r o l  

v a l v e   11,  t h u s   k e e p i n g   the   l i q u i d   p r e s s u r e   w i t h i n   t h e   d i s -  

c h a r g e   p a s s a g e   8b  in  t he   s e t   v a l u e .  

In  a d d i t i o n ,   the   a f o r e s a i d   e m b o d i m e n t   is   p r o v i d e d  

w i t h   t he   v a l v e   s e a t   9 1 , w h i c h   has  t he   s u c t i o n   bo re   91a  a n d  

d i s c h a r g e   bo re   91b,   b e a r s   the   s u c t i o n   v a l v e   92  and  d i s -  

c h a r g e   v a l v e   93,  and  s u p p o r t s   the   p r e s s u r e   c o n t r o l   v a l v e  

11.  A l t e r n a t i v e l y ,   the   c o n t r o l   v a l v e   11  may  be  s u p p o r t e d  

to  a  v a l v e   s e a t   which   is   a d a p t e d   to  have   t he   s u c t i o n   b o r e  

and  b e a r   t h e   s u c t i o n   v a l v e   92  o n l y ,   or  s u p p o r t e d   to  a  v a l v e  

s e a t   h a v i n g   t he   d i s c h a r g e   bore   and  b e a r i n g   the   d i s c h a r g e  

v a l v e   93  o n l y .  

In  F i g . 1 ,   r e f e r e n c e   n u m e r a l   17  d e s i g n a t e s   a  h o l d e r  

f o r   t h e   s p r i n g   53  b i a s i n g   the   s e a l i n g   member  51,  18  d e s i g -  

n a t e s   a  g u i d e   t ube   f o r   the   s e c o n d   v a l v e   s p r i n g   95  b i a s i n g  

t he   d i s c h a r g e   v a l v e   93,  and  19  d e s i g n a t e s   a  l o c k   n u t .  

In  the   a f o r e s a i d   e m b o d i m e n t ,   t he   p r e s s u r e   c o n t r o l  

v a l v e   11,  w h i c h   f u n c t i o n s   as  a  r e l i e f   v a l v e   or  s a f e t y  

v a l v e ,   can ,   a l t e r n a t i v e l y ,   be  c o n s t r u c t e d   to  f u n c t i o n   a s  

an  u n l o a d e r   v a l v e   as  shown  in  F i g . 3 .  

A  m o d i f i e d   e m b o d i m e n t   of  t he   i n v e n t i o n   shown  i n  



F i g . 3   is   b a s i c a l l y   t he   same  as  t h e   f o r m e r   e m b o d i m e n t   i n  

F i g . 1 ,   i n  w h i c h   e a c h   member  i n d e n t i c a l   in  c o n s t r u c t i o n  

w i t h   t h a t   in  F i g . 1   i s   r e p r e s e n t e d   b y  t h e   s a m e  r e f e r e n c e  

n u m e r a l .  

The  c o n s t r u c t i o n   shown  in  F i g . 3   i s   d i f f e r e n t   f r o m  

t h a t   of  F i g . 1   in  t h a t ;   a  p r e s s u r e   c o n t r o l   v a l v e   110  i s  

f o r m e d   of  a  s t e p p e d   c y l i n d r i c a l   member  and  has  a t   one  a x i a l  

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

p l a t e   to  t h e r e b y   fo rm  a  f i r s t   p r e s s u r e - r e c e i v i n g   f a c e   1 1 0 a ,  

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

ing   f a c e   1 1 0 b  l a r g e r   in  a  p r e s s u r e - r e c e i v i n g   a r e a   t h a n   t h e  

f i r s t   p r e s s u r e - r e c e i v i n g   f a c e   110a ;   a  p r e s s u r e   c h a m b e r   2 0  

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

83  f o r m e d   a t   t he   c y l i n d e r   head   8;  a  c h e c k   v a l v e   2 1  i s   i n t e r -  

p o s e d   on  t h e   way  of  t h e   l i q u i d   d e l i v e r y   c o n d u i t   15  c o m m u n i -  

c a t i n g   w i t h   t h e  o u t l e t   of  d i s c h a r g e   p a s s a g e   8 b ;  a n d   a  b y -  

p a s s   c o n d u i t   22  i s   c o n n e c t e d   to  t he   l i q u i d   d e l i v e r y   c o n d u i t  

15  a t   t h e   o u t l e t   s i d e   o f  c h e c k  v a l v e   21  and  c o m m u n i c a t e s  

w i t h   t he   p r e s s u r e   c h a m b e r   20.  In  a d d i t i o n ,   t h e   e m b o d i m e n t  

in  F i g . 3   may  no t   have   the   p r e s s u r e   a d j u s t e r   1 3 .  

When  t he   p l u n g e r   7  r e c i p r o c a t e s   t o  d i s c h a r g e   i n  

the   d i s c h a r g e   p a s s a g e   8b  l i q u i d   a p p l i e d   w i t h   p r e s s u r e   w i t h -  

in  t he   c y l i n d e r   c h a m b e r   5a  a n d  d e l i v e r   t h e   l i q u i d   t o w a r d  

the   l i q u i d   d e l i v e r y  c o n d u i t   15,  and  i f   a  g a t e  v a l v e   1 6  

p r o v i d e d   in  t h e  v i c i n i t y   of  t h e   o u t l e t   of  l i q u i d   d e l i v e r y  



c o n d u i t   15  is   c l o s e d ,   or  a  l o a d   c o n n e c t e d   t h e r e t o   i n c r e a s e s ,  

to  make  the   p r e s s u r e s   w i t h i n   t he   d i s c h a r g e   p a s s a g e   8b  a n d  

l i q u i d   d e l i v e r y   c o n d u i t   15  e q u a l   to  t he   s e t   v a l u e ,   t h e  

p r e s s u r e   of  p r e s s u r e   c h a m b e r   20  a l s o   r e a c h e s   t he   s e t   v a l u e .  

H e n c e ,   t he   f i r s t   and  s e c o n d   p r e s s u r e - r e c e i v i n g   f a c e s   1 1 0 a  

and  110b  at  the   p r e s s u r e   c o n t r o l   v a l v e   110  a re   s u b j e c t e d   t o  

t he   p u s h i n g - u p   f o r c e   l a r g e r   t h a n   t h a t   a p p l i e d   to  the   f i r s t  

and  s e c o n d   f a c e s   110a  and  110b  in  n o r m a l ,   w h e r e b y   the   l a r g e r  

p u s h i n g - u p   f o r c e   i n s t a n t a n e o u s l y   o p e n s   t h e   c o n t r o l   v a l v e   110 

to  f l o w   the  p r e s s u r i z e d   l i q u i d   out   of  t he   d i s c h a r g e   p a s -  

s age   8b  i n t o   the   s u c t i o n   p a s s a g e   8 a .  

This   f l o w - o u t   of  l i q u i d   l o w e r s   p r e s s u r e   w i t h i n   t h e  

d i s c h a r g e   p a s s a g e   8b,  but   p r e s s u r e   w i t h i n   t he   p r e s s u r e  

c h a m b e r   20  is   kep t   in  the   s e t   v a l u e   or  more  u n l e s s   t he   g a t e  

v a l v e   16  is   opened   or  the   l oad   i s   r e d u c e d .   C o n s e q u e n t l y ,  

t he   c o n t r o l   v a l v e   110  i s   k e p t   open  to  e n a b l e   the   p l u n g e r   7 

to  work  in  no  l o a d .  

When  the   g a t e   v a l v e   16  o p e n s   or  t he   l o a d   d e c r e a s e s  

so  t h a t   the   p r e s s u r e   w i t h i n   the   l i q u i d   d e l i v e r y   c o n d u i t   15 

at   t he   o u t l e t   s i d e   of  c h e c k   v a l v e   21  l o w e r s   u n t i l   the   s e t  

v a l u e   or  l e s s ,   the   p r e s s u r e   in  the   p r e s s u r e   c h a m b e r   20 

a l s o   l o w e r s   and  the   c o n t r o l   s p r i n g / b i a s e s   t he   c o n t r o l   v a l v e  
/ 1 2  

1 1 0 t o   be  c l o s e d   so  t h a t   the   l i q u i d   d i s c h a r g e d   f rom  t h e  

c y l i n d e r   chamber   5a  i n t o   the  d i s c h a r g e   p a s s a g e   8b  is  d e l i v e r -  

ed  t o w a r d   the   l i q u i d   d e l i v e r y   c o n d u i t   15  u n d e r   p r e s s u r e   o f  



t h e   s e t   v a l u e   or  l e s s .  

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

c a t i n g   pump.  A l t e r n a t i v e l y ,   t h i s   i n v e n t i o n   may  be  a p p l i -  

ed  to  a  s i n g l e ,   d o u b l e ,   or  f o u r   or  more  c y l i n d e r   t y p e   pump. 

As  c l e a r l y   u n d e r s t o o d   f rom  t he   a f o r e s a i d   d e s c r i p -  

t i o n ,   t he   r e c i p r o c a t i n g   pump  of  t h e   i n v e n t i o n   i s   so  c o n -  

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

t h e   v a l v e   s e a t   b e a r i n g   t he   s u c t i o n   v a l v e   or  d i s c h a r g e   v a l v e  

and  d i s p o s e d   a t   the   d i s c h a r g e   p a s s a g e ,   and  t h e   p r e s s u r e  

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

a b l e   of  l i q u i d   p r e s s u r e ,   and  b e i n g   s i m p l e r   in  c o n s t r u c t i o n  

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

t h e   c o n v e n t i o n a l   pump.  In  o t h e r   w o r d s ,   t h e r e   i s   no  n e e d  

of  u s i n g   a  v a l v e   s e a t   f o r   t he   p r e s s u r e   c o n t r o l   v a l v e   o n l y ,  

a  v a l v e   box  s u p p o r t i n g   t he   v a l v e   s e a t ,   and  a  c y l i n d e r  

h o u s i n g   t h e r e i n   a  c o n t r o l   s p r i n g   and  s u p p o r t i n g   the   p r e s -  

s u r e   a d j u s t e r .   F u r t h e r m o r e ,   p r e s s u r e   c o n t r o l   can  b e  

e x e c u t e d   by  r e t u r n i n g   t he   d i s c h a r g e d  l i q u i d   t o w a r d   t h e  

s u c t i o n   p a s s a g e   to  t h e r e b y   r e q u i r e   no  h o s e ,   r e s u l t i n g   i n  

t h a t   t h e   pump  becomes   s i m p l e   to  t h a t   e x t e n t   in  c o n s t r u c t i o n  

and  i s   of  a  s m a l l   number   of  p a r t s .  

T h e r e f o r e ,   t he   pump,  w h i c h   i s   s i m p l e   in  c o n s t r u c -  

t i o n   and  of  a  s m a l l   number   of  p a r t s ,   is   e a s y   to  a s s e m b l e ,  

c o n s i d e r a b l y   i n e x p e n s i v e   to  m a n u f a c t u r e ,   and  i s   s m a l l - s i z e d ,  

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



i s   u t i l i z a b l e   to  form  the   p r e s s u r e   c h a m b e r   to  t h e r e b y  

c o n s t i t u t e   the   u n l o a d e r   va lve ,   t h u s   s i m p l i f y i n g   the   c o n -  

s t r u c t i o n   and  r e d u c i n g   the   number   of  p a r t s .   As  a  r e s u l t ,  

t he   pump  a l s o   is  e a s y   to  a s s e m b l e ,   c o n s i d e r a b l y   i n e x p e n -  

s i v e   to  p r o d u c e ,   and  c o m p a c t   in  s i z e   and  l i g h t   in  w e i g h t .  

POSSIBILITY  OF  UTILIZATION  FOR  INDUSTRY 

As  seen   f rom  the   a b o v e ,   t he   r e c i p r o c a t i n g   pump  o f  

t he   i n v e n t i o n   is   u s e f u l   f o r   a  h y d r a u l i c   pump  f o r   m a c h i n e  

t o o l s ,   pump  f o r   s p r i n k l i n g   a  l i q u i d   m e d i c i n e   ove r   t h e  

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

l i k e ,   or  f i r e   pump  l o a d e d   on  a  m o t o r   f i r e   e n g i n e ,   and  e s -  

p e c i a l l y   s u i t a b l e   f o r   a  pump  h a v i n g   a  g a t e   v a l v e   i n c o r p o r a t -  

ed  w i t h   the   l i q u i d   d e l i v e r y   c o n d u i t .  



1.  A  r e c i p r o c a t i n g   pump  w h i c h   is   p r o v i d e d   w i t h   a  

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

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

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

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

c h a r g e   v a l v e   a t   s a i d   v a l v e   d e v i c e ,   s a i d   pump  b e i n g   c h a r a c -  

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

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

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

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

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

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

and  a  p r e s s u r e - a d j u s t i n g   member  s u p p o r t i n g   s a i d   c o n t r o l  

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

t he   f o r e m o s t   end  of  s a i d   c y l i n d e r .  

2.  A  r e c i p r o c a t i n g   pump  a c c o r d i n g   to  c l a i m   1,  b e i n g  

c h a r a c t e r i z e d   in  t h a t ;   a  v a l v e   s e a t ,   w h i c h   h a s  a t   t h e   c e n -  

t r a l   p o r t i o n   t h e r e o f   a  s u c t i o n   b o r e   and  a t  t h e   o u t e r   p e -  

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

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

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

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

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



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

t h r o u g h   wh ich   s a i d   s u c t i o n   bo re   c o m m u n i c a t e s   w i t h   s a i d  

s u c t i o n   p a s s a g e .  

3.  A  r e c i p r o c a t i n g   pump  a c c o r d i n g   to  c l a i m   1  or  2 ,  

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

is   p r o v i d e d   w i t h   two  f i r s t   and  s e c o n d   p r e s s u r e - r e c e i v i n g  

f a c e s ,   s a i d   s e c o n d   p r e s s u r e - r e c e i v i n g   f a c e   b e i n g   m a d e  

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

p r e s s u r e - r e c e i v i n g   f a c e ,   s a i d   f i r s t   p r e s s u r e - r e c e i v i n g  

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

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

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

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

in  a  l i q u i d   d e l i v e r y   c o n d u i t   c o m m u n i c a t i n g   w i t h   t he   o u t -  

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

p r o v i d e d   a t  s a i d   l i q u i d   d e l i v e r y   c o n d u i t   at   t h e .  o u t l e t  

s i d e   of  s a i d   c h e c k   v a l v e ,   so  t h a t   s a i d   b y - p a s s   c o n d u i t  

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