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(g)  Piston  pump,  particularly  for  inflating  tyres,  mattresses,  sports  equipment  and  the  like. 

@  A  piston  pump  for  pumping  fluids,  in  which  at  least  one 
intake  duct  (8)  and  a  delivery  duct  (9)  for  the  pumping  fluid  ., 
are  provided  in  the  rod  (5)  for  effecting  the  reciprocating  f  
sliding  of  the  piston  (4),  includes  valve  members  (16-18)  at  "0-19 
least  partly  associated  with  the  piston  (4)  and  selectively  \  \ 
closable  and  openable  with  the  movement  of  the  piston  (4)  to  vnV 
put  that  (14  or  15)  of  the  two  chambers  whose  dimensions  are  (jr—, 
decreasing  at  the  particular  time  into  communication  with  T  — 
the  delivery  duct  (9).  A  further  valve  member  (19)  associated 
with  one  (14)  of  the  two  chambers  (14,  15)  permits  the  said 
one  (14)  of  the  two  chambers  (14,  15)  to  be  put  into  free  com- 
munication  with  the  outside  of  the  cylinder  (2). 
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P i s t o n   pump,  p a r t i c u l a r l y   f o r   i n f l a t i n g   t y r e s ,  

m a t t r e s s e s ,   s p o r t s   e q u i p m e n t   and  the   l i k e .  

The  p r e s e n t   i n v e n t i o n   r e f e r s   to   p i s t o n   pumps  and  r e l a t e s  

p a r t i c u l a r l y   to   a  p i s t o n   pump  f o r   p u m p i n g   f l u i d s ,  

c o m p r i s i n g   : 

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

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

i n c r e a s e   and  d e c r e a s e   a l t e r n a t e l y   as  a  r e s u l t   of  t h e  

s l i d i n g   of  t h e   p i s t o n   in  t h e   c y l i n d e r ;  

-  a  rod   f o r   e f f e c t i n g   t h e   r e c i p r o c a t i n g   s l i d i n g   o f  
10  t h e   p i s t o n   in  t h e   c y l i n d e r ,   h a v i n g   a t   l e a s t   one  i n t a k e  

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

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

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

m o v e m e n t   of  t h e   p i s t o n   to  pu t   that  of  t he   two  c h a m b e r s  
15  whose   d i m e n s i o n s   a r e   d e c r e a s i n g   at   t he   p a r t i c u l a r   t i m e  

i n t o   c o m m u n i c a t i o n   w i t h   t he   d e l i v e r y   d u c t .  

T h i s   i s   a  d e s i g n   of  pump  w h i c h   i s   c u r r e n t l y  
u s e d   f o r   t h e   i n f l a t i o n   of  t y r e s ,   m a t t r e s s e s   ,~ 

s p o r t s   e q u i p m e n t ,   e t c .  

20  A  pump  of  t h e   a b o v e - s p e c i f i e d   t y p e   i s   known  in  w h i c h   t h e  

rod   c o m p r i s e s   two  c o - a x i a l   d u c t s ,   i n t a k e   and  d e l i v e r y  

r e s p e c t i v e l y ,   and  in  w h i c h   two  o n e - w a y   d i s c   v a l v e s   a r e  
m o u n t e d   on  e a c h   of  t h e   two  f a c e s   of  t h e   p i s t o n ,  

o p e r a t i n g   in  o p p o s i t e   d i r e c t i o n s   and  c o m m u n i c a t i n g  
25  r e s p e c t i v e l y   w i t h   t h e   i n t a k e   d u c t   and  t h e   d e l i v e r y   d u c t .  

The  p r i n c i p a l   a d v a n t a g e   d e r i v i n g   f rom  t h e   use   of  p u m p s  
of  t h i s   t y p e ,   w h i c h   a r e   commonly   c a l l e d   " d o u b l e - a c t i n g  

p u m p s " ,   c o n s i s t s   in  t h e   p o s s i b i l i t y   of  e x e r c i s i n g   a  
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c o n t i n u o u s   p u m p i n g   a c t i o n   w h i c h   i s   n o t   i n t e r r u p t e d   as  a  

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

p i s t o n   w i t h i n   t h e   c y l i n d e r .  

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

5  t h e   l i k e   when  t h e   pump  i s   o p e r a t e d   in   a  v e r t i c a l  

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

f i n a l   s t a g e s   of  t h e   i n f l a t i o n   o p e r a t i o n .   As  a  r e s u l t   o f  

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

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

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

t h e   p i s t o n ,   t h a t   i s ,   when  t h e   p e r s o n   o p e r a t i n g   t h e   p u m p  

m u s t   p u l l   t h e   rod   of  t h e   pump  u p w a r d s   by  a c t i n g   on  t h e  

h a n d l e   a t   i t s   t o p   e n d .   T h i s   e f f o r t ,   n o r m a l l y   e x e r t e d   b y  

15  t h e   m u s c l e s   of  t h e   b a c k ,   may  be  f o u n d   to   be  e x c e s s i v e   i n  

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

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

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

p i s t o n   pump  of  t h e   a b o v e - s p e c i f i e d   t y p e ,   w h i c h   i s  

20  i m p r o v e d   in   t e r m s   of  e f f i c i e n c y   and  c o n v e n i e n c e   of  u s e ,  
and  does   n o t   g i v e   r i s e   to   t h e   d r a w b a c k s   in  u s e   d e s c r i b e d  

a b o v e   . 

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h i s   o b j e c t   i s  

a c h i e v e d   by  means   of  a  p i s t o n   pump  of  t h e   t y p e   s p e c i f i e d  

25  a b o v e ,   c h a r a c t e r i s e d   in   t h a t   i t   i n c l u d e s   a  f u r t h e r   v a l v e  

member  a s s o c i a t e d   w i t h   one  of  t h e   two  c h a m b e r s   a n d  

s e l e c t i v e l y   o p e n a b l e   so  as  to   p u t   t h e   s a i d   one  of  t h e  

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

t h e   c y l i n d e r .  

30  When  one  of  t h e   two  c h a m b e r s   i s   p u t   i n t o   c o m m u n i c a t i o n  

w i t h   t h e   o u t s i d e   of  t h e   c y l i n d e r ,   t h e   d e c r e a s e   in   t h e  
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v o l u m e   of  t h e   c o r r e s p o n d i n g   p u m p i n g   c h a m b e r   c a u s e s   o n l y  
t h e   d i s c h a r g e   of   t h e   pumped  f l u i d   ( t y p i c a l l y   a i r )   f r o m  

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

Under   s u c h   c o n d i t i o n s ,   t h e   pump  a c t u a l l y   b e h a v e s   as  a  

5  s i n g l e - a c t i o n   p u m p .  

In  t h e   p r e f e r r e d   a p p l i c a t i o n   to   t h e   i n f l a t i o n   of  t y r e s ,  
in  w h i c h   t h e   pump  is   u s e d   in   a  g e n e r a l l y   v e r t i c a l  

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

e n v i s a g e d   t h a t   t h e   f u r t h e r   v a l v e   member   w i l l   b e  

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

In  t h i s   way,   a f t e r   t h e   f i r s t   p a r t   of  t h e   p u m p i n g  

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

d o u b l e - a c t i n g   pump,  t h e   u s e r   w i l l   be  a b l e   to   a c t u a t e   t h e  

15  f u r t h e r   v a l v e   e l e m e n t   so  as  to   c a u s e   t h e   pump  t o  

o p e r a t e   as  a  s i n g l e - a c t i n g   pump  and  p e r f o r m   t h e   p u m p i n g  

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

t h e   g r o u n d .   When  t h e   pump  i s   s i n g l e - a c t i n g ,   t h e  

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

20  p e r f o r m a n c e   of  a  p u m p i n g   a c t i o n )   may  be  c a r r i e d   o u t  

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

F u r t h e r   c h a r a c t e r i s t i c s   and  a d v a n t a g e s   of  t h e   i n v e n t i o n  

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

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

25  t h e   a p p e n d e d   d r a w i n g s ,   in  w h i c h :  

F i g u r e   1  i s   a  p a r t i a l l y   c u t - a w a y   and  s e c t i o n e d   v e r t i c a l  

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

a n d  

F i g u r e   2  i s   a  s e c t i o n a l   v i e w ,   on  an  e n l a r g e d   s c a l e ,   o f  

30  t h e   p a r t   of  pump  i n d i c a t e d   by  t h e   a r r o w   in   F i g u r e   1  . 
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In  F i g u r e   1  ,  a  p i s t o n   pump  p r e f e r a b l y   i n t e n d e d   t o   b e  

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

e q u i p m e n t ,   and  t h e   l i k e   i s   g e n e r a l l y   i n d i c a t e d   1 .  

The  pump  1  c o m p r i s e s ,   as  c o m p o n e n t   p a r t s :  
5  -  a  l i g h t   m e t a l   or  p l a s t i c s   c y l i n d e r   2  d e f i n i n g   t h e  

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

end  w i t h   a  w i d e n e d   f o o t   p a r t   3  i n t e n d e d   to   f a c i l i t a t e  

t h e   r e s t i n g   of  t h e   pump  on  t h e   g r o u n d ;  
-  a  p i s t o n   4  s e a l i n g l y   s l i d a b l e   in   t h e   c y l i n d e r   2 

10  in  a x i a l   d i r e c t i o n   r e l a t i v e   to   t h e   c y l i n d e r ,   a n d  

-  a  rod   5  s l i d a b l y   m o u n t e d   in   an  end  p a r t   6  w h i c h  

c l o s e s   t h e   end  of   t h e   c y l i n d e r   2  o p p o s i t e   t h e   f o o t   3  a n d  

c o n n e c t e d   a t   t h e   o p p o s i t e   end  to   t h e   p i s t o n   4;  t h e   r o d  

5  i s   o p e r a b l e   to   r e c i p r o c a t e   t h e   p i s t o n   4  w i t h i n   t h e  

15  c y l i n d e r   2,  and  f o r   t h e   p u r p o s e   i t   i s   p r o v i d e d ,   a t   i t s  

end  o p p o s i t e   t h e   p i s t o n   4,  w i t h   a  h a n d l e   7  on  w h i c h   t h e  

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

G e n e r a l l y ,   and  a c c o r d i n g   t o   a  c o n s t r u c t i o n   known  i n  

i t s e l f ,   t h e   rod   5  has   two  i n t e r n a l   d u c t s   8  and  9,  i n t a k e  
20  and  d e l i v e r y   r e s p e c t i v e l y ,   w h i c h   o p e n   i n t o   t w o  

c o r r e s p o n d i n g   i n l e t   and  o u t l e t   o p e n i n g s   10,   11  a t   t h e  

u p p e r   end  of  t h e   rod   5.  A  p i p e   u n i o n   i s   n o r m a l l y  
a s s o c i a t e d   w i t h   t h e   l a t t e r   o p e n i n g   w h i c h   e n a b l e s   t h e  

pump  1  to   be  c o n n e c t e d   to   a  t u b e   or  s l e e v e   f o r  
25  c o n n e c t i o n   to   t h e   i n f l a t a b l e   a r t i c l e   ( t y r e ,   m a t t r e s s ,  

i t e m   of  s p o r t s   e q u i p m e n t ,   e t c )   to   be  i n f l a t e d .   To 

a d v a n t a g e ,   t h e   o p e n i n g   10  may  a l s o   h a v e   a  p i p e   u n i o n  
w h i c h   i t   i s   p o s s i b l e   to   c o n n e c t   to   a  t u b e   or   s l e e v e  

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

The  i n t a k e   and  d e l i v e r y   d u c t s   8  ,  9  may  be  c o n s t r u c t e d   i n  
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d i f f e r e n t   w a y s ,   a c c o u n t   b e i n g   t a k e n   of  t h e   s t r u c t u r e   o f  
t h e   rod   5  w h i c h   i s   n o r m a l l y   c y l i n d r i c a l .   For   e x a m p l e ,  
t h e   d u c t s   8  and  9  may  be  two  d u c t s   of  s e m i - c i r c u l a r  
s e c t i o n   p l a c e d   s i d e   by  s i d e .   I t   i s   a l s o   p o s s i b l e   t o  

5  a d o p t   a  c o a x i a l   a r r a n g e m e n t ,   w i t h   an  i n n e r   d u c t   o f  
c i r c u l a r   s e c t i o n   and  an  o u t e r   d u c t   of  a n n u l a r   s e c t i o n .  
The  a r r a n g e m e n t   of  t h e   o p e n i n g s   10  and  11,   w h i c h   a r e  
shown  s i d e   by  s i d e   f o r   c o n v e n i e n c e   of  r e p r e s e n t a t i o n ,   i s  
a d a p t e d   to  t h e   s t r u c t u r e   of  d u c t s   8  and  9  . 

10  The  p i s t o n   4  i s   g e n e r a l l y   h o l l o w   and  has   i n t e r n a l   s e p t a  
or  p a r t i t i o n s   w h i c h   d i v i d e   i t   i n t o   two  v o l u m e s   12,  13  
s e a l e d   f rom  e a c h   o t h e r .  

The  v o l u m e   12,  c a l l e d   t h e   i n t a k e   v o l u m e ,   c o m m u n i c a t e s  
w i t h   t h e   i n t a k e   d u c t   8,  w h i l e   t h e   v o l u m e   13,  c a l l e d   t h e  

15  d e l i v e r y   v o l u m e ,   c o m m u n i c a t e s   w i t h   t h e   d e l i v e r y   d u c t   1 2 .  

The  c o m m u n i c a t i o n   of  t h e   v o l u m e s   12,  13  w i t h   t h e i r  
r e s p e c t i v e   d u c t s   8,  9  i s   o p e n ,   w i t h o u t   t h e   i n t e r p o s i t i o n  
of  c o n t r o l   v a l v e   m e a n s .  

The  p i s t o n   9  d i v i d e s   t h e   c y l i n d e r   1  i n t o   two  c h a m b e r s  
20  14,  15  w h i c h   a r e   s u p e r p o s e d   in   t h e   n o r m a l   a r r a n g e m e n t   o f  

use   of  t h e   pump  1  . 

As  a  r e s u l t   of  t h e   r e c i p r o c a t i o n   of  t h e   p i s t o n   4,  w h i c h  
i s   e f f e c t e d   by  w o r k i n g   t h e   rod   5  by  means   of  t h e  
h a n d l e   7,  t h e   d i m e n s i o n s   of  t h e   c h a m b e r s   14,  15  v a r y ,  

25  i n c r e a s i n g   and  d e c r e a s i n g   a l t e r n a t e l y .  

The  i n t a k e   v o l u m e   12  of  p i s t o n   4  c o m m u n i c a t e s   w i t h   t h e  
l o w e r   c h a m b e r   15  of   t h e   c y l i n d e r   2  t h r o u g h   an  o p e n i n g   i n  
w h i c h   a  o n e - w a y   v a l v e   16  w i t h   d i s c   or  d i s c o i d a l   s h u t t e r  
i s   i n t e r p o s e d .   The  f u n c t i o n   of  t h e   v a l v e   16  i s   to   a l l o w  
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t h e   f l o w   of  p u m p i n g   f l u i d   ( n o r m a l l y   a i r )   f r o m   t h e   v o l u m e  

12  to   t h e   c h a m b e r   15  b u t   to   p r e v e n t   f l o w   in   t h e   o p p o s i t e  

d i r e c t i o n .  

The  m o v e m e n t   of  t h e   s h u t t e r   of  t h e   v a l v e   16  i s  

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

t h e   v o l u m e   12  and  t h e   c h a m b e r   15  in   s u c h   a  m a n n e r   t h a t  

t h e   v a l v e   16  c l o s e s   when  t h e   p r e s s u r e   in   t h e   c h a m b e r   15  

e x c e e d s   t h e   p r e s s u r e   in   t h e   v o l u m e   12  and  o p e n s   when  t h e  

p r e s s u r e   g r a d i e n t   i s   r e v e r s e d .  

10  A c c o r d i n g   to   a  s t r u c t u r a l l y - s i m i l a r   m a n n e r   of  a s s e m b l y ,  

t h e   v o l u m e   13  of  t h e   p i s t o n   4  c o m m u n i c a t e s   w i t h   t h e  

u p p e r   c h a m b e r   14  t h r o u g h   an  o p e n i n g   in   w h i c h   a  o n e - w a y  

v a l v e   17  i s   i n t e r p o s e d   and  w i t h   t h e   l o w e r   c h a m b e r   15  

t h r o u g h   a  f u r t h e r   o p e n i n g   in   w h i c h   a  o n e - w a y   v a l v e   18  i s  

15  i n t e r p o s e d .  

The  v a l v e s   17  and  18  a l s o   a r e   of  t h e   d i s c - s h u t t e r   t y p e  

and  a r e   p r e f e r a b l y   f i t t e d   w i t h   a  s i n g l e   common  s h u t t e r  

178  of  c y l i n d r i c a l   s h a p e ,   one   end  of  w h i c h   a c t s   as  a  

s h u t t e r   f o r   t h e   v a l v e   17  and  t h e   o p p o s i t e   end  of  w h i c h  

20  a c t s   as  a  s h u t t e r   f o r   v a l v e   18.  The  v a l v e s   17  and   1 8  

a r e   m o u n t e d   on  t h e   p i s t o n   4  in   s u c h   a  m a n n e r   as  to   a l l o w  

t h e   p u m p i n g   f l u i d   to   f l o w   t o w a r d s   t h e   d e l i v e r y   d u c t   9 

f r o m   t h e   c h a m b e r   14  or   t h e   c h a m b e r   15  in   a l t e r n a t i o n ,  

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

25  The  m o u n t i n g   a r r a n g e m e n t   of  t h e   v a l v e s   17  and  18  on  t h e  

p i s t o n   4  i s ,   so  to   s p e a k ,   r e v e r s e d   w i t h   r e s p e c t   to   t h e  

v a l v e   16.  T h i s   r e s u l t   i s   n o r m a l l y   o b t a i n e d   by  a r r a n g i n g  

t h e   d i s c   s h u t t e r   of  t h e   v a l v e   16  o u t s i d e   p i s t o n   4  a n d  

t h e   common  s h u t t e r   178  of  t h e   v a l v e s   17  and  18  i n s i d e  

30  t h e   p i s t o n .  
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A  f u r t h e r   v a l v e   w i t h   a  d i s c   or  d i s c o i d a l   s h u t t e r   i s  
i n d i c a t e d   19  and  i s   m o u n t e d   on  t h e   c o v e r   or  end  6  w h i c h  

c l o s e s   c y l i n d e r   2  a t   i t s   u p p e r   e n d .  

As  can  be  s e e n   b e t t e r   in   t h e   e n l a r g e d   v i e w   of  F i g u r e   2 ,  

5  t h e   v a l v e   19  i s   a s s o c i a t e d   w i t h   an  o p e n i n g   20  w h i c h  

a l l o w s   c o m m u n i c a t i o n   b e t w e e n   t h e   c h a m b e r   14  and  t h e  
o u t s i d e   of  t h e   pump.  A  p i n - s h a p e d   b o d y ,   i n d i c a t e d   2 1 ,  
e x t e n d s   t h r o u g h   t h e   o p e n i n g   20  and  i s   m o v a b l e   b e t w e e n   a  
f i r s t   o p e r a t i n g   p o s i t i o n ,   shown  in  f u l l   o u t l i n e   a n d  

10  i n d i c a t e d   A  in   F i g u r e   2,  and  a  s e c o n d   o p e r a t i n g  

p o s i t i o n ,   shown  in  b r o k e n   o u t l i n e   and  i n d i c a t e d   B  i n  

F i g u r e   2  . 

More  p r e c i s e l y ,   t h e   p i n   21  i s   s l i d a b l y   m o u n t e d   w i t h i n   a  
t u b u l a r   s l e e v e   22  h e l d   in   a  c e n t r a l   p o s i t i o n   r e l a t i v e   t o  

15  t h e   o p e n i n g   20  by  r a d i a l   s p o k e s ,   n o t   c l e a r l y   shown  i n  

t h e   d r a w i n g s   . 

The  t r a n s l a t i o n a l   m o v e m e n t   of  t h e   p i n   21  b e t w e e n   t h e  

p o s i t i o n   of  p a r t i a l   w i t h d r a w a l   f rom  t h e   c y l i n d e r ,  
i n d i c a t e d   A,  and  t h e   p o s i t i o n   of  i n s e r t i o n   w i t h i n   t h e  

20  c y l i n d e r ,   i n d i c a t e d   B,  i s   e a s i l y   e f f e c t e d   by  a c t i n g   on  a  
m u s h r o o m   h e a d   23  p r o v i d e d   on  t h e   end  of  t h e   p i n   21  

f a c i n g   o u t w a r d l y   of   t h e   c y l i n d e r   2 .  

On  t h e   o p p o s i t e   end  of  t h e   p i n   21  i s   m o u n t e d   a  d i s c  

s h u t t e r   24  s i m i l a r   in   e v e r y   r e s p e c t   to   t h e   s h u t t e r s   o f  

25  t h e   v a l v e s   16,  17  and  1 8 .  

In  t h i s   c a s e   a l s o ,   t h e   m o v e m e n t   of  t h e   s h u t t e r   24  i s  

c o n t r o l l e d   by  t h e   p r e s s u r e   g r a d i e n t   e s t a b l i s h e d   t h r o u g h  
t h e   r e s p e c t i v e   o p e n i n g   2 0 .  

More  p r e c i s e l y ,   when  t h e   p i n   21  i s   in  p o s i t i o n   A,  t h e  
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e s t a b l i s h m e n t   of  a  p r e s s u r e   in  t h e   c h a m b e r   14  h i g h e r  
t h a n   t h a t   of  t h e   e x t e r n a l   e n v i r o n m e n t   c a u s e s   t h e   s h u t t e r  

24  to   be  p r e s s e d   a g a i n s t   t h e   o p e n i n g   20  to   c l o s e   i t .  

On  t h e   o t h e r   h a n d ,   when  t h e   p r e s s u r e   in   t h e   c h a m b e r   14  

5  i s   l o w e r   t h a n   t h a t   of  t h e   e x t e r n a l   e n v i r o n m e n t ,   t h e  

s h u t t e r   24  i s   moved  away  f rom  t h e   o p e n i n g   2  0  so  as  t o  

open   i t   . 

The  a m p l i t u d e   of  t h e   m o v e m e n t   of  t h e   s h u t t e r   20  b e t w e e n  

t h e   p o s i t i o n   of  c l o s u r e   of  t h e   o p e n i n g   2  0  and  t h e  

10  p o s i t i o n   of  d i s e n g a g e m e n t   f rom  t h e   o p e n i n g   20  i s   c h o s e n  

so  t h a t ,   when  t h e   p i n   21  i s   p r e s s e d   i n w a r d l y   of  t h e  

c y l i n d e r   2  t o w a r d s   p o s i t i o n   B,  t h e   s h u t t e r   24  i s   a n y  
c a s e   d i s e n g a g e d   f r o m   t h e   o p e n i n g   20  so  as  a l w a y s   to   k e e p  
i t   o p e n .  

15  In  o r d e r   to   i l l u s t r a t e   t h e   o p e r a t i o n   of  t h e   p u m p  
a c c o r d i n g   to   t h e   i n v e n t i o n ,   r e f e r e n c e   w i l l   be  made  t o   a n  
i n i t i a l   c o n d i t i o n   of  u s e   in   w h i c h   t h e   v a l v e   member   19  i s  

in  t h e   o p e r a t i n g   p o s i t i o n   A,  w h e r e i n   t h e   s h u t t e r   24  

s e l e c t i v e l y   c o n t r o l s   t h e   f l o w   of  a i r   t h r o u g h   o p e n i n g   2 0 .  

20  When  t h e   p i s t o n   4  i s   l o w e r e d   t o w a r d s   t h e   b o t t o m   3  o f  

t h e   c y l i n d e r ,   t h e   p r e s s u r e   l e v e l   in   t h e   c h a m b e r   14  t e n d s  

to  d e c r e a s e ,   w h i l e   t h e   p r e s s u r e   l e v e l   in   t h e   c h a m b e r   15  
t e n d s   to   i n c r e a s e .  

C o n s e q u e n t l y ,   t h e   s h u t t e r   of  t h e   v a l v e   16  i s   p u s h e d   i n t o  

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

b e t w e e n   t h e   i n t a k e   d u c t   8  and  t h e   c h a m b e r   15.  On  t h e  

o t h e r   h a n d ,   t h e   s h u t t e r   24  of  t h e   v a l v e   19  moves   i n t o  

i t s   open   p o s i t i o n ,   w h e r e b y   a i r   can  f l o w   f r e e l y   i n t o   t h e  

c h a m b e r   14  f r o m   t h e   o u t s i d e .  
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The  s h u t t e r   178  i s   p u s h e d   i n t o   t h e   p o s i t i o n   of  o p e n i n g  
of  t h e   v a l v e   18  to   p u t   t h e   c h a m b e r   15  ( w h i c h   a c t s   a t  
t h i s   t i m e   as  a  p u m p i n g   c h a m b e r )   i n t o   c o m m u n i c a t i o n   w i t h  
t he   v o l u m e   13  and  t h e   d e l i v e r y   d u c t   9.  At  t h e   s a m e  

5  t i m e ,   t h e   s h u t t e r   178  c l o s e s   t h e   v a l v e   17  to   i n t e r r u p t  
c o m m u n i c a t i o n   b e t w e e n   t h e   c h a m b e r   14  and  t h e   d e l i v e r y  
d u c t   9 .  

When  t h e   p i s t o n   4  i s   r a i s e d   to   move  i t   b a c k   t o w a r d s   t h e  
u p p e r   end  of  t h e   c y l i n d e r   2,  t h e   f u n c t i o n s   of  t h e  

10  c h a m b e r s   14  and  15  a r e   r e v e r s e d .  

The  c h a m b e r   14,  whose   d i m e n s i o n s   d e c r e a s e ,   a c t s   as  a  
p u m p i n g   c h a m b e r .   The  p r e s s u r e   l e v e l   in   t h e   l a t t e r   t h u s  
t e n d s   to   i n c r e a s e ,   w h i l e   t h e   p r e s s u r e   l e v e l   in   t h e  
c h a m b e r   15,  whose   d i m e n s i o n s   i n c r e a s e ,   t e n d s   to   d e c r e a s e .  

15  C o n s e q u e n t l y ,   t h e   s h u t t e r   of  t h e   v a l v e   16  i s   b r o u g h t  
i n t o   i t s   open   p o s i t i o n ,   w h e r e b y   t h e   p u m p i n g   f l u i d   f r o m  
t h e   i n t a k e   d u c t   8  can  p a s s   f r e e l y   i n t o   t h e   c h a m b e r   1 5 .  
At  t h e   same  t i m e ,   t h e   s h u t t e r   24  of  t h e   v a l v e   19  i s  
p r e s s e d   i n t o   i t s   c l o s u r e   p o s i t i o n   to   c l o s e   t h e   o p e n i n g  

20  20.  The  s h u t t e r   178  i s   p u s h e d   i n t o   t h e   p o s i t i o n   o f  
o p e n i n g   t h e   v a l v e   17,  w h i c h   p u t s   t h e   c h a m b e r   14  i n t o  
c o m m u n i c a t i o n   b e t w e e n   t h e   c h a m b e r   15  and  t h e   d e l i v e r y  
d u c t   9 .  

The  o p e r a t i n g   c o n d i t i o n s   d e s c r i b e d   a b o v e   w i t h   r e f e r e n c e  
25  r e s p e c t i v e l y   to   t h e   l o w e r i n g   and  r a i s i n g   of   t h e   p i s t o n   4 

a l t e r n a t e   u n t i l   t h e   v a l v e   member   19  i s   h e l d   in  i t s   f i r s t  
o p e r a t i n g   p o s i t i o n   c o r r e s p o n d i n g   to   t h e   l o c a t i o n   of  t h e  
p i n   21  in  i t s   p a r t i a l l y   w i t h d r a w n   p o s i t i o n ,   i n d i c a t e d   A 
in   F i g u r e   2.  Unde r   s u c h   c o n d i t i o n s ,   t h e   pump  1  a c t s   a s  

30  a  d o u b l e - a c t i n g   pump,  e n s u r i n g   a  p u m p i n g   a c t i o n   ( i n t a k e  
t h r o u g h   t h e   d u c t   8,  d e l i v e r y   t h r o u g h   t h e   d u c t   9)  w h i c h  
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i s   c o n t i n u o u s   and  i s   n o t   i n t e r r u p t e d   by  t h e   c h a n g e   i n  

t h e   d i r e c t i o n   of  m o v e m e n t   of  t h e   p i s t o n   4 .  

The  p u s h i n g   of  t h e   p i n   21  i n t o   t h e   o p e r a t i n g   p o s i t i o n   B ,  

in   w h i c h   t h e   s h u t t e r   24  i s   a l w a y s   d i s e n g a g e d   f r o m   t h e  

5  o p e n i n g   20,  r e n d e r s   t h e   l a t t e r   c o n t i n u o u s l y   open   and  t h e  

pump  1  goes   o v e r   to   a  s i n g l e - a c t i n g   mode  of  o p e r a t i o n .  

Under   s u c h   c o n d i t i o n s ,   d u r i n g   t h e   d o w n s t r o k e   of  p i s t o n  

4,  t h e   v a l v e s   16,  17  and  18  t a k e   up  t h e   same  p o s i t i o n s  

of  o p e r a t i o n   as  d e s c r i b e d   a b o v e .   The  same  c o n d i t i o n s   o f  

10  o p e r a t i o n   of  t h e   v a l v e   19,  w h i c h   i s   in   t h e   open   p o s i t i o n  

d u r i n g   t h e   d o w n s t r o k e   of  t h e   p i s t o n   4,  a r e   a l s o  

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

a c t i o n .  

When  p i s t o n   4  i s   r e t u r n e d   u p w a r d l y ,   t h e   v a l v e s   16  and   18  

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

p o s i t i o n s   (as   in  t h e   c a s e   of  d o u b l e - a c t i n g   o p e r a t i o n )   , 
and  t h e   p u m p i n g   f l u i d   f l o w s   in   t h r o u g h   t h e   i n t a k e   d u c t   8 

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

On  t h e   o t h e r   h a n d   ( u n l i k e   wha t   t a k e s   p l a c e   in   t h e   c a s e  

20  of  d o u b l e - a c t i n g   o p e r a t i o n )   e v e n   i f   t h e   v a l v e   17  m o v e s  

to  t h e   open   p o s i t i o n   to   e s t a b l i s h   c o m m u n i c a t i o n   b e t w e e n  

t h e   c h a m b e r   14  and  t h e   d e l i v e r y   d u c t   9,  t h e   m o v e m e n t   o f  

p i s t o n   4  d o e s   n o t   c a u s e   any  s u b s t a n t i a l   p u m p i n g   a c t i o n ,  

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

25  14,  t h e   d i m e n s i o n s   of  w h i c h   g r a d u a l l y   d e c r e a s e ,   f l o w s  

o u t   t h r o u g h   t h e   o p e n i n g   20  l e f t   f r e e   by  t h e   s h u t t e r   2 4 .  

N a t u r a l l y ,   as  t h e r e   i s   no  p u m p i n g   a c t i o n ,   t h e   p i s t o n   4 ,  

and  h e n c e   t h e   rod   5  and  t h e   h a n d l e   7,  d o e s   n o t   e x e r t   a n y  

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

30  M o r e o v e r ,   d u r i n g   t h e   f i n a l   s t a g e s   of  t h e   i n f l a t i o n   of  a n  



0 2 1 5 7 5 2  

-  11  -  
a r t i c l e   such   as  a  t y r e ,   t h e   r a i s i n g   of  t h e   p i s t o n   4  d o e s  

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

w o u l d   be  r e q u i r e d ,   h o w e v e r ,   i f   t h e   pump  w e r e   o p e r a t i n g  

as  a  d o u b l e - a c t i n g   pump.  T h u s ,   t h e   u s e r   has   t h e   m e a n s  
5  f o r   s e l e c t i v e l y   l i m i t i n g   t h e   p u m p i n g   a c t i o n   to   o n l y   t h e  

d o w n s t r o k e   of  t h e   p i s t o n   4  w h i c h ,   b e i n g   p e r f o r m e d   w i t h  

t h e   u s e r ' s   w e i g h t   b e a r i n g   on  t h e   rod   5,  i s   l e s s   t i r i n g  
f o r   t h e   b a c k   m u s c l e s .  

I t   may  a l s o   be  s e e n   t h a t ,   d u r i n g   t h e   d o u b l e - a c t i n g  

10  o p e r a t i o n ,   t h e   f u r t h e r   v a l v e   member   19  e n a b l e s   t h e  

s e l e c t i v e   c o n t r o l   of  t h e   i n t a k e   of  a i r   i n t o   t h e   c h a m b e r  

14,  w i t h o u t   t h e   n e e d   to   p r o v i d e   a  c o r r e s p o n d i n g   v a l v e   o n  
t h e   p i s t o n   4  f o r   t h i s   p u r p o s e .   In  t h e   pump  a c c o r d i n g   t o  
t h e   i n v e n t i o n ,   o n l y   t h e   o n e - w a y   v a l v e   17  w h i c h  

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

c h a m b e r   14  and  t h e   d e l i v e r y   d u c t   9  i s   in   f a c t   m o u n t e d  

on  t h e   f a c e   of  t h e   p i s t o n   4  f a c i n g   t h e   c h a m b e r   14.  I n  

t h i s   way,   a  f u r t h e r   a d v a n t a g e   i s   o b t a i n e d   o v e r   t h e  

d o u b l e - a c t i n g   pumps  of  known  t y p e ,   d e r i v i n g   f rom  t h e  

20  e l i m i n a t i o n   of  one  of   t h e   v a l v e s   m o u n t e d   on  t h e   p i s t o n .  

A  p i s t o n   pump  has   t h u s   b e e n   d e s c r i b e d   w h i c h   can   b e  

o p e r a t e d   s e l e c t i v e l y   in   two  modes   or  t y p e s   of  o p e r a t i o n ,  
i t   b e i n g   s w i t c h e d   s e l e c t i v e l y   f r o m   u s e   as  a  

d o u b l e - a c t i n g   pump  to   u s e   as  a  s i n g l e - a c t i n g   p u m p .  
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CLAIMS 

1.  A  p i s t o n   pump  f o r   p u m p i n g   f l u i d s ,   c o m p r i s i n g :  

-  a  p u m p i n g   c y l i n d e r   ( 2 ) ;  

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

(2)  and  d i v i d i n g   t h e   c y l i n d e r   (2)  i n t o   two  c h a m b e r s   ( 1 4 ,  

5  15)  whose   d i m e n s i o n s   i n c r e a s e   and  d e c r e a s e   a l t e r n a t e l y  

as  a  r e s u l t   of  t h e   s l i d i n g   of  t h e   p i s t o n   (4)  in  t h e  

c y l i n d e r   (  2  )  ; 
-  a  rod   (5)  f o r   e f f e c t i n g   t h e   r e c i p r o c a t i n g   s l i d i n g  

of  t h e   p i s t o n   (4)  in  t h e   c y l i n d e r   ( 2 ) ,   h a v i n g   a t   l e a s t  

one  i n t a k e   d u c t   (8)  and  a  d e l i v e r y   d u c t   (9)  f o r   t h e  

p u m p i n g   f l u i d ,   a n d  

-  v a l v e   member s   (  16  -  18  )  a t   l e a s t   p a r t l y   a s -  

s o c i a t e d   w i t h   t he   p i s t o n   (  4  )  ;  and  s e l e c t i v e l y   c l o -  

s a b l e   and  o p e n a b l e   w i t h   t he   movemen t   of   t h e  

15  p i s t o n   ■  (  4  )  to  pu t   and  t h a t   of  t h e   two  c h a m b e r s  

(  14  or  15  }  whose   d i m e n s i o n s   a r e   d e c r e a s i n g   a t   t h e  

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

v a l v e   member   (19)  a s s o c i a t e d   w i t h   one  (14)  of  t h e   t w o  

20  c h a m b e r s   (14 ,   15)  and  s e l e c t i v e l y   o p e n a b l e   to  p u t   t h e  

-  s a i d   one  (14)  of  t h e   two  c h a m b e r s   (14,   15)  i n t o   f r e e  

c o m m u n i c a t i o n   w i t h   t h e   o u t s i d e   of  t h e   c y l i n d e r   ( 2 ) .  

2.  A  p i s t o n   pump  a c c o r d i n g   to   C l a i m   1,  i n t e n d e d   f o r   u s e  
in  a  g e n e r a l l y   v e r t i c a l   p o s i t i o n   w i t h   t h e   two  c h a m b e r s  

25  (14,   15)  l o c a t e d   one  a b o v e   t h e   o t h e r ,   c h a r a c t e r i s e d   i n  

t h a t   t h e   f u r t h e r   v a l v e   member  (19)   i s   a s s o c i a t e d   w i t h  

t h e   c h a m b e r   (14)  w h i c h   i s   in  t he   u p p e r   p o s i t i o n   in  u s e .  

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

c h a r a c t e r i s e d   in  t h a t ,   on  t he   f a c e   of  t h e   p i s t o n   ( 4 )  

30  f a c i n g   t h e   s a i d   one  (14)  of  t h e   two  c h a m b e r s   (14 ,   1 5 ) ,  
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t h e r e   a r e   o n l y   m o u n t e d   o n e - w a y   v a l v e   m e m b e r s   (17)   f o r  
p u t t i n g   t h e   s a i d   one  c h a m b e r   (14)   s e l e c t i v e l y   i n t o  
c o m m u n i c a t i o n   w i t h   t h e   d e l i v e r y   d u c t   ( 9 ) ,   and  in   t h a t  
t h e   f u r t h e r   v a l v e   member   (19)   i s   s e l e c t i v e l y   s w i t c h a b l e  

5  b e t w e e n   f i r s t   (A)  and  s e c o n d   (B)  o p e r a t i n g   p o s i t i o n s ,  
t h e   a r r a n g e m e n t   b e i n g   s u c h   t h a t   in   t h e   f i r s t   o p e r a t i n g  
p o s i t i o n   (A)  t h e   f u r t h e r   v a l v e   member   (19)   a c t s   a s  
a  o n e - w a y   v a l v e   member   to   p e r m i t   t h e   f l o w   of  p u m p i n g  
f l u i d   t o w a r d   t h e   s a i d   one  (14)   of  t h e   c h a m b e r s   and  t o  

10  p r e v e n t   t h e   f l o w   of   t h e   f l u i d   in   t h e   o p p o s i t e   d i r e c t i o n ,  
and  in   t h e   s e c o n d   o p e r a t i n g   p o s i t i o n   (B)  t h e   f u r t h e r  
v a l v e   member   p e r m i t s   t h e   f r e e   c o m m u n i c a t i o n   of  t h e   s a i d  
one  c h a m b e r   (14)   w i t h   t h e   o u t s i d e   of  t h e   c y l i n d e r   ( 2 ) .  

4.  A  pump  a c c o r d i n g   t o   C l a i m   3,  c h a r a c t e r i s e d   in   t h a t  
15  t h e   f u r t h e r   v a l v e   member   (19)   i s   s u b s t a n t i a l l y   d e f i n e d  

b y :  

-  an  o p e n i n g   (20)   in   t h e   w a l l   of  t h e   c y l i n d e r   ( 2 ) ;  
-  a  p i n - s h a p e d   body   (21)   e x t e n d i n g   t h r o u g h   t h e  

o p e n i n g   (20)   b e t w e e n   a  p o s i t i o n   of  p a r t i a l   w i t h d r a w a l  
20  f rom  t h e   o p e n i n g   ( 2 0 ) ,   w h i c h   d e f i n e s   t h e   f i r s t   p o s i t i o n  

(A),   and  a  p o s i t i o n   of  i n s e r t i o n   i n t o   t h e   c y l i n d e r   ( 2 ) ,  
w h i c h   d e f i n e s   the   s e c o n d   p o s i t i o n   (B) ,   a n d  

-  a  d i s c   or  d i s c o i d a l   s h u t t e r   (24)  f o r   c l o s i n g   t h e  

o p e n i n g   ( 2 0 ) ,   w h i c h   i s   f i t t e d   o n t o   t h e   p i n - s h a p e d   b o d y  
25  (21)  w i t h i n   t h e   c y l i n d e r   (2)  and  i s   a b l e   to   e f f e c t   a  

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

p i n - s h a p e d   body   (21)   as  a  r e s u l t   of  t h e   p r e s s u r e  
g r a d i e n t   e s t a b l i s h e d   w i t h i n   t h e   o p e n i n g   ( 2 0 ) ,   t h e  
a m p l i t u d e   of  t h e   s l i d i n g   m o v e m e n t   of  t h e   s h u t t e r   ( 2 4 )  

30  b e i n g   s e l e c t e d   in   s u c h   a  m a n n e r   t h a t ,   w i t h   t h e  

p i n - s h a p e d   body  (21)  in   t h e   p a r t i a l l y   w i t h d r a w n   p o s i t i o n  
(A) ,   t h e   s h u t t e r   (24)   i s   a b l e   s e l e c t i v e l y   to   open   and  t o  
c l o s e   t h e   o p e n i n g   (20)   a n d ,   w i t h   t h e   p i n - s h a p e d   b o d y  
(21)  in  t h e   i n s e r t e d   p o s i t i o n   (B) ,   t h e   s h u t t e r   i s   a l w a y s  

35  d i s e n g a g e d   f rom  t h e   o p e n i n g   ( 2 0 ) .  
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