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©  Fluid  motor. 

  A  fluid  motor  comprising  a  housing  including  first  and 
second  cylinders.  First  and  second  pistons  are  rigidly  fixed  to 
each  other  and  situated  in  their  respective  cylinders.  First 
and  second  flexible  seals  act  to  seal  between  the  pistons  and 
their  respective  cylinders.  The  housing  has  an  inlet  port  for 
receiving  working  fluid  and  first  and  second  outlet  conduits 
for  exhausting  the  working  fluid.  The  motor  also  includes  a 
working  fluid  valving  means  for  alternately  providing  pressu- 
rized  working  fluid  to  the  cylinders,  including  a  single  spool 
valve  adapted  to  alternate  between  first  and  second  posi- 
tions,  and  means  for  moving  the  working  fluid  valving 
means  between  the  first  and  second  positions. 



This   i n v e n t i o n   r e l a t e s   to  f l u i d   m o t o r s .  

It  has  been   known  fo r   many  y e a r s   to  p r o v i d e   a  m o t o r  

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

p r e s s u r e   a l t e r n a t i n g   in  the   two  c y l i n d e r s   so  as  to  move  t h e  

p i s t o n s   back  and  f o r t h .   Such  a  mo to r   has  been   used   as  a n  

a c t u a t o r ,   as  a  pump,  and  as  the  d r i v e r   fo r   a  m e c h a n i c a l   t o o l   s u c h  

as  a  saw.  In  o r d e r   to  o p e r a t e   the  f l u i d   m o t o r ,   some  k ind   o f  

w o r k i n g   f l u i d   must  be  p r o v i d e d ,   and  a  v a l v i n g   a p p a r a t u s   must  b e  

u s e d   so  t h a t   the  w o r k i n g   f l u i d   a l t e r n a t e l y   e n t e r s   and  e x i t s   e a c h  

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

means   for   s u p p l y i n g   the   w o r k i n g   f l u i d .   Most  of  t h e s e   v a l v i n g  

means   a re   q u i t e   c o m p l i c a t e d   and  i n v o l v e   s e v e r a l   moving   p a r t s .  

The  m e c h a n i s m   for   t i m i n g   the   v a l v i n g   means  p r o p e r l y   so  t h a t   t h e  

w o r k i n g   f l u i d   e n t e r s   and  l e a v e s   the  a p p r o p r i a t e   chamber   at  t h e  

a p p r o p r i a t e   t ime  is  s u s c e p t i b l e   to  m i s a d j u s t m e n t   and  f a i l u r e ,   a n d  

the   v a l v i n g   means  i t s e l f   is  s u s c e p t i b l e   to  j amming   or  w e a r i n g .  

E x c e s s i v e   wear  may  c a u s e   the   l o s s   of  a  s e a l   a r o u n d   the   v a l v i n g  

m e a n s .  

In  the  c a se   of  f l u i d   m o t o r s   w h i c h   a re   used  as  pumps ,   a  

s e c o n d   se t   of  v a l v i n g   means  is  r e q u i r e d   in  o r d e r   to  c o n t r o l   t h e  

movemen t   of  the  pumped  f l u i d .   Th is   s e c o n d   s e t   of  v a l v i n g   m e a n s  

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

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  ve ry   s i m p l e   f l u i d  

m o t o r ,   in  which  the   v a l v i n g   means  c o n t r o l l i n g   the   f low  of  t h e  

w o r k i n g   f l u i d   is  a  s i n g l e ,   i n t e g r a l   member  h a v i n g   two  p o s i t i o n s .  

The  t e rm  " v a l v i n g   m e a n s "   as  u sed   h e r e   f o r   v a l v i n g   the   w o r k i n g  

f l u i d   is  meant  to  be  e x c l u s i v e   of  s e a l s ,   a l t h o u g h   s e a l s   may  b e  

l o c a t e d   a round   the  v a l v i n g   m e a n s .   S i n c e   on ly   one  p a r t   m o v e s ,  
t h e r e   is  g r e a t e r   r e l i a b i l i t y   in  t h i s   m o t o r   t h a n   in  m o t o r s   i n  

wh ich   the  v a l v i n g   means  c o m p r i s e s   more  t h a n   one  moving  p a r t .  

A l s o ,   b e c a u s e   t h e r e   is  on ly   one  moving   p a r t ,   t h e r e   is  l e s s  

s u r f a c e   a r e a   which   r ubs   due  to  movement   of  the   p a r t ,   a n d  

t h e r e f o r e   l e s s   wear  on  the  c o m p o n e n t s .   I t   is  a l s o   e a s i e r   to  s e a l  

a  s i n g l e ,   i n t e g r a l   member  t h a n   to  s e a l   s e v e r a l   m e m b e r s .  

F u r t h e r m o r e ,   t h i s   s i n g l e ,   i n t e g r a l   member  may  be  e a s i l y   r e m o v e d  

f rom  the   h o u s i n g   in  o r d e r   to  r e p l a c e   s e a l s ,   if  t h a t   b e c o m e s  

n e c e s s a r y .  



The  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   shown  h e r e   a l s o  

p r o v i d e s   a  s i m p l e   d e t e n t   means   fo r   s t o p p i n g   the   v a l v i n g   member  a t  

i t s   f i r s t   and  s e c o n d   p o s i t i o n s ;   n a m e l y ,   t h e r e   is  a  p a i r   o f  

a x i a l l y   s p a c e d   c a n n e l u r e s   or  g r o o v e s   in  the  o u t e r   s u r f a c e   of  t h e  

v a l v i n g   member  and  two  s p r i n g - l o a d e d   b a l l s   in  the   h o u s i n g   a d a p t e d  

to  f i t   i n t o   one  or  the   o t h e r   of  the   g r o o v e s   when  the   v a l v i n g  

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

s p r i n g - l o a d e d   b a l l s   o p p o s e   each   o t h e r   so  t h a t   the   f o r c e   on  t h e  

v a l v i n g   member  is  b a l a n c e d .   Th i s   means  t h a t   a  l a r g e   f o r c e   can  b e  

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

member  to  d e v i a t e   f rom  i t s   a x i a l l y - o r i e n t e d   d i r e c t i o n   of  t r a v e l  

and  w i t h o u t   c a u s i n g   h i g h   f r i c t i o n   f o r c e s   on  the   v a l v i n g   m e a m b e r .  

In  the   e m b o d i m e n t   shown  h e r e ,   the   s e a l s   b e t w e e n   e a c h  

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

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

B e l l o f r a m   C o r p o r a t i o n .   In  t h e s e   s e a l s ,   h o w e v e r ,   the   r e i n f o r c i n g  

f a b r i c   does   not   e x t e n d   to  t he   edge   of  the   d i a p h r a g m   but   i n s t e a d  

s t o p s   s h o r t   of  the   edge  so  t h a t   t h e r e   is   a  good  s e a l   a r o u n d   t h e  

p e r i m e t e r   of  the   d i a p h r a g m ,   t h e r e b y   p r e v e n t i n g   w i c k i n g   of  f l u i d  

t h r o u g h   the  f i b e r s   of  the   f a b r i c .  

In  the  e m b o d i m e n t   shown  h e r e ,   the   f l u i d   m o t o r   is  used   a s  

a  pump,  and  n o v e l   v a l v i n g   means   a r e   p r o v i d e d   in  the   p u m p i n g  

s e c t i o n   in  o r d e r   to  c o n t r o l   t he   f low  of  the  pumped  f l u i d .   T h e  

v a l v i n g   shown  h e r e   is  made  up  of  o n l y   two  v a l v e s ,   each   b e i n g   a 

c o m b i n a t i o n   u m b r e l l a - d u c k   b i l l   v a l v e .   The  c o m b i n a t i o n  

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

v a l v e s ,   each   d o i n g   the   job   of  at  l e a s t   two  v a l v e s   of  the   p r i o r  

a r t .  

A  more  t h o r o u g h   u n d e r s t a n d i n g   of  the  p r e s e n t   i n v e n t i o n  

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

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

in  w h i c h :  

F i g u r e   1  is  a  s e c t i o n a l   v i ew   of  a  f l u i d   mo to r   made  i n  

a c c o r d a n c e   w i th   the   p r e s e n t   i n v e n t i o n .  

F i g u r e   2  is   an  e n l a r g e d ,   b r o k e n - a w a y   s e c t i o n   of  t h e  

f l u i d   mo to r   shown  in  F i g u r e   1,  s h o w i n g   the   means  fo r   s t o p p i n g   t h e  

v a l v i n g   member  at  i t s   two  p o s i t i o n s .  

F i g u r e   1  shows  a  f l u i d   m o t o r   10,  which   in  t h i s  

p a r t i c u l a r   ca se   is  a c t i n g   as  a  pump.  The  pump  shown  h e r e   w a s  



o r i g i n a l l y   d e s i g n e d   f o r   pumping   soda  s y r u p   but   may  be  used   i n  

many  o t h e r   a p p l i c a t i o n s .   The  h o u s i n g   of  the  f l u i d   pump  10  i s  

made  in  t h r e e   p i e c e s   12,  14,  and  16.  I n s i d e   the   h o u s i n g   a re   a 

f i r s t   c y l i n d e r   18,  a  s e c o n d   c y l i n d e r   20,  a  w o r k i n g   f l u i d   i n l e t  

p o r t   22,  two  w o r k i n g   f l u i d   o u t l e t   c o n d u i t s   24,  25,  a  p u m p i n g  
f l u i d   i n l e t   p o r t   26,  and  a  pumping   f l u i d   o u t l e t   p o r t   28.  T h e  

f i r s t   and  s e c o n d   w o r k i n g   f l u i d   o u t l e t   c o n d u i t s   24,  25  may  e x i t  

the   h o u s i n g   in  two  s e p a r a t e   p o r t s ,   as  shown,   or  t h e y   may 
i n t e r s e c t   and  e x i t   t he   h o u s i n g   at  a  s i n g l e   o u t l e t   p o r t .   A  f i r s t  

p i s t o n   30  and  a  s e c o n d   p i s t o n   32  a re   r i g i d l y   c o n n e c t e d   to  e a c h  

o t h e r   by  means  of  a  rod  33  and  a re   s i t u a t e d   such   t h a t   e ach   p i s t o n  

is  in  i t s   r e s p e c t i v e   c y l i n d e r   18,  2 0 .  

A  s p o o l   v a l v e   34  o p e r a t e s   in  a  b o r e   35  b e t w e e n   t h e  

c y l i n d e r s   18,  20  as  a  w o r k i n g   f l u i d   v a l v i n g   means  f o r   a l t e r n a t e l y  

p r o v i d i n g   w o r k i n g   f l u i d   f i r s t   to  the   f i r s t   c y l i n d e r   18  a n d  

e x h a u s t i n g   the  s e c o n d   c y l i n d e r   20,  and  t h e n   p r o v i d i n g   w o r k i n g  

f l u i d   to  the   s e c o n d   c y l i n d e r   20  and  e x h a u s t i n g   the   f i r s t   c y l i n d e r  

18.  I t   is  l i k e l y   t h a t   the  w o r k i n g   f l u i d   w i l l   be  a  p r e s s u r i z e d  

f l u i d   such  as  c o m p r e s s e d   a i r ,   which   t h e n   e x h a u s t s   i n t o   t h e  

a t m o s p h e r e .   H o w e v e r ,   the   w o r k i n g   f l u i d   c o u l d   i n s t e a d   be  at  a 

p r e s s u r e   l o w e r   t h a n   a m b i e n t ,   in  which   c a s e   t he   p i s t o n s   would   m o v e  

o p p o s i t e   to  the  d i r e c t i o n s   d e s c r i b e d   h e r e i n .   If   a  low  p r e s s u r e  

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

w o r k i n g   f l u i d   i n l e t   p o r t   26  would   a l l o w   f l u i d   to  f l o w   f rom  t h e  

c y l i n d e r   i n t o   the   low  p r e s s u r e   a r e a ,   c r e a t i n g   a  low  p r e s s u r e   i n  

the   c y l i n d e r ,   and  t he   o u t l e t   c o n d u i t s   24,  25  w o u l d   s e r v e   t o  

e x h a u s t   or  r e l i e v e   t he   low  p r e s s u r e   by  a l l o w i n g   a m b i e n t   f l u i d   t o  

move  i n t o   the  c y l i n d e r .   The  s p o o l   v a l v e   34  i n c l u d e s   a  f i r s t  

i n t e r n a l   c o n d u i t   36,  wh ich   is  in  c o n s t a n t   f l u i d   c o m m u n i c a t i o n  

w i t h   the  f i r s t   c y l i n d e r   18,  and  a  s e c o n d   i n t e r n a l   c o n d u i t   3 8 ,  

wh ich   is  in  c o n s t a n t   f l u i d   c o m m u n i c a t i o n   w i t h   the   s e c o n d   c y l i n d e r  

20.  There   is  a  p l u r a l i t y   of  0 - r i n g   s e a l s   40  w h i c h   s e a l   b e t w e e n  

the  s p o o l   v a l v e   34  and  the  b o r e   35  in  the   h o u s i n g   14.  At  e a c h  

end  of  the  s p o o l   v a l v e   34  is  a  s p r i n g   42,  w h i c h   is  a d a p t e d   t o  

a b s o r b   e n e r g y   f rom  i t s   r e s p e c t i v e   p i s t o n   30,  32  and  to  t r a n s f e r  

t h a t   e n e r g y   to  the  s p o o l   v a l v e   3 4 .  

The  s p o o l   v a l v e   34  a l s o   has  a  d e t e n t   means  f o r   h o l d i n g  

the  v a l v e   in  e i t h e r   of  two  o p e r a t i v e   p o s i t i o n s .   The  d e t e n t   m e a n s  

i n c l u d e s   two  g r o o v e s   44,  46  in  the  o u t e r   s u r f a c e   of  the   s p o o l  



v a l v e   34,  and  a  p a i r   of  o p p o s e d ,   s p r i n g - l o a d e d   b a l l s   48,  50  i n  

s u i t a b l e   t r a n s v e r s e   b o r e s   49,  51  in  the   h o u s i n g   14.  As  shown  i n  

F i g u r e   2,  t he   two  s p r i n g - l o a d e d   b a l l s   48,  50  a r e   a d a p t e d   to  f i t  

i n t o   the   a n n u l a r   g r o o v e s   44,  46  to  s t o p   the  s p o o l   v a l v e   at  t w o  

p o s i t i o n s .   The  s p r i n g - l o a d e d   b a l l s   48,  50  a re   s i t u a t e d   o p p o s i t e  

e a c h   o t h e r   so  t h a t   the   f o r c e   on  the   s p o o l   v a l v e   34  is   b a l a n c e d .  

B e c a u s e   t he   two  ends   of  the   s p o o l   v a l v e   34  a l w a y s   see  d i f f e r e n t  

p r e s s u r e s ,   t h e r e   is  a l w a y s   a  f o r c e   t e n d i n g   to  push   the  s p o o l  

v a l v e   in  one  d i r e c t i o n   or  the   o t h e r .   T h e r e   must   be  s u f f i c i e n t  

f o r c e   a p p l i e d   to  the   s p o o l   v a l v e   34  so  t h a t   i t   does   not   move  d u e  

to  t h a t   f o r c e .   In  t h i s   e m b o d i m e n t ,   t h a t   f o r c e   is   p r o v i d e d   by  t h e  

s p r i n g - l o a d e d   b a l l s   48,  50.  If   a  l a r g e ,   u n b a l a n c e d   t r a n s v e r s e  

f o r c e   were   a p p l i e d   to  the  s p o o l   v a l v e ,   f o r   e x a m p l e   i f   t h e r e   w e r e  

o n l y   one  s p r i n g - l o a d e d   b a l l ,   the   f r i c t i o n   f o r c e   on  the  s p o o l  

v a l v e   34  m i g h t   t e n d   to  c a u s e   the   s p o o l   v a l v e   to  b i n d .   H o w e v e r ,  

w i t h   the  b a l a n c e d ,   o p p o s e d   b a l l s   48,  50,  a  l a r g e   f o r c e   can  b e  

a p p l i e d   in  o r d e r   to  r e t a i n   the   s p o o l   v a l v e   in  i t s   p o s i t i o n  

w i t h o u t   c a u s i n g   the   s p o o l   v a l v e   to  b i n d .  

In  e a c h   c y l i n d e r   18,  20  is  a  r o l l i n g   d i a p h r a g m   s e a l   5 2 ,  

54  w h i c h   s e a l s   b e t w e e n   each   p i s t o n   30,  32  and  i t s   r e s p e c t i v e  

c y l i n d e r   18,   20.  Each  d i a p h r a g m   s e a l   52,  54  s e p a r a t e s   i t s  

r e s p e c t i v e   c y l i n d e r   18,  20  i n t o   i n n e r   c h a m b e r s   56,  58  and  o u t e r  

c h a m b e r s   60,   62.  The  i n n e r   c h a m b e r s   56,  58  a r e   in  c o n s t a n t   f l u i d  

c o m m u n i c a t i o n   w i t h   the  s p o o l   v a l v e   34,  and  a r e   a d a p t e d   to  r e c e i v e  

the   w o r k i n g   f l u i d .   I t   s h o u l d   b e  n o t e d   t h a t   the   d i a p h r a g m s   52,  54 

a re   made  of  a  f a b r i c - r e i n f o r c e d   p o l y m e r ,   in  w h i c h   the   f a b r i c   d o e s  

no t   e x t e n d   a l l   t he   way  to  the   i n n e r   and  o u t e r   e d g e s   of  t h e  

d i a p h r a g m .   T h i s   p r o v i d e s   a  good  s e a l   so  t h a t   f l u i d   is  not   w i c k e d  

t h r o u g h   t he   f i b e r s   of  the   f a b r i c .  

The  o u t e r   c h a m b e r s   60,  62  a r e   in  f l u i d   c o m m u n i c a t i o n  

w i t h   the   p u m p i n g   f l u i d   i n l e t   and  o u t l e t   p o r t s   26,  28  by  way  o f  

c o n d u i t s   61  and  63  and  a re   a d a p t e d   to  r e c e i v e   the   f l u i d   which   i s  

b e i n g   p u m p e d .   B e t w e e n   the  o u t e r   c h a m b e r s   60,  62  and  the  p u m p i n g  

i n l e t   and  o u t l e t   p o r t s   26,  28  a re   l o c a t e d   a  p a i r   of  v a l v e  

c h a m b e r s   65,  67  c o n t a i n i n g   the   pumping   f l u i d   v a l v i n g   means  64,  66 

w h i c h   r e g u l a t e   t he   f low  of  the  pumped  f l u i d   so  t h a t   the   f l u i d   i s  

pumped  i n t o   t he   h o u s i n g   t h r o u g h   the   p u m p i n g   f l u i d   i n l e t   p o r t   26 

and  out   of  the   h o u s i n g   t h r o u g h   the  p u m p i n g   f l u i d   o u t l e t   p o r t   2 8 .  

In  t h i s   c a s e ,   t he   pumping   f l u i d   v a l v i n g   means  is  made  up  of  two  



c o m b i n a t i o n   u m b r e l l a - d u c k b i l l   v a l v e s   64,  66,  s a i d   v a l v e s   b e i n g   i n  

f l u i d   c o m m u n i c a t i o n   w i t h   the   o u t e r   c h a m b e r s   60,  62  and  w i t h   t h e  

pumping   f l u i d   p o r t s   26,  28.  The  f i r s t   u m b r e l l a - d u c k b i l l   v a l v e   64  

has  an  u m b r e l l a   p o r t i o n   70,  wh ich   b e a r s   a g a i n s t   an  a p e r t u r e d  
v a l v e   p l a t e   71  to  s e a l   the   v a l v e   c h a m b e r   65  from  the  f l u i d   o u t l e t  

28  when  the  c h a m b e r   65  p r e s s u r e   is  l e s s   t h a n   the  pumping   f l u i d  

o u t l e t   p r e s s u r e   but   f l e x e s   to  a l l o w   pumped  f l u i d   to  move  f rom  t h e  

f i r s t   o u t e r   c h a m b e r   60  and  the   v a l v e   c h a m b e r   65  to  the  p u m p i n g  
f l u i d   o u t l e t   p o r t   28  when  the   p r e s s u r e   in  the  c h a m b e r   65  e x c e e d s  

the   o u t l e t   p r e s s u r e .   The  v a l v e   64  a l s o   i n c l u d e s   a  d u c k b i l l  

p o r t i o n   76,  which   a l l o w s   pumped  f l u i d   to  move  from  the  p u m p i n g  
f l u i d   i n l e t   p o r t   26  t h r o u g h   the   v a l v e   c h a m b e r   65  and  i n t o   t h e  

f i r s t   o u t e r   c h a m b e r   60  when  the   p r e s s u r e   in  c h a m b e r s   65  and  60  i s  

l e s s   t han   the  i n l e t   p r e s s u r e ,   but   wh ich   c l o s e s   when  the   p r e s s u r e  
in  c h a m b e r s   65  and  60  e x c e e d s   the   i n l e t   p r e s s u r e .   L i k e w i s e ,   t h e  

s e c o n d   u m b r e l l a - d u c k b i l l   v a l v e   66  h a s  a n   u m b r e l l a   p o r t i o n   7 4 ,  

which   p e r m i t s   pumped  f l u i d   to  move  from  the   s e c o n d   o u t e r   c h a m b e r  

62  to  the  pumping   f l u i d   o u t l e t   p o r t   28  w h i l e   p r e v e n t i n g   m o v e m e n t  

of  f l u i d   in  the   o p p o s i t e   d i r e c t i o n ,   and  a  d u c k b i l l   p o r t i o n   7 2 ,  

which   f l e x e s   to  p e r m i t   f l u i d   to  move  f rom  the  pumping   f l u i d   i n l e t  

p o r t   26  to  the  s e c o n d   o u t e r   c h a m b e r   62  w h i l e   p r e v e n t i n g   m o v e m e n t  

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

A s s e m b l y   of  the   f l u i d   mo to r   10  may  be  a c c o m p l i s h e d   a s  

f o l l o w s :   the  s p o o l   v a l v e   34,  rod  33  wh ich   c o n n e c t s   the  p i s t o n s ,  

and  u m b r e l l a - d u c k b i l l   v a l v e s   64,  66  may  be  i n s e r t e d   i n t o   p o s i t i o n  

in  the  c e n t e r   member  14  of  t he   h o u s i n g .   The  d i a p h r a g m s   52,   54  

and  p i s t o n s   30,  32  may  be  f i x e d   i n t o   p l a c e ,   and  t h e n   the   o u t e r  

h o u s i n g   members   12,  16  may  be  b r o u g h t   i n t o   p o s i t i o n   and  f i x e d   i n  

p l a c e   e i t h e r   by  b o l t i n g   or  by  some  o t h e r   known  means .   The  o u t e r  

h o u s i n g   members  12,  16  c lamp  the  d i a p h r a g m   s e a l s   52,  54  i n  

p o s i t i o n .   Whi le   t h i s   f l u i d   m o t o r   10  is  e x p e c t e d   to  be  much  m o r e  

r e l i a b l e   than   p r e v i o u s   m o t o r s ,   if   any  r e p a i r s   a re   r e q u i r e d ,   s u c h  

as  the  r e p l a c e m e n t   of  a  s e a l ,   the   r e p a i r   can  u s u a l l y   b e  

a c c o m p l i s h e d   s i m p l y   by  r e m o v i n g   one  of  the   end  members   of  t h e  

h o u s i n g   e i t h e r   12  or  16.  With   e i t h e r   end  member  12  or  16 

r e m o v e d ,   the  s p o o l   v a l v e   34  can  be  r e m o v e d   and  a l l   the   0 - r i n g s   4 0  

r e p l a c e d .  

O p e r a t i o n   of  the   f l u i d   mo to r   10  is   as  f o l l o w s :   When  t h e  

s p o o l   v a l v e   34  is  in  i t s   f i r s t   p o s i t i o n ,   w i t h   the  b a l l s   48,   5 0  



l o c a t e d   in  the   g r o o v e   44,  as  shown  in  F i g u r e s   1  and  2,  t h e  

w o r k i n g   f l u i d   e n t e r s   t h e   f i r s t   i n n e r   c h a m b e r   56  t h r o u g h   t h e  

w o r k i n g   f l u i d   i n l e t   p o r t   22  and  t h r o u g h   the  f i r s t   i n t e r n a l  

c o n d u i t   36  in  the   s p o o l   v a l v e   34.  At  the   same  t i m e ,   the   s e c o n d  

i n n e r   c h a m b e r   58  is  e x h a u s t e d   t h r o u g h   the   s e c o n d   i n t e r n a l   c o n d u i t  

38  and  t h r o u g h   t he   s e c o n d   w o r k i n g   f l u i d   o u t l e t   c o n d u i t   2 5 .  

B e c a u s e   a  h i g h   p r e s s u r e   is   a c t i n g   on  the   f i r s t   p i s t o n   30  w h i l e   a 

low  p r e s s u r e   a c t s   on  t h e   s e c o n d   p i s t o n   32,  the   p i s t o n s   move  

t o w a r d   the   l e f t .   When  the   p i s t o n s   move  t o w a r d   the   l e f t ,   a n y  
f l u i d   wh ich   is  in  t he   f i r s t   o u t e r   c h a m b e r   60  w i l l   be  p u m p e d  

t h r o u g h   the  u m b r e l l a   p o r t i o n   70  of  the   u m b r e l l a - d u c k b i l l   v a l v e   64 

and  w i l l   l e a v e   the   h o u s i n g   t h r o u g h  t h e   pumping   f l u i d   o u t l e t   p o r t  
28.  At  the   same  t i m e ,   pumped  f l u i d   is  p u l l e d   i n t o   the   s e c o n d  

o u t e r   c h a m b e r   62  t h r o u g h   the   pumping   f l u i d   i n l e t   p o r t   26  a n d  

t h r o u g h   the   d u c k b i l l   p o r t i o n   72  of  the   s e c o n d   u m b r e l l a - d u c k b i l l  

v a l v e   66.  As  the   s e c o n d   p i s t o n   32  moves  t o w a r d   the   l e f t ,   i t  

c o n t a c t s   the   s p r i n g   42  at   t h e   end  of  the   s p o o l   v a l v e   34.  T h e  

s p r i n g   42  s t o r e s   up  t h e   f o r c e   from  the  s e c o n d   p i s t o n   32  u n t i l   t h e  

f o r c e   is  g r e a t   e n o u g h   to  o v e r c o m e   the  r e t a i n i n g   f o r c e   w h i c h   i s  

e x e r t e d   by  the   b a l l s   48,   50  in  the   g r o o v e   44.  When  t h a t  

r e t a i n i n g   f o r c e   is  o v e r c o m e ,   the  b a l l s   48,  50  move  out  of  t h e  

g r o o v e   44,  the   f o r c e   w h i c h   has  been  s t o r e d   in  the   s p r i n g   42  i s  

r e l e a s e d ,   and  the   s p o o l   v a l v e   34  is  p u s h e d   t o w a r d   the  l e f t   u n t i l  

t he   b a l l s   48,  50  r e s t   in  t he   g r o o v e   4 6 .  

The  s p o o l   v a l v e   34  is   now  in  i t s   s e c o n d   p o s i t i o n ,   a n d  

t he   w o r k i n g   f l u i d   c o m m u n i c a t i o n   w i t h   the  i n n e r   c h a m b e r s   56,  58  i s  

r e v e r s e d .   The  w o r k i n g   f l u i d   e n t e r s   the   i n n e r   c h a m b e r   58  t h r o u g h  

t he   w o r k i n g   f l u i d   i n l e t   p o r t   22  and  t h r o u g h   t he   s e c o n d   i n t e r n a l  

c o n d u i t   38.  At  t he   same  t i m e ,   the  f i r s t   i n n e r   c h a m b e r   56  i s  

e x h a u s t e d   t h r o u g h   the   f i r s t   i n t e r n a l   c o n d u i t   36  and  t h r o u g h   t h e  

f i r s t   w o r k i n g   f l u i d   o u t l e t   c o n d u i t   24.  B e c a u s e   the   s e c o n d   p i s t o n  

32  now  s e e s   a  h i g h   p r e s s u r e   w h i l e   the  f i r s t   p i s t o n   30  s e e s   a  

l o w e r   p r e s s u r e ,   the   p i s t o n s   w i l l   move  t o w a r d   the   r i g h t .   T h i s  

c a u s e s   the  pumped  f l u i d   in  the   s e c o n d   o u t e r   c h a m b e r   62  to  b e  

pumped  out   t h r o u g h   t h e   u m b r e l l a   p o r t i o n   74  of  the   v a l v e   66  a n d  

out  t he   pumping   f l u i d   o u t l e t   28.  At  the   same  t i m e ,   pumped  f l u i d  

w i l l   be  p u l l e d   i n t o   t he   f i r s t   o u t e r   c h a m b e r   60  t h r o u g h   t h e  

p u m p i n g   f l u i d   i n l e t   26  and  t h r o u g h   the  d u c k b i l l   p o r t i o n   76  of  t h e  

f i r s t   v a l v e   64.  T h i s   w i l l   c o n t i n u e   u n t i l   the   f i r s t   p i s t o n   30 



h i t s   the   s p r i n g   42  on  the  l e f t   end  of  the   s p o o l   v a l v e   34  a n d  

c o m p r e s s e s   the   s p r i n g   42  w i t h   enough   f o r c e   to  d i s l o d g e   the   b a l l s  

48,  50  f rom  the  s e c o n d   g r o o v e   46,  so  t h a t   the   s p o o l   v a l v e   34  

moves  to  the  r i g h t   u n t i l   the   b a l l s   48,  50  f i t   i n t o   the  f i r s t  

g r o o v e   44,  r e t u r n i n g   the  s p o o l   v a l v e   to  i t s   f i r s t   p o s i t i o n ,   w h e r e  

the   p r o c e s s   w i l l   be  r e p e a t e d .  

T h u s ,   the   p r e s e n t   e m b o d i m e n t   of  t he   i n v e n t i o n   p r o v i d e s   a  

s i m p l e   v a l v i n g   means  made  up  of  a  s i n g l e   s p o o l   v a l v e   a d a p t e d   t o  

move  to  two  o p e r a t i v e   p o s i t i o n s .   The  movemen t   of  the  s p o o l   v a l v e  

is  c o n t r o l l e d   by  the  p i s t o n s   which   push   t he   s p o o l   v a l v e   as  t h e y  

move  back   and  f o r t h ,   by  the   s p r i n g   w h i c h   s t o r e s   the  f o r c e   of  t h e  

p i s t o n   u n t i l   i t   is  l a r g e   enough   to  o v e r c o m e   the   r e t a i n i n g   f o r c e  

p r o v i d e d   by  the  s p r i n g - l o a d e d   b a l l s   and  w h i c h   t hen   r e l e a s e s   t h e  

s t o r e d   f o r c e   in  o r d e r   to  push  the   v a l v e   to  i t s   o t h e r   p o s i t i o n ,  

and  by  t h e   s p r i n g - l o a d e d   b a l l s   wh ich   s t o p   t he   s p o o l   v a l v e   at  i t s  

two  p o s i t i o n s .   Th is   m e c h a n i s m   is  s i m p l e ,   e a s i l y   t i m e d   so  t h a t  

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

b a l a n c e d   to  r e d u c e   the   o p p o r t u n i t y   fo r   h a n g - u p s   and  j amming   a n d  

to  i n c r e a s e   the  p r o b a b i l i t y   for   smoo th   o p e r a t i o n .   Th is   m e c h a n i s m  

is  l i k e l y   to  e x p e r i e n c e   l e s s   wear  t h a n   d e v i c e s   of  the   p r i o r   a r t  

and  is  e a s i l y   r e p a i r e d   in  the  e v e n t   a  m a l f u n c t i o n   does  o c c u r .  

The  v a l v i n g   for   the  pumped  f l u i d   is  a l s o   s i m p l i f i e d   in  t h i s  

d e v i c e ,   a g a i n   i n c r e a s i n g   the  r e l i a b i l i t y   of  the   p u m p .  

Whi le   the  e m b o d i m e n t   as  shown  and  d e s c r i b e d   h e r e i n   i s  

the   p r e f e r r e d   e m b o d i m e n t   of  the  p r e s e n t   i n v e n t i o n ,   i t   w i l l   b e  

o b v i o u s   to  t h o s e   s k i l l e d   in  the  a r t   to  make  v a r i o u s   m o d i f i c a t i o n s  

w i t h i n   t he   s c o p e   of  the   p r e s e n t   i n v e n t i o n .  



1.  A  f l u i d   m o t o r ,   c o m p r i s i n g :  
a.  f i r s t   and  s e c o n d   p i s t o n s   (30 ,   32)  r i g i d l y   f i x e d   t o  

e a c h   o t h e r ;  

b.  a  h o u s i n g   (12,   14,  16)  i n c l u d i n g   f i r s t   and  s e c o n d  

c y l i n d e r s   ( 1 8 ,   20)  s i t u a t e d   such  t h a t   e ach   p i s t o n   is  in  i t s  

r e s p e c t i v e   c y l i n d e r ;  

c.  f i r s t   and  s e c o n d   f l e x i b l e   s e a l s   (52 ,   54)  a c t i n g   t o  

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

d.  s a i d   h o u s i n g   h a v i n g   an  i n l e t   p o r t   (22)  f o r  

r e c e i v i n g   w o r k i n g   f l u i d   and  f i r s t   and  s e c o n d   o u t l e t   c o n d u i t s   ( 2 4 ,  

25)  f o r   e x h a u s t i n g   s a i d   w o r k i n g   f l u i d ;  

e.  w o r k i n g   f l u i d   v a l v i n g   means  f o r   a l t e r n a t e l y  

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

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

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

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

(34)   o p e r a t i n g   in  a  bo re   (35)  and  a d a p t e d   to  a l t e r n a t e   b e t w e e n  

s a i d   f i r s t   and  s e c o n d   p o s i t i o n s ;  

f .   means  fo r   s e a l i n g   a r o u n d   s a i d   s p o o l   v a l v e ;  

g.  means  fo r   moving   s a i d   w o r k i n g   f l u i d   v a l v i n g   m e a n s  

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

h.  means  fo r   d e r i v i n g   u s e f u l   work   f rom  the  movement   o f  

s a i d   p i s t o n s   c a u s e d   by  the   a l t e r n a t i n g   p r e s s u r e s   in  s a i d  

c y l i n d e r s .  

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

a.  f i r s t   and  s e c o n d   p i s t o n s   (30 ,   32)  r i g i d l y   f i x e d   t o  

e a c h   o t h e r ;  

b.  a  h o u s i n g   (12,   14,  16)  i n c l u d i n g   f i r s t   and  s e c o n d  

c y l i n d e r s   ( 18 ,   20)  s i t u a t e d   such  t h a t   e ach   p i s t o n   is  in  i t s  

r e s p e c t i v e   c y l i n d e r ;  

c.  f i r s t   and  s e c o n d   f l e x i b l e   s e a l s   (52,   54)  a c t i n g   t o  

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

d.  s a i d   h o u s i n g   h a v i n g   an  i n l e t   p o r t   (22)  f o r  

r e c e i v i n g   w o r k i n g   f l u i d   and  f i r s t   and  s e c o n d   o u t l e t   c o n d u i t s   ( 2 4 ,  

25)  f o r   e x h a u s t i n g   s a i d   w o r k i n g   f l u i d ;  

e.  w o r k i n g   f l u i d   v a l v i n g   means   f o r   a l t e r n a t e l y  

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

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



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

c y l i n d e r   at  a  s e c o n d   p o s i t i o n ,   c o m p r i s i n g   a  s p o o l   v a l v e   ( 3 4 )  

wh ich   has  f i r s t   and  s e c o n d   i n t e r n a l   c o n d u i t s   (36 ,   38)  in  c o n s t a n t  

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

r e s p e c t i v e l y ,   s a i d   s p o o l   v a l v e   b e i n g   a d a p t e d   to  move  to  t w o  

d i f f e r e n t   p o s i t i o n s   such   t h a t ,   in  the  f i r s t   p o s i t i o n   the   f i r s t  

i n t e r n a l   c o n d u i t   (36)  is  in  f l u i d   c o m m u n i c a t i o n   w i t h   s a i d   i n l e t  

p o r t   (22)  and  s a i d   s e c o n d   i n t e r n a l   c o n d u i t   (38)  is  in  f l u i d  

c o m m u n i c a t i o n   w i t h   s a i d   s e c o n d   o u t l e t   c o n d u i t   ( 2 5 ) ,   and ,   in  t h e  

s e c o n d   p o s i t i o n   the  f i r s t   i n t e r n a l   c o n d u i t   (36)  i s   in  f l u i d  

c o m m u n i c a t i o n   w i t h   s a i d   f i r s t   o u t l e t   c o n d u i t   (24)  and  the   s e c o n d  

i n t e r n a l   c o n d u i t   (38)  is  in  f l u i d   c o m m u n i c a t i o n   w i t h   s a i d   i n l e t  

p o r t   ( 2 2 ) ;   a n d  

f.  means  f o r   m o v i n g   s a i d   w o r k i n g   f l u i d   v a l v i n g   m e a n s  

b e t w e e n   s a i d   f i r s t   and  s e c o n d   p o s i t i o n s .  

3.  A  f l u i d   motor   as  r e c i t e d   in  c l a i m   1  or  2,  w h e r e i n   s a i d  

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

c o m p r i s i n g   means  for   s t o p p i n g   s a i d   v a l v i n g   means  at  s a i d   f i r s t  

and  s e c o n d   p o s i t i o n s .  

4.  A  f l u i d   motor   as  r e c i t e d   in  c l a i m   3,  w h e r e i n   s a i d   m e a n s  

f o r   moving  s a i d   s p o o l   v a l v e   b e t w e e n   s a i d   f i r s t   and  s e c o n d  

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

v a l v e   and  i n c l u d e s   a  s p r i n g   (40)   at  each   end  of  s a i d   s p o o l   v a l v e  

f o r   s t o r i n g   the  f o r c e   a p p l i e d   by  s a i d   p i s t o n s   and  t r a n s m i t t i n g  

s a i d   f o r c e   to  s a i d   s p o o l   v a l v e .  

5.  A  f l u i d   motor   as  r e c i t e d   in  c l a i m   4,  w h e r e i n   s a i d   s p o o l  

v a l v e   l i e s   in  a  bo re   c o n n e c t i n g   s a i d   f i r s t   and  s e c o n d   c y l i n d e r s ,  

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

t h a t   each  of  s a i d   p i s t o n s   e n g a g e s   the   s p r i n g   at  i t s   end  of  t h e  

s p o o l   v a l v e   as  the  p i s t o n   t r a v e l s   t o w a r d   the   s p o o l   v a l v e .  

6.  A  f l u i d   motor   as  r e c i t e d   in  c l a i m   1,  w h e r e i n   s a i d   s i n g l e  

s p o o l   v a l v e   has  f i r s t   and  s e c o n d   i n t e r n a l   c o n d u i t s   (36,   38)  i n  

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

(18 ,   2 0 ) ,   r e s p e c t i v e l y ,   and  a l t e r n a t e s   b e t w e e n   p u t t i n g   s a i d  

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

(22)   and  w i t h   t h e i r   r e s p e c t i v e   o u t l e t   c o n d u i t s   (24 ,   2 5 ) .  

7.  A  f l u i d   motor   as  r e c i t e d   in  c l a i m   4,  w h e r e i n   s a i d   m e a n s  

f o r   s t o p p i n g   s a i d   w o r k i n g   f l u i d   v a l v i n g   means  at  s a i d   f i r s t   a n d  

s e c o n d   p o s i t i o n s   c o m p r i s e s   a  g r o o v e   (44)  in  the  o u t e r   s u r f a c e   o f  



s a i d   s p o o l   v a l v e   and  two  o p p o s e d ,   s p r i n g - l o a d e d   b a l l s   (48 ,   5 0 )  

a d a p t e d   to  f i t   in  s a i d   g r o o v e .  
8.  A  f l u i d   m o t o r   as  r e c i t e d   in  c l a i m   4,  w h e r e i n   s a i d   m e a n s  

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

c o m p r i s e s   f i r s t   and  s e c o n d   a n n u l a r   g r o o v e s   (44 ,   46)  in  the   o u t e r  

s u r f a c e   of  s a i d   s p o o l   v a l v e   and  two  s p r i n g - l o a d e d   b a l l s   (48 ,   5 0 )  

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

of  s a i d   g r o o v e s ,   such   t h a t ,   when  s a i d   b a l l s   a r e   a l i g n e d   w i t h   s a i d  

f i r s t   g r o o v e   t hey   move  i n t o   s a i d   f i r s t   g r o o v e ,   t h e r e b y   s t o p p i n g  

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

p i s t o n   p u s h e s   s a i d   s p o o l   v a l v e ,   s a i d   b a l l s   a re   f o r c e d   out  of  s a i d  

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

s a i d   s p o o l   v a l v e   at  s a i d   s e c o n d   p o s i t i o n .  

9.  A  f l u i d   m o t o r   as  r e c i t e d   in  c l a i m   1  or  2,  w h e r e i n   e a c h  

of  s a i d   s e a l s   s e p a r a t e s   i t s   r e s p e c t i v e   c y l i n d e r   i n t o   i n n e r   a n d  

o u t e r   c h a m b e r s ,   e a c h   of  s a i d   i n n e r   c h a m b e r s   (56 ,   58)  b e i n g   i n  

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

s a i d   h o u s i n g   f u r t h e r   h a v i n g   p u m p i n g   f l u i d   i n l e t   (26)  and  o u t l e t  

( 2 8 )   p o r t s   in  f l u i d   c o m m u n i c a t i o n   w i t h   s a i d   o u t e r   c h a m b e r s   ( 6 0 ,  

6 2 ) ;   a n d  

pumping   f l u i d   v a l v i n g   means   b e t w e e n   s a i d   pumping   f l u i d  

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

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

f l u i d   to  be  pumped  i n t o   s a i d   h o u s i n g   t h r o u g h   s a i d   pumping   f l u i d  

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

o u t l e t   p o r t .  

10 .   A  f l u i d   m o t o r   as  r e c i t e d   in  c l a i m   9,  w h e r e i n   s a i d  

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

u m b r e l l a - d u c k b i l l   v a l v e s   (64 ,   6 6 ) .  

11.   A  f l u i d - o p e r a t e d   pump,  c o m p r i s i n g :  

a.  a  h o u s i n g   (12 ,   14,  16)  h a v i n g   pumping   f l u i d   i n l e t  

and  o u t l e t   p o r t s   ( 26 ,   2 8 ) ,   a  w o r k i n g   f l u i d   i n l e t   p o r t   ( 2 2 ) ,   a n d  

f i r s t   and  s e c o n d   w o r k i n g   f l u i d   o u t l e t   c o n d u i t s   (24 ,   2 5 ) ;  

b.  f i r s t   and  s e c o n d   c y l i n d e r s   (18 ,   20)  in  s a i d   h o u s i n g  

and  f i r s t  a n d   s e c o n d   p i s t o n s   (30 ,   32)  s i t u a t e d   in  t h e i r  

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

e a c h   o t h e r ;  

c.  f i r s t   and  s e c o n d   f l e x i b l e   s e a l s   (52 ,   54 ) ,   each   s e a l  

o p e r a t i n g   to  s e a l   b e t w e e n   one  p i s t o n   and  i t s   r e s p e c t i v e   c y l i n d e r  



so  as  to  d i v i d e   each   c y l i n d e r   i n t o   i n n e r   and  o u t e r   c h a m b e r s ,   s a i d  

o u t e r   c h a m b e r s   ( 58 ,   60)  b e i n g   in  f l u i d   c o m m u n i c a t i o n   w i t h   s a i d  

pumping   f l u i d   p o r t s ,   and  s a i d   i n n e r   c h a m b e r s   ( 56 ,   58)  b e i n g   i n  

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

c o n d u i t s   and  w i t h   s a i d   w o r k i n g   f l u i d   i n l e t   p o r t ;  
d.  a  s p o o l   v a l v e   (34)  l o c a t e d   b e t w e e n   s a i d   i n n e r  

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

v a l v e   h a v i n g   f i r s t   and  s e c o n d   i n t e r n a l   c o n d u i t s   (36 ,   3 8 ) ,   t h e  

f i r s t   i n t e r n a l   c o n d u i t   (36)  b e i n g   in  c o n s t a n t   f l u i d   c o m m u n i c a t i o n  

w i t h   s a i d   f i r s t   i n n e r   c h a m b e r   ( 5 6 ) ,   and  the   s e c o n d   i n t e r n a l  

c o n d u i t   (38)  b e i n g   in  c o n s t a n t   f l u i d   c o m m u n i c a t i o n   w i t h   s a i d  

s e c o n d   i n n e r   c h a m b e r   ( 5 8 ) ,   s a i d   s p o o l   v a l v e   b e i n g   a d a p t e d   to  move  

to  two  d i f f e r e n t   p o s i t i o n s ,   w h e r e i n ,   in  the   f i r s t   p o s i t i o n ,   t h e  

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

f l u i d   i n l e t   p o r t   and  the   s e c o n d   i n t e r n a l   c o n d u i t   is  in  f l u i d  

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

in  the  s e c o n d   p o s i t i o n ,   the   f i r s t   i n t e r n a l   c o n d u i t   is  in  f l u i d  

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

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

w o r k i n g   f l u i d   i n l e t   p o r t ;   a n d  

e.  p u m p i n g   f l u i d   v a l v i n g   means  l o c a t e d   b e t w e e n   s a i d  

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

t h a t   the   movement   of  s a i d   p i s t o n s   c a u s e s   pumped  f l u i d   to  b e  

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

and  out  of  s a i d   h o u s i n g   t h r o u g h   s a i d   p u m p i n g   f l u i d   o u t l e t   p o r t .  
12.  A  f l u i d - o p e r a t e d   pump  as  r e c i t e d   in  c l a i m   11,  w h e r e i n  

s a i d   pumping   f l u i d   v a l v i n g   means  c o m p r i s e s   two  c o m b i n a t i o n  

u m b r e l l a - d u c k   b i l l   v a l v e s   (64 ,   66)  in  f l u i d   c o m m u n i c a t i o n   w i t h  

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

13.  A  f l u i d - o p e r a t e d   pump,  c o m p r i s i n g :  

a  h o u s i n g   (12 ,   14,  16 ) ,   h a v i n g   a  p a i r   of  i n t e r n a l  

c y l i n d e r s   (18 ,   20 ) ,   and  a  p a i r   of  p i s t o n s   (30 ,   32)  l o c a t e d   i n  

s a i d   c y l i n d e r s ,   w h e r e i n   the  movement   of  s a i d   p i s t o n s   in  s a i d  

c y l i n d e r s   is  c a u s e d   by  w o r k i n g   f l u i d   p r e s s u r e   a l t e r n a t i n g   in  s a i d  

c y l i n d e r s ;  

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

c h a m b e r s   (60 ,   62)  in  f l u i d   c o m m u n i c a t i o n   w i t h   s a i d   p i s t o n s ;  

s a i d   h o u s i n g   a l s o   h a v i n g   pumping   f l u i d   i n l e t   and  o u t l e t  

p o r t s   (26 ,   28)  in  f l u i d   c o m m u n i c a t i o n   w i t h   s a i d   pumping   f l u i d  

c h a m b e r s ;   a n d  



a  p a i r   of  c o m b i n a t i o n   u m b r e l l a - d u c k   b i l l   v a l v e s   (64,   6 6 )  

s i t u a t e d   b e t w e e n   s a i d   pumping   f l u i d   p o r t s   and  s a i d   pumping   f l u i d  

c h a m b e r s ,   such   t h a t   t he   m o t i o n   of  s a i d   p i s t o n s   c a u s e s   p u m p i n g  

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

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

14.  A  f l u i d - o p e r a t e d   pump  as  r e c i t e d   in  c l a i m   13,  f u r t h e r  

c o m p r i s i n g   a  p a i r   of  r o l l i n g   d i a p h r a g m   s e a l s   ( 5 2 ,   5 4 ) ,   each  s e a l  

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

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

w h e r e i n   the   r e i n f o r c i n g   f a b r i c   t e r m i n a t e s   s h o r t   of  the   i n n e r m o s t  

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

w i c k i n g   of  f l u i d   t h r o u g h   s a i d   f i b e r s .  

15.  A  f l u i d - o p e r a t e d   pump  as  r e c i t e d   in  c l a i m   14,  f u r t h e r  

c o m p r i s i n g   a  s p o o l   v a l v e   (34)  h a v i n g   f i r s t   and  s e c o n d   i n t e r n a l  

c o n d u i t s   (36 ,   3 8 ) ,   e a c h   of  s a i d   i n t e r n a l   c o n d u i t s   b e i n g   i n  

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

a d a p t e d   to  a l t e r n a t e l y   s u p p l y   p r e s s u r i z e d   w o r k i n g   f l u i d   to  a n d  

e x h a u s t   w o r k i n g   f l u i d   f rom  s a i d   c y l i n d e r s .  
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