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@  Fluid-driven  reciprocating  motor. 
©  A  fluid-driven  reciprocating  motor  comprises  a  cylinder 
(2)  and  a  displaceable  piston  (8)  formed  with  a  valve  opening 
(20)  therethrough  and  carrying  a  valve  member  (22)  effective 
to  close  the  vajve  opening  (20)  during  the  forward  strokes 
and  to  open  it  during  the  return  strokes.  A  stop  (36)  at  the 
outlet  end  of  the  cylinder  (2)  is  engageable  with  the  valve 
member  (22)  at  the  end  of  the  forward  strokes  to  cause  the 
valve  member  (22)  to  open  the  valve  opening  (20)  to  start  the 
return  strokes.  The  stop  (22)  includes  a  spring  (34)  effective, 
whan  engaged  by  the  valve  member  (22)  at  the  end  of  the 
forward  strokes,  to  yield  and  thereby  to  store  energy,  which 
energy  is  transferred  to  the  engaged  valve  member  (22)  at 
the  start  of  the  return  strokes  to  maintain  the  valve  member 
(22)  in  its  open  position  for  a  short  interval  until  the  pressure 
in  the  inlet  and  outlet  chambers  (14,  16)  has  been  substantial- 
ly  equalized  at  the  start  of  the  return  strokes  by  the  opening 
of  the  valve  member  (22). 

FIG.1 
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A   fluid-driven  reciprocating  motor  comprises  a  cylinder 
(2)  and  a  displaceable  piston  (8) formed  with  a  valve  opening 
(20) therethrough  and  carrying  a  valve  member  (22)  effective 
to  close  the  vaJve  opening  (20)  during  the  forward  strokes 
and  to  open  it  during  the  return  strokes.  A  stop  (36)  at  the 
outlet  end  of  the  cylinder  (2)  is  engageable  with  the  valve 
member  (22)  at  the  end  of  the  forward  strokes  to  cause  the 
valve  member  (22) to  open  the  valve  opening  (20) to  start  the 
return  strokes.  The  stop  (22)  includes  a  spring  (34)  effective, 
when  engaged  by  the  valve  member  (22)  at  the  end  of  the 
forward  strokes,  to  yield  and  thereby  to  store  energy,  which 
energy  is  transferred  to  the  engaged  valve  member  (22)  at 
the  start  of  the  return  strokes  to  maintain  the  valve  member 
(22)  in  its  open  position  for  a  short  interval  until  the  pressure 
in  the  inlet  and  outlet  chambers  (14,16)  has  been  substantial- 
ly  equalized  at  the  start  of  the  return  strokes  by  the  opening 
of  the  valve  member  (22). 



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

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

i n c l u d i n g   a  c y l i n d e r   and  a  d i s p l a c e a b l e   member  

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

r e t u r n   s t r o k e s .  

R e c i p r o c a t i n g   motors   of  the  f o r e g o i n g   t y p e  

are   w i d e l y   used  in  many  d i v e r s e   a p p l i c a t i o n s ,   such  a s  

r e c i p r o c a t i n g   d r i v e s   for   pumps  and  o t h e r   d e v i c e s .  

However ,   e f f o r t s   a re   c o n t i n u o u s l y   be ing   made  t o  

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

e f f i c i e n c i e s .  

An  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  t o  

p r o v i d e   a  f l u i d   d r i v e n   r e c i p r o c a t i n g   motor   h a v i n g   a  
nove l   c o n s t r u c t i o n   p r o v i d i n g   a d v a n t a g e s   in  one  or  more  
of  the  above  r e s p e c t s .  

A c c o r d i n g   to  a  broad  a s p e c t   of  the  p r e s e n t  
i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  f l u i d   d r i v e n  

r e c i p r o c a t i n g   mo to r ,   c o m p r i s i n g :   a  c y l i n d e r   h a v i n g   a n  
i n l e t   and  an  o u t l e t   at  o p p o s i t e   ends ;   a  d i s p l a c e a b l e  
member  r e c i p r o c a t a b l e   w i t h i n   s a id   c y l i n d e r   and  d i v i d i n g  
i t s   i n t e r i o r   i n t o   an  i n l e t   chamber   c o m m u n i c a t i n g   w i t h  '  
s a i d   i n l e t ,   and  an  o u t l e t   chamber  c o m m u n i c a t i n g   w i t h  
s a i d   o u t l e t ;   s a i d   d i s p l a c e a b l e   member  be ing   m o v a b l e ,  

d u r i n g   f o r w a r d   s t r o k e s ,   by  the  p r e s s u r i z e d   f l u i d  

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

expand  s a i d   i n l e t   chamber   and  to  c o n t r a c t   s a i d   o u t l e t  

chamber ,   and  b e i n g   movable   d u r i n g   r e t u r n   s t r o k e s   in  t h e  

r e v e r s e   d i r e c t i o n   to  expand  sa id   o u t l e t   chamber   and  t o  
c o n t r a c t   s a i d   i n l e t   chamber ;   s a id   d i s p l a c e a b l e   member  

be ing   formed  wi th   a  v a l v e   o p e n i n g   t h e r e t h r o u g h ;   a  v a l v e  
member  c a r r i e d   by  s a i d   d i s p l a c e a b l e   member  a n d  
e f f e c t i v e   d u r i n g   s a i d   f o rward   s t r o k e s   to  c l o s e   s a i d  

v a l v e   o p e n i n g ;   and  a  s t o p   at  the  o u t l e t   end  of  s a i d  

c y l i n d e r   and  e n g a g e a b l e   with  one  of  s a id   members  at  t h e  
end  of  the  f o r w a r d   s t r o k e s   to  cause   s a i d   v a l v e   member  



to  open  s a id   v a l v e   o p e n i n g   to  s t a r t   s a i d   r e t u r n  

s t r o k e s ;   s a i d   s t o p   i n c l u d i n g   y i e l d a b l e   means  e f f e c t i v e ,  

when  engaged   by  s a i d   one  member  a t   the  end  of  t h e  

f o r w a r d   s t r o k e s ,   to  y i e l d   and  t h e r e b y   to  s t o r e   e n e r g y ,  
which  ene rgy   is  t r a n s f e r r e d   to  s a i d   one  member  at  t h e  

s t a r t   of  the  r e t u r n   s t r o k e s   to  m a i n t a i n   s a i d   v a l v e  

member  in  i t s   open  p o s i t i o n   for   a  s h o r t   i n t e r v a l   at  t h e  

s t a r t   of  the  r e t u r n   s t r o k e s   u n t i l   the   p r e s s u r e   in  t h e  

i n l e t   and  o u t l e t   chambers   has  been  s u b s t a n t i a l l y  

e q u a l i z e d   by  s a i d   v a l v e   member  o p e n i n g   s a i d   v a l v e  

o p e n i n g .  
S e v e r a l   e m b o d i m e n t s   of  the   i n v e n t i o n   a r e  

d e s c r i b e d   below  fo r   p u r p o s e s   of  example   to  i l l u s t r a t e  

v a r i o u s , f o r m s   t h a t   the  i n v e n t i o n   may  t a k e .   Thus,  t h e  

m e n t i o n e d   s t o p   may  engage   the  v a l v e   member  or  t h e  

d i s p l a c e a b l e   member  at  the  end  of  the  f o r w a r d   s t r o k e s ;  
and  the  d i s p l a c e a b l e   member  may  be  b i a s e d   by  the  w e i g h t  
of  i t s   load  or  by  a  r e t u r n   s p r i n g   to  move  t h r o u g h   i t s  

r e t u r n   s t r o k e s .  

A c c o r d i n g   to  a  f u r t h e r   d e s c r i b e d   f e a t u r e ,   t h e  

motor   may  i n c l u d e   a  second   s t o p   at   the   i n l e t   end  of  t h e  

c y l i n d e r   e n g a g e a b l e   wi th   the  d i s p l a c e a b l e   member  at  t h e  

end  of  the  r e t u r n   s t r o k e s   to  cause   the  v a l v e   member  t o  
c l o s e   the   v a l v e   o p e n i n g   and  t h e r e b y   to  s t a r t   t h e  

f o r w a r d   s t r o k e s .   P e f e r a b l y ,   the  s econd   s t o p   i n c l u d e s  

s p r i n g  m e a n s   e f f e c t i v e ,   when  engaged   by  t h e  

d i s p l a c e a b l e   member  at  the  end  of  the   r e t u r n   s t r o k e s  
and  a f t e r   the  v a l v e   member  has  c l o s e d ,   to  c u s h i o n   t h e  

d i s p l a c e a b l e   member  at  the  end  of  i t s   r e t u r n   s t r o k e s .  

A c c o r d i n g   to  a  s t i l l   f u r t h e r   f e a t u r e ,   t h e  
i n l e t   to  the  motor   may  i n c l u d e   a  k i n e m a t i c   v a l v e  

r e s p o n s i v e   to  the   r a t e   of  f low  of  the  p r e s s u r i z e d   f l u i d  

t h e r e t h r o u g h ,   so  as  to  open  d u r i n g   the  f o r w a r d   s t r o k e s  
when  the   r a t e   is  r e l a t i v e l y   low,  and  to  c l o s e   d u r i n g  
the  r e t u r n   s t r o k e s   when  the  r a t e   is  r e l a t i v e l y   h i g h .  



I t   has  been  found  t h a t   the  f o r e g o i n g   f e a t u r e s  

of  the  i n v e n t i o n   p e r m i t   the  c o n s t r u c t i o n   o f  

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

c a p a b l e   of  o p e r a t i n g   at  r e l a t i v e l y   h igh   e f f i c i e n c y .  

F u r t h e r   f e a t u r e 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   from  the  d i s c r i p t i o n   b e l o w .  

The  i n v e n t i o n   is  h e r e i n   d e s c r i b e d ,   by  way  o f  

example   o n l y ,   w i th   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 ,   w h e r e i n :  

F ig .   1  s c h e m a t i c a l l y   i l l u s t r a t e s   o n e  f o r m   o f  

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

a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n ;  

F ig .   1a  i l l u s t r a t e s   the  s t r u c t u r e   of  a 
k i n e m a t i c   v a l v e   i n c l u d e d   in  the  i n l e t   end  of  t h e  

r e c i p r o c a t i n g   motor   of  F ig .   1 ;  

F ig .   2  s c h e m a t i c a l l y   i l l u s t r a t e s   a n o t h e r  

motor   c o n s t r u c t e d   in  a c c o r d a n c e   wi th   the   p r e s e n t  

i n v e n t i o n ;   a n d  

F i g s .   3  and  4  are   l o n g i t u d i n a l   s e c t i o n a l  

v iews  i l l u s t r a t i n g   two  f u r t h e r   forms  of  r e c i p r o c a t i n g  
m o t o r s   c o n s t r u c t e d   in  a c c o r d a n c e   wi th   the  p r e s e n t  
i n v e n t i o n .  

The  r e c i p r o c a t i n g   motor  i l l u s t r a t e d   in  F ig .   1 

c o m p r i s e s   a  c y l i n d e r   2,  hav ing   an  i n l e t   4  and  an  o u t l e t  
6  at   o p p o s i t e   ends .   A  d i s c   8,  mounted  w i t h i n   c y l i n d e r  
2  by  means  of  a  r o l l i n g   d i a p h r a g m   10,  is  r e c i p r o c a t a b l e  
w i t h i n   the  c y l i n d e r   and  d i v i d e s   i t s   i n t e r i o r   i n t o   a n  
i n l e t   chamber   14  i n c l u d i n g   i n l e t   4,  and  an  o u t l e t  

chamber   16  i n c l u d i n g   o u t l e t   6.  As  w i l l   be  d e s c r i b e d  

more  p a r t i c u l a r l y   be low,   d i s c   8  is  d r i v e n   by  t h e  

p r e s s u r i z e d   f l u i d   a p p l i e d   to  the  i n l e t   chamber   14  v i a  
i n l e t   4,  t h r o u g h   f o r w a r d   s t r o k e s   (in  the  u p w a r d  
d i r e c t i o n   in  F ig .   1)  e x p a n d i n g   the  i n l e t   chamber   14  a n d  

c o n t r a c t i n g   the  o u t l e t   chamber   16;  in  the  e x a m p l e  
i l l u s t r a t e d   in  F ig .   1,  d i s c   8  is  d r i v e n   in  the  r e v e r s e  
d i r e c t i o n   by  the  w e i g h t   of  i t s   load  t h r o u g h   r e t u r n  



s t r o k e s   e x p a n d i n g   the  o u t l e t   chamber   16  and  c o n t r a c t i n g  
the   i n l e t   chamber   14.  These  r e c i p r o c a t i n g   movements   o f  

d i s c   8  a re   t r a n s m i t t e d   via   an  o u t p u t   s h a f t   18,  to  a 

pump  or  o t h e r   d e v i c e   r e c i p r o c a t e d   by  the  i l l u s t r a t e d  

p a r a g r a p h .  

R e c i p r o c a t i n g   d i s c   9  is  formed  wi th   a  v a l v e  

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

b e t w e e n   the  i n l e t   chamber  14  and  the  o u t l e t   chamber   1 6 .  

Th i s   d i s c   8,  however ,   a l s o   i n c l u d e s   a  v a l v e   member  22 

which   c l o s e s   o p e n i n g   20  d u r i n g   the  f o r w a r d   s t r o k e s   o f  

the   motor   in  o r d e r   to  p e r m i t   the  p r e s s u r i z e d   f l u i d  

a p p l i e d   v i a   i n l e t   4  to  d r i v e   d i s c   8  t h r o u g h   i t s   f o r w a r d  

s t r o k e s   ( u p w a r d l y   in  F ig .   1).  Valve  member  22  is  moved 

to  i t s   open  p o s i t i o n   wi th   r e s p e c t   to  o p e n i n g   20  d u r i n g  
the   r e t u r n   s t r o k e s  o f   the  motor   to  e n a b l e   the   w e i g h t   o f  

d i s c   8,  t o g e t h e r   wi th   the  w e i g h t   of  the   o u t p u t   s h a f t   18 

and  the  l oad   c o u p l e d   to  the  d i s c   v ia   a  b r i d g e   24,  t o  

d r i v e   the  d i s c   ( downward ly )   t h r o u g h   i t s   r e t u r n  

s t r o k e s .  

For  t h i s   p u r p o s e ,   r e c i p r o c a t i n g   d i s c   8  i s  

p r o v i d e d   w i th   a  b r i d g e   member  24  formed  wi th   an  o p e n i n g  
26  r e c e i v i n g   the  stem  28  of  v a l v e   member  22.  A  s p r i n g  
30  is  i n t e r p o s e d   be tween   b r i d g e   24  and  v a l v e   member  22 
and  n o r m a l l y   b i a s e s   va lve   member  22  to  i t s   o p e n  
p o s i t i o n   w i t h   r e s p e c t   to  v a l v e   o p e n i n g   20  f o r m e d  

t h r o u g h   the   d i s c .   Valve  stem  28  is  formed  wi th   a n  
e n l a r g e d   head  32  e n g a g e a b l e   wi th   a  c o i l e d   s p r i n g   34 
c a r r i e d   a t   the   end  of  a  s top   36  at   the   end  of  c y l i n d e r  
2  a d j a c e n t   to  i t s   o u t l e t   6.  Stop  36  is  a d j u s t a b l e   by  a  
s c r e w   38  to  f i x   the  l e n g t h   of  the  f o r w a r d   s t r o k e s .  

Valve   member  22  f u r t h e r   c a r r i e s   a  U - s h a p e d  
s p r i n g   40  s e c u r e d   by  a  f a s t e n e r   42  to  the  u n d e r s i d e   o f  
the   v a l v e   member,   and  t e r m i n a t i n g   at   i t s   o p p o s t i e   e n d s  

by  s p r i n g   l e g s   44,  46  e n g a g e a b l e   wi th   c y l i n d e r   2,  or  a  
member  f i x e d   t h e r e t o ,   at  i t s   end  a d j a c e n t   to  i t s   i n l e t  
4 .  



I n l e t   4  to  the  c y l i n d e r   f u r t h e r   i n c l u d e s   a 
k i n e m a t i c   v a l v e   50  r e s p o n s i v e   to  the  r a t e   of  f low  o f  

the  p r e s s u r i z e d   f l u i d   t h r o u g h   i n l e t   4,  so  as  to  o p e n  
d u r i n g   the  f o r w a r d   s t r o k e s   of  the  motor   when  the  r a t e  

is  r e l a t i v e l y   low,  and  to  c l o s e   d u r i n g   the  r e t u r n  

s t r o k e s   when  the  r a t e   is  r e l a t i v e l y   h i g h .   F ig .   1a  
i l l u s t r a t e s   one  known  s t r u c t u r e   of  k i n e m a t i c   v a l v e  
which  may  be  used  for   t h i s   p u r p o s e .  

Thus,   the  k i n e m a t i c   v a l v e   i l l u s t r a t e d   in  F i g .  
la  c o m p r i s e s   a  c y l i n d r i c a l   h o u s i n g   51  h a v i n g   one  end  52 
c o n n e c t e d   to  i n l e t   4,  and  the  o p p o s i t e   end  53  l e a d i n g  
i n t o   the  i n l e t   chamber  14.  Hous ing   51  f u r t h e r   i n c l u d e s  

a  wa l l   54  formed  wi th   an  o p e n i n g   55  c o o p e r a b l e   wi th   a 
v a l v e   member  56  which  is  movable   wi th   r e s p e c t   t o  

o p e n i n g   55  e i t h e r   to  open  i t   (as  shown  in  F i g . 1 a )   or  t o  
c l o s e   i t .   For  t h i s   p u r p o s e ,   v a l v e   member  56  i n c l u d e s   a  
stem  57  p a s s i n g   t h r o u g h   a  gu ide   58,  the  v a l v e   member  

b e i n g   b i a s e d   to  i t s   i l l u s t r a t e d   open  p o s i t i o n   by  a 
s p r i n g   59 .  

K i n e m a t i c   v a l v e s   as  i l l u s t r a t e d   in  F ig .   1a 

are   wel l   known.  Thus,  when  the  f l u i d   is  i n l e t t e d   i n t o  
h o u s i n g   51  via   i n l e t   52  at  a  r e l a t i v e l y   low  r a t e ,  
s p r i n g   59  is  s u f f i c i e n t   to  urge  v a l v e   member  56  to  i t s  

open  p o s i t i o n   with  r e s p e c t   to  o p e n i n g   55  as  i l l u s t r a t e d  
in  F ig .   1a;  however ,   when  the  r a t e   of  the  f l u i d  
i n c r e a s e s   to  a  p r e d e t e r m i n e d   h igh   v a l u e ,   the   i n l e t t e d  
f l u i d   a p p l i e s   a  f o r c e   to  v a l v e   member  56  s u f f i c i e n t l y  
h igh   to  overcome  the  b i a s   of  s p r i n g   59  a n d  t o   move  t h e  
v a l v e   member  to  i t s   c l o s e d   p o s i t i o n   wi th   r e s p e c t   t o  
o p e n i n g   5 5 .  

The  r e c i p r o c a t i n g   motor   i l l u s t r a t e d   in  F ig .   1 
t hus   o p e r a t e s   as  f o l l o w s :  

The  d i s p l a c e a b l e   d i s c   8  would  n o r m a l l y   be  a t  
i t s   l o w e r m o s t   p o s i t i o n   b e c a u s e   of  the  w e i g h t   of  t h e  
d i s c ,   i t s   o u t p u t   s h a f t   18,  and  w h a t e v e r   o t h e r   load  i s  
c o u p l e d   to  the  o u t p u t   s h a f t .   In  t h i s   p o s i t i o n ,   v a l v e  



member  22  is  u rged   by  s p r i n g   30  to  i t s   open  p o s i t i o n  
wi th   r e s p e c t   to  v a l v e   o p e n i n g   2 0 .  

As  soon  as  p r e s s u r i z e d   f l u i d   is  a p p l i e d   v i a  

i n l e t   4,  the  p r e s s u r e   b u i l t   up  in  the  i n l e t   chamber  14 

moves  v a l v e   member  22  to  i t s   c l o s e d   p o s i t i o n   w i t h  

r e s p e c t   to  o p e n i n g   20.  As  the  p r e s s u r e   w i t h i n   c h a m b e r  

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

f o r w a r d   s t r o k e   c a r r y i n g   wi th   i t   v a l v e   member  22,  w h i c h  

v a l v e   member  is  m a i n t a i n e d   in  i t s   c l o s e d   p o s i t i o n   b y  
the   p r e s s u r e   w i t h i n   i n l e t   chamber   1 4 .  

At  the  end  of  the  f o r w a r d   s t r o k e   of  d i s c   8 ,  
head  32  of  v a l v e   member  stem  28  e n g a g e s   s p r i n g   34  o f  

s t o p   36,  t h e r e b y   r e s t r a i n i n g   the  v a l v e   member  f r o m  

r i s i n g   wi th   the   d i s c   8.  This   c a u s e s   the  v a l v e   member  

to  open ,   so  t h a t   the   h i g h - p r e s s u r e   w i t h i n   chamber   14  i s  

now  c o m m u n i c a t e d   to  the  o u t l e t   chamber   16.  This   p o i n t  
marks  the  end  of  the  f o r w a r d   s t r o k e   and  the  b e g i n n i n g  
of  the  r e t u r n   s t r o k e :   the   r e t u r n   s t r o k e   is  e f f e c t e d   b y  
the   w e i g h t   of  d i s c   8,  i t s   o u t p u t   s h a f t   18,  and  the  l o a d  

c o u p l e d   t h e r e t o .   The  end  of  the  r e t u r n   s t r o k e   o c c u r s  
when  s p r i n g   l e g s   44,  46  of  s p r i n g   member  40  e n g a g e s   t h e  

i n l e t   end  of  c y l i n d e r   2,  or  some  member  f i x e d   t h e r e t o , '  

t h e r e b y   moving  v a l v e   member  22  to  i t s   c l o s e d   p o s i t i o n  
wi th   r e s p e c t   to  v a l v e   o p e n i n g   2 0 .  

As  d e s c r i b e d   above ,   the  end  of  the  f o r w a r d  
s t r o k e   o c c u r s   when  the  e n l a r g e d   head  32  of  v a l v e   s t e m  
28  e n g a g e s   s p r i n g   34  of  s t o p   36  to  move  v a l v e   member  22 
to  i t s   open  p o s i t i o n   w i th   r e s p e c t   to  v a l v e   o p e n i n g   2 0 .  

When  stem  head  32  f i r s t   engages   s p r i n g   34,  the  s p r i n g  
is   c o m p r e s s e d   to  s t o r e   e n e r g y   t h e r e i n ,   wh i l e   v a l v e  

member  22  is  moved  to  i t s   open  p o s i t i o n   wi th   r e s p e c t   t o  
v a l v e   o p e n i n g   20.  The  e n e r g y   thus   s t o r e d   in  s p r i n g   34 
is  i m m e d i a t e l y   t r a n s f e r r e d   to  head  32  of  v a l v e   member  
22  at   the  s t a r t   of  the  r e t u r n   s t r o k e   to  m a i n t a i n   t h e  
v a l v e   member  in  i t s   open  p o s i t i o n   for   a  s h o r t   i n t e r v a l  
at   the   s t a r t   of  the   r e t u r n   s t r o k e   u n t i l   the  p r e s s u r e   i n  



the  o u t l e t   chamber   16  is  s u b s t a n t i a l l y   e q u a l i z e d   w i t h  

t h a t   in  the  i n l e t   chamber  14,  at  l e a s t   s u f f i c i e n t l y   t o  

m a i n t a i n   the  v a l v e   member  in  i t s   open  p o s i t i o n .   T h i s  

a r r a n g e m e n t   of  p r o v i d i n g   a  s p r i n g   34,  or  o t h e r  

y i e l d a b l e   means  for   s t o r i n g   ene rgy   at   the  end  of  t h e  

f o r w a r d   s t r o k e ,   has  been  found  very   e f f e c t i v e   t o  

p r e v e n t   the  p o s s i b i l i t y   of  the  v a l v e   member  i m m e d i a t e l y  

c l o s i n g   at  the  b e g i n n i n g   of  the  r e t u r n   s t r o k e ,   w h i c h  

would  t h e r e b y   p r e v e n t   the  d i s c   from  moving  t h r o u g h   i t s  

r e t u r n   s t r o k e s .  
I t   w i l l   a l s o   be  a p p r e c i a t e d   t h a t   d u r i n g   t h e  

f o r w a r d   s t r o k e s ,   when  v a l v e   member  22  is  c l o s e d ,   t h e  

r a t e   of  flow  of  the  p r e s s u r i z e d   f l u i d   i n t o   i n l e t   4  a n d  

t h r o u g h   the  k i n e m a t i c   v a l v e   50  is  r e l a t i v e l y   low,  a n d  

t h e r e f o r e   the  k i n e m a t i c   v a l v e   is  in  i t s   open  c o n d i t i o n .  

However ,   d u r i n g   the  r e t u r n   s t r o k e s   when  v a l v e   member  

22  is  in  open  p o s i t i o n   with  r e s p e c t   to  v a l v e   o p e n i n g  

20,  the   r a t e   of  f low  t e n d s   to  be  h i g h ,   which  c a u s e s  
k i n e m a t i c   v a l v e   member  56  (F ig .   1a)  to  be  moved  t o  

c l o s e   i t s   v a l v e   o p e n i n g   54,  t h e r e b y   p r e v e n t i n g   t h e  

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

r e t u r n   s t r o k e s   of  the  r e c i p r o c a t i n g   m o t o r .  

F ig .   2  s c h e m a t i c a l l y   i l l u s t r a t e s   a n o t h e r  
embod imen t   of  the  i n v e n t i o n   w h e r e i n   the  d i s p l a c e a b l e  
member  r e c i p r o c a t i n g   w i t h i n   the  c y l i n d e r ,   t h e r e i n  

d e s i g n a t e d   102,  is  in  the  form  of  a  p i s t o n   108,  r a t h e r  
than   in  the  form  of  a  d i s c   (8)  i n c l u d i n g   a  r o l l i n g  
d i a p h r a g m   (10)  as  in  F ig .   1.  A n o t h e r   v a r i a t i o n  
i n c l u d e d   in  the  r e c i p r o c a t i n g   motor   of  F ig .   2  is  t h a t  
the  p i s t o n   108  is  d r i v e n   t h r o u g h   i t s   r e t u r n   s t r o k e s   b y  
a  r e t u r n   s p r i n g   111  i n t e r p o s e d   be tween   p i s t o n   108  a n d  
the  o u t l e t   106  end  of  the  c y l i n d e r   102.  A  f u r t h e r  
v a r i a t i o n   is  t h a t   the  s p r i n g   134,  for   s t o r i n g   e n e r g y   a t  
the  end  of  the  f o r w a r d   s t r o k e s   and  for   t r a n s f e r r i n g  
same  to  the  v a l v e   member  122  to  m a i n t a i n   the  l a t t e r   i n  
i t s   open  c o n d i t i o n ,   is  c a r r i e d   by  stem  130  of  the  v a l v e  



member,  r a t h e r   t han   by  s top   136  at  the  o u t l e t   end  o f  
the  c y l i n d e r   102.  A  s t i l l   f u r t h e r   v a r i a t i o n   is  in  t h e  

c o n s t r u c t i o n   of  the  s top   c a r r i e d   by  v a l v e   member  122 

fo r   t e r m i n a t i n g   the  r e t u r n   s t r o k e s ,   t h i s   s top   be ing   i n  

the   form  of  two  or  more  l egs   140  c a r r i e d   by  v a l v e  

member  122  and  i n c l u d i n g   s p r i n g s   144,  146  at   t h e i r  

lower   ends  c o r r e s p o n d i n g   to  s p r i n g   l e g s   144,  146  i n  

F ig .   1 .  

The  r e c i p r o c a t i n g   motor   i l l u s t r a t e d   in  F ig .   2 

is  o t h e r w i s e   of  the   same  c o n s t r u c t i o n ,   and  o p e r a t e s   i n  

the   same  manner  by  p r e s s u r i z e d   f l u i d   a p p l i e d   via   i n l e t  

104,  as  d e s c r i b e d   above  wi th   r e s p e c t   to  the  motor   o f  

F ig .   1,  i t   b e ing   a p p r e c i a t e d   t h a t   p i s t o n   108  is  d r i v e n  

t h r o u g h   i t s   r e t u r n   s t r o k e s   by  s p r i n g   111  which  has  b e e n  

l o a d e d   d u r i n g   the  f o r w a r d   s t r o k e s .   I t   w i l l   a l s o   b e  

a p p e c i a t e d   t h a t   the   motor   of  F ig .   2  i n c l u d e s   a  
k i n e m a t i c   v a l v e ,   c o r r e s p o n d i n g   to  v a l v e   50  in  F i g s .   1 

and  1a,  fo r   l i m i t i n g   the  r a t e   of  flow  of  t h e  

p r e s s u r i z e d   f l u i d   i n t o   the  i n l e t   p a r t i c u l a r l y   d u r i n g  
the  r e t u r n   s t r o k e s   when  v a l v e   member  122  is  in  i t s   o p e n  
p o s i t i o n   wi th   r e s p e c t   to  v a l v e   o p e n i n g   1 2 0 .  

Fig  3  a l s o   i l l u s t r a t e s   a  motor   of  the  t y p e  

i n c l u d i n g   a  c y l i n d e r   202  and  a  r e c i p r o c a t i n g   p i s t o n  
208,  but   wi th   f u r t h e r   m o d i f i c a t i o n s .   Thus,   in  t h e  

motor   i l l u s t r a t e d   in  F ig .   3,  the   v a l v e   member  222 

c o o p e r a b l e   wi th   the   v a l v e   o p e n i n g   220  t h r o u g h   t h e  

p i s t o n   208  o v e r l i e s   the  p i s t o n   and  is  d i r e c t l y  
c o n n e c t e d   to  the  o u t p u t   s h a f t   218  so  t h a t   the   v a l v e  
member  is   n o r m a l l y   b i a s e d   to  c l o s e   v a l v e   o p e n i n g   2 2 0 ,  
by  i t s   own  w e i g h t ,   the  w e i g h t   of  the  o u t p u t   s h a f t   2 1 8 ,  
and  the  w e i g h t   of  the  load  on  the  o u t p u t   s h a f t .   A 

s p r i n g   230  is  i n t e r p o s e d   b e t w e e n   p i s t o n   208  and  v a l v e  
member  2 2 2 .  

A n o t h e r   i m p o r t a n t   v a r i a t i o n   is  t h a t   the   s t o p ,  
which  i s   c a r r i e d   a t   the  o u t l e t   206  end  of  c y l i n d e r   2 0 2 ,  
and  which  d e t e r m i n e s   the  end  of  the  f o r w a r d   s t r o k e s ,   i s  



in  the  form  of  a  r i n g   236  engaged   by  the  p i s t o n   2 0 8 ,  
r a t h e r   than  by  the  v a l v e   member  as  in  t h e  

p r e v i o u s l y - d e s c r i b e d   e m b o d i m e n t s .   Thus,   at  the  end  o f  

the  f o r w a r d   s t r o k e s   the  c o n t i n u e d   (upward)   t r a v e l   o f  

p i s t o n   208  is  r e s t r a i n e d   by  r i n g   236,  p e r m i t t i n g   v a l v e  

member  222  to  move  u p w a r d l y   and  t h e r e b y   to  open  v a l v e  

o p e n i n g   220,  which  e q u a l i z e s   the  p r e s s u r e   w i t h i n   t h e  

i n l e t   chamber  214  and  the  o u t l e t   chamber  216  to  m a r k  

the  b e g i n n n i n g   of  the  r e t u r n   s t r o k e .   Stop  r i ng   236  i s  

y i e l d i n g l y   mounted   by  a  p l u r a l i t y   of  s p r i n g s   234  w h i c h  

a b s o r b   e n e r g y   at   the   end  of  the  f o r w a r d   s t r o k e s ,   a n d  

which  t r a n s f e r   t h i s   e n e r g y   back  to  the  p i s t o n   208  a t  

the  b e g i n n i n g   of  the  r e t u r n   s t r o k e s   to  keep  the  p i s t o n  
in  open  p o s i t i o n   wi th   r e s p e c t   to  v a l v e   member  222  u n t i l  

the  p r e s s u r e   in  the  two  c h a m b e r s   has  been  e q u a l i z e d .  
A  s t i l l   f u r t h e r   m o d i f i c a t i o n   in  t h e  

a r r a n g e m e n t   i l l u s t r a t e d   in  F ig .   3  is  t h a t   the  i n l e t  

chamber  214  a l s o   i n c l u d e s   a  s t o p   r i n g   240  mounted  by  

s p r i n g s   242  a d j a c e n t   to  the  i n l e t   204  end  out  t h e  

c y l i n d e r .   Thus,  at   the  end  of  the  r e t u r n   s t r o k e s ,  

p i s t o n   208  e n g a g e s   r i n g   240,  which  r i n g   r e s t r a i n s   t h e  

p i s t o n   wh i l e   s p r i n g s   242  are  c o m p r e s s e d ,   and  v a l v e  
member  222  c l o s e s   v a l v e   o p e n i n g   220.  P i s t o n   208,  a n d  
a l s o   v a l v e   member  222  as  wel l   as  o u t p u t   s h a f t   218  a n d  
the  load   c o u p l e r   too ,   are  t h e r e b y   c u s h i o n e d   by  t h e  

c o m p r e s s i o n   of  s p r i n g s   242  and  a l s o   by  the  p r e s s u r i z e d  
f l u i d   t r a p p e d   w i t h i n   the  i n l e t   chamber   214  when  v a l v e  
member  222  has  c l o s e d   v a l v e   o p e n i n g   2 2 0 .  

In  a l l   o t h e r   r e s p e c t s ,   the  r e c i p r o c a t i n g  
motor   i l l u s t r a t e d   in  F ig .   3  o p e r a t e s   in  s u b s t a n t i a l l y  
the  same  manner  as  d e s c r i b e d   above  wi th   r e s p e c t   t o  

F i g s .   1  and  2,  and  a l s o ,   of  c o u r s e ,   i n c l u d e s   t h e  
k i n e m a t i c   v a l v e   (50,  F ig .   1)  in  o r d e r   to  p r e v e n t   w a s t e  
of  the  c o m p r e s s e d   f l u i d   d u r i n g   the  r e t u r n   s t r o k e s .  

F ig .   4  i l l u s t r a t e s   a  r e c i p r o c a t i n g   motor   v e r y  
s i m i l a r   to  t h a t   of  F ig .   3,  a l s o   i n c l u d i n g   a  p i s t o n   308 



r e c i p r o c a t i n g   w i t h i n   a  c y l i n d e r   302.  In  the  motor  o f  

F ig .   4,  however ,   the  r e t u r n   s t r o k e s   are   e f f e c t e d   by  a  
s p r i n g   311  i n t e r p o s e d   be tween   the  v a l v e   member  322  a n d  
the   end  wal l   of  c y l i n d e r   302  a d j a c e n t   to  i t s   o u t l e t  

3 0 6 .  
While  the  i n v e n t i o n   has  been  d e s c r i b e d   w i t h  

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

a p p r e c i a t e d   in  many  o t h e r   v a r i a t i o n s ,   m o d i f i c a t i o n s   a n d  

a p p l i c a t i o n s   of  the  i n v e n t i o n   may  be  made .  



1.  A  f l u i d   d r i v e n   r e c i p r o c a t i n g   m o t o r ,  

c o m p r i s i n g :  

a  c y l i n d e r   h a v i n g   an  i n l e t   and  an  o u t l e t   a t  

o p p o s i t e   e n d s ;  

a  d i s p l a c e a b l e   member  r e c i p r o c a t a b l e   w i t h i n  

s a i d   c y l i n d e r   and  d i v i d i n g   i t s   i n t e r i o r   i n t o   an  i n l e t  

chamber   c o m m u n i c a t i n g   wi th   s a i d   i n l e t ,   and  an  o u t l e t  

chamber   c o m m u n i c a t i n g   wi th   s a id   o u t l e t ;  
s a id   d i s p l a c e a b l e   member  b e i n g   m o v a b l e ,  

d u r i n g   f o r w a r d   s t r o k e s ,   by  the  p r e s s u r i z e d   f l u i d  

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

expand   s a i d   i n l e t   chamber   and  to  c o n t r a c t   s a id   o u t l e t  

c h a m b e r ,   and  b e i n g   movable   d u r i n g   r e t u r n   s t r o k e s   in  t h e  

r e v e r s e   d i r e c t i o n   to  expand  s a id   o u t l e t   chamber  and  t o  

c o n t r a c t   s a i d   i n l e t   c h a m b e r ;  
s a id   d i s p l a c e a b l e   member  b e i n g   formed  wi th   a  

v a l v e   o p e n i n g   t h e r e t h r o u g h ;  

a  v a l v e   member  c a r r i e d   by  s a i d   d i s p l a c e a b l e  
member  and  e f f e c t i v e   d u r i n g   s a id   f o r w a r d   s t r o k e s   t o  
c l o s e   s a id   v a l v e   o p e n i n g ;  

and  a  s t o p   at  the  o u t l e t   end  of  s a id   c y l i n d e r  
and  e n g a g e a b l e   wi th   one  of  s a id   members  at  the  end  o f  
the  f o r w a r d   s t r o k e s   to  cause   s a id   v a l v e   member  to  o p e n  
s a i d   v a l v e   o p e n i n g   s t a r t   the  r e t u r n   s t r o k e ;  

s a i d   s t o p   i n c l u d i n g   y i e l d a b l e   means  
e f f e c t i v e ,   when  engaged   by  s a id   one  member  at  the   e n d  

of  the  f o r w a r d   s t r o k e s ,   to  y i e l d   and  t h e r e b y   to  s t o r e  

e n e r g y ,   which  e n e r g y   is  t r a n s f e r r e d   to  s a id   one  member  

at  the  s t a r t   of  the  r e t u r n   s t r o k e s   to  m a i n t a i n   s a i d  
v a l v e   member  in  i t s   open  p o s i t i o n   for   a  s h o r t   i n t e r v a l  
a t   the  s t a r t   of  the  r e t u r n   s t r o k e s   u n t i l   the  p r e s s u r e  
in  the  i n l e t   and  o u t l e t   chambers   has  been  s u b s t a n t i a l l y  

e q u a l i z e d   by  s a i d   v a l v e   member  o p e n i n g   s a id   v a l v e  

o p e n i n g .  



2.  The  motor  a c c o r d i n g   to  Claim  1,  w h e r e i n  

s a i d   i n l e t   i n c l u d e s   a  k i n e m a t i c   va lve   r e s p o n s i v e   to  t h e  

r a t e   of  f low  of  the  p r e s s u r i z e d   f l u i d   t h e r e t h r o u g h ,   s o  

as  to  open  d u r i n g   the  f o r w a r d   s t r o k e s   when  the  r a t e   i s  

r e l a t i v e l y   low,  and  to  c l o s e   d u r i n g   the  r e t u r n   s t r o k e s  

when  the   r a t e   is  r e l a t i v e l y   h i g h .  
3.  The  motor  a c c o r d i n g   to  e i t h e r   of  Cla ims  1 

or  2,  w h e r e i n   s a i d   s top   e n g a g e s   s a id   v a l v e   member  a t  

the  end  of  the  f o r w a r d   s t r o k e s   to  cause   same  to  o p e n  
s a i d   v a l v e   o p e n i n g .  

4.  The  motor  a c c o r d i n g   to  e i t h e r   of  Cla ims  1 

or  2,  w h e r e i n   s a i d   s top   e n g a g e s   sa id   d i s p l a c e a b l e  
member  at   the   end  of  the  f o r w a r d   s t r o k e s   to  cause   t h e  

v a l v e   member  to  move  wi th   r e s p e c t   to  the  d i s p l a c e a b l e  

member  and  t h e r e b y   to  open  s a id   va lve   o p e n i n g .  
5.  The  motor   a c c o r d i n g   to  a n y  o n e   of  C l a i m s  

1-4,   f u r t h e r   i n c l u d i n g   a  second  s top   c a r r i e d   by  t h e  

v a l v e   member  and  e n g a g e a b l e   wi th   the  c y l i n d e r   at  t h e  

end  of  the  r e t u r n   s t r o k e s   to  move  the  v a l v e   member  t o  

i t s   c l o s e d   p o s i t i o n   wi th   r e s p e c t   to  the  v a l v e   o p e n i n g  
at  the   end  of  the  r e t u r n   s t r o k e s .  

6.  The  motor  a c c o r d i n g   to  a n y  o n e   of  C l a i m s  

1-4,   f u r t h e r   i n c l u d i n g   a  second   s top   at  the  i n l e t   e n d  

of  s a i d   c y l i n d e r   e n g a g e a b l e   wi th   sa id   d i s p l a c e a b l e  
member  at   the  end  of  the  r e t u r n   s t r o k e s   to  cause   s a i d  
v a l v e   member  to  c l o s e   s a i d   o p e n i n g   and  t h e r e b y   to  s t a r t  
s a i d   f o r w a r d   s t r o k e s .  

7.  The  motor   a c c o r d i n g   to  Claim  6,  w h e r e i n  
s a i d   s econd   s top   i n c l u d e s   a  r i n g   s e c u r e d   via   s p r i n g  

means  to  s a i d   i n l e t   chamber   of  the  c y l i n d e r   so  as  to  b e  

engaged   by  the  d i s p l a c e a b l e   member  at  the  end  of  i t s  
r e t u r n   s t r o k e s .  

8.  The  motor  a c c o r d i n g   to  a n y  o n e   of  C l a i m s  

1-7 ,   w h e r e i n   s a i d   v a l v e   member  is  d i s p o s e d   on  t h e  
i n l e t   chamber   s i d e   of  s a i d   d i s p l a c e a b l e   member  and  i s  

b i a s e d   to  i t s   open  p o s i t i o n   wi th   r e s p e c t   to  s a i d   v a l v e  



o p e n i n g   but  is  movable   by  the  i n l e t   p r e s s u r e   to  i t s  

c l o s e d   p o s i t i o n   d u r i n g   the  f o r w a r d   s t r o k e s .  
9.  The  motor   a c c o r d i n g   to  a n y  o n e   of  C l a i m s  

1-7,   w h e r e i n   s a id   v a l v e   member  is  d i s p o s e d   on  t h e  

o u t l e t   chamber  s i d e   of  s a id   d i s p l a c e a b l e   member  and  i s  

moved  by  i t s   w e i g h t   to  i t s   c l o s e d   p o s i t i o n   wi th   r e s p e c t  
to  the  v a l v e   o p e n i n g   d u r i n g   the   f o r w a r d   s t r o k e s .  

10.  The  motor   a c c o r d i n g   to  a n y  o n e   of  C l a i m s  

1-9,   w h e r e i n   s a i d   d i s p l a c e a b l e   member  is  a  p i s t o n  
movable   w i t h i n   s a i d   c y l i n d e r .  

11.  A  f l u i d   d r i v e n   r e c i p r o c a t i n g   m o t o r  

s u b s t a n t i a l l y   as  d e s c r i b e d   w i th   r e f e r e n c e   to  and  a s  
i l l u s t r a t e d   in  the  a c c o m p a n y i n g   d r a w i n g s .  






