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®  Rotary  fluid  devices. 

  A  rotary  fluid  motor  or  pump  device  having  opposing 
cam  surfaces  and  a  rotor  with  vanes  shiftable  within  vane 

slots  of  the  rotor  and  riding  on  the  cam  surfaces  is  disclosed. 
The  device  includes  at  least  eight  vane  members  circum- 
ferentially  spaced  about  the  rotor  and  cam  surfaces  having 
diametrically  opposed  slopes  extending  over  arcs  of  at  least 
about  130°,  with  means  for  the  entrance  or  exit  of  fluid  along 
the  entire  length  of  each  such  slope  of  130°  or  more.  At  least 
six  chamber  spaces  between  vanes  of  the  device  always 
function  to  receive  fluid  and  at  least  six  such  chamber  spaces 
always  function  to  exit  fluid  from  the  device,  regardless  of 
the  rotary  orientation  of  the  rotor.  A  device  for  hydraulically 
assisting  the  steering  vehicles  is  provided  wherein  rotary 
valve  elements  and  rotary  motor  elements  are  concentrically 
mounted  about  a  steering  shaft. 



B a c k g r o u n d   of  t he   I n v e n t i o n  

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

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

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

s l i d a b l e   v a n e   members   t h a t   s h i f t   in  a  n o n - r a d i a l  

d i r e c t i o n   d u r i n g   r o t a t i o n   of  t he   r o t o r .   The  i n v e n t i o n  

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

v e h i c l e s ,   and  one  p a r t i c u l a r l y   c h a r a c t e r i z e d   by  the   f a c t  

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

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

on  a  s t e e r i n g   s h a f t ,   e i t h e r   a t   i n i t i a l   v e h i c l e  

m a n u f a c t u r e   or  s u b s e q u e n t l y .  

R o t a r y   f l u i d   pumps  or  m o t o r s   of  t h e   a x i a l l y  

s l i d i n g   v a n e   t y p e   have  been   p r o p o s e d   h e r e t o f o r e .   I n s o f a r  

as  i s   known,   t h o s e   h e r e t o f o r e   p r o p o s e d   have   had  t h e i r  

work  f u n c t i o n   l i m i t e d   in  e s s e n c e   to   s i n g l e   v a n e s  

d i a m e t r i c a l l y   o p p o s e d .   Some  have   e m p l o y e d   e x t r e m e l y  

r a p i d   s h i f t   of  t he   v a n e s   and  s h a r p   c h a n g e s   of  cam  s l o p e  

as  a  c l a i m e d   b e n e f i t .   O t h e r   d e s i g n s   have   e m p l o y e d  

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

the   v a n e s   w i t h i n   t he   r o t o r   to  o v e r c o m e   t h e i r   p r o b l e m   o f  

vane   b i n d i n g   and  r e s i s t a n c e   to  s l i d i n g .   No  known  p u m p s  



or  m o t o r s   have   the   s i m p l i c i t y   of  s t r u c t u r e   and  f o r c e  

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

m o t o r s   or  pumps  of  t h i s   i n v e n t i o n .  

F l u i d   d e v i c e s   of  t h i s   i n v e n t i o n   h a v e   a n  

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

of  t he   i n v e n t i o n   may  be  m o u n t e d   on  t h e   a x l e   of  w h e e l s   o f  

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

b r a k i n g .   The  f l u i d   pumps  or  m o t o r s   of  t he   i n v e n t i o n   a r e  

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

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

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

v a r i a t i o n   of  t h e   r a t e   of  movement   is  n e c e s s a r y   o r  

d e s i r a b l e   w i t h   s u b s t a n t i a l l y   e q u a l   power   or  work  f o r c e  

r e g a r d l e s s   of  t h e   r a t e   of  mo to r   r o t a t i o n .  

Summary  of  t he   I n v e n t i o n  

The  r o t a r y   f l u i d   r o t o r   or  pump  d e v i c e   of  t h e  

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

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

cam  s u r f a c e s   e q u i - d i s t a n t l y   s p a c e d   f rom  e a c h   o t h e r   a t   a l l  

p o i n t s   of  e q u a l   r a d i i   f rom  the   c e n t e r   of  t h e   c a v i t y .   A 

s h a f t   e x t e n d s   f rom  the   e x t e r i o r   of  t h e   h o u s i n g   i n t o   t h e  

c a v i t y   and  is  j o u r n a l e d   in  t he   w a l l s   of  t h e   h o u s i n g   i n  

any  s u i t a b l e   m a n n e r .   A  r o t o r   is   c o n c e n t r i c a l l y   m o u n t e d  

on  t h e   s h a f t   a t   a  l o c a t i o n   w i t h i n   t h e   c a v i t y   b e t w e e n   t h e  

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

two  o p p o s i n g   c h a m b e r s   w i t h   t he   r o t o r   t h e r e b e t w e e n .  



F u r t h e r ,   the   r o t o r   has  at  l e a s t   e i g h t   r a d i a l   s l o t s  

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

p o r t i o n   t h e r e o f .   A  s l i d a b l e   vane   member  is  l o c a t e d   i n  

each   s l o t   of  t he   r o t o r ;   and  each   vane   member  e x t e n d s   as  a  

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

of  t he   c a v i t y .   Two  s e p a r a t e d   f l u i d   p a s s a g e   s y s t e m s  

e x t e n d   t h r o u g h   t he   w a l l s   of  the   h o u s i n g .   Each  s y s t e m   h a s  

a  p o r t   in  c o m m u n i c a t i o n   w i t h   each   c h a m b e r   of  t h e   c a v i t y .  

Each  o p p o s i n g   cam  s u r f a c e   of  the   c a v i t y   has   a  

v a l l e y   p o r t i o n   s p a c e d   f rom  the   r o t o r   and  a  d i a m e t r i c a l l y  

o p p o s e d   h i l l   p o r t i o n   n e a r e s t   the   r o t o r .   B e t w e e n   t h e  

v a l l e y   and  h i l l   p o r t i o n s   of  each   cam  s u r f a c e   a r e  

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

e x t e n d i n g   ove r   a  c i r c u m f e r e n t i a l   a rc   of  a t   l e a s t   a b o u t  

1 3 0 ° .  

F u r t h e r ,   n e v e r   l e s s   t h a n   two  of  the   s l i d a b l e  

vane   members   a r e   a t   a  l o c a t i o n   a l o n g   each   s l o p e   of  e a c h  

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

o r i e n t a t i o n   of  t he   r o t o r .  

S t i l l   f u r t h e r ,   a  c i r c u m f e r e n t i a l   a r c   no  g r e a t e r  

t h a n   a b o u t   50°  s e p a r a t e s   t he   p o r t   of  one  f l u i d   p a s s a g e  

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

c o m m u n i c a t i o n   w i t h   a  c h a m b e r .   Each  such   p o r t   o f  

c o m m u n i c a t i o n   is   a d j a c e n t   the   end  of  a  cam  s l o p e   l o c a t e d  

n e a r e s t   the   r o t o r .   In  o t h e r   w o r d s ,   e ach   p o r t   is   a d j a c e n t  

the   h i l l   p o r t i o n   or  p l a t e a u   of  e ach   cam  s u r f a c e .   E a c h  

such  p o r t   i n c l u d e s   means   or  c o n d u i t i n g   for   c h a m b e r  



c o m m u n i c a t i o n   ove r   an  a rc   s u b s t a n t i a l l y   e q u a l   to  t he   a r c  

of  t he   cam  s u r f a c e   s l o p e   w i t h   w h i c h   t he   p o r t   i s  

a s s o c i a t e d .  

The  a r r a n g e m e n t   is  such   t h a t   a t   l e a s t   s i x  

c h a m b e r   s p a c e s   b e t w e e n   vane   member s   of  t h e   d e v i c e   a r e  

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

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

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

l e s s   t h a n   f o u r   vane  members   a l w a y s   a r e   a c t i v e l y  

a s s o c i a t e d   w i t h   b o t h   t he   r e c e i v i n g   and  t h e   e x i t i n g   o f  

f l u i d   in  and  ou t   of  t he   two  o p p o s e d   c h a m b e r s   of  t h e  m o t o r  

or  pump  d e v i c e .  

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

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

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

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

s h a f t .  

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

a d v a n t a g e s   of  t he   i n v e n t i o n   w i l l   become  e v i d e n t   as  t h i s  

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

B r i e f   D e s c r i p t i o n   of  D r a w i n g s  

F i g u r e   1  is   a  s c h e m a t i c   s e c t i o n a l   v i ew   t a k e n  

a l o n g   a  p l a n e   t h r o u g h   t he   a x i s   of  t h e   f l u i d   pump  or  m o t o r  

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

i n t e r n a l   s t r u c t u r e   in  f u l l   s i d e   v i e w   and  some  p a r t i a l l y  

b r o k e n   a w a y ;  



F i g u r e s   2  and  3  a r e   s e c t i o n a l   v i e w s   t a k e n   a l o n g  

l i n e s   2-2  and  3-3  of  F i g u r e   1,  r e s p e c t i v e l y ,   p a r t i c u l a r l y  

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

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

c o n d u i t i n g   means   of  the   p o r t s ;  

F i g u r e   4  is  a  s c h e m a t i c   p e r s p e c t i v e   g r a p h i c   v i e w  

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

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

or  mo to r   of   F i g u r e s   1,  2,  and  3 ;  

F i g u r e   5  is  a  s c h e m a t i c   s e c t i o n a l   v iew  t a k e n  

a l o n g   an  a x i s   p l a n e   ( w i t h   some  p a r t s   shown  in  f u l l   s i d e  

v iew  and  some  p a r t i a l l y   b r o k e n   away)  of  a  h y d r a u l i c  

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

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

s t e e r i n g   s h a f t ;  

F i g u r e s   6,  7,  and  8  a r e   s c h e m a t i c   p e r s p e c t i v e  

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

r e s p e c t i v e   i n t e r f a c e s   l a b e l e d   X,  Y,  and  Z  of  F i g u r e   5 ,  

w i t h   e a c h   i n t e r f a c e   p a r t i a l l y   open  and  v i e w e d   as  o n e  

would   v i e w   t h e   i n t e r n a l   c h a r a c t e r i s t i c s   of  a  p a r t i a l l y  

open  c l a m   s h e l l ;   a n d  

F i g u r e   9  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   t a k e n  

a l o n g   t h e   X  i n t e r f a c e   of  F i g u r e   6,  l o o k i n g   u p w a r d l y   f r o m  

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

r e l a t i o n s h i p s   and  f e a t u r e s   of  t he   a d j u s t a b l e   v a l v e  

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

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



D e s c r i p t i o n   of  P r e f e r r e d   E m b o d i m e n t s  

F l u i d   Motor   or  Pump  D e v i c e  

T h r o u g h o u t   t he   d r a w i n g s ,   t he   same  number   i s  

a p p l i e d   to  t he   v a r i o u s   v i e w s   of  t h e   same  p a r t   o r  

s t r u c t u r e .  

R e f e r r i n g   p a r t i c u l a r l y   to  F i g u r e s   1  t h r o u g h   4 

i n c l u s i v e ,   t he   h o u s i n g   of  t h e   f l u i d   mo to r   or  pump  d e v i c e  

s u i t a b l y   has   an  u p p e r   10  and  a  l o w e r   12  d i s k - l i k e   o r  

c i r c u l a r   end  p l a t e   member .   T h e s e   end  p l a t e s   a r e  

a p p r o p r i a t e l y   g a s k e t e d   and  f a s t e n e d   as  by  b o l t s   to  a n  

i n t e r m e d i a t e   c y l i n d r i c a l   w a l l   11.  F i x e d   to  the   u p p e r   a n d  

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

s t r u c t u r e s   w h i c h   form  cam  s u r f a c e s   13  and  14.  For  t h e  

p u r p o s e   of  d e s c r i p t i o n ,   t h e   cam  s t r u c t u r e s   a r e   c o n s i d e r e d  

p a r t   of  t he   h o u s i n g ,   for   t h e y   a r e   u n i f i e d   in  an  i m m o v a b l e  

manner   to  h o u s i n g   e l e m e n t s .   T h e s e   cam  s u r f a c e s   s u i t a b l y  

a r e   f o r m e d   by  m a c h i n i n g   t he   i n t e r i o r   of  t he   u p p e r   a n d  

l o w e r   p l a t e   s t r u c t u r e s .   H o w e v e r ,   t h e y   may  s e p a r a t e l y   b e  

f o r m e d   and  t h e n   u n i f i e d   to  t he   u p p e r   and  l o w e r   p l a t e s   b y  

any  s u i t a b l e   m e a n s .   E f f e c t i v e l y ,   t he   h o u s i n g   has   w a l l s  

made  up  of  a  c y l i n d r i c a l   i n t e r m e d i a t e   w a l l   member  11  a n d  

o p p o s i n g   end  p l a t e s   10  and  12  w h i c h   d e f i n e ,   by  v i r t u e   o f  

the   n a t u r e   of  t h e i r   i n t e r i o r   s u r f a c e s ,   an  i n t e r i o r  

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

a n n u l a r   cam  s u r f a c e s   13  and  14.  T h e s e   o p p o s i n g   c a m  

s u r f a c e s   a re   e q u i - d i s t a n t l y   s p a c e d   f rom  e a c h   o t h e r   a t   a l l  

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



S t a t e d   a n o t h e r   way,   t he   a n n u l a r   o p p o s i n g   cam  s u r f a c e s   a r e  

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

A  r o t o r   15  d i v i d e s   t he   c a v i t y   i n t o   u p p e r   a n d  

lower   c h a m b e r s   on  o p p o s i t e   s i d e s   of  t he   r o t o r .   S l o t s   16  

in  the   r o t o r   c a r r y   v a n e s   17.  The  r o t o r   has   a  h o l l o w  

s h a f t   1R  f i x e d   to  i t   for   r o t a t i o n   w i t h   i t .   I n s i d e   t h e  

h o l l o w   s h a f t   18  is   i l l u s t r a t e d   a  c e n t r a l   s h a f t   19  w h i c h  

s u i t a b l y   is  c o u p l e d   to  t h e   h o l l o w   r o t o r   s h a f t   18  ( a s  

e x p l a i n e d   h e r e i n a f t e r )   fo r   common  r o t a t i o n   w i t h   t he   r o t o r  

s h a f t   and  r o t o r .   Any  s u i t a b l e   s p l i n i n g   or  l o c k i n g   o f  

t h e s e   p a r t s   t o g e t h e r   may  be  e m p l o y e d .   As  i l l u s t r a t e d ,  

the   h o l l o w   s h a f t   18  of  t h e   r o t o r   e x t e n d s   at   1R.1  t h r o u g h  

the   r o t o r   and  t e r m i n a t e s   as  a  u p p e r   s u r f a c e   1 8 . 2   w h i c h  

p r o j e c t s   above   the   p l a n e   of  t h e   r o t o r   15.  The  e s s e n t i a l  

p o i n t ,   h o w e v e r ,   is   t h a t   some  s o r t   of  s h a f t   is   c e n t r a l l y  

l o c a t e d   in  the   r o t o r .  

An  a n n u l a r   b u s h i n g   member  20  is   f r i c t i o n - f i t t e d  

w i t h i n   an  a n n u l a r   r e c e s s   of  t he   u p p e r   p l a t e   10  a t   a  

l o c a t i o n   r a d i a l l y   i n w a r d   of  t h e   cam  s u r f a c e   13  of  t h e  

u p p e r   p l a t e   a s s e m b l y .   T h i s   a n n u l a r   b u s h i n g   20  p r o v i d e s   a  

b u s h i n g   s u r f a c e   2 0 . 1   a g a i n s t   w h i c h   a  r a d i a l l y   i n w a r d  

p o r t i o n   of  t he   u p p e r   s u r f a c e   of  t h e   r o t o r   15  is   a d a p t e d  

to  r o t a t e .   As  i l l u s t r a t e d ,   a  p o r t i o n   of  t h i s   b u s h i n g   20 

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

a n n u l a r   p o r t i o n   20 .3   w h i c h   e x t e n d s   upward   as  an  a n n u l a r  

member  a b o u t   t he   c e n t r a l   s h a f t   19.  From  a  f u n c t i o n a l  

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



b u s h i n g   20  f o r m s   an  i n n e r   r a c e   20 .2   for   the   r a d i a l l y  

i n w a r d   edge   of  t he   v a n e s   17  d u r i n g   t h e i r   movemen t   i n t o  

the   u p p e r   c h a m b e r   a b o v e   t h e   r o t o r   1 5 .  

An  a n n u l a r   b u s h i n g   21  is  l i k e w i s e   f r i c t i o n -  

f i t t e d   i n t o   t he   s t r u c t u r e   of  the   lower   p l a t e   12  a t   a 

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

h o l l o w   s h a f t   18  of  t he   r o t o r .   T h i s   a n n u l a r   b u s h i n g   21  

p r o v i d e s   an  u p p e r   b u s h i n g   s u r f a c e   21 .1   a g a i n s t   w h i c h   a  

r a d i a l l y   i n w a r d   p o r t i o n   of   the   l ower   s u r f a c e   of  t he   r o t o r  

is  a d a p t e d   to  r o t a t e .   S i m i l a r l y   to  t he   b u s h i n g   20,  t h e  

b u s h i n g   21  p r o v i d e s   an  i n n e r   r a c e   s u r f a c e   21 .2   a g a i n s t  

wh ich   t h e   i n n e r   edge  of  t h e   v a n e s   17  r i d e s   in  t he   l o w e r  

c a v i t y   of  t he   d e v i c e .  

The  b a s e   e l e m e n t s   of  s t r u c t u r e   fo r   t he   f l u i d  

mo to r   or  pump  d e v i c e   t h e r e f o r   a re   a  h o u s i n g   f o r m e d   by  a n  

u p p e r   p l a t e   10,  a  l o w e r   p l a t e   12,  and  an  i n t e r m e d i a t e  

c y l i n d r i c a l   or  s l e e v e   w a l l   s e c t i o n   11.  T h i s   h o u s i n g   h a s  

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

a n n u l a r   n a t u r e .   A  s h a f t   18  is  a p p r o p r i a t e l y   j o u r n a l e d   i n  

the   w a l l s   of  t he   h o u s i n g   and  e x t e n d s   i n t o   t he   i n t e r i o r   o f  

the   c a v i t y .   On  the   s h a f t   18  is  c o n c e n t r i c a l l y   m o u n t e d   a  

r o t o r   15.  The  r o t o r   is  l o c a t e d   b e t w e e n   t h e   o p p o s i n g   c a m  

s u r f a c e s   i n s i d e   the   c a v i t y ,   and  d i v i d e s   t h e   c a v i t y   i n t o  

two  o p p o s i n g   c h a m b e r s .   The  r o t o r   has   e i g h t   or  m o r e  

r a d i a l l y   o r i e n t e d   s l o t s   16  e q u a l l y   s p a c e d  

c i r c u m f e r e n t i a l l y   a b o u t   t h e   p e r i p h e r a l   p o r t i o n   t h e r e o f .  

W i t h i n   e a c h   s l o t   is  a  s l i d a b l e   vane   member  17.  The  a x i a l  



l e n g t h   of  the   vane   members   is  such  t h a t   t h e y   e x t e n d   as  a  

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

s u r f a c e s   13  and  1 4 .  

An  o u t e r   r a c e   11 .1   for   the   v a n e s   of  t he   r o t o r   i s  

fo rmed   by  the   i n t e r i o r   of  the   w a l l   11  of  t he   i n t e r m e d i a t e  

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

r a c e   for   the   vane   members   17  is  fo rmed   by  t he   r a d i a l l y  

o u t w a r d   s u r f a c e   of  t he   b u s h i n g   members   20  and  2 1 .  

I m p o r t a n t l y ,   t h e   r a d i a l   d i s t a n c e   or  e x t e n t   of  the   s l o t s  

for  the   r o t o r   as  w e l l   as  t he   r a d i a l   d i s t a n c e   b e t w e e n   t h e  

i n n e r   and  o u t e r   r a c e   s u r f a c e s   for   the   s l i d a b l e   v a n e  

members   s h o u l d   be  a p p r o x i m a t e l y   e q u a l ,   a l t h o u g h   m i n o r  

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

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

e s p e c i a l l y   whe re   o i l   or  l i k e   l i q u i d   is   e m p l o y e d   in  t h e  

pump  or  m o t o r .   B a s i c a l l y ,   h o w e v e r ,   t he   s l i d a b l e   v a n e  

members   17  e x t e n d   more  or  l e s s   as  a  w a l l   b e t w e e n   t h e  

o p p o s i n g   c o n t o u r e d   a n n u l a r   cam  s u r f a c e s   13  and  14  as  w e l l  

as  b e t w e e n   the   o u t e r   r a c e   s u r f a c e   11 .1   and  t h e   i n n e r   r a c e  

s u r f a c e s   20 .2   and  2 1 . 2 .  

P r e f e r a b l y ,   the   ends   17a  of  t he   v a n e s   c o n t a c t i n g  

the  o p p o s i n g   cam  s u r f a c e s   13  and  14  a re   s o m e w h a t   r o u n d e d  

from  f r o n t   to  back   ( i . e . ,   o v e r   t he   edge  of  t h e   v a n e s ;   s e e  

F i g u r e   1)  so  as  to  p r o v i d e   a  l i n e   c o n t a c t   a g a i n s t   t h e  

o p p o s i n g   cam  s u r f a c e s   13  and  14.  T h i s   is  done  t o  

f a c i l i t a t e   smooth   movement   of  t h o s e   ends   a l o n g   the   s l o p e  

of  the   o p p o s i n g   cam  s u r f a c e s   and  a v o i d   b i n d i n g   r e s i s t a n c e  



to  m o v e m e n t .   The  r o u n d e d   edge   a l s o   c o n t r i b u t e s   to  f l u i d  

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

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

s l o t s   16  of  the   r o t o r   is  a c h i e v e d   by  s l i g h t   r o u n d i n g   o r  

c h a m f e r i n g   of  t he   edge  16 .1   b e t w e e n   the   p l a n e   of  t h e  

r o t o r   and  the   s l o t   t h e r e i n   ( s e e   F i g u r e   1 ) .   T h i s  

c o n t r i b u t e s   to  the   a c t i o n   of  f l u i d   f l o w i n g   i n t o   the   s l o t s  

for   l u b r i c a t i o n   as  t he   v a n e s   s h i f t   t h e r e i n .  

W i t h i n   the   w a l l s   of  t he   h o u s i n g   a r e   l o c a t e d   t w o  

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

e a s i l y   i l l u s t r a t e d   in  a  v iew  such   as  F i g u r e   1;  and  f o r  

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

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

s c h e m a t i c   s h o w i n g   i n c l u d e s   an  e n t r y   p o r t   28  i n t o   t h e  

h o u s i n g   fo r   one  such   f l u i d   s y s t e m ,   p l u s   a  d e p e n d i n g   o r  

v e r t i c a l   p a s s a g e   22,  and  a  r a d i a l l y   i n w a r d   p a s s a g e   2 2 . 1 .  

For  u n d e r s t a n d i n g   of  the   n a t u r e   of  the   f l u i d   p a s s a g e  

s y s t e m s ,   d i s c u s s i o n   w i l l   now  be  c e n t e r e d   on  F i g u r e   2,  3 ,  

and  4 .  

S t a r t i n g   w i t h   F i g u r e   2,  w h i c h   is   a  v i ew  l o o k i n g  

u p w a r d   a l o n g   the   p l a n e   2-2  of  F i g u r e   1,  we  have   t h e  

i n t e r m e d i a t e   c y l i n d r i c a l   w a l l   11  w h i c h   fo rms   t he   o u t e r  

r a c e   s u r f a c e   11 .1   fo r   the   vane   m e m b e r s   17.  The  v a n e  

members   17  a r e   i d e n t i f i e d   by  n u m e r a l s   17 .1   t h r o u g h   1 7 . 8  

in  F i g u r e   2.  To  be  r e c o g n i z e d   is   t h a t   the   two  v a n e s  

i d e n t i f i e d   17 .1   and  17 .8   a r e   s c h e m a t i c a l l y   shown  i n  

F i g u r e   2  b u t ,   in  e s s e n c e ,   i t   is  o n l y   the   uppe r   edge  o f  



t h e s e   two  v a n e s   w h i c h  m e e t s   t he   p l a n e   2-2  from  wh ich   t h e  

F i g u r e   2  is  t a k e n .   A l so   shown  in  F i g u r e   2  is  the   i n n e r  

r a c e   2 0 . 2   of  t he   b u s h i n g   20  and  t he   h o l l o w   s h a f t   18  f o r  

t he   r o t o r   as  w e l l   as  t he   c e n t r a l   s h a f t   1 9 .  

B e f o r e   p r o c e e d i n g   f u r t h e r   in  o r i e n t i n g   one  t o  

t h e   v i ew  of  F i g u r e   2,  i t   must   be  e m p h a s i z e d   t h a t   t h e  

o p p o s i n g   cam  s u r f a c e s   13  and  14  a r e   i d e n t i c a l   in  n a t u r e  

bu t   o r i e n t e d   at   1 8 0 °  w i t h   r e s p e c t   to  each   o t h e r   so  a s  

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

cam  s u r f a c e s   at   a l l   p o i n t s   of  e q u a l   r a d i i   from  the   c e n t e r  

of  t he   c a v i t y   w i t h i n   t he   h o u s i n g .  

The  cam  s u r f a c e   13  ( s e e   F i g u r e s   1  and  2)  has   a  

v a l l e y   p o r t i o n   13 .1   and  a  h i l l   p o r t i o n   1 3 . 2   i n  

d i a m e t r i c a l l y   o p p o s e d   r e l a t i o n s h i p .   The  c h a r a c t e r i z a t i o n  

" v a l l e y "   i s   i n t e n d e d   to  r e f e r   to  t h a t   p o r t i o n   13 .1   w h i c h  

is   most   r e m o v e d   or  s p a c e d   f rom  t h e   r o t o r   15  ( s ee   F i g u r e  

1 ) ;   and  t he   c h a r a c t e r i z a t i o n   " h i l l "   is   i n t e n d e d   to  r e f e r  

to  t h a t   p o r t i o n   13 .2   of  t he   cam  s u r f a c e   n e a r e s t   o r  

a d j a c e n t   t he   r o t o r   15.  S u i t a b l y   t h e s e   v a l l e y   and  h i l l  

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

w i t h   the   h i l l   p o r t i o n   1 3 . 2   in  more  or  l e s s   an  a b u t t i n g  

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

15.  The  a r c   l e n g t h   of  b o t h   t he   v a l l e y   and  h i l l   p o r t i o n s  

is  t he   same.   For  e x a m p l e ,   w h e r e   e i g h t   v a n e s   a re   e m p l o y e d  

and  have   an  a r c   or  c i r c u m f e r e n t i a l   s p a c i n g   o f  

a p p r o x i m a t e l y   450,   t he   a r c   l e n g t h   V  of  t he   v a l l e y  

p o r t i o n   of  the   cam  s u r f a c e   w i l l   be  a p p r o x i m a t e l y   bu t   no  



more  t h a n   a b o u t   5 0  ;   and  l i k e w i s e ,   t h e   a r c   l e n g t h   H  f o r  

the   h i l l   p o r t i o n   w i l l   be  a p p r o x i m a t e l y   bu t   no  more  t h a n  

a b o u t   50° .   B e t w e e n   the   v a l l e y   p o r t i o n   1 3 . 1   and  t h e  

h i l l   p o r t i o n   1 3 . 2   of  the   cam  s u r f a c e   13  a r e   u n i f o r m l y  

g r a d u a t e d   a r c u a t e   s l o p e s   e x t e n d i n g   o v e r   an  a r c   l e n g t h   S 

of  a t   l e a s t   a p p r o x i m a t e l y   1 3 0 ° .   Thus  e a c h   s l o p e   1 3 . 3  

and  13 .4   f rom  the   h i l l   p o r t i o n   1 3 . 2   to   t he   d i a m e t r i c a l l y  

o p p o s e d   v a l l e y   p o r t i o n   1 3 . 1   is   of  u n i f o r m l y   s l o p i n g  

c h a r a c t e r   t h r o u g h o u t .   In  f a c t ,   s l o p e s   1 3 . 3   and  13 .4   a r e  

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

One  s l o p e   1 3 . 3   is  in  c o m m u n i c a t i o n   w i t h   a  f l u i d  

p a s s a g e   s y s t e m   h a v i n g   a  v e r t i c a l   c h a n n e l   22  in  t h e  

h o u s i n g   w a l l s .   T h i s   f l u i d   p a s s a g e   s y s t e m   c o n n e c t s   w i t h   a  

r a d i a l l y   i n w a r d   p a s s a g e   2 2 . 1   in  t h e   h o u s i n g   w a l l s   a n d  

t h e n   to  p o r t   2 2 . 2   w h i c h   c o m m u n i c a t e s   w i t h   t h e   i n t e r i o r   o f  

t h e   c h a m b e r   a b o v e   t h e   r o t o r .   I l l u s t r a t i v e l y ,   p o r t   2 2 . 2  

is   on  the   s u r f a c e   of  t he   g r a d u a t e d   s l o p e   of  t he   cam  a t   a  

l o c a t i o n   n e a r   t he   h i l l   p o r t i o n   1 3 . 2 .   F u r t h e r ,   p o r t   2 2 . 2  

c o n t i n u e s   as  a  c o n d u i t   or  c h a n n e l   or  g r o o v e   2 2 . 3   in  t h e  

s u r f a c e   of  t h e   cam  13  a l o n g   t h e   e n t i r e   a r c   of   t h e   s l o p e  

1 3 . 3   ( i . e . ,   a l o n g   t h e   1 3 0 °  a r c   of  t h a t   s l o p e ) .  

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

h a v i n g   a  v e r t i c a l   c o n d u i t   or  p a s s a g e   23  in  t h e   w a l l s   o f  

t he   h o u s i n g   is   c o n n e c t e d   by  means   of  a  r a d i a l   p a s s a g e  

2 3 . 1   to  a  p o r t   23 .2   and  i t s   c o n t i n u a t i o n   as  a  c o n d u i t   o r  

g r o o v e   23 .3   a l o n g   t he   e n t i r e   130°  a r c   l e n g t h   of   t h e  

s l o p e d   cam  s u r f a c e   1 3 . 4 .  



E s p e c i a l l y   s i g n i f i c a n t   is  the   long   a rc   l e n g t h   o f  

the   s l o p e s   13.3  and  13.4   of  the   cam  s u r f a c e   13,  and  t h e  

f a c t   t h a t   at  l e a s t   2  v a n e s   and  s o m e t i m e s   3  v a n e s   of  a n  

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

s l i d i n g   over   each   s l o p e   13 .3   and  13 .4   d u r i n g   r o t a t i o n   o f  

the  r o t o r   15.  The  movement   of  v a n e s   on  t he   s l o p e s   1 3 . 3  

and  13 .4   i n h e r e n t l y   c a u s e s   a  c h a n g e   in  the   vo lume  o f  t h e  

s p a c e   b e t w e e n   t h o s e   v a n e s .   Tha t   v o l u m e   c h a n g e   is  i n  

p r o p o r t i o n   to  the  d i s t a n c e   b e t w e e n   the   u p p e r   s u r f a c e   o f  

the   r o t o r   and  the   cam  s u r f a c e   13  at   d i f f e r e n t   l o c a t i o n s  

a l o n g   the  s l o p e s   13 .3   and  1 3 . 4 .   T h u s ,   r e g a r d l e s s   of  t h e  

r o t a t i o n   of  the   r o t o r ,   g r o o v e s   22 .3   and  23 .3   w i l l   a l l o w  

p a s s a g e   of  f l u i d   to  or  f rom  s p a c e s   b e t w e e n   v a n e s   as  t h e  

v a n e s   move  a l o n g   s l o p e s   13 .3   and  1 3 . 4 .  

R e f e r   now  to  F i g u r e   3.  O b s e r v e   t h a t   i t   a p p e a r s  

to  be  a l m o s t   i d e n t i c a l   to  F i g u r e   2,  e x c e p t   t h a t   t he   c am 

s u r f a c e   14  is  o r i e n t e d   at  1 8 0 °  w i t h   r e s p e c t   to  the   c am 

s u r f a c e   13  in  F i g u r e   2.  Tha t   is  p r e c i s e l y   the   f a c t .  

What  t h i s   means  is  t h a t   v a l l e y   p o r t i o n   1 4 . 1   of  cam  14  i s  

d i a m e t r i c a l l y   o p p o s e d   to  v a l l e y   p o r t i o n   1 3 . 1   of  cam  13 

and  is  l i k e w i s e   of  an  a r c   l e n g t h   of  a p p r o x i m a t e l y   bu t   n o  

more  t han   50°.   The  same  r e l a t i o n s h i p   and  a r c   l e n g t h  

a p p l y   to  h i l l   p o r t i o n   14 .2   of  cam  14  w i t h   r e s p e c t   to  h i l l  

p o r t i o n   13.2   of  cam  13.  S i m i l a r l y ,   cam  s l o p e s   14 .3   a n d  

14.4  a re   u n i f o r m l y   g r a d u a t e d   s l o p e s   of  an  a rc   l e n g t h   o f  

at  l e a s t   1300,   t h a t   i s ,   t he   same  a r c   l e n g t h   as  t h e  

s l o p e   a r c s   13 .3   and  13 .4   of  cam  s u r f a c e   13.  F u r t h e r ,   o n e  



f l u i d   p a s s a g e   s y s t e m   in  t he   w a l l s   of  t he   h o u s i n g   has   a  

v e r t i c a l   p a s s a g e   26  f e e d i n g   to  a  r a d i a l l y   i n w a r d   p a s s a g e  

2 6 . 1   and  p o r t   26 .2   on  s l o p e   14 .4   n e a r   h i l l   p o r t i o n   1 4 . 2 ,  

w i t h   p o r t   26 .2   c o n t i n u i n g   as  a  c o n d u i t   or  g r o o v e   2 6 . 3  

a l o n g   the   e n t i r e   a r c   of  t he   s l o p e   1 4 . 4 .   L i k e w i s e ,   a  

v e r t i c a l   p a s s a g e   27  of  t h e   o t h e r   f l u i d   p a s s a g e   s y s t e m   i n  

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

p a s s a g e   2 7 . 1   and  p o r t   2 7 . 2   on  s l o p e   1 4 . 3   n e a r   t h e   h i l l  

p o r t i o n   1 4 . 2 ,   w i t h   p o r t   2 7 . 2   c o n t i n u i n g   as  a  c o n d u i t   o r  

g r o o v e   27 .3   a l o n g   the   e n t i r e   a r c   of  s l o p e   1 4 . 3 .   T h u s ,  

t he   l o w e r   c h a m b e r   ( b e l o w   r o t o r   15)  of  t h e   h o u s i n g   h a s  

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

i d e n t i c a l   to  t he   u p p e r   c h a m b e r ,   b u t   a t   an  o r i e n t a t i o n   o f  

1 8 0  f r o m   the   u p p e r   c h a m b e r .  

C o n s i d e r   now  the   s h o w i n g   of  F i g u r e   4  i n  

c o m b i n a t i o n   w i t h   F i g u r e s   1,  2,  and  3.  One  f l u i d   p a s s a g e  

s y s t e m   is  fed  by  h o u s i n g   v e r t i c a l   p a s s a g e   22  w h i c h  

c o n n e c t s   to  h o u s i n g   v e r t i c a l   p a s s a g e   26  v i a   a n n u l a r  

p a s s a g e   24.  The  o t h e r   f l u i d   p a s s a g e   s y s t e m   is  fed  b y  

h o u s i n g   v e r t i c a l   p a s s a g e   23  w h i c h   c o n n e c t s   to  h o u s i n g  

v e r t i c a l   p a s s a g e   27  v i a   a n n u l a r   p a s s a g e   25.  V e r t i c a l  

p a s s a g e s   22  and  23  e x t e n d   to  t h e   e x t e r i o r   of  t he   h o u s i n g  

and  a r e   c o n n e c t e d   to  any  s u i t a b l e   f l u i d   c o n t r o l   means  f o r  

f e e d i n g   and  r e c e i v i n g   f l u i d .   I f   f l u i d   i s   i n c o m i n g   i n  

p a s s a g e   22,  i t   is  o u t g o i n g   in  p a s s a g e   23,  and  v i c e  

v e r s a .   I f   p a s s a g e   22  c a r r i e s   i n c o m i n g   f l u i d ,   t h a t   f l u i d  

e n t e r s   t he   u p p e r   c h a m b e r   as  a f o r e d e s c r i b e d   (on  s l o p e   1 3 . 3  



nea r   h i l l   1 3 . 2 )   and  a l s o   p a s s e s   t h r o u g h   p a s s a g e s   24  a n d  

26  and  26 .1   i n t o   t he   l o w e r   c h a m b e r   on  t he   o p p o s i t e   s i d e  

of  r o t o r   15.  Both  the   u p p e r   and  l o w e r   c h a m b e r s   t h e r e f o r e  

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

u n d e r   p r e s s u r e   ( i . e . ,   a  mo to r   o p e r a t i o n   fo r   t he   f l u i d  

d e v i c e ) ,   i t   w i l l   p r e s s   a g a i n s t   t he   vane   1 7 . 7   in  t he   u p p e r  

c h a m b e r   ( s ee   F i g u r e   2)  and  vane   1 7 . 3   in  t h e   l o w e r   c h a m b e r  

(see   F i g u r e   3 ) ,   e f f e c t i n g   t h e r e f o r e   a  c l o c k w i s e   r o t a t i o n  

of  r o t o r   15  as  v i e w e d   l o o k i n g   downward   f rom  the   t o p   o f  

F i g u r e   1.  S i m u l t a n e o u s l y ,   t he   i n c o m i n g   f l u i d   u n d e r  

p r e s s u r e   moves   t h r o u g h   g r o o v e   22 .3   of  t he   u p p e r   c h a m b e r  

cam  s u r f a c e   13  and  g r o o v e   26 .3   of  t h e   l o w e r   c h a m b e r   c a m  

s u r f a c e   14,  and  e f f e c t i v e l y   p r e s s e s   a g a i n s t   v a n e s   1 7 . 6  

and  1 7 . 5   in  t h e   u p p e r   c h a m b e r   and  a g a i n s t   v a n e s   1 7 . 2   a n d  

1 7 . 1   in  t h e   l o w e r   c h a m b e r .   In  a l l ,   t h e r e f o r e ,   t h e  

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

members   in  t he   u p p e r   c h a m b e r   and  t h r e e   vane   member s   i n  

the   l ower   c h a m b e r   as  i t   e n t e r s   t he   f l u i d   d e v i c e   o p e r a t i n g  

as  a  m o t o r .   R e g a r d l e s s   of  t he   r o t a r y   o r i e n t a t i o n   o f  

r o t o r   15  ( w h e t h e r   a t   a b o u t   22  1 / 2 °  f r o m   t h a t  

i l l u s t r a t e d   in  F i g u r e s   2  and  3  or  o t h e r w i s e )   t he   l o n g   a r c  

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

i n c o m i n g   f l u i d   b e h i n d   at   l e a s t   t h r e e   vane   member s   in  t h e  

u p p e r   c h a m b e r   and  at   l e a s t   t h r e e   in  t he   l o w e r .   T h e  

r e s u l t   is  t h a t   s i x   of  t he   vane   members   a r e  a c t i v e l y   b e i n g  

p u s h e d   by  t he   p r e s s u r i z e d   i n c o m i n g   f l u i d   as  i t   f i l l s   u p  

the   s p a c e s   b e t w e e n   t h o s e   vane   m e m b e r s .   The  s i g n i f i c a n c e  



of  t h i s   is   t h a t   t he   work  f o r c e s   a r e   d i s t r i b u t e d   o v e r   t w o  

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

a b o u t   1 3 0 ° ,   or  a  t o t a l   c i r c u m f e r e n t i a l   e x t e n t   of  a t  

l e a s t   a b o u t   2 6 0 ° .   S t a t e d   a n o t h e r   way,   at   l e a s t   s i x  

c h a m b e r   s p a c e s   b e t w e e n   v a n e s   ( t h r e e   a b o v e   the   r o t o r   a n d  

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

S i m i l a r l y ,   e x i t i n g   f l u i d   is  a l w a y s   p r e s s i n g  

a g a i n s t   t h r e e   vane   members   in  t he   u p p e r   c h a m b e r   and  t h r e e  

in  the   l o w e r ,   w i t h   at   l e a s t   s i x   c h a m b e r   s p a c e s   b e t w e e n  

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

f o r c e s   of  e x i t i n g   f l u i d   a re   l i k e w i s e   d i s t r i b u t e d   o v e r   t w o  

d i a m e t r i c a l l y   o p p o s e d   a r c s ,   e a c h   a t   l e a s t   a b o u t   1 3 0 0 .  

I n t e r e s t i n g l y ,   e ach   vane   17,  a p a r t   f rom  t h e i r   m o m e n t s   o f  

r e s t   at   t h e   h i l l   and  v a l l e y   p o r t i o n s   of  t he   cam  s u r f a c e s ,  

is   s u b j e c t e d   to  b o t h   i n c o m i n g   and  e x i t i n g   f l u i d .   T a k e  

for   e x a m p l e   v a n e   17 .2   in  mo to r   o p e r a t i o n   of  t he   d e v i c e ,  

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

down  f rom  t he   t o p   of  F i g u r e   1.  T h a t   vane   1 7 . 2   ( a t   i t s  

l o c a t i o n   in  F i g u r e s   2  and  3)  a c t s   a t   i t s   u p p e r   p o r t i o n   i n  

the   u p p e r   c h a m b e r   to  push  f l u i d   ou t   p o r t   2 3 . 2   i n t o   w a l l  

r a d i a l   p a s s a g e   2 3 . 1   and  w a l l   v e r t i c a l   p a s s a g e   23.  But  a t  

i t s   l ower   p o r t i o n   in  t he   l ower   c h a m b e r ,   i t   is  b e i n g  

p u s h e d   by  i n c o m i n g   f l u i d   e n t e r i n g   t h r o u g h   p a s s a g e   26  a n d  

p a s s i n g   in  g r o o v e   2 6 . 3 .   Tha t   same  vane   1 7 . 2 ,   in  p u m p  

o p e r a t i o n   of  t he   d e v i c e ,   and  a s s u m i n g   t he   same  c l o c k w i s e  

r o t a t i o n ,   a c t s   ( a t   i t s   o r i e n t a t i o n   in  F i g u r e s   2  and  3)  i n  

the   u p p e r   c h a m b e r   to  push   f l u i d   ou t   p o r t   23 .2   i n t o  



p a s s a g e   2 3 . 1   and  t h e n   p a s s a g e   23  ( i . e . ,   the   same  a c t i o n  

as  for   mo to r   o p e r a t i o n ) .   In  t he   l ower   c h a m b e r ,   h o w e v e r ,  

d u r i n g   pump  o p e r a t i o n ,   vane   1 7 . 2   p u l l s   f l u i d   i n t o   t h e  

lower   c h a m b e r .  

T h u s ,   t he   u p p e r   and  l o w e r   p o r t i o n s   of  e a c h   v a n e  

p r o j e c t   ou t   f rom  o p p o s i t e   s i d e s   of  the   r o t o r   d u r i n g   t h e  

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

s l o p e s .   In  the   c a s e   of  m o t o r   o p e r a t i o n ,   t h e  

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

p r o j e c t i n g   p o r t i o n s   in  t he   u p p e r   c h a m b e r   a r e   o p p o s e d   t o  

t h o s e   a c t i n g   on  the   same  vane   in  t he   l ower   c h a m b e r .   B u t  

in  t he   c a s e   of  pump  o p e r a t i o n   (where   the   power   i s   a p p l i e d  

to  s h a f t   18  to  t u r n   r o t o r   1 5 ) ,   t h o s e   f o r c e s   e f f e c t e d   b y  

the   f l u i d   a r e   in  t he   same  c i r c u m f e r e n t i a l   d i r e c t i o n   i n  

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

of  the   d i r e c t i o n   of  r o t a t i o n   of  t he   r o t o r   1 5 .  

S i g n i f i c a n t l y ,   one  f l u i d   p a s s a g e   s y s t e m   t h r o u g h  

the   w a l l s   of  the   h o u s i n g   c o n n e c t s   w i t h   t he   p o r t   m e a n s  

26 .2   i n t o   t he   l o w e r   c h a m b e r   as  w e l l   as  t h e   p o r t   m e a n s  

22 .2   i n t o   the   u p p e r   c h a m b e r   a t   l o c a t i o n s   d i a m e t r i c a l l y  

o p p o s e d   and  n e a r   t he   end  of  t he   s l o p e   of  t he   cam  s u r f a c e s  

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

s y s t e m   c o n n e c t s   w i t h   t h e   p o r t   means   23 .2   and  2 7 . 2   i n t o  

each   c h a m b e r   at   d i a m e t r i c a l l y   o p p o s e d   l o c a t i o n s   and  a t   a  

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

s t r u c t u r e s   of  e ach   cam  s u r f a c e   n e a r e s t   t he   r o t o r .   T h i s  

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



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

g r e a t e r   t h a n   a b o u t   5 0 ° .  

The  l ong   s l o p e s   of  t he   cam  s u r f a c e s   p r o v i d e  

e x c e e d i n g l y   s m o o t h   o p e r a t i o n   for   t he   r o t a r y   mo to r   or  p u m p  

d e v i c e .   S l o p e s   of  g r e a t e r   a r c u a t e   l e n g t h   t h a n   1 3 0 °  

( even   a p p r o a c h i n g   180°)   may  be  e m p l o y e d   b e t w e e n   t h e  

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

p r o v i d e d   t h e   same  a r c u a t e   l e n g t h   is  e m p l o y e d   fo r   a l l   c a m  

s u r f a c e   s l o p e s   in  t he   d e v i c e .   A  snug  or  c l o s e  

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

and  s i d e s   of  t h e   r o t o r   i s  p r e f e r r e d ,   bu t   no t   c r i t i c a l l y  

n e c e s s a r y .   P r e f e r a b l v ,   t he   d i s t a n c e   b e t w e e n   o p p o s i n g   c a m  

s u r f a c e s   a t   any  c i r c u m f e r e n t i a l   o r i e n t a t i o n   i s   l e s s   t h a n  

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

t h e r e o f .   More  t h a n   8  v a n e s   e q u a l l y   s p a c e d   in  t h e   r o t o r  

a re   u s e f u l   and  i m p r o v e   s m o o t h n e s s   of  o p e r a t i o n ,  

p a r t i c u l a r l y   when  the   cam  s l o p e s   a r e   a l s o   i n c r e a s e d   i n  

l e n g t h .   G r e a t   e c o n o m y   in  t he   m a n u f a c t u r e   of  t h e   d e v i c e  

as  a  pump  or  m o t o r   a r i s e s   f rom  t he   f a c t   t h a t   i m p e r f e c t  

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

d e s t r o y i n g   o p e r a b i l i t y   as  a  l i q u i d   pump  or  m o t o r .  

HYDRAULIC  STEERING 

A l t h o u g h   o t h e r   r o t a r y   f l u i d   m o t o r s   may  b e  

e m p l o y e d   in  t h e   s t e e r i n g   e m b o d i m e n t   of   t h i s   i n v e n t i o n ,  



the   p r e f e r r e d   t y p e   is   t he   f l u i d   motor   p r e v i o u s l y  

d i s c u s s e d ;   and  l i k e   n u m b e r s   a re   g i v e n   a l l   m o t o r   e l e m e n t s  

of  F i g u r e   5  w h i c h   a r e   t he   same  as  t he   mo to r   e l e m e n t s   o f  

F i g u r e s   1  t h r o u g h   4,  i n c l u s i v e .  

The  c e n t r a l   s h a f t   29  is  a  s t e e r i n g   s h a f t   o f  

c o n v e n t i o n a l   t y p e   fo r   m o t o r   v e h i c l e s   and  has   a  s t e e r i n g  

w h e e l   ( n o t   shown)  a t   i t s   u p p e r   e n d .  

The  h o l l o w   s h a f t   18  of  t he   r o t o r   i s   c o u p l e d   t o  

the   c e n t r a l   s t e e r i n g   s h a f t   29  by  a  c o u p l i n g   a s s e m b l y  

c o n s i s t i n g   of  a n n u l a r   r i n g   members   30  and  31  h a v i n g   a n  

i n t e r l o c k i n g   f i t   b e t w e e n   r e c e s s   32  of  p a r t   30  and  m a t i n g  

p r o j e c t i o n   33  on  p a r t   31.  P a r t   30  is   s e c u r e l y   f a s t e n e d  

to  h o l l o w   r o t o r   s h a f t   18  by  any  s u i t a b l e   means   such   as  a  

p in   34;  and  p a r t   31  is  s e c u r e d   to  s t e e r i n g   s h a f t   29  b y  

means   s u c h   as  a  p in   35.  A  f l e x i b l e   c u s h i o n   l a y e r   may  b e  

i n t e r p o s e d   b e t w e e n s   t he   i n t e r l o c k i n g   p a r t s   to  p e r m i t   s o m e  

p l a y   of  m o v e m e n t   b e t w e e n   the   h o l l o w   s h a f t   18  and  s t e e r i n g  

s h a f t   29,  i f   d e s i r e d .  

Above  t h e   m o t o r   and  l o c a t e d   a n n u l a r l y   a b o u t   t h e  

c e n t r a l   s t e e r i n g   s h a f t   29  is   a  r o t a r y   h y d r a u l i c   c o n t r o l  

v a l v e   of  t h e   t y p e   d i s c l o s e d   in  my  U n i t e d   S t a t e s   p a t e n t  

a p p l i c a t i o n   S e r i a l   Number  5 2 6 , 3 4 0 ,   f i l e d   A u g u s t   25,  1 9 8 3 ,  

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

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

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

and  in  t h i s   r e s p e c t ,   an  a n n u l a r   p l a t e - l i k e   m e m b e r  3 6  

f u n c t i o n s   as  b o t h   t he   u p p e r   p l a t e   of  t he   m o t o r  



( c o m p a r a b l e   to  p l a t e   10  of  F i g u r e   1)  and  as  t he   l o w e r   o r  

b a s e   p l a t e   or  h o u s i n g   e l e m e n t   fo r   t he   v a l v e   m e m b e r s .   An 

a n n u l a r   p l a t e - l i k e   cap  37  and  a  r e t a i n i n g   r i n g   o r  

p e r i p h e r a l   s l e e v e   body  38  ( i n c l u d i n g   o p p o s i n g   t h r e a d e d  

o p e n i n g s   fo r   a d j u s t m e n t   s c r e w s   5 8 . 1   and  5 9 . 1 )   c o m p l e t e  

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

a s s e m b l y .  

W i t h i n   t he   h o u s i n g   p o r t i o n   d e f i n e d   by  p l a t e s   36 

and  37  and  r e t a i n i n g   r i n g   or  s l e e v e   38  a r e   two  v a l v e  

m e m b e r s ,   n a m e l y ,   a  f o l l o w e r   or  d r i v e n   v a l v e   member  40  a n d  

a  d r i v e r   v a l v e   member  41.  A  d r i v e r   e x t e n s i o n   in  t h e   f o r m  

of  a  s l e e v e   42  e x t e n d s   o u t w a r d l y   f rom  t h e   h o u s i n g .   On 

t h i s   s l e e v e   42  is   f i x e d ,   as  by  a  p i n   or  k e y ,   a  l o w e r  

a n n u l a r   c o u p l i n g   member  43  h a v i n g   a  m a t i n g   p r o j e c t i o n   44  

w h i c h   i n t e r l o c k s   w i t h   r e c e s s   45  in  t h e   u p p e r   a n n u l a r  

c o u p l i n g   member  46  wh ich   is   f i x e d ,   as  by  a  p i n   or  key ,   o n  

s t e e r i n g   s h a f t   46.  A  c u s h i o n   l a y e r   may  be  i n t e r p o s e d  

b e t w e e n   t he   m a t i n g   p a r t s   to  i n t r o d u c e   some  f l e x i b i l i t y   o f  

m o v e m e n t   f o r   t he   s t e e r i n g   s h a f t   (and  s t e e r i n g   f e e l   fo r   a n  

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

v a l v e   member  4 1 .  

The  u p p e r   b u s h i n g   20  of  t h e   m o t o r   has   a n  

e x t e n s i o n   s l e e v e   20 .3   p r o j e c t i n g   u p w a r d   as  an  a n n u l a r  

h y d r a u l i c   s e a l   member  a g a i n s t   t h e   s l e e v e   42  and  i n  

s p a t i a l   r e l a t i o n s h i p   a b o u t   t he   s t e e r i n g   s h a f t   29.  T h i s  

b u s h i n g   a s s e m b l y   20  is  f i x e d   to  t h e   m o t o r   h o u s i n g ;   a n d  

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



and  a r e   n o n - r o t a t i n g .   Any  s u i t a b l e   b r a c k e t   ( no t   s h o w n )  

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

so  as  to  p r e v e n t   i t s   r o t a t i o n .  

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

s u p p l y   p a s s a g e   47  w h i c h   is  c o n n e c t e d   in  any  s u i t a b l e   way  

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

(as  by  a  h y d r a u l i c   p u m p ) .   P a s s a g e   48  is  t he   r e t u r n  

p a s s a g e   for   r e t u r n i n g   s p e n t   f l u i d   f rom  the   a s s e m b l y   b a c k  

to  t he   r e s e r v o i r   s o u r c e .  

The  f l u i d   i n c o m i n g   t h r o u g h   p a s s a g e   47  p a s s e s  

i n t o   an  a n n u l a r   v a l v e   f a c i n g   s u p p l y   g r o o v e   or  p a s s a g e   49 

in  t he   uppe r   f a c e   of  p l a t e   36,  w h i c h   a n n u l a r   g r o o v e   49  i s  

open  to   t he   X  i n t e r f a c e   b e t w e e n   t h e   p l a t e   36  and  t h e  

f o l l o w e r   v a l v e   member  40.  R e t u r n   or  s p e n t   f l u i d   e x i t i n g  

the   f o l l o w e r   v a l v e   member  40  p a s s e s   i n t o   an  a n n u l a r  

r e t u r n   g r o o v e   or  p a s s a g e   50  in  t h e   u p p e r   s u r f a c e   of  t h e  

h o u s i n g   member  3 6 .  

The  cap   or  u p p e r   h o u s i n g   37  c a r r i e s   two  a n n u l a r  

a c t i o n - f l u i d   p a s s a g e s   51  and  52,  b o t h   b e i n g   g r o o v e s   i n t o  

t he   v a l v e - f a c i n g   s u r f a c e   of  t h e   u p p e r   h o u s i n g   37.  T h e s e  

c o a x i a l   a n n u l a r   a c t i o n   p a s s a g e s   c o m m u n i c a t e   r e s p e c t i v e l y  

t h r o u g h   r a d i a l   h o u s i n g   p a s s a g e s   53  and  54  t o  

s c h e m a t i c a l l y   i l l u s t r a t e d   v e r t i c a l   p a s s a g e   22  to  t h e  

m o t o r   and  s c h e m a t i c a l l y  i l l u s t r a t e d   v e r t i c a l   p a s s a g e   23  

to  t he   m o t o r ,   b o t h   d i s c u s s e d   in  c o n n e c t i o n   w i t h   F i g u r e s   1 

t h r o u g h   4,  i n c l u s i v e .  



A  means   a l s o   i s   p r o v i d e d   for   i m p a r t i n g   s o m e  

r e s i s t a n c e   to  t he   m o v e m e n t   of  t he   f o l l o w e r   or  d r i v e n  

v a l v e   member  40;  and  t h i s   is  i l l u s t r a t e d   as  c o n s i s t i n g   o f  

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

s e g m e n t s   58  and  59  p r e s s e d   a g a i n s t   the   o u t e r  

c i r c u m f e r e n c e   of  v a l v e   member  40  by  c o i l   s p r i n g s   55  a n d  

56  w h i c h   may  be  a d j u s t e d   by  a d j u s t m e n t   s c r e w s   5 8 . 1   a n d  

59 .1   to  v a r y   t he   r e s i s t a n c e   a p p l i e d   by  s e g m e n t s   58  a n d  

5 9 .  

R e f e r r i n g   to  F i g u r e   6,  t he   f a c e   s u r f a c e   of  t h e  

p l a t e   36  a t   the   X  i n t e r f a c e   has  a  l a n d   s u r f a c e   57  b e t w e e n  

t h e   a n n u l a r   g r o o v e s   49  and  50.  An  a r c u a t e   i n l e t   p a s s a g e  

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

m a t i n g   r e l a t i o n s h i p   o v e r   t h e   l and   a r e a   57  of  t he   p l a t e  

36;  b u t   t h i s   a r c u a t e   p a s s a g e   60  is  i n  c o n s t a n t  

c o m m u n i c a t i o n   w i t h   t h e   s u p p l y   g r o o v e   49  t h r o u g h   a  g r o o v e d  

r a d i a l   e x t e n s i o n   60a .   M e t e r i n g   p a s s a g e s   44  and  45  e x t e n d  

f rom  t h e   a r c u a t e   i n l e t   60  t h r o u g h   t h e   w a l l   t h i c k n e s s   o f  

f o l l o w e r   40  to  a  damming   c a v i t y ,   t h a t   i s ,   a  c a v i t y   i n  

w h i c h   f l u i d   u n d e r   c e r t a i n   c o n d i t i o n s   may  be  dammed  up  t o  

a  d e g r e e .   T h i s   damming   of  f l u i d   c a u s e s   a  r e a c t i v e  

r e s u l t ,   and  t h u s   t h e   c a v i t y   is  c h a r a c t e r i z e d   as  a  

r e a c t i v e   damming  c a v i t y .   The  c a v i t y   wh ich   s e r v e s   as  p a r t  

of  a  damming  means   is   d e f i n e d   by  s i d e   w a l l   63  h a v i n g   a n  

a r c u a t e   c o n t o u r   and  end  w a l l s   64  and  65.  The  i n n e r m o s t  

s i d e   w a l l   of  the   c a v i t y   i s   e f f e c t i v e l y   f o r m e d   by  t h e  

c e n t r a l   s l e e v e   42  ( s e e   F i g u r e   5) .   An  a r c u a t e   o u t l e t  



p a s s a g e   66  e x t e n d s   e n t i r e l y   t h r o u g h   the   f o l l o w e r   40.  T h e  

X  i n t e r f a c e   o p e n i n g   of  p a s s a g e   66  l i k e w i s e   r e s t s   upon  t h e  

l a n d   a r e a   57  of  the   h o u s i n g   36,  bu t   is  in  c o n s t a n t  

c o m m u n i c a t i o n   w i t h   t he   a n n u l a r   r e t u r n   p a s s a g e   50  t h r o u g h  

a  g r o o v e   67  in  the   s u r f a c e   of  f o l l o w e r   40  f a c i n g   t h e  

h o u s i n g   p l a t e   3 6 .  

At  the   Y  i n t e r f a c e   s h o w i n g   in  F i g u r e   7,  t h e  

s u r f a c e   of  t he   f o l l o w e r   40  has   e q u a l i z a t i o n   g r o o v e s   68 

and  6q  e x t e n d i n g   from  ends   64  and  65  of  t h e   d a m m i n g  

c a v i t y   to   t he   a r c u a t e   o u t l e t   p a s s a g e   66.  G r o o v e s   68  a n d  

69  p e r m i t   s h i f t   of  f l u i d   in  e i t h e r   d i r e c t i o n .   O t h e r  

e l e m e n t s   shown  for   the   f o l l o w e r   in  F i g u r e   7  a r e   a s  

d i s c u s s e d   for   F i g u r e   6 .  

C o n t i n u i n g   at   t he   Y  i n t e r f a c e   of  F i g u r e   7,  t h e  

d r i v e r   41  is   e q u i p p e d   w i t h   a  m e t e r i n g   b l o c k   or  d a m m i n g  

b l o c k   70  w h i c h   p r o j e c t s   i n t o   t he   damming  c a v i t y   of  w a l l s  

63,   64,   and  65  w i t h o u t ,   h o w e v e r ,   f u l l y   o c c u p y i n g   t h a t  

c a v i t y .   The  end  w a l l s   71  and  72  a r e   no t   as  f a r   a p a r t   a s  

the   end  w a l l s   64  and  65  of  t he   damming  c a v i t y .   E x t e n d i n g  

t h r o u g h   t h e   m e t e r i n g   b l o c k   as  L - s h a p e d   p a s s a g e s   a r e  

m e t e r i n g   p a s s a g e s   73  and  74.  T h e s e   m e t e r i n g   p a s s a g e s  

empty   to   o p p o s i t e   end  w a l l s   of  t he   b l o c k   70.  E x t e n d i n g  

t h r o u g h   t he   d r i v e r   41  a re   f o u r   a c t i o n   p a s s a g e s   or  p o r t s  

75,  76,  77,  and  78.  None  of  t h e s e   a c t i o n   p o r t s   is   i n  

c o m m u n i c a t i o n   w i t h   any  p a s s a g e   of  the   f o l l o w e r   40  a t   t h e  

Y  i n t e r f a c e   when  t he   v a l v e   members   40  and  41  a r e   in  t h e i r  

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



c o n d i t i o n ,   no  p a s s a g e s   e x t e n d   t h r o u g h   t he   p a i r   of  v a l v e  

members   40  and  41  fo r   t he   f low  of  f l u i d   t h e r e t h r o u g h   t o  

the   g r o o v e s   51  and  5 2 .  

At  t h e   Z  i n t e r f a c e   of  F i g u r e   8  is   an  a n n u l a r  

l a n d   a r e a   79  b e t w e e n   the   a n n u l a r   a c t i o n   g r o o v e s   51  and  52 

at   t h e   v a l v e - m a t i n g   s u r f a c e   of  t h e   cap   h o u s i n g   3 7 .  

A c t i o n   p o r t s   or  p a s s a g e s   75,  76,  77,  and  78  in  t h e   d r i v e r  

e x t e n d   s t r a i g h t   t h e r e t h r o u g h   o n t o   t h a t   l a n d   a r e a   7 9 .  

A c t i o n   p o r t s   75  and  76  c o m m u n i c a t e   to  a n n u l a r   g r o o v e   52  

t h r o u g h   r a d i a l l y   i n w a r d   g r o o v e s   80  and  81  on  t h e   u p p e r  

s u r f a c e   of  d r i v e r   41.  A c t i o n   p o r t s   77  and  78  e x t e n d i n g  

t h r o u g h   d r i v e r   14  c o m m u n i c a t e   to  a n n u l a r   g r o o v e   51  

t h r o u g h   r a d i a l l y   o u t w a r d   g r o o v e s   82  and  8 3 .  

In  F i g u r e   9,  t he   r e l a t i o n s h i p   of  t he   s e v e r a l  

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

v a l v e   m e m b e r s   40  and  41  is   i l l u s t r a t e d   in  a  s u p e r i m p o s e d  

r e l a t i o n s h i p ,   l o o k i n g   u p w a r d l y   f rom  t he   X  i n t e r f a c e ,   w i t h  

the   n u m b e r i n g   g i v e n   the   v a r i o u s   e l e m e n t s   t h e   same  as  i n  

F i g u r e s   5  t h r o u g h   8  i n c l u s i v e .   T h u s ,   when  the   v a l v e  

e l e m e n t s   a r e   in  what   is  c h a r a c t e r i z e d   as  a  n e u t r a l  

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

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

i n l e t   c a v i t y   60  of  the   f o l l o w e r   as  a  r e s u l t   of  e n t e r i n g  

t h a t   c a v i t y   by  way  of  t he   g r o o v e   60a  c o m m u n i c a t i n g   w i t h  

a n n u l a r   s u p p l y   p a s s a g e   49.  But  t he   f l u i d   u n d e r   p r e s s u r e  

in  t h e   a r c u a t e   p a s s a g e   60  r e m a i n s   t h e r e   i n a s m u c h   as  t h a t  

p a s s a g e   is  o r i e n t e d   b e t w e e n   a c t i o n   p o r t s   76  and  77  of  t h e  



d r i v e r   41;  and  t he   m e t e r i n g   p a s s a g e s   61  and  62  a r e  

b l o c k e d   at   t h e i r   o u t l e t   by  t h e   b l o c k   70  which   is  i n  

s p a c e d   r e l a t i o n s h i p   from  the   end  w a l l s   64  and  65  of  t h e  

damming  c a v i t y .   F u r t h e r ,   t h e   a r c u a t e   o u t l e t   p a s s a g e   6 6 ,  

w h i l e   in  c o n s t a n t   c o m m u n i c a t i o n   w i t h   the   a n n u l a r   o u t l e t  

g r o o v e   50  in  t he   u p p e r   f a c e   of  t h e   b a s e   h o u s i n g   t h r o u g h   a  

g r o o v e d   c h a n n e l   67,  is  no t   in  c o m m u n i c a t i o n   w i t h   e i t h e r  

a c t i o n   p o r t   75  or  78  of  t he   d r i v e r .   H o w e v e r ,   the   d r i v e r  

may  be  r o t a t e d   in  e i t h e r   d i r e c t i o n   w i t h   r e s p e c t   to  t h e  

f o l l o w e r   m e m b e r .  

Assume  t h a t   t he   d r i v e r   member  41  is   r o t a t e d   in  a  

c l o c k w i s e   d i r e c t i o n   as  F i g u r e   9  i s   v i e w e d .   Then  a c t i o n  

p o r t   77  of  t he   d r i v e r   41  w i l l   be  p l a c e d   in  c o m m u n i c a t i o n  

w i t h   t he   s u p p l y   i n l e t   p a s s a g e   6 0  o f   t he   f o l l o w e r   a n d  

p e r m i t   f l ow  of  h y d r a u l i c   f l u i d   t h e r e t h r o u g h   and  o u t  

g r o o v e   82  and  t h r o u g h   a c t i o n   g r o o v e   51  of  the   uppe r   p l a t e  

h o u s i n g   37  t h r o u g h   p a s s a g e s   53  and  23  ( to   the   m o t o r )   t o  

e f f e c t   c l o c k w i s e   r o t a t i o n   of  t h e   r o t o r   15  as  the   m o t o r   i s  

v i e w e d   l o o k i n g   u p w a r d l y   f rom  t h e   b o t t o m   of  F i g u r e   5 .  

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

c l o c k w i s e   r o t a t i o n   of  the   s t e e r i n g   s h a f t   29  (as  i t   i s  

v i e w e d   l o o k i n g   u p w a r d l y   f rom  t h e   b o t t o m   of  F i g u r e   5 ) .  

F u r t h e r ,   a c t i o n   p o r t   75  w i l l   s i m u l t a n e o u s l y   be  p l a c e d   i n  

c o m m u n i c a t i o n   w i t h   t h e   a r c u a t e   r e t u r n   p a s s a g e   66  of  t h e  

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

22  f rom  the   m o t o r   to  p a s s   t h r o u g h   a n n u l a r   a c t i o n   p a s s a g e  

52  and  t h r o u g h   p o r t   75  i n t o   a r c u a t e   r e t u r n   p a s s a g e   66  a n d  



o u t   t he   c o m m u n i c a t i n g   g r o o v e   67  i n t o   t he   a n n u l a r   r e t u r n  

p a s s a g e   50  and  u l t i m a t e l y   back   to  a  r e s e r v o i r   f o r  

r e c y c l i n g .   S i m u l t a n e o u s l y ,   w h i l e   t he   f o r e g o i n g   o c c u r s ,  

m e t e r i n g   b l o c k   70  wh ich   is   f i x e d   to  t h e   d r i v e r   is   s h i f t e d  

c l o c k w i s e   so  as  to  p e r m i t   m e t e r i n g   f l ow  of  f l u i d   f rom  t h e  

p r e s s u r i z e d   i n l e t   a r c u a t e   p a s s a g e   60  of  t he   f o l l o w e r  

o n w a r d   t h r o u g h   m e t e r i n g   p a s s a g e   62  (of   f o l l o w e r   40)  a n d  

t h e n   t h r o u g h   m e t e r i n g   p a s s a g e   74  (of   t he   m e t e r i n g   b l o c k  

of  d r i v e r   41)  i n t o   the   s p a c e   a r e a   b e t w e e n   the   end  w a l l   72 

of  t he   m e t e r i n g   b l o c k   70  and  end  w a l l   65  of  t he   d a m m i n g  

c a v i t y .   W h i l e   some  of  t he   f l u i d   e n t e r i n g   t h a t   s p a c e   w i l l  

b l e e d   o f f   t h r o u g h   the   e q u a l i z a t i o n   c h a n n e l   69,  a 

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

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

c a u s e   the   e n t i r e   f o l l o w e r   v a l v e   member  40  to  r o t a t e   i n  

t h e   same  c l o c k w i s e   d i r e c t i o n   and  to   t h e   same  e x t e n t   a s  

t h a t   e a r l i e r   made  by  the   d r i v e r   41.  The  r e s u l t   w i l l   b e  

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

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

F i g u r e   9 .  

I t   s h o u l d   a l s o   be  r e c o g n i z e d   t h a t   t h e   i n i t i a l  

c l o c k w i s e   r o t a r y   movemen t   of  t he   d r i v e r   does   c a u s e   f l u i d  

to  go  t h r o u g h   e q u a l i z a t i o n   c h a n n e l s   68  and  69  to  a  

l i m i t e d   e x t e n t ,   to  a c c o m m o d a t e   a  s h i f t   of  f l u i d   f rom  t h e  

n o r m a l l y   e q u a l   s p a c e s   b e t w e e n   t he   e n d s   of  t he   m e t e r i n g  

b l o c k   70  and  the   end  w a l l s   64  and  65  of   t he   d a m m i n g  

c a v i t y   w i t h i n   which   the   m e t e r i n g   b l o c k   70  is   s h i f t a b l e .  



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

p a s s e s   ou t   of  t he   c a v i t y   b e t w e e n   t h e   w a l l s   72  and  65  a t  

t he   r i g h t   in  F i g u r e   9,  t h r o u g h   e q u a l i z a t i o n   p a s s a g e   6 9 ,  

and  e n t e r s   e q u a l i z a t i o n   p a s s a g e   68  to  f i l l   the   e x p a n d i n g  

s p a c e   b e t w e e n   t he   w a l l s   64  and  7 1 .  

C o u n t e r c l o c k w i s e   r o t a t i o n   of  t h e   d r i v e r   41 

e f f e c t s   s i m i l a r   f l o w   p a t t e r n s   of  f l u i d ,   bu t   in  the   m i r r o r  

image  s y m m e t r i c a l   p a s s a g e s .   E q u a l i z a t i o n   p a s s a g e s   68  a n d  

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

c a v i t y   end  w a l l s   64  and  71  r e c e i v e s   f l u i d   f rom  m e t e r i n g  

p a s s a g e s   61  and  73,  p o r t   76  of  t he   d r i v e r   is   p l a c e d   i n  

c o m m u n i c a t i o n   w i t h   t he   a r c u a t e   i n l e t   60  of  the   f o l l o w e r ,  

f l u i d   f l o w s   t h r o u g h   g r o o v e   81  i n t o   a n n u l a r   g r o o v e   52  a n d  

o u t   p a s s a g e s   54  and  22,  and  t h e n   i n t o   m o t o r   c h a m b e r  

s p a c e s   fed  by  p o r t s   2 2 . 2   and  2 6 . 2   to   e f f e c t   r o t o r  

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

c l o c k w i s e   r o t a t i o n .   The  r e t u r n   of  f l u i d   f rom  t he   m o t o r  

is   t h r o u g h   p a s s a g e   23,  a n n u l a r   g r o o v e   51,  g r o o v e   83  a n d  

p o r t   78  of  t he   d r i v e r ,   a r c u a t e   p a s s a g e   66  of  t he   f o l l o w e r  

v a l v e   member  and  i t s   g r o o v e d   l i n e   67  i n t o   t he   a n n u l a r  

r e t u r n   g r o o v e   50  of  p l a t e   h o u s i n g   37  and  ou t   p a s s a g e   48 

to  t he   r e s e r v o i r   ( no t   s h o w n ) .   The  m e t e r i n g   f l u i d   p a s s i n g  

t h r o u g h   m e t e r i n g   p a s s a g e s   61  and  73  i n t o   t he   d a m m i n g  

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

p r o p o r t i o n a l l y   moves  t h e   f o l l o w e r   v a l v e   member  back   t o  

the   n e u t r a l   p o s i t i o n   i l l u s t r a t e d   in  F i g u r e   9 .  



I t   w i l l   be  a p p r e c i a t e d   t h a t   r e s i s t a n c e   b r a k e  

means   ( s u c h   as  b r a k e s   58  and  59)  h o l d   t he   f o l l o w e r  

a g a i n s t   movemen t   when  t h e  d r i v e r   i s   moved ,   b u t   do  n o t  

p r o v i d e   a  s u f f i c i e n t   r e s i s t a n c e   to   movemen t   of  t h e  

f o l l o w e r   to   p r e v e n t   h y d r a u l i c   f l u i d   f rom  mov ing   t h e  

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

damming  means   form  a  s e p a r a t e   n e t w o r k   in  t he   p a i r   o f  

v a l v e   member s   a p a r t   f rom  t he   n e t w o r k   of  f l ow  fo r   t h e  

w o r k - p e r f o r m i n g   f l u i d   wh ich   p a s s e s   t h r o u g h   the   v a l v e   a n d  

m o t o r .  

E s p e c i a l l y   to  be  s t r e s s e d   i s   the   s y m m e t r y   o f  

d e s i g n   f o r   t he   r o t a r y   mo to r   (and  a l s o   t he   r o t a r y   v a l v e ) ,  

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

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

fo r   t he   f u n c t i o n s   p e r f o r m e d .   The  c o u p l i n g   of  t h e   v a l v e  

d r i v e r   to   t he   s t e e r i n g   s h a f t   s u i t a b l y   may  p e r m i t   l i t t l e  

p l a y   or  e s s e n t i a l l y   no  p l a y   or  r o t a r y   m o t i o n   of  t h e  

s t e e r i n g   s h a f t   so  t h a t   the   v a l v e   d r i v e r   i s   r o t a t e d   i n  

common  w i t h   t he   s t e e r i n g   s h a f t   and  t h e   v a l v e   q u i c k l y  

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

s t e e r i n g   a s s i s t .   Whi l e   t he   c o u p l i n g   of  t h e   m o t o r   s h a f t  

18  to  t h e   s t e e r i n g   s h a f t   29  s u i t a b l y   may  a l l o w   s l i g h t  

m o d e s t   p l a y   of  r o t a r y   m o t i o n   by  t h e   s t e e r i n g   s h a f t   ( w i t h  

m o v e m e n t   of   the   v a l v e   d r i v e r )   w i t h o u t   o p e r a t o r   m o v e m e n t  

of  t he   r o t o r   of  t he   m o t o r ,   i t   is   a l s o   p o s s i b l e   to  c o u p l e  

b o t h   the   v a l v e   d r i v e r   and  t h e   r o t o r   s h a f t   r a t h e r  

p l a y - f r e e   to  t he   s t e e r i n g   s h a f t .   In  such   an  a r r a n g e m e n t ,  



t he   v a n e s   of  the   r o t o r   may  p e r m i t   some  l e a k   or  f l ow  o f  

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

a l l o w   s l i g h t   r o t o r   movemen t   ( c a r r i e d   to  the   r o t o r   t h r o u g h  

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

i n i t i a t i o n   of  an  o p e r a t o r ' s   s t e e r i n g   a c t i o n ,   w i t h   t h e  

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

p r o p e r   q u a n t i t y   to  the   m o t o r   so  as  to  e f f e c t   s t r o n g   m o t o r  

r o t o r   movement   fo r   t he   h y d r a u l i c a l l y   a s s i s t e d   s t e e r i n g .  

The  i n v e n t i o n   may  be  e m b o d i e d   in  o t h e r   s p e c i f i c  

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

c h a r a c t e r i s t i c s   t h e r e o f .   A d d i t i o n a l   f e a t u r e s   may  b e  

i n c o r p o r a t e d .   The  i l l u s t r a t i o n s   of  t he   F i g u r e s   o m i t  

O - r i n g   s e a l s ;   bu t   such   s e a l s   as  w e l l   as  o t h e r   t y p e s   o f  

s e a l s   and  even   p r e s s - f i t t i n g   may  be  e m p l o y e d   b e t w e e n  

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

l e a k s   or  no  l e a k s   of  h y d r a u l i c   f l u i d   a re   d e s i r e d ,   as  w i l l  

be  r e a d i l y   a p p r e c i a t e d   by  t h o s e   s k i l l e d   in  t he   a r t .  

T h u s ,   t he   e m b o d i m e n t s   a r e   to   be  c o n s i d e r e d   in  a l l  

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

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

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

wh ich   come  w i t h i n   t he   m e a n i n g   and  r a n g e   of  e q u i v a l e n c y   o f  

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

i n t e n d e d   to  be  e m b r a c e d   t h e r e b y .  



1.  A  r o t a r y   f l u i d   m o t o r   or  pump  d e v i c e  

c o m p r i s i n g  

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

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

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

of  e q u a l   r a d i i   f rom  t he   c e n t e r   of   s a i d   c a v i t y ,  

a  s h a f t   e x t e n d i n g   f rom  t he   e x t e r i o r   of  s a i d   h o u s i n g   i n t o  

s a i d   c a v i t y ,  

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

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

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

w i t h   s a i d   r o t o r   t h e r e b e t w e e n ,   s a i d   r o t o r   h a v i n g   a t  

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

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

t h e r e o f ,  

a  s l i d a b l e   vane  member  in  e a c h   s a i d   s l o t   of  s a i d   r o t o r ,  

e a c h   s a i d   vane  member  e x t e n d i n g   as  a  w a l l   b e t w e e n  

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

two  s e p a r a t e d   f l u i d   p a s s a g e   s y s t e m s   t h r o u g h   t h e   w a l l s   o f  

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

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

s a i d   d e v i c e   b e i n g   p a r t i c u l a r l y   c h a r a c t e r i z e d   by  t h e   f a c t  

t h a t  



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

s p a c e d   f rom  the   r o t o r   and  a  d i a m e t r i c a l l y  

o p p o s e d   h i l l   p o r t i o n   n e a r e s t   the   r o t o r ,   w i t h  

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

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

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

l e a s t   a b o u t   1 3 0 ° ,  

n e v e r   l e s s   t h a t   two  s a i d   s l i d a b l e   vane   member s   a r e  

a t   a  l o c a t i o n   a l o n g   each   s a i d   s l o p e   of  e a c h   s a i d  

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

o r i e n t a t i o n   of  s a i d   r o t o r ,  

a  c i r c u m f e r e n t i a l   a r c   no  g r e a t e r   t h a n   a b o u t   5 0 °  

s e p a r a t e s   t he   p o r t   of  one  f l u i d   p a s s a g e   s y s t e m  

from  t h e   p o r t   of  t he   o t h e r   f l u i d   p a s s a g e   s y s t e m  

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

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

end  of  a  cam  s u r f a c e   s l o p e   l o c a t e d   n e a r e s t   s a i d  

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

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

e q u a l   to  t he   a r c   of  t he   cam  s u r f a c e   s l o p e   w i t h  

wh ich   t h e   p o r t   is   a s s o c i a t e d ,   a n d  

at   l e a s t   s i x   c h a m b e r   s p a c e s   b e t w e e n   vane   m e m b e r s   o f  

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

f l u i d   and  a t   l e a s t   s i x   such   c h a m b e r   s p a c e s   a r e  

a l w a y s   f u n c t i o n i n g   to  e x i t   f l u i d   a t   a l l   t i m e s  

d u r i n g   r o t a t i o n   of  s a i d   r o t o r .  



2.  The  d e v i c e   of  C l a i m   1  a d d i t i o n a l l y  

c h a r a c t e r i z e d   by  the   f a c t   t h a t   t he   o p p o s i n g   c h a m b e r s   a r e  

i d e n t i c a l   in  n a t u r e   but   o r i e n t e d   1800  f rom  e a c h   o t h e r .  

3.  The  d e v i c e   of  C l a i m   1  a d d i t i o n a l l y  

c h a r a c t e r i z e d   by  the   f a c t   t h a t   t h e   v a n e s   s l i d e   t h r o u g h  

vane   s l o t s   in  t he   r o t o r   in  a  d i r e c t i o n   p a r a l l e l   w i t h   t h e  

a x i s   of  t h e   r o t o r .  

4.  The  d e v i c e   of  C l a i m   1  a d d i t i o n a l l y  

c h a r a c t e r i z e d   by  the   f a c t   t h a t   t h e   o u t e r   r a c e   of  t h e  

v a n e s   is   f o r m e d   by  the   i n n e r   s u r f a c e   of  a  h o u s i n g   w a l l .  

5.  A  f l u i d   d e v i c e   fo r   h y d r a u l i c a l l y   a s s i s t i n g  

the   s t e e r i n g   of  v e h i c l e s ,   c o m p r i s i n g  

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

s h a f t   of  a  v e h i c l e ,  

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

c o n t r o l l i n g   the  f low  of  h y d r a u l i c   f l u i d ,   s a i d  

v a l v e   c o m p r i s i n g   a  r o t a r y   f o l l o w e r   member  and  a  

r o t a r y   d r i v e r   member ,   s a i d   d r i v e r  m e m b e r  

i n c l u d i n g   a  h o l l o w   e x t e n s i o n   member  for   c o u p l i n g  

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

a  r o t a r y   h y d r a u l i c   f l u i d   mo to r   w i t h i n   s a i d   h o u s i n g ,  

s a i d   mo to r   h a v i n g   a  h o l l o w   s h a f t   member  f o r  

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

b e i n g   a c t u a t e d   in  r o t a t i o n   in  e i t h e r   d i r e c t i o n  



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

v a l v e .  

6.  A  r o t a r y   f l u i d   m o t o r   or  pump  d e v i c e   c o m p r i s i n g  

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

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

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

e q u i - d i s t a n t l y   s p a c e d   f rom  e a c h   o t h e r   a t   a l l   p o i n t s   of  e q u a l  

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

s u r f a c e s   b e i n g   on  s a i d   o p p o s i n g   p l a t e   m e m b e r s ,   e ach   s a i d  

o p p o s i n g   p l a t e   member   h a v i n g   an  a n n u l a r   b u s h i n g   f i x e d  

t h e r e t o   a t   a  c e n t r a l   l o c a t i o n   t h e r e o f ,  

a  s h a f t   e x t e n d i n g   f rom  t h e   e x t e r i o r   of  s a i d   h o u s i n g   t h r o u g h   a t  

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

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

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

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

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

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

l a t e r a l   s u r f a c e   of  s a i d   r o t o r   i s   a d a p t e d   to   r o t a t e ,   s a i d  

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

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

p e r i p h e r a l   p o r t i o n   t h e r e o f ,  



a  s l i d a b l e   v a n e   member  in  e a c h   s a i d   s l o t   of  s a i d   r o t o r ,   e a c h  

s a i d   v a n e   member  e x t e n d i n g   as  a  w a l l   b e t w e e n   s a i d   o p p o s i n g  

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

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

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

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

s a i d   h o u s i n g ,   a n d  

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

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

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

s a i d   d e v i c e   b e i n g   p a r t i c u l a r l y   c h a r a c t e r i z e d   by  t h e   f a c t   t h a t  

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

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

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

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

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

1 3 0 ° ,  

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

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

of  t h e   r o t a t i o n a l   o r i e n t a t i o n   of  s a i d   r o t p r ,  

a  c i r c u m f e r e n t i a l   a r c   no  g r e a t e r   t h a n   a b o u t   50°   s e p a r a t e s  

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

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

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

p o r t   of  c o m m u n i c a t i o n   b e i n g   a d j a c e n t   to   end  of  a  cam  s u r f a c e  

s l o p e   l o c a t e d   n e a r e s t   s a i d   r o t o r   and  o p e n i n g   on  s a i d   s l o p e ,  



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

on  t h e   cam  s u r f a c e   s l o p e   f o r   c h a m b e r   c o m m u n i c a t i o n   o v e r   a n  

a r c   s u b s t a n t i a l l y   e q u a l   to   t h e   a r c   of  t h e   cam  s u r f a c e   s l o p e  

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

a t   l e a s t   s i x   c h a m b e r   s p a c e s   b e t w e e n   v a n e   m e m b e r s   of  s a i d   d e v i c e  

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

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

a l l   t i m e s   d u r i n g   r o t a t i o n   of  s a i d   r o t o r .  
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