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©  Hydraulic  pump  or  motor. 

An  hydraulic  machine  which  can  operate  either  as  a 
motor  or  a  pump,  the  machine  having  a  rotor  and  a  stator, 
one  of  which  is  provided  with  lobed  cam  track  means  (16,17, 
18,  107,  108.  109,  400,  500,  604,  605)  on  which  operate  a 
plurality  of  phased  series  of  piston  and  cylinder  modules 
(105,  205,  306,  610)  to  impart  relative  motion  between  the 
rotor  and  stator.  Modular  valve  means  (13, 35, 102, 300, 606) 
control  the  supply  of  hydraulic  fluid  to  each  series  of  pistons. 



T h i s   i n v e n t i o n   r e l a t e s   to   h y d r a u l i c   m a c h i n e s .  

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

e x a m p l e   i n   ou r   B r i t i s h   P a t e n t   No.  6 3 3 , 7 3 3 ,   in   w h i c h   a  

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

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

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

f i x e d   t h e r e t o   a  s i n g l e   p r i m a r y   u n d u l a t i n g   cam  t r a c k   a n d  

e a c h   p i s t o n   c a r r i e s   a  p a i r   of   r o l l e r s   w h i c h   r i d e   on  t h e  

cam  t r a c k .   Each   c y l i n d e r   h a s   an  a s s o c i a t e d   v a l v e   w h i c h  

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

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

i n t e r m e d i a r y   of   a  v a l v e - o p e r a t i n g   cam  t r a c k   w h i c h   i s  

m o u n t e d   f o r   r o t a t i o n   w i t h   t h e   f i r s t   cam  t r a c k .   The  v a l v e -  

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

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

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

i m p a r t   a  r o t a r y   m o t i o n   to   t h e   d r i v e n   s h a f t .   As  t h e   s h a f t  

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

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

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

h y d r a u l i c   c y l i n d e r s .  

The  c o n t o u r   or  u n d u l a t i o n   of  t h e   p r i m a r y   cam  t r a c k   i s  

s u c h   t h a t   an  h a r m o n i c   or   s u b s t a n t i a l l y   h a r m o n i c   m o t i o n   i s  

i m p a r t e d   t o   t h e   p i s t o n s   d u r i n g   t h e i r   r a d i a l l y   i n w a r d   ( p o w e r )  

s t r o k e   and  t h e i r   o u t w a r d   ( e x h a u s t )   s t r o k e .   The  n u m b e r   o f  

p i s t o n s   and   n u m b e r   of   u n d u l a t i o n s   on  t h e   cam  t r a c k   i s  

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

d r i v e n   s h a f t   i s   e f f e c t e d   so  t h a t   t h e   u n i t   f u n c t i o n s   as  a  

m o t o r .   Fo r   e x a m p l e ,   i t   h a s   b e e n   f o u n d   c o n v e n i e n t   to   h a v e  

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

The  a b o v e - d e s c r i b e d   p r e v i o u s l y   p r o p o s e d   a r r a n g e m e n t   h a s  

been   f o u n d   to   be  s a t i s f a c t o r y   in   u s e   b u t   d o e s   h a v e   a  n u m b e r  

of  d i s a d v a n t a g e s .   For   e x a m p l e ,   i t   i s   a  r e l a t i v e l y   e x p e n s i v e  

m a c h i n e   t o   p r o d u c e   and  t h e   cam  t r a c k   in  p a r t i c u l a r   has   a  

r e l a t i v e l y   s h o r t   w o r k i n g   l i f e .   I f   one  of  t h e   p i s t o n   a n d  



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

has   to   be   e f f e c t i v e l y   d i s m a n t l e d   so  t h a t   t h e   f a u l t y   p a r t  

can   be  s e r v i c e d .   F u r t h e r m o r e ,   t h e   p r i o r   a r r a n g e m e n t   h a s  

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

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

i f   o p e r a t i n g   as  a  p u m p .  

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

h y d r a u l i c   m a c h i n e   in   w h i c h   t h e   a f o r e s a i d   d i s a d v a n t a g e s   a r e  
o b v i a t e d   or   m i t i g a t e d .  

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

an  h y d r a u l i c   m a c h i n e   c o m p r i s i n g   a  f i r s t   m e m b e r ;   a  s e c o n d  
member   a r r a n g e d   f o r   m o v e m e n t   r e l a t i v e   to   s a i d   f i r s t   m e m b e r ;  

cam  t r a c k   m e a n s   c a r r i e d   by  s a i d   f i r s t   m e m b e r ;   a  p l u r a l i t y   o f  

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

c y l i n d e r   m o d u l e s   c a r r i e d   by  s a i d   s e c o n d   m e m b e r ,   s a i d   m o d u l e s  

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

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

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

c o n t r o l l i n g   t h e   s u p p l y   a n d   e x h a u s t   of   h y d r a u l i c   l i q u i d   t o  

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

The   v a l v e   means   c a n   be  e m b o d i e d   in   a  m o d u l e   s e p a r a t e   f r o m  

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

m e a n s   can   be   i n c o r p o r a t e d   i n   t h e   p i s t o n   and   c y l i n d e r   m o d u l e s .  

E m b o d i m e n t s   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d ,   by  way  of   e x a m p l e ,   w i t h   r e f e r e n c e   t o   t h e   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 .   1  i s   a  p a r t   s e c t i o n a l   v i e w   of  a  f i r s t   e m b o d i m e n t   o f  

h y d r a u l i c   m a c h i n e .  

F i g .   2  i s   a  p a r t   s e c t i o n a l   v i e w   on  t h e   l i n e   I I - I I   o f  

F i g .   1 .  

F i g .   3  i s   an  a l t e r n a t i v e   f o rm  of   v a l v e   m o d u l e   w h i c h   c a n  

be  s u b s t i t u t e d   f o r   t h e   v a l v e   m o d u l e   i l l u s t r a t e d   in   F i g .   2 

when  t h e   m a c h i n e   i s   to   be   u s e d   as  an  h y d r a u l i c   p u m p .  

F i g .   4  i s   a  p e r s p e c t i v e   v i e w   of   a  s e c o n d   e m b o d i m e n t   o f  

h y d r a u l i c   m a c h i n e .  

F i g .   5  i s   a  d i a g r a m m a t i c   f r a g m e n t a r y   c r o s s - s e c t i o n a l  

v i e w   i l l u s t r a t i n g   p a r t   of   one   row  of   m o d u l e   u n i t s   o f   t h e  

m a c h i n e   o f   F i g .   4 .  



F i g .   6  i s   a  d i a g r a m m a t i c   f r a g m e n t a r y   c r o s s - s e c t i o n a l  

v i e w   i l l u s t r a t i n g   p a r t   of  one  b a n k   of  m o d u l e   u n i t s   of  t h e  

m a c h i n e   of  F i g .   4 .  

F i g .   7  i s   an  e n l a r g e d   s e c t i o n a l   v i e w   of   a  m o d u l e   u n i t  

as  d i s p o s e d   in   a  b a n k   of  s u c h   u n i t s .  

F i g .   8  i s   an  e n l a r g e d   s e c t i o n a l   v i e w   of   a  m o d u l e   u n i t  

as  d i s p o s e d   in   a  row  of   s u c h   u n i t s ,   a n d  

F i g .   9  i s   a  p l a n   v i e w   of   m o d u l e   u n i t   u s e d   in   t h e  

m a c h i n e   of  F i g .   4 .  

F i g .   10  i s   a  s e c t i o n a l   v i e w   of   an  a l t e r n a t i v e   fo rm  o f  

p i s t o n   and   c y l i n d e r   m o d u l e   as  c o m p a r e d   t o   t h a t   shown  i n  

F i g s .   2  and  3 .  

F i g .   11  i s   a  s e c t i o n a l   v i e w   of   an  a l t e r n a t i v e   form  t o  

t h a t   shown  in   F i g s .   7  and  8,  of   a  p i s t o n   and   c y l i n d e r   m o d u l e  

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

F i g .   12  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  o n e  

e m b o d i m e n t   of  a  m o t o r   h a v i n g   one  p a i r   o f   cam  t r a c k s .  

F i g .   13  i s   a  d e v e l o p m e n t   of   p a r t   of   t h e   cam  of   F i g .   1 2 .  

F i g .   14  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  a  f u r t h e r  

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

F i g .   15  i s   a  d e v e l o p m e n t   of  p a r t   of  t h e   cam  of  F i g .   1 4 .  

F i g .   16  i s   a  s e c t i o n a l   v i e w   of  t h e   u p p e r   h a l f   of  a  

f u r t h e r   e m b o d i m e n t   of  h y d r a u l i c   m o t o r   i n c o r p o r a t i n g ' t w o  

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

a  h y d r a u l i c   m o t o r .   The  p i s t o n   and  v a l v e   s l e e v e s   h a v e   b e e n  

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

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

F i g .   17  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  t h e   m o t o r  

of   F i g .   16  i l l u s t r a t i n g   t h e   two  cams  and  t h e   h y d r a u l i c  

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

F i g .   18  i s   a  p a r t - s e c t i o n a l   s i d e   v i e w   of  a  m o t o r  

s i m i l a r   to   t h a t   shown  in  F i g .   16  b u t   i n c o r p o r a t i n g   a n  

a u x i l i a r y   bank   of  s l a v e   m o d u l e s .  

F i g .   19  i s   a  p a r t - s e c t i o n a l   f r o n t   v i e w   of   t h e   m o t o r  

of  F i g .   1 8 .  

R e f e r r i n g   to   F i g s .   1  and  2  of  t h e   d r a w i n g s ,   an  h y d r a u l i c  

m a c h i n e   s u i t a b l e   f o r   use   as  a  c o n s t a n t   t o r q u e   h y d r a u l i c  



m o t o r   c o m p r i s e s   a  s t a t o r   10  i n c o r p o r a t i n g   a  3"  t h i c k   r i n g  

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

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

12.  The  m o d u l e s   12  c o m p r i s e   m o d u l a r   v a l v e   u n i t s   13  a n d  

m o d u l a r   p i s t o n   and  c y l i n d e r   u n i t s   1 4 .  

As  c an   be  s e e n   b e s t   f r o m   F i g .   1  t h e   m o d u l e s   12  a r e  

d i s p o s e d   i n   r ows   e x t e n d i n g   p a r a l l e l   t o   t h e   l o n g i t u d i n a l   a x i s  

o f   t h e   m o t o r .   F u r t h e r m o r e ,   as  c a n   be  s e e n   b e s t   f r om  t h e  

u p p e r   h a l f   of   F i g .   2,  t h e   m o d u l e s   a r e   a l s o   d i s p o s e d   in   b a n k s  

a n n u l a r l y   a r o u n d   t h e   l o n g i t u d i n a l   a x i s   o f   t h e   m o t o r .   H e r e i n -  

a f t e r   t h e r e f o r e ,   t h e   t e r m   " r o w "   w i l l   be  u s e d   to   d e s c r i b e   a  

s e r i e s   o f   m o d u l e s   e x t e n d i n g   l e n g t h w i s e   o f   t h e   m o t o r   and  t h e  

t e r m   " b a n k "   w i l l   be  u s e d   to   d e s c r i b e   a  s e r i e s   of  m o d u l e s  

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

The  p i s t o n   and  c y l i n d e r   u n i t s   14  e x t e n d   i n t o   t h e  

i n t e r i o r   o f   t h e   s t a t o r   10  and  e a c h   c o - o p e r a t e s   w i t h   a  p a i r  

of   r o l l e r s   15  w h i c h   r u n   on  one   o f   t h r e e   p r i m a r y   u n d u l a t i n g   o r  

l o b e d   p a i r s   o f   cam  t r a c k s   16 ,   17 ,   18  ( F i g .   1 ) .   The  cam  t r a c k s  

16,  17,  and   18  a r e   f i x e d l y   m o u n t e d   on  a  h o l l o w   d r i v e n   s h a f t   19 

so  t h a t   r e c i p r o c a t i o n   o f   t h e   p i s t o n s   w i t h i n   t h e   p i s t o n   a n d  

c y l i n d e r   u n i t s   c a u s e s   t h e   d r i v e n   s h a f t   19  to   be  r o t a t e d   i n  

known  m a n n e r .  

E a c h   m o d u l a r   p i s t o n   and  c y l i n d e r   u n i t   14  as  shown  i n  

F i g .   2  c o m p r i s e s   a  c y l i n d e r   20  w i t h i n   w h i c h   a  p i s t o n   21  c a n  

r e c i p r o c a t e ,   t h e   r o l l e r s   15  b e i n g   c a r r i e d   on  a  c r o s s h e a d   1 5 a  

a t   a  r a d i a l l y   i n w a r d   end   of  t h e   p i s t o n s   2 1 .  

E a c h   v a l v e   m o d u l e   13  c o m p r i s e s   a  p i s t o n   22  s p r i n g - l o a d e d  

by  m e a n s   of   a  s p r i n g   23,   t h e   p i s t o n   22  o p e r a t i n g   w i t h i n   a  

b o r e   or   c h a m b e r   of   a  c y l i n d e r   24 .   The  p i s t o n   22  b e a r s   o n  

a  c r o s s h e a d   25a  w h i c h   c a r r i e s   r o l l e r s   25  a t   i t s   r a d i a l l y  

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

o p e r a t i n g   cam  t r a c k s   26 ,   27,   28  l o c a t e d   b e t w e e n   e a c h   p a i r  

o f   cam  t r a c k s   16,   17  and  18.  F l u i d   c a v i t i e s   24a ,   24b  a n d  

24c  a r e   p r o v i d e d   in   t h e   c y l i n d e r   24  and   an  a n n u l a r   g r o o v e  

22a  i s   f o r m e d   on  t h e   e x t e r n a l   s u r f a c e   o f   t h e   p i s t o n   2 2 .  



F i g .   2  of   t h e   d r a w i n g s   shows   a  m o t o r   in   w h i c h   o n l y   a  

s i n g l e   v a l v e   m o d u l e   13  i s   i n c o r p o r a t e d   in   e a c h   b a n k ,   t h e  

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

v a l v e   m o d u l e s   b e i n g   p r o v i d e d   w i t h   b l a n k   m o d u l e s   2 9 .  

P r e s s u r e   o i l   p a s s a g e s   30,  31,  32  and  33  in   t h e   v a l v e  

m o d u l e s   13,  p i s t o n   and   c y l i n d e r   m o d u l e s   14,   b l a n k   m o d u l e s  

29  and  s t a t o r   10  r e s p e c t i v e l y   i n t e r c o n n e c t   e a c h   of   t h e  

m o d u l e s   in   e a c h   o f   t h e   t h r e e   b a n k s   of   t h e   m o t o r .   E a c h   o f  

t h e   p r i m a r y   cam  t r a c k s   16 ,   17  and  18  c o - o p e r a t e   w i t h   o n e  

of   t h e   t h r e e   b a n k s   o f   m o d u l e s .   As  i l l u s t r a t e d   in   F i g .   2 

e a c h   p r i m a r y   cam  t r a c k   h a s   e i g h t   l o b e s   and  t h e   l o b e s   of   e a c h  

cam  t r a c k   a r e   a r r a n g e d   120°   ou t   of  p h a s e   w i t h   i t s   a d j a c e n t  

c a m  t r a c k .   E a c h   b a n k   i n c o r p o r a t e s   e i g h t   p i s t o n   and  c y l i n d e r  

m o d u l e s   14,   a l l   o p e r a t i n g   i n   t h e   same  p h a s e .  

The  l o b e s   on  t h e   s e p a r a t e   v a l v e - o p e r a t i n g   cam  t r a c k s   2 6 ,  

27  and  28  a s s o c i a t e d   w i t h   e a c h   bank   of   m o d u l e s   a r e   a r r a n g e d  
9 0 °  o u t   of  p h a s e   w i t h   i t s   r e l a t e d   p r i m a r y   cam  t r a c k .   T h e  

cam  f o l l o w e r s   o r   r o l l e r s   25  of  e a c h   b a n k   a r e   a l l   in   t h e   s a m e  

p h a s e .  

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

t h a t   e a c h   bank   of   m o d u l e s   i s  n o t   a  m o t o r   in   i t s e l f   as  a l l   o f  

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

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

f u n c t i o n   as  a  m o t o r .   In   o t h e r   w o r d s ,   t h e   work   done   on  e a c h  

p r i m a r y   cam  t r a c k   i s   one   t h i r d   of  t h a t   done   by  a  n o r m a l   m u l t i -  

.  c am  m o t o r   h a v i n g   a  s i n g l e   cam  t r a c k .  

In  o p e r a t i o n   o f   t h e   a b o v e - d e s c r i b e d   e m b o d i m e n t ,   p r e s s u r e  
o i l   i s   s u p p l i e d   to   e a c h   b a n k   of   m o d u l e s   by  i t s   v a l v e   m o d u l e  

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

e i g h t   p i s t o n   and  c y l i n d e r   m o d u l e s   14  t h r o u g h   t h e   p a s s a g e s 3 0 ,  

31,  32  and  33  so  as  to   e f f e c t   r o t a t i o n   of   t h e   h o l l o w   d r i v e n  

s h a f t   1 9 .  

I f   a  g r e a t e r   p o w e r   o u t p u t   is   r e q u i r e d   f rom  t h e   m o t o r ,  

one  or  more  of  t h e   b l a n k   m o d u l e s   20  in   e a c h   b a n k   can  b e  

s u b s t i t u t e d   by  an  a d d i t i o n a l   v a l v e   m o d u l e   or   m o d u l e s   1 3 .  

In  t h i s   way,   t h e   p o w e r   o u t p u t   of  t h e   m o t o r   can   be  i n c r e a s e d  

in  up  to   e i g h t   s t e p s   as  d e s i r e d .   I t   w i l l   a l s o   be  a p p a r e n t  

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

e f f e c t e d   f rom  t h e   o u t s i d e   of   t he   m a c h i n e   m e r e l y   by  r e m o v i n g  



one  m o d u l e   and  s u b s t i t u t i n g   a n o t h e r   so  t h a t   t h e   w h o l e  

m a c h i n e   d o e s   n o t   r e q u i r e   t o   be  d i s m a n t l e d   and  be  o u t  

of   o p e r a t i o n   o v e r   an  e x t e n d e d   p e r i o d .  

I f   d e s i r e d ,   t h e   h o l l o w   d r i v e n   s h a f t   19  can   be  p r o v i d e d  

w i t h   a d d i t i o n a l   m e a n s   w h e r e b y   a d d i t i o n a l   b a n k s   can   be  a d d e d  

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

t o r q u e .   The   m o t o r   i s   p r o v i d e d   w i t h   a  b r a k e   34  o f   k n o w n  

f o r m .  

F i g .   3  i s   a  v i e w   s i m i l a r   t o   F i g .   2  w h e r e i n   t h e   v a l v e  

m o d u l e   13  of   t h e   m o t o r   shown  i n   F i g .   2  i s   r e p l a c e d   by  a  

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

35.  The  v a l v e   m o d u l e   35  a l l o w s   t h e   m a c h i n e   to   be  e m p l o y e d  

as  an  h y d r a u l i c   pump.   The  v a l v e   35  a l l o w s   l i q u i d   b e i n g  

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

36  and   d i s c h a r g e d   t h r o u g h   d e l i v e r y   v a l v e   37.  One  o r   m o r e  

of   t h e   i n l e t   v a l v e s   can   be   p r o v i d e d   w i t h   means   f o r   l i f t i n g  

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

M o s t l y ,   t h e   m a c h i n e   w i l l   be  u s e d   as  a  h i g h   d i s p l a c e m e n t  

pump  u t i l i s i n g   a l l   a v a i l a b l e  p i s t o n   and   c y l i n d e r   m o d u l e s .  

The  pump  can   be  m o d i f i e d ,   h o w e v e r ,   t o   a  v a r i a b l e   d i s p l a c e m e n t  

pump,   f o r   u s e   e . g .   w i t h   w i n d m i l l s   w h e r e   v a r i a b l e   w i n d   s p e e d s  

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

pump,   m e r e l y   by  c u t t i n g   o u t   an  a p p r o p r i a t e   n u m b e r   of   p i s t o n  

and   c y l i n d e r   m o d u l e s .   When  u s e d   as  a  pump,   t h e   v a l v e -  

o p e r a t i n g   cam  t r a c k s   16,  17  and   18  of   F i g .   1  a r e   n o t   r e q u i r e d .  

F i g s   4  t o   9  i l l u s t r a t e   a  s e c o n d   e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n   in   w h i c h ,   as  in   t h e   f i r s t   e m b o d i m e n t ,   a  s t a t o r   1 0 0  

h a v i n g   f l a t s   101  m a c h i n e d   t h e r e o n   r e c e i v e s   a  p l u r a l i t y   o f  

m o d u l e s   1 0 2 .   The  m o d u l e s   102  p e r f o r m  t h e   j o i n t   f u n c t i o n   o f  

t h e   v a l v e   m o d u l e s   13  and  p i s t o n   and  c y l i n d e r   m o d u l e s   14  o f  

t h e   f i r s t   e m b o d i m e n t   and  a r e   s i m i l a r l y   a r r a n g e d   i n   b a n k s   a n d  

rows   as  h e r e i n b e f o r e   d e f i n e d .  

E a c h   m o d u l e   h a s   a  c y l i n d e r   103  d e f i n e d   by  a  s e p a r a t e  

v a l v e   s l e e v e   104  and  a  p i s t o n   105  i s   p r o v i d e d   w i t h   a  p a i r   o f  

r o l l e r s   106  a t   i t s   r a d i a l l y   i n w a r d   end   t h r o u g h   t h e   i n t e r -  

m e d i a r y   o f   a  c r o s s h e a d   1 0 6 a .   The  r o l l e r s   of   one  of   t h e  

t h r e e   b a n k s   o f   m o d u l e s   102  r u n   on  a  r e s p e c t i v e   one  of   t h r e e  



p a i r s   of   u n d u l a t i n g   or   l o b e d   cam  t r a c k s   107 ,   108  and   1 0 9  

( F i g .   5 ) .   The  cam  t r a c k s   1 0 7 ,   108  and  109  a r e   f i x e d   t o  

a  h o l l o w   d r i v e n   s h a f t   110  so  t h a t   r e c i p r o c a t i o n   of  t h e  

p i s t o n s   105  c a u s e s   t h e   d r i v e n   s h a f t   110  to   be  r o t a t e d  

t h r o u g h   t h e   i n t e r m e d i a r y   of   t h e   cam  t r a c k s   107 ,   108  and  1 0 9 .  

As  can   be  s e e n   f rom  F i g .   4,  e a c h   m o d u l e   102  in   e a c h   o f  

t h e   t h r e e   b a n k s   of   t h e   m o t o r   i s   i n t e r c o n n e c t e d   by  t e l e s c o p i c  

or   f l e x i b l e   p r e s s u r e   f l u i d   c o n d u i t s   111  w h i c h   c o n n e c t   t h e  

p i s t o n   a t   t h e   u p p e r   p o r t i o n   of  one   m o d u l e   w i t h   t h e   l o w e r  

p o r t i o n   of   t h e   a d j a c e n t   m o d u l e .   T e l e s c o p i c   or   f l e x i b l e  

f l u i d   p r e s s u r e   s u p p l y   c o n d u i t s   112  and  e x h a u s t   c o n d u i t s   1 1 3  

a l s o   i n t e r c o n n e c t   e a c h   of   t h e   e i g h t   rows  of  m o d u l e s   ( F i g s .   4 

and  5 ) .  

The  t h r e e   cam  t r a c k s   1 0 7 ,   108  and   109  e a c h   h a v e   s i x  

l o b e s   and  t h e   l o b e s   of  e a c h   t r a c k   a r e   d i s p o s e d   1 2 0 °   o u t   o f  

p h a s e   r e l a t i v e   t o   t h e   l o b e s   o f   t h e   a d j a c e n t   t r a c k .  

F o r   one   m o d u l e   102  t o   a c t   as   a  v a l v e   f o r   t h e   p i s t o n   o f  

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

to   e a c h   cam  t r a c k   l o b e   a t     ( w h e r e    =   1 8 0 ° )   o r   m u l t i p l e s  

of     +    .   F o r   a  m u l t i - l o b e   cam  t r a c k    i s   g e n e r a l l y  

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

C o n v e n i e n t l y   t h e r e f o r e ,   t h e   m o d u l e s   102  i n   e a c h   bank   c a n  

be  p h a s e d   a t   3 π   or   5   w h e r e   N  =  t h e   n u m b e r   of   l o b e s .  

From  t h i s ,   i t   can   be  c a l c u l a t e d   t h a t   i f   N  i s   a  m u l t i p l e   of  3 

i . e .   t h e   n u m b e r   of   l o b e s   i s   3  o r   6  or   9  e t c .   t h e   n u m b e r   o f  

m o d u l e s   r e q u i r e d   p e r   b a n k   i s   4 ,  8   o r   12  etc. Respectively If N is  a  

m u l t i p l e   of   5  i . e .   t h e   n u m b e r   o f   l o b e s   i s   5  or   10  o r   15  e t c . ,  

t h e   n u m b e r   of   m o d u l e s   r e q u i r e d   p e r   b a n k   i s   4  o r   8  or   12  e t c .  

r e s p e c t i v e l y .  

R e f e r r i n g   to   F i g s .   7  and   8  o f   t h e   d r a w i n g s ,   t h e s e   F i g s .  

show  a  v a l v e   m o d u l e   102  i n   w h i c h   i t s   h y d r a u l i c   c o n n e c t i o n s  

w i t h i n   a  b a n k   and   a  row  a r e   r e s p e c t i v e l y - i l l u s t r a t e d .   T h e  

m o d u l e   102  c o m p r i s e s   a  c y l i n d e r   103  d e f i n e d   by  a  s e p a r a t e  

v a l v e   s l e e v e   104  and  p i s t o n   105  p r e v i o u s l y   r e f e r r e d   t o .   T h e  

i n n e r   p o r t i o n   of   t h e   c y l i n d e r   103  c o n s t i t u t e d   by  t h e   v a l v e   s l e e v e  

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



o u t e r   p o r t i o n   of  c y l i n d e r   103  and   i s   p r o v i d e d   w i t h   s e a l s  

114.   The  v a l v e   s l e e v e   104  h a s   t h r e e   e x t e r n a l   g r o o v e s  
f o r m e d   t h e r e i n   e a c h   of   w h i c h   d e f i n e s   u p p e r ,   c e n t r e   a n d  

l o w e r   c a v i t i e s   1 1 5 a ,   115b  a n d   115c   r e s p e c t i v e l y ,   e a c h  

cavi ty  115 be ing   c o n n e c t e d   by  a  p a s s a g e   116  w h i c h   e x t e n d s  

t h r o u g h   t h e   v a l v e   s l e e v e   104  t o   t h e   r a d i a l l y   i n n e r   s u r f a c e  

t h e r e o f .   The  p i s t o n   105 ,   w h i c h   i s   s p r i n g   l o a d e d   by  m e a n s  

of   a  s p r i n g   1 1 7 ,   i s   s l i d a b l e   w i t h i n   t h e   v a l v e   s l e e v e   1 0 4  

and   h a s   a  g r o o v e   118  f o r m e d   in   i t s   e x t e r n a l   s u r f a c e   so  t h a t  

i t   can   be  c o n n e c t e d   w i t h   t h e   u p p e r   two  or   t h e   l o w e r   two  o f  

t h e   c a v i t i e s   115  t h r o u g h   t h e   p a s s a g e s   116  d e p e n d i n g   u p o n  
t h e   p o s i t i o n   o f   t h e   v a l v e   s l e e v e   104  and  p i s t o n   105  w i t h i n  

t h e   c y l i n d e r   103 .   A  s e a l   119  i s   l o c a t e d   b e t w e e n   t h e   p i s t o n  

105  and  v a l v e   s l e e v e   104 .   R e f e r r i n g   to  F i g .   7,  t h e   u p p e r  
end  of   t h e   c h a m b e r   of   t h e   c y l i n d e r   103  i s   c o n n e c t e d   t h r o u g h  

p a s s a g e   120  i n   t h e   c y l i n d e r   w a l l   t o   t h e   u p p e r   end   of  a  

c o n d u i t   111  w h i c h   c o n n e c t s   t h e   m o d u l e   t o   t h e   c e n t r e   c a v i t y  

115b  of   t h e   a d j a c e n t   m o d u l e   i n   t h e   b a n k   a t   one  s i d e   t h e r e o f .  

A  p a s s a g e   121  c o n n e c t s   c e n t r e   c a v i t y   115b  t o   t h e   l o w e r   end   o f  

a n o t h e r   c o n d u i t   111  w h i c h   c o n n e c t s   t h e   m o d u l e   to   t h e   c h a m b e r  

of   t h e   c y l i n d e r   of  t h e   a d j a c e n t   m o d u l e   in   t h e   b a n k   o n . t h e  

o t h e r   s i d e   t h e r e o f .  

F i g .   8  s h o w s   t h e   m o d u l e   c o n n e c t i o n s   w i t h i n - a   r o w  i . e .  

a t   90°  t o   t h e   v i e w   shown  i n   F i g .   7.  F i g .   8  shows   a  p r e s s u r e  

s u p p l y   p o r t   122  w h i c h   i s   c o n n e c t e d   by  p a s s a g e   123  t o   t h e  

l o w e r   c a v i t y   1 1 5 c .   The  p r e s s u r e   p o r t   r e c e i v e s   p r e s s u r e   o i l  

f r o m   a  p r e s s u r e   c o n d u i t   112  c o n n e c t e d   to   t h e   a d j a c e n t   m o d u l e  

in   t h e   row  on  one  s i d e   t h e r e o f   and   t r a n s m i t s   i t   t h r o u g h  

p a s s a g e   124  t o   p r e s s u r e   c o n d u i t   112  c o n n e c t e d   to   t h e   a d j a c e n t  

m o d u l e   in   t h e   row  on  t h e   o t h e r   s i d e   t h e r e o f .   S i m i l a r l y  

e x h a u s t   c o n d u i t s   113  i n t e r c o n n e c t   u p p e r   c a v i t y   115a   w i t h  

a d j a c e n t   m o d u l e s   in  t h e   row  t h r o u g h   p a s s a g e s   125  and  1 2 6 .  

Each   row  of   m o d u l e s   has   an  i n d e p e n d e n t   s u p p l y   and  e x h a u s t  

f o r   t h e   p r e s s u r e   o i l .  

In  o p e r a t i o n   of   t h e   e m b o d i m e n t   shown  in   F i g s .   4  to   9 ,  

p r e s s u r e   o i l   i s   s u p p l i e d   t o   t h e   c y l i n d e r   103  of   e a c h   m o d u l e  

102  t h r o u g h   c o n d u i t   111  t o   c a u s e   t h e   p i s t o n   105  t o   be  u r g e d  



r a d i a l l y   i n w a r d l y   a g a i n s t   i t s   a s s o c i a t e d   cam  t r a c k   v i a   a  

c r o s s h e a d   and   b e a r i n g   a s s e m b l y   t o   a s s i s t   in  r o t a t i n g   t h e  

d r i v e n   s h a f t   110 .   The  c o n d u i t   111  r e c e i v e s   t h e   o i l   t h r o u g h  

l o w e r   c a v i t y  1 1 5 c ,   g r o o v e   1 1 8 ,   and   c e n t r e   c a v i t y   1 1 5 b   in   t h e  

a d j a c e n t   m o d u l e .   On  t h e   cam  t r a c k   r o t a t i n g   f u r t h e r ,   t h e  

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

f r o m   t h e   c y l i n d e r   1 0 3  t h r o u g h   t h e   c o n d u i t   111  a t   t h e   u p p e r  
end  t h e r e o f   and   f r o m   w h e r e   t h e   o i l   p a s s e s   to   e x h a u s t   t h r o u g h  

p a s s a g e s   1 2 1 ;   c e n t r e   c a v i t y   1 1 5 b ,   g r o o v e   118 ,   and  c a v i t y   1 1 5 a  

in   t h e   a d j a c e n t   m o d u l e .  

As  in   t h e   f i r s t   e m b o d i m e n t ,   e a c h   m o d u l e   102  can   b e  

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

f l e x i n g   of   i t s   c o n d u i t s   1 1 1 ,   112  and  1 1 3 .  

F i g .   10  i s   a  s e c t i o n a l   v i e w   i l l u s t r a t i n g   a  m o d i f i e d   f o r m  

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

in  t h e   e m b o d i m e n t s   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   2  and  3 .  

The  p i s t o n   and   c y l i n d e r   m o d u l e   of   F i g .   10  i s   p a r t i c u l a r l y   f o r  

u se   in  t h e   e m b o d i m e n t   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   4  t o  

9.  The  m o d u l e   of  F i g .   10  c o m p r i s e s   a  body   200  w h i c h   can  b e  

r e l e a s a b l y   m o u n t e d   in   a  s t a t o r   2 0 1 .   S e c u r e d   t o   t h e   body   2 0 0  

by  means   of   b o l t s   202  e x t e n d i n g   t h e r e t h r o u g h   i s   a  c y l i n d e r   2 0 3 .  

A  c y l i n d e r   c h a m b e r   204  i s   d e f i n e d   w i t h i n   t h e   i n t e r i o r   of  t h e  

c y l i n d e r   a n d  a   p i s t o n   205  i s   r e c i p r o c a b l e   w i t h i n   t h e   c y l i n d e r  

203  u n d e r   t h e   i n f l u e n c e   of   a  s p r i n g   206 .   At  i t s   r a d i a l l y  

i n w a r d   e n d ,   t h e   p i s t o n   b e a r s   on  a  c r o s s h e a d   207a   w h i c h   i s  

p r o v i d e d   w i t h  a   p a i r   or   r o l l e r s   207  w h i c h  c o - o p e r a t e   as  b e f o r e  

w i t h   a  p a i r   of   l o b e d   cam  t r a c k s   ( n o t   s h o w n ) .   P r e s s u r e   f l u i d  

s u p p l y   or   e x h a u s t   b o r e s   208  e x t e n d   t h r o u g h   t h e   c y l i n d e r   203  f r o m  

t h e   e x t e r i o r   t h e r e o f   i n t o   t h e   u p p e r   end  of  t h e   c h a m b e r   2 0 4 .  

F i g .   11  i l l u s t r a t e s   an  a l t e r n a t i v e   fo rm  of   v a l v e   m o d u l e  

to   t h a t   shown  in   F i g s .   7  and   8.  The  m o d u l e   300  shown   i n  

F i g .   11  c o m p r i s e s   a  c y l i n d e r   b o d y   301  r e l e a s a b l y   m o u n t e d   in   a  

s t a t o r   3 0 2 .   The  body  301  h a s   m o u n t e d   t h e r e o n ,   by  means   o f  

b o l t s   303,   a  c y l i n d e r   304  d e f i n i n g   t h e r e i n   a  c h a m b e r   3 0 5 .  

W i t h i n   t h e   c y l i n d e r   304  i s   a  c o m b i n e d   p i s t o n   and  v a l v e   m e m b e r  

306  ( h e r e i n a f t e r   r e f e r r e d   t o   m e r e l y   as  a  p i s t o n ) .   The  p i s t o n  

306  c a r r i e s   t h r o u g h   a  c r o s s h e a d   3 0 7 a ,   a  p a i r   of  r o l l e r s   3 0 7  

at   i t s   r a d i a l l y   i n w a r d   end  w h i c h   c o - o p e r a t e s   w i t h   a  p a i r   o f  



l o b e d   cam  t r a c k s   ( n o t   s h o w n ) .  

The  i n t e r i o r   s u r f a c e   of  t h e   c y l i n d e r   304  has   t h r e e  

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

l o w e r   c a v i t i e s   3 0 8 a ,   308b  and  308c   r e s p e c t i v e l y .  

A  p a s s a g e   309  e x t e n d s   i n t o   t h e   u p p e r   end  of   t h e  

c y l i n d e r   c h a m b e r   305  f r o m   t h e   e x t e r i o r   o f   t h e   c y l i n d e r   3 0 4 .  

A  s i m i l a r   p a s s a g e   310  e x t e n d s   i n t o   t h e   c e n t r e   c a v i t y   3 0 8 b  

f r o m   t h e   e x t e r i o r   o f   t h e   c y l i n d e r   3 0 4 .   The  p a s s a g e s   3 0 9  

and   310  a r e   f o r   c o n n e c t i o n   to   t e l e s c o p i c   o r   f l e x i b l e  

p r e s s u r e   f l u i d   c o n d u i t s   ( c o r r e s p o n d i n g   t o   t h e   c o n d u i t s   1 1 1  

in   F i g .   7 ) - f o r   t h e   t r a n s m i s s i o n   o f   p r e s s u r e   f l u i d   b e t w e e n  

a d j a c e n t   m o d u l e s   i n   a  b a n k .  

P r e s s u r e   f l u i d   e x h a u s t   and  s u p p l y   p o r t s   311  and  3 1 2  

e x t e n d   i n t o   t h e   u p p e r   and   l o w e r   c a v i t i e s   308a  and  3 0 8 c  

r e s p e c t i v e l y   and   by  m e a n s   of  t e l e s c o p i c   o r   f l e x i b l e  

p r e s s u r e   f l u i d   c o n d u i t s   ( c o r r e s p o n d i n g   t o   c o n d u i t s   112  a n d  

113  of   F i g .   8 ) ,   p r e s s u r e   f l u i d   can   be  t r a n s m i t t e d   b e t w e e n  

a d j a c e n t m o d u l e s   i n   a  r o w .  

The  e x t e r i o r   s u r f a c e   of  t h e   p i s t o n   306  i s   p r o f i l e d  

to   d e f i n e   a  g r o o v e   313  t h e r e i n .   D e p e n d i n g   on  t h e   p o s i t i o n  

of   t h e   p i s t o n   306  w i t h i n   t h e   c y l i n d e r   304 ,   t h e   g r o o v e   3 1 3  

can   i n t e r c o n n e c t   e i t h e r   t h e   u p p e r   a n d   c e n t r e   c a v i t i e s   3 0 8 a  

and   308b  or   t h e   c e n t r e   and  l o w e r   c a v i t i e s   308b  and  3 0 8 c .  

S e a l s   314  a r e   p r o v i d e d   b e t w e e n   t h e   c y l i n d e r   304  and   i t s  

p i s t o n   306  w h i c h   a l l o w   t h e   p o s s i b i l i t y   o f   u s i n g   a  h y d r a u l i c  

f l u i d   t h r o u g h   p o r t s   309 ,   310  w h i c h   i s   s e p a r a t e   to   a  

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

c o m p o n e n t s .  

The  m o d u l e   i l l u s t r a t e d   i n   F i g .   11  o p e r a t e s   in   a  m a n n e r  

a n a l o g o u s   to   t h a t   of   t h e   m o d u l e   102  o f   F i g s .   7  and  8  i n  

t h a t   p r e s s u r e   o i l   i s   s u p p l i e d   t h r o u g h   p o r t   309  to   c a u s e   t h e  

p i s t o n   306  and  a s s o c i a t e d   c r o s s h e a d   and  b e a r i n g s   to   be  u r g e d  

i n w a r d l y   a g a i n s t   i t s   a s s o c i a t e d   cam  t r a c k   to   a s s i s t   i n  

r o t a t i n g   a  d r i v e n   s h a f t .   On  t h e   cam  t r a c k   r o t a t i n g   f u r t h e r ,  

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

e x h a u s t e d   f r o m   t h e   c y l i n d e r   304  t h r o u g h   t h e   p a s s a g e   309  a n d  

f rom  w h e r e   t h e   o i l   p a s s e s   to  e x h a u s t   t h r o u g h   p a s s a g e   3 1 0 ,  

c e n t r e   c a v i t y   3 0 8 b ,   g r o o v e   313  and  c a v i t y   308a  in  t h e   a d j a c e n t  



m o d u l e .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   a b o v e   d e s c r i b e d  

e m b o d i m e n t s   d e s c r i b e d   w i t h   r e f e r e n c e   t o   F i g s .   1  to   11  

i n v o l v e ,   when  u s e d   as  a  m o t o r ,   t h e   u s e   of  a t   l e a s t   t h r e e  

c a m s ,   t h e   l o b e s   of   e a c h   cam  b e i n g   a r r a n g e d   120°   o u t   o f  

p h a s e   w i t h   e a c h   o t h e r .   C o n s e q u e n t l y ,   e a c h   b a n k   of   m o d u l e s  

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

c o n s t i t u t e   a  m o t o r   in   i t s   own  r i g h t .   I m p o r t a n t   a l t e r n a t i v e  

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

in   F i g s .   12  t o   15  w h i c h   show  e x a m p l e s   of   a r r a n g e m e n t s   o f  

m o d u l e s   on  a  s i n g l e   cam  w h i c h   w i l l   p e r m i t   t h e   m o d u l e s   o n  

s a i d   s i n g l e   cam  t o   f u n c t i o n   as  a  c o n s t a n t   t o r q u e   m o t o r .  

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

m o d u l e s   can  be  in   t h e   fo rm  of   any  of  t h e   e m b o d i m e n t s  

d e s c r i b e d   a b o v e .  

F i g .   12  s h o w s   a  s i n g l e   cam  400  h a v i n g   e l e v e n   l o b e s  

401.   T h r e e   v a l v e   m o d u l e s   a , . b   and  c  can   be  p o s i t i o n e d  

a d j a c e n t   e a c h   o t h e r   on  a  s i n g l e   l o b e   d i s p l a c e d   a n g u l a r l y  

r e l a t i v e   t o   e a c h   o t h e r   a t   2 π  s o   as  to   a c t   on  t h e   l o b e   a t  

d i f f e r e n t   a n g u l a r   l o c a t i o n s 3   E a c h   v a l v e   m o d u l e   a,   b  or   c  

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

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

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

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

p i s t o n   m o d u l e s   A,  i t   w i l l   be  n o t e d   t h a t   t h e   v a l v e   m o d u l e  a  

o p e r a t e s   90°   o u t   of  p h a s e   w i t h   t h e   p i s t o n   m o d u l e s   A  and  t h e  

p i s t o n   m o d u l e s   A  a l l   o p e r a t e   in   t h e   same  p h a s e   as  e a c h   o t h e r .  

The  same  i s   s i m i l a r l y   t r u e   of   v a l v e   m o d u l e s   b  a n d  c   and  t h e i r  

r e s p e c t i v e   p i s t o n   m o d u l e s   B  a n d   C .  

F i g .   13  i s   a  d i a g r a m   s h o w i n g   a  d e v e l o p m e n t   of  p a r t   o f  

t h e   cam  of  t h e   s i n g l e   cam  a r r a n g e m e n t   of  F i g .   12.  As  t h e  

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

e q u i v a l e n t   to   2 π   ( π  =   1 8 0 ° ) ,   t h e   a n g l e   s u b t e n d e d   b y  

a  s i n g l e   l o b e   of  t h e   e l v e n   l o b e   cam  i s   2π.  The  v a l v e  

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

on  a  s i n g l e   l o b e   so  t h a t   t h e r e   i s   an  a n g l e   b e t w e e n   e a c h   v a l v e  

m o d u l e   of  2π 33  or   1 0 . 9 0 9 0 9 ° .   S i m i l a r l y   t h e   e q u a l   a n g l e  

b e t w e e n   e a c h  a d j a c e n t   p i s t o n   m o d u l e ,   i . e .   t h e  a n g l e   b e t w e e n  

e a c h   p i s t o n   m o d u l e   A  and  a d j a c e n t   p i s t o n   m o d u l e   B,  b e t w e e n  



e a c h   p i s t o n   m o d u l e   B  and  a d j a c e n t   p i s t o n   m o d u l e   C,  a n d  

b e t w e e n   e a c h   p i s t o n   m o d u l e   C  and  a d j a c e n t   p i s t o n   m o d u l e   A 

i s   4π 33  or   2 1 . 8 1 8 1 8 ° .   The  a p p r o x i m a t e   o u t s i d e   d i a m e t e r  

of   t h e   cam  i s   4 6 " .  

In   an  a l t e r n a t i v e   e m b o d i m e n t   u t i l i s i n g   t h e   same  s i n g l e  

cam  p r i n c i p l e   as  in   F i g s .   12  and  13,  F i g s .   14  and  15  r e l a t e  

t o   a  s i n g l e   cam  m a c h i n e   i n c o r p o r a t i n g   a  cam  500  h a v i n g  

t w e l v e   l o b e s   502 .   A r r a n g e d   to   o p e r a t e   o v e r   two  l o b e s   a r e  

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

t h r e e   v a l v e   m o d u l e s   a,   b  a n d  c   and   a l ,   b1  and   c l .   T h e  

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

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

a  and  a1 ,   b  a n d   b1  and   c  and  c l ,   a r e   in   t h e   same  p h a s e   a s  

e a c h   o t h e r .   E a c h   v a l v e   m o d u l e   a,  b  a n d   c  c o n t r o l s ,   t h r o u g h  

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

m o d u l e s   A,  B  a n d   C  r e s p e c t i v e l y   s p a c e d   a t   p r e d e t e r m i n e d  

a n g u l a r   i n t e r v a l s   o v e r   s i x   l o b e s   of  t h e   cam  and  e a c h   of   t h e  

v a l v e   m o d u l e s  a 1   b l  a n d   c1  s i m i l a r l y   c o n t r o l s   a  s e r i e s   o f  

two  p i s t o n   m o d u l e s   A1,  B1  and  C1  r e s p e c t i v e l y   s p a c e d   a t  

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

l o b e s .  

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

o p e r a t e s   90°  o u t   of   p h a s e   w i t h   i t s   a s s o c i a t e d   p i s t o n   m o d u l e s .  

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

as  e a c h   o t h e r   and   t h e   p i s t o n s   m o d u l e s   A  and   A1,  B  a n d   B1  a n d  

C  and  C1  a l s o   c o r r e s p o n d   in   p h a s e .  

F i g .   15  i s   a  d i a g r a m   s h o w i n g   a  d e v e l o p m e n t   of   p a r t   o f  

t h e   cam  of   t h e   s i n g l e   cam  a r r a n g e m e n t   of  F i g .   14.  A s  

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

of   t h e   cam  i s   e q u i v a l e n t   t o   2 π   and  t h e   cam  h a s   t w e l v e   l o b e s .  

C o n s e q u e n t l y   t h e   a n g l e   s u b t e n d e d   by  a  s i n g l e   l o b e   i s   2 π .  

The  v a l v e   m o d u l e s   a,  b,  c ,   a1  b1  and  c1  a r e   e q u a l l y   
12  

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

4 π  =   2 π  o r   1 0 ° .   S i m i l a r l y   t h e   e q u a l   a n g l e   b e t w e e n   e a c h  
6x12  3 6  
a d j a c e n t   p i s t o n   m o d u l e   i s   4 π   or   2 π .  

36  1 8  
The  e m b o d i m e n t   i l l u s t r a t e d   in   F i g s .   16  and   17  i s   a n  

h y d r a u l i c   m o t o r   c o m p r i s i n g   an  a n n u l a r   o u t e r   c a s i n g   6 0 0  



c o n s t i t u t i n g   a  s t a t o r   and  c a r r i e d   on  b e a r i n g s   601 ,   602  f o r  

r o t a t i o n   a b o u t   a  h o l l o w   d r i v e n   s h a f t   6 0 3 .   In  t h e   m a n n e r  

shown  in  p r e v i o u s   e m b o d i m e n t s ,   t h e   d r i v e n   s h a f t   603  has   t w o  

p a i r s   of   u n d u l a t i n g ,   l o b e d   cam  t r a c k s   604  and  605  e a c h  

h a v i n g   s i x   l o b e s   and  f i x e d l y   m o u n t e d   a b o u t   t h e   d r i v e n   s h a f t  

f o r   r o t a t i o n   t h e r e w i t h .   The  two  cams  a r e   o u t   of  p h a s e  

w i t h   e a c h   o t h e r   by  î í   r a d i a n t s .  
2  

The  s t a t o r   600  i s   p r o v i d e d   w i t h   two  b a n k s   A  and  B  o f  

v a l v e   m o d u l e s   606  e a c h   i n c o r p o r a t i n g   a  v a l v e   a s s e m b l y .  

The  m o d u l e s   606  a r e   a n g u l a r l y   s p a c e d   a r o u n d   t h e   m o t o r   in   a  

m a n n e r   a n a l o g o u s   t o   t h a t   shown  in   F i g s .   12  and  14.  I n  

t h e   p r e s e n t   e m b o d i m e n t ,   h o w e v e r ,   e a c h   cam  t r a c k   has  6  l o b e s  

and  t h e   n u m b e r   of   m o d u l e s   606  i s   10.  E a c h   m o d u l e   606  i s  

s i m i l a r   to   t h a t   shown  in   F i g s .   7  and   8  and   c o m p r i s e s   a  

c y l i n d e r   b o d y   607  r e l e a s a b l y   m o u n t e d   i n   t h e   s t a t o r   by  b o l t s  

( n o t   s h o w n ) .   The  c y l i n d e r   d e f i n e s   t h e r e i n   a  c h a m b e r   6 0 8  

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

s l e e v e   609 .   A  c o m b i n e d   p i s t o n  a n d   v a l v e   610  ( h e r e i n a f t e r  

r e f e r r e d   t o   as  a  p i s t o n )   i s   s l i d a b l e   w i t h i n   t h e   v a l v e  

s l e e v e   609 .   Each   p i s t o n   610  i s   p r o v i d e d   w i t h   a  c r o s s h e a d  

and  an  a s s o c i a t e d   p a i r   of  r o l l e r s   a t   i t s   r a d i a l l y   i n w a r d  

end  to   run   on  i t s   a s s o c i a t e d   cam  t r a c k   604  or   605.   S e a l s   6 1 1  

and  612  a r e   p r o v i d e d   b e t w e e n   t h e   v a l v e  s l e e v e   609  a n d  

c y l i n d e r   607  and  b e t w e e n   t h e   v a l v e   s l e e v e   609  and  p i s t o n   6 1 0 .  

The  s e a l s   612  a c t   t o   s e p a r a t e   h y d r a u l i c   f l u i d   f rom  a  

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

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

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

The  v a l v e   s l e e v e   609  h a s   t h r e e   e x t e r n a l   g r o o v e s   f o r m e d  

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

c a v i t i e s   6 1 3 a ,   6 1 3 b ,   and  6 1 3 c ,   e a c h   c a v i t y   b e i n g   c o n n e c t e d  

by  a  p a s s a g e   614  w h i c h   e x t e n d s   t h r o u g h   t h e   v a l v e   s l e e v e   6 0 9  

to   t h e   r a d i a l l y   i n n e r   s u r f a c e   t h e r e o f .   The  p i s t o n   6 1 0  

w h i c h   i s   s p r i n g - l o a d e d   by  means   of  a  s p r i n g   615 ,   is   s l i d a b l e  

w i t h i n  t h e   v a l v e   s l e e v e   609  and  has   a  g r o o v e   616  f o r m e d   i n  



i t s   e x t e r n a l   s u r f a c e   so  t h a t   i t   can   be  c o n n e c t e d   w i t h   t h e   u p p e r  
two  or   l o w e r   two  of   t h e   c a v i t i e s   6 1 3 .  

A  c o v e r   p l a t e   617  s e c u r e d   by  b o l t s   617a   r e t a i n s   t h e  

m o d u l e s   606  w i t h i n   t h e   s t a t o r .  

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

p r e s s u r e   f l u i d   s u p p l y   c o n d u i t s   ( n o t   shown)   in   t h e   m o d u l e   b o d y  

c o n n e c t i n g   t h e   u p p e r   or   l o w e r   c a v i t i e s   6 1 3 a ,   613c   o f   e a c h  

a d j a c e n t   m o d u l e - i n   t h e   b a n k .   S i m i l a r l y ,   p r e s s u r e   f l u i d  

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

of   e a c h   a d j a c e n t   m o d u l e   in   t h e   b a n k .   The  c e n t r a l   c a v i t y   6 1 3 b  

of  a  m o d u l e   in   b a n k   A  i s   c o n n e c t e d   t h r o u g h   c o n d u i t   618  t o  

t h e  t o p   of   t h e   c h a m b e r   608  i n   t h e   a d j a c e n t   m o d u l e   i n   b a n k   B .  

S i m i l a r l y   a  c o n d u i t   619  c o n n e c t s   t h e   c e n t r a l   c a v i t y   6 1 3 b  

of  t h e   m o d u l e   in   b a n k   B  w i t h   t h e   t o p   of  t h e   c h a m b e r   608  i n  

t h e   a d j a c e n t   m o d u l e   in   b a n k   A.  In  t h i s   way ,   t h e   v a l v e   s l e e v e s  

609  i n   t h e   m o d u l e s   in   one  b a n k   a c t   to   c o n t r o l   t h e   f l o w   o f  

p r e s s u r e   f l u i d   t o   t h e   p i s t o n   of   a  m o d u l e   in   t h e   a d j a c e n t   b a n k .  

As  can   be  s e e n   in   F i g .   16,  t h e   r a d i a l l y   i n w a r d   end  o f  

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

620  o f   h a r d e n e d ' m a t e r i a l .   By  m e a n s   of  s h i m s   621 ,   t h e   p o s i t i o n  

of   t h e   p i s t o n   610  r e l a t i v e   t o   i t s   v a l v e   s l e e v e   609  can   b e  

a d j u s t e d .  

I t   w i l l   b e - a p p r e c i a t e d   t h a t   t h e   p r e s s u r e   f l u i d   s u p p l y  

and   r e t u r n   c o n d u i t s   can   be  c o n n e c t e d   to   e i t h e r   t h e   u p p e r   o r  

l o w e r   c a v i t i e s   613a   o r   6 1 3 c .  

- I n   o p e r a t i o n   of   t h e   m o t o r   as  i l l u s t r a t e d   d i a g r a m m a t i c a l l y  

in  F i g .   17,   a  p r e s s u r e   f l u i d   s u p p l y   c o n d u i t   622  s u p p l i e s   t h e  

u p p e r   c a v i t y   613a   of   e a c h   m o d u l e   of   b a n k   B  and  t h e   l o w e r  

c a v i t y   613c   of   e a c h   m o d u l e   of   b a n k   A.  F l u i d   e x h a u s t   c o n d u i t  
623  i n t e r c o n n e c t s   t h e   l o w e r   c a v i t i e s   613c  of  e a c h   m o d u l e   o f  

b a n k   B  and   t h e   u p p e r   c a v i t y   613a   of   bank   A.  C o n d u i t s   6 1 8  

i n t e r c o n n e c t   t h e   c e n t r a l   c a v i t y   613b  of   e a c h   m o d u l e   in   b a n k   A 

w i t h   t h e   t o p   of   t h e   c h a m b e r   608  of   an  a d j a c e n t   m o d u l e   i n  

b a n k   B  and  c o n d u i t s   619  i n t e r c o n n e c t   t h e   c e n t r a l   c a v i t y   6 1 3 b  

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

a s s o c i a t e d   m o d u l e   in   b a n k   A .  



P r e s s u r e   f l u i d   i s   s u p p l i e d   t o   e a c h   m o d u l e   606 .   W h e n  

t h e   p i s t o n   610  of   a  m o d u l e   in  b a n k   A  (as  shown  in   F i g .   1 6 )  

i s   in  an  e x t e n d e d   p o s i t i o n ,   i t s   g r o o v e   616  i n t e r c o n n e c t s  

t h e   l o w e r   c a v i t y   613c   and  t h e   c e n t r a l   c a v i t y   613b  and  a l l o w s  

p r e s s u r e   f l u i d   t o   p a s s   t h r o u g h   c o n d u i t   618  to   t h e   c h a m b e r  

608  of  t h e   a s s o c i a t e d   m o d u l e   of  b a n k   B  to   u r g e   i t s   p i s t o n  

d o w n w a r d l y   to  e f f e c t   r o t a t i o n   o f   t h e   h o l l o w   s h a f t   603  b y  

a c t i o n   of  t h e   b e a r i n g s   of  t h e   c r o s s h e a d   and  a s s o c i a t e d  

r o l l e r s   a g a i n s t   t h e   cam  t r a c k   605  w h i c h   i s   a s s o c i a t e d   w i t h  

b a n k   B.  On  t h e   s a i d   p i s t o n   of   b a n k   B  b e i n g   f o r c e d  

r a d i a l l y   o u t w a r d l y   on  f u r t h e r   r o t a t i o n   of   i t s   cam  t r a c k   6 0 5 ,  

t h e   u p p e r   and  c e n t r a l   c a v i t i e s   6 1 3 a   and  613b  of  t h e  

a s s o c i a t e d   p i s t o n   in   b a n k   A  a r e   i n t e r c o n n e c t e d   due  to   i t s  

g r o o v e   616  b e i n g   moved   r a d i a l l y   o u t w a r d l y .   The  f l u i d   i s  

t h u s   p a s s e d   t o   e x h a u s t   f r o m   t h e   c h a m b e r   608  of  t h e   m o d u l e  

of  bank   B  t h r o u g h   c o n d u i t   618 ,   c e n t r a l   c a v i t y   613b  a n d  

u p p e r   c a v i t y   6 1 3 a .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   a b o v e   e m b o d i m e n t  

i n c o r p o r a t e s   two  cam  t r a c k s   604  and   605  o u t   of   p h a s e   w i t h  

e a c h   o t h e r .   I f   d e s i r e d ,   o t h e r   cam  t r a c k s   in  t h e   s a m e  

p h a s e   as  cam  t r a c k   604  or  605  can   be  f i t t e d   as  shown  i n  

F i g s .   18  and  19.  The  m o t o r   s h o w n   in   F i g s .   18  and  19 

c o n s i s t s   of   a  t w i n   cam  t r a c k   m a s t e r   u n i t   s i m i l a r   to   t h a t  

d e s c r i b e d   in   F i g s .   16  and  17  b u t   i n c o r p o r a t i n g   s e v e n   c a m  

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

F i g s .   18  and  19  b e a r i n g   t h e   same  r e f e r e n c e   n u m e r a l s   a s  

F i g s .   16  and  17  w h e r e   a p p l i c a b l e .   To  t h e   t w i n   cam  t r a c k  

m a s t e r   u n i t   i n c o r p o r a t i n g   m o d u l e   b a n k s   A  and  B  i s   a d d e d  

an  a u x i l i a r y   b a n k   C  of   s l a v e   m o d u l e s   700.   Each  s l a v e  

m o d u l e   c o n s i s t s   o f   a  p i s t o n   701   and  c y l i n d e r  7 0 2   w i t h o u t  

any  v a l v e   m e c h a n i s m .   I t   w i l l   be  n o t e d   t h a t   cam  t r a c k   7 0 3  

of  bank   C  i s   in   p h a s e   w i t h   t h e   cam  t r a c k   604  of  b a n k   A .  

The  a d d i t i o n .  o f   t h e   s l a v e   m o d u l e s   700  e n a b l e s   an  i n c r e a s e d  

t o r q u e   and  f o r   p o w e r   o u t p u t   to   be  a c h i e v e d .  

The  a b o v e - d e s c r i b e d   e m b o d i m e n t   in  F i g s .   16  and  17  

r e l a t e s   to   s i x   l o b e d   cam  t r a c k s   e a c h   s u r r o u n d e d   by  1 0  

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



p e r   cam  t r a c k  a n d   a s s o c i a t e d   m o d u l e s   can  be  s e l e c t e d  

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

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

i n c o r p o r a t i n g   a  v a r i e t y   o f   n u m b e r s  o f   l o b e s   and   m o d u l e s : -  





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

a b o v e   a r e   e a s i l y   r e m o v a b l e   i n d i v i d u a l l y .   C o n s e q u e n t l y  

r e p a i r   can   be  e a s i l y   e f f e c t e d   by  r e m o v i n g   a  m o d u l e   f r o m  

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

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

d i s p l a c e m e n t   b e t w e e n   b a n k s   A  a n d   B  and  a s s o c i a t e d   s l a v e  

u n i t s   i f   f i t t e d   to   e f f e c t - a   w i d e   r a n g e   o f   m o t o r   o r   p u m p  

d i s p l a c e m e n t s .   A l s o ,   one   or   m o r e   b a n k s   can  be  a r r a n g e d  

to   o p e r a t e   in   a  b y - p a s s   m o d e .  

A l t h o u g h   in   t h e   a b o v e   e m b o d i m e n t s ,   m a c h i n e s   h a v e   b e e n  

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

r e a d i l y   a p p a r e n t   to   t h o s e   s k i l l e d   i n   t h e   a r t   t h a t   t h e  

m a c h i n e s   can   e q u a l l y   w e l l   be  u t i l i s e d   in  r e v e r s e   a s  

h y d r a u l i c   p u m p s .   T h i s   may  r e q u i r e   some  m o d i f i c a t i o n s  

e . g .   u s e   of   v a l v e   m o d u l e s   of   t h e   t y p e   shown  in   F i g .   3 .  

I t   i s   a l s o   p o s s i b l e   by  v a l v e   means   to   h a v e   a  v a r i a b l e  

d i s p l a c e m e n t   m a c h i n e   by  m a k i n g   m o d u l e s   a c t   in   a  b y - p a s s  

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

The  e m b o d i m e n t s   d e s c r i b e d   a b o v e   i n v o l v e   a r r a n g e m e n t s  

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

w i l l   be  u n d e r s t o o d   t h a t   t h e   m o d u l e s   can  h a v e   o t h e r  

d i s p o s i t i o n s .   F o r   e x a m p l e ,   t h e y   can  be  d i r e c t e d   r a d i a l l y  

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

t r a c k s   b e i n g   c o r r e s p o n d i n g l y   r e - l o c a t e d .  

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

p a r t   of   t h e   s t a t o r   w i t h   t h e   cam  t r a c k s   f o r m i n g   p a r t   of   t h e  

r o t o r .   T h i s   s i t u a t i o n   c an   be  r e v e r s e d   w i t h   t h e   cam  t r a c k s  

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

r o t o r .  

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

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

m o t o r s .  

From  t h e   a b o v e   d e s c r i b e d   e m b o d i m e n t s ,   i t  w i l l   b e  

r e a d i l y   a p p r e c i a t e d   t h a t   a  h y d r a u l i c   m a c h i n e   can  b e  

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

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

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



o p e r a t i n g   as  a  pump.   The  p o s s i b l e   m o d i f i c a t i o n s   c a n  

i n c l u d e   (a)  v a r i a t i o n   in   t h e   n u m b e r   of  v a l v e   m o d u l e s   o r  

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

or  g r o u p s   of   t h r e e   cams  to   c o n s t i t u t e   a  m o t o r   a n d  

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

m o t o r s   on  a  m e m b e r   to   be  d r i v e n .  



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

a  s e c o n d   member   a r r a n g e d   f o r   m o v e m e n t   r e l a t i v e   to   s a i d  

f i r s t   member ;   cam  t r a c k   means   (16 ,   17 ,   18,   107 ,   108 ,   1 0 9 ,  

6 0 4 ,   605)  c a r r i e d   by  s a i d   f i r s t   m e m b e r   c h a r a c t e r i s e d   i n  

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

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

m o d u l e s   ( 105 ,   2 0 5 ,   3 0 6 ,   610)  c a r r i e d   by  s a i d   s e c o n d  m e m b e r ,  

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

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

m e a n s ;   and  m o d u l a r   v a l v e   means   (13,   35,   102 ,   300 ,   6 0 6 )  

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

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

of   t h e   m o d u l e s   in  t h e   b a n k   w h e r e b y   s u b s t a n t i a l l y   c o n s t a n t  

t o r q u e   or   d i s p l a c e m e n t   can   be  p r o d u c e d   by  t h e   m a c h i n e .  

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

and   s e c o n d   m e m b e r s   a r e   a n n u l a r   and   s a i d   cam  t r a c k   m e a n s  

(16 ,   17,  18,   107 ,   1 0 8 ,   1 0 9 ,   400 ,   5 0 0 ,   6 0 4 ,   605)  i s   f i x e d l y  

m o u n t e d   on  a  d r i v e n   s h a f t   (19 ,   1 1 0 ,   6 0 3 ) . .  

3.  A  m a c h i n e   as  c l a i m e d   i n   c l a i m   2,  in   w h i c h   s a i d  

d r i v e n   s h a f t   (19 ,   1 1 0 ,   603)  i s   h o l l o w .  

4.  A  m a c h i n e   as  c l a i m e d   in   any  o f   c l a i m s   1  to   3,  i n  

w h i c h   t h e   v a l v e   m e a n s   ( 1 0 2 ,   3 0 0 ,   606)  i s   i n c o r p o r a t e d   i n  

one   or   more  of  t h e   p i s t o n   and  c y l i n d e r   m o d u l e s .  

5.  A  m a c h i n e   as  c l a i m e d   i n   any  p r e c e d i n g   c l a i m  

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

s h a f t   ( 6 0 3 ) ;   a  f i r s t   l o b e d   cam  t r a c k   (604)  and  a  s e c o n d  

l o b e d   cam  t r a c k   (605)   m o u n t e d   on  s a i d   d r i v e n   s h a f t   ( 6 0 3 )  

f o r   r o t a t i o n   t h e r e w i t h ;   a  f i r s t   b a n k   (A)  of  h y d r a u l i c a l l y  

c o n t r o l l e d   p i s t o n   and   c y l i n d e r   m o d u l e s   (606)  in   o p e r a t i v e  

r e l a t i o n s h i p   w i t h   s a i d   f i r s t   cam  t r a c k   (604)  to   e f f e c t  

r o t a t i o n   t h e r e o f ;   a  s e c o n d   b a n k   (B)  of   h y d r a u l i c a l l y  

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

r e l a t i o n s h i p   w i t h   s a i d   s e c o n d   cam  t r a c k   (605)  to   e f f e c t  



r o t a t i o n   t h e r e o f ;   v a l v e   means   ( 6 1 3 ,   6 1 4 ,   616)  in  t h e  

p i s t o n   and  c y l i n d e r   m o d u l e s ;   e a c h   m o d u l e   (606)   in  o n e  
b a n k   b e i n g   h y d r a u l i c a l l y   c o n n e c t e d   in  a  p h a s e d   r e l a t i o n s h i p  

w i t h   an  a s s o c i a t e d   m o d u l e   (606)   in  t h e   o t h e r   bank   w h e r e b y  
t h e   v a l v e   m e a n s   (613 ,   614 ,   616)  in  e a c h   m o d u l e   of  t h e   p a i r  

c o n t r o l s   a c t u a t i o n   of  t h e   p i s t o n   (610)   of   t h e   o t h e r   m o d u l e  

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

d i s p o s e d   a r o u n d   t h e   l o b e s   of   i t s   cam  t r a c k   s u c h   t h a t   a  

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

t o r q u e .  

-6.  A  m a c h i n e   as  c l a i m e d   in  c l a i m   5,  in   w h i c h   e a c h   m o d u l e  

c o m p r i s e s   a  c y l i n d e r   ( 6 0 7 ) ;   a  p i s t o n   (610)   r e c i p r o c a b l e  

w i t h i n   s a i d   c y l i n d e r   ( 6 0 7 ) ;   f i r s t ,   s e c o n d   and   t h i r d   a n n u l a r  

c a v i t i e s   ( 6 1 3 a ,   613b  and   613c)   d e f i n e d   in   t h e   c y l i n d e r   ( 6 0 7 )  

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

( 6 0 7 ) ;   p a s s a g e   means   (616)   in  s a i d   p i s t o n   (610)   f o r   p l a c i n g  

in  c o m m u n i c a t i o n   s a i d   f i r s t   and  s e c o n d   c a v i t i e s   (613a   and  6 1 3 b )  

or   s a i d   s e c o n d   and   t h i r d   c a v i t i e s   ( 613b   and  613c)   o n  

d i s p l a c e m e n t   of   t h e   p i s t o n ;   a  c o n d u i t   (622)   f o r   s u p p l y i n g  

p r e s s u r e   f l u i d   to   s a i d   f i r s t   c a v i t y   ( 6 1 3 a ) ;   a  c o n d u i t   ( 6 2 3 )  

f o r   e x h a u s t i n g   p r e s s u r e   f l u i d   f r o m   s a i d   t h i r d   c a v i t y ( 6 1 3 c ) ;  

and  a  c o n d u i t   ( 6 1 8 ,   619)  c o n n e c t i n g   t h e   s e c o n d   c a v i t y   ( 6 1 3 b )  

w i t h   t h e   e f f e c t i v e   s u r f a c e   of   t h e   p i s t o n   (610)   of  t h e  

a s s o c i a t e d   m o d u l e   in   t h e   o t h e r   b a n k .  

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

s e c o n d   and  t h i r d   c a v i t i e s   ( 6 1 3 a ,   613b  and   613c)   a r e   d e f i n e d  

in  t h e   c y l i n d e r   (607)  by  a  s e p a r a t e   c y l i n d e r   v a l v e   s l e e v e  

(609)  d i s p o s e d   b e t w e e n   t h e   i n t e r n a l   w a l l   of  t h e   o u t e r   p o r t i o n  

of  t h e   c y l i n d e r   (607)  and  t h e   e x t e r n a l   w a l l   of   t h e   p i s t o n  

( 6 1 0 ) .  

8.  A  m a c h i n e   as  c l a i m e d   in  any  of   c l a i m s   5  to   7,  i n  

w h i c h   one  or  more   a u x i l i a r y   l o b e d   cam  t r a c k s   in   p h a s e   w i t h  

s a i d   f i r s t   or   s e c o n d   cam  t r a c k s   (703)  a r e   p r o v i d e d   on  s a i d  

d r i v e n   s h a f t   ( 6 0 3 ) ,   e a c h   a u x i l i a r y   cam  t r a c k   or   t r a c k s   h a v i n g  

a  b a n k   (C)  of  v a l v e - f r e e   s l a v e   p i s t o n   and  c y l i n d e r   m o d u l e s  

(700)  in  o p e r a t i v e   r e l a t i o n s h i p   w i t h   s a i d   a u x i l i a r y   cam  t r a c k  



o r   t r a c k s   (703)  and  e a c h   s l a v e   m o d u l e   (700)   b e i n g   h y d r a u l i -  

c a l l y   c o n n e c t e d   w i t h   a  m o d u l e   in   a  bank   o p e r a t i n g  i n   a  

d i f f e r e n t   p h a s e .  

9.  A  m a c h i n e   as  c l a i m e d   in   any  of  c l a i m s   5  t o   8,  i n  

w h i c h   t h e   d i s p l a c e m e n t   o f   one  b a n k   (A,  B  or   C)  d i f f e r s  

f r o m   t h a t   of   t h e   o t h e r   b a n k   or   b a n k s .  

10.   A  m a c h i n e   as  c l a i m e d   in   any  of   c l a i m s   5  t o   9,  i n  

w h i c h   one  o r   more   b a n k s   o p e r a t e   on  a  b y - p a s s   m o d e .  

11.   A  m a c h i n e   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m   w h e r e i n  

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

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

1 2 .   A  m a c h i n e   as  c l a i m e d   i n   any  of  c l a i m s   1  to   3,  i n  

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

v a l v e   m o d u l e s   (13)  d i s p o s e d   in   p h a s e d   o p e r a t i v e   r e l a t i o n s h i p  

w i t h   l o b e d   cam  t r a c k   m e a n s   (26 ,   27,   2 8 ) ,  a n d   a  s e r i e s   o f  

p i s t o n   and  c y l i n d e r   m o d u l e s   ( 1 4  i s  h y d r a u l i c a l l y   c o n n e c t e d   t o  

e a c h   of  t h e   v a l v e   m o d u l e s   (13)  and  d i s p o s e d   in   a  p h a s e d  

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

r e l a t i o n s h i p   w i t h   s a i d   cam  t r a c k   m e a n s .  

13.   A  m a c h i n e   as  c l a i m e d   in   c l a i m   12,   i n   w h i c h   e a c h   v a l v e  

m o d u l e   c o m p r i s e s   a  c y l i n d e r   ( 2 4 ) ;   a  p i s t o n   (22)  r e c i p r o c a b l e  

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

s u r f a c e   of   t h e   c y l i n d e r   ( 2 4 ) ;   p a s s a g e   means   (22a)   in   s a i d  

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

s a i d   s e c o n d   and  t h i r d   c a v i t i e s   on  d i s p l a c e m e n t   of   t h e   p i s t o n  

( 2 2 ) ;   a  c o n d u i t   f o r   s u p p l y i n g   p r e s s u r e   f l u i d   to   s a i d   f i r s t  

c a v i t y ;   a  c o n d u i t   f o r   e x h a u s t i n g   p r e s s u r e   f l u i d   f rom  s a i d  

t h i r d   c a v i t y ;   and  a  c o n d u i t   (30,   31,  32,  33)  c o n n e c t i n g   t h e  

s e c o n d  c a v i t y   w i t h   t h e  e f f e c t i v e   s u r f a c e   of  an  a s s o c i a t e d  

p i s t o n   of   a  m o d u l e   in   t h e   same  s e r i e s .  



14.  A  m a c h i n e   as  c l a i m e d   in  c l a i m   13,   in   w h i c h   t h e   f i r s t ,  

s e c o n d   and  t h i r d   c a v i t i e s   ( 2 4 a ,   24b ,   24c)   a r e   d e f i n e d   i n  

t h e   c y l i n d e r   (24)  by  a  s e p a r a t e   c y l i n d e r   v a l v e   s l e e v e  

d i s p o s e d   b e t w e e n   t h e   i n t e r n a l   w a l l   of   t h e   o u t e r   p o r t i o n  
of   t h e   c y l i n d e r   (24)  and  t h e   e x t e r n a l   w a l l   of  t h e   p i s t o n   ( 2 2 ) .  

15.   A  m a c h i n e   as  c l a i m e d   in   c l a i m   4,  in   w h i c h   e a c h   v a l v e  

m o d u l e   ( 1 0 2 ,   300)  c o m p r i s e s   a  c y l i n d e r   ( 1 0 3 ,   3 0 4 ) ;   a  p i s t o n  

( 1 0 5 ,   306)  r e c i p r o c a b l e   w i t h i n   s a i d   c y l i n d e r   ( 103 ,   3 0 4 ) ;  

f i r s t ,   s e c o n d   and  t h i r d   c a v i t i e s   ( 1 1 5 a ,   1 1 5 b ,   1 1 5 c ,   3 0 8 a ,  

3 0 8 b ,   308c )   d e f i n e d   in   t h e   c y l i n d e r   ( 1 0 3 ,   304)  a n d  

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

( 1 0 3 ,   3 0 4 ) ;   p a s s a g e   means   ( 1 1 8 ,   313)  f o r   p l a c i n g   i n  

c o m m u n i c a t i o n   s a i d   f i r s t   and  s e c o n d   or   s a i d   s e c o n d   a n d  

t h i r d   c a v i t i e s   on  d i s p l a c e m e n t   of  t h e   p i s t o n   (105 ,   3 0 6 ) ;  

a  c o n d u i t   ( 1 1 2 , 3 1 2 )   f o r   s u p p l y i n g   p r e s s u r e   f l u i d   t o   s a i d  

f i r s t   c a v i t y ;   a  c o n d u i t   ( 1 1 3 ,   311)  f o r   e x h a u s t i n g   p r e s s u r e  

f l u i d   f r o m   s a i d   t h i r d   c a v i t y ;   and  a  c o n d u i t   ( 1 1 1 ,   3 1 0 )  

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

an  a s s o c i a t e d   p i s t o n .  

16.  A  m a c h i n e   as  c l a i m e d   in   c l a i m   15,   in   w h i c h   t h e   f i r s t  

s e c o n d   and  t h i r d   c a v i t i e s   ( 1 1 5 a ,   1 1 5 b ,   1 1 5 c ,   3 0 8 a ,   3 0 8 b ,  

3 0 8 c )   a r e   d e f i n e d   i n   t h e   c y l i n d e r   (103)   by  a  s e p a r a t e  

c y l i n d e r   v a l v e   s l e e v e   (104)  d i s p o s e d   b e t w e e n   t h e   i n t e r n a l  

w a l l   of   t h e  o u t e r   p o r t i o n   of  t h e   c y l i n d e r   (103)  and  t h e  

e x t e r n a l   w a l l   of   t h e   p i s t o n   ( 1 0 5 ) .  

17.  A  m a c h i n e   as  c l a i m e d   in   any  of   c l a i m s   12  to   16,  i n  

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

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

18.  A  m a c h i n e   as  c l a i m e d   in  any  of   c l a i m s   12  to   17,  i n  

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

s e r i e s   of  p i s t o n   and  c y l i n d e r   m o d u l e s   a r e   d i s p o s e d   i n  

o p e r a t i v e   r e l a t i o n s h i p   a b o u t   a  s i n g l e   cam  t r a c k   ( 4 0 0 , 5 0 0 ) .  



19.  A  m a c h i n e   as  c l a i m e d   in   any  of   c l a i m s   12  to   17,   i n  

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

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

on  one  of   a t   l e a s t   t h r e e   cam  t r a c k s   p h a s e d   r e l a t i v e   to   e a c h  

o t h e r .  

20.  A  m a c h i n e   as  c l a i m e d   i n   c l a i m   1  in  w h i c h   e a c h   v a l v e  

m o d u l e   i n c o r p o r a t e s   a  v a l v e   o r   v a l v e s   ( 3 6 , 3 7 )   w h i c h   p e r m i t  

t h e   m a c h i n e   t o   be  u t i l i s e d   as  a  p u m p .  
































	bibliography
	description
	claims
	drawings

