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©  Free  piston  engine  having  a  hydraulic  power  transmission  mechanism. 

  A free  piston  engine  having  a  hydraulic  powertransmis- 
sion  mechanism.  The  engine  includes  at least  one  free  piston 
(11a,  11b,  11c,  11d)  adapted  to  reciprocate  linearly,  a  rotary 
piston  (33a)  rotatably  mounted  on  the  crank  pin  of  the 
crankshaft  (31)  to  rotate  about  the  crank  pin  and  a  hydraulic 
power transmission  system  (34a,  34b,  34c,  34d,  35).  One  end 
face  of  the  or  each  free  piston  is  exposed  to  pressure  of 
combustion  gas  or  compressed  gas,  whereas  the  other  end 
face  of the  same  is  exposed  to  hydraulic  pressure.  The  rotary 
piston  (33a)  has  the  contour  of  epitrochoidal  curve  as  seen  in 
the  cross-sectional  plane.  Working  hydraulic  medium  is  filled 
in  a  space  (35)  of  the  hydraulic  system  as  defined  between 
the  other  end  face  of  the  free  piston  and  the  rotary  piston  so 
as  to  convert  linear  reciprocable  movement  of the  free  piston 
(11a,  11b,  11c,  11d) to  rotational  movement  of the  crankshaft 
(31). 





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

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

m e c h a n i s m .  

An  o b j e c t   of  t h e   i n v e n t i o n   t o  

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

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

and  r e q u i r e s   l i t t l e   s p a c e .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   t o  

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

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

e f f i c i e n c y   w i t h   low  v i b r a t i o n .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   t o  

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

t r a n s m i s s i o n   m e c h a n i s m   w h i c h   can  be  m a n u f a c t u r e d   a t  

low  c o s t .  

A c c o r d i n g   to  the   i n v e n t i o n ,   t h e r e   is   p r o v i d e d  

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

m i s s i o n   m e c h a n i s m   c h a r a c t e r i s e d   by:  a t   l e a s t   one  f r e e  

p i s t o n   one  end  f a c e   of  which   is  e x p o s e d   to  p r e s s u r e   o f  

c o m b u s t i o n   gas  or  c o m p r e s s e d   gas  and  t he   o t h e r   end  f a c e  

of  w h i c h   i s   e x p o s e d   to  h y d r a u l i c   p r e s s u r e ,   s a i d   f r e e  

p i s t o n s   b e i n g   a d a p t e d   to  r e c i p r o c a b l y   move  in  a  c y l i n -  

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

a  c r a n k s h a f t   to  r o t a t e   a b o u t   t he   c r a n k   p i n ,   s a i d   r o t a r y  

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

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

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

f i l l e d   in  a  s p a c e   d e f i n e d   b e t w e e n   t he   o t h e r   end  f a c e   o f  

the   f r e e   p i s t o n   and  the   r o t a r y   p i s t o n   so  as  to  c o n v e r t  

l i n e a r   r e c i p r o c a b l e   movement   of  t h e   f r e e   p i s t o n   to  r o t a -  

t i o n a l   movemen t   of  t he   c r a n k s h a f t .  



O t h e r   o b j e c t s ,   f e a t u r e s   and  a d v a n t a g e s   o f  

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

f rom  r e a d i n g   of  t h e   f o l l o w i n g   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   of  t h e   i n v e n t i o n   in  c o n j u n c t i o n   w i t h   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 s .   1  (a)  to   (e)  a r e   a  s c h e m a t i c   s i d e  v i e w  

of  a  s i n g l e   k n o t   e p i t r o c h o i d a l   r o t a r y   b o d 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   how  i t   o p e r a t e s   in   t h e   h o u s i n g ;  

F i g s .   2  (a)  to  (e)  a r e   a  s c h e m a t i c   s i d e  

v i e w   of   a  c o m b i n a t i o n   of  r i n g   g e a r   and  p i n i o n   w h i c h  

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

p e r i p h e r y   of  t h e   r i n g   g e a r   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   how  t h e   p i n i o n   o p e r a t e s   in   t h e   r i n g  

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

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

p i n i o n   i s   2  :   1 ;  

F i g s .   3  (a)  to   (c)  a r e   a  s c h e m a t i c   s i d e  

v i e w   s i m i l a r   to   F i g s .   2  (a)  to   (e)  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   t h e   p i n i o n   o p e r a t e s   in   t h e  

r i n g   g e a r ,   w h e r e i n   a  r a t i o   of  d i a m e t e r   of   p i t c h  

c i r c l e   of   t h e   r i n g   g e a r   to  d i a m e t e r   of  p i t c h   c i r c l e  

of  t h e   p i n i o n   i s   5  :   4 ;  

F i g .   4  i s   a  v e r t i c a l   s e c t i o n a l   v i e w   of  a  

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

p i s t o n   t y p e   two  c y c l e   l i n e a r l y   r e c i p r o c a b l e   e n g i n e  

in  a c c o r d a n c e   w i t h   an  e m b o d i m e n t   of   t h e   i n v e n t i o n ;  

F i g .   5  i s   a  v e r t i c a l   s e c t i o n a l   v i ew   of  t h e  

f r e e   p i s t o n   e n g i n e   t a k e n   on  l i n e   A  -   A'  in  F i g .   4 ;  



F i g .   6  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e  

f r e e   p i s t o n   e n g i n e   t a k e n   on  l i n e   B  -   B'  in   F i g .   4 ;  

a n d  

F i g .   7  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   f r e e  

p i s t o n   e n g i n e   t a k e n   on  l i n e   C  -   C'  in   F i g .   4 .  

The  p r i n c i p l e   of   o p e r a t i o n   of   t h e   e n g i n e   i s  

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

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

of  t h e   c r a n k s h a f t   and   v i c e   v e r s a .  

As  i s   w e l l   k n o w n ,   t h e   m e t h o d   of  t r a n s m i t t i n g  

m o v e m e n t   of  t h e   p i s t o n   to   t h e   c r a n k s h a f t   has   b e e n  

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

e n g i n e .  

On  t h e   o t h e r   h a n d ,   t h e   p i s t o n s   in   t h e  

e n g i n e   of   t h e   i n v e n t i o n   a c t   as  f r e e   p i s t o n s   of  w h i c h  

one  end  f a c e   s e r v e s   as  c o v e r   f o r   i n h i b i t i n g   l e a k a g e  

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

An  e p i t r o c h o i d   r o t a r y   p i s t o n   to   be  d e -  

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

as  t h e   c r a n k s h a f t   r o t a t e s   and  i t s   e f f e c t i v e   v o l u m e  

v a r i e s   in  t h e   s i n e - c u r v e d   f a s h i o n .   When  p r e s s u r e  

i s   e x e r t e d   on  t h e   e p i t r o c h o i d   p i s t o n ,   t h e   c r a n k s h a f t  

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

a f o r e s a i d   p r e s s u r e   d e c r e a s e s .  



Now,  i t   i s   a s s u m e d   t h a t   one   of  b o t h   t h e  

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

t h e   r o t a r y   p i s t o n   and  t h e   o t h e r   one  of  t h e   same  i s  

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

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

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

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

w o r k i n g   l i q u i d   i s   k e p t   c o n s t a n t   a t   a l l   t i m e ,   i t   i s  

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

f r e e   p i s t o n   to   r o t a r y   m o v e m e n t   of  t h e   c r a n k s h a f t .  

T h i s   m e a n s   t h a t   the  f u n c t i o n i n g   is  s i m i l a r   to  t h a t   of  a  

c o n v e n t i o n a l   c o n n e c t i n g   r o d .  

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

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

below  wi th   r e f e r e n c e   to  F igs .   1  to  3  of  the   accompanying  d r a w i n g s .  

When  i t   i s   a s s u m e d   t h a t   a  r o t a r y   body   h a s  

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

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

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

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

of  t h e   c r a n k s h a f t   to   t h e   number   of  r e v o l u t i o n s   o f  

t h e   e p i t r o c h o i d a l   body   and  d i r e c t i o n   of  r o t a t i o n   b y  

e m p l o y i n g   a  t r a i n   of  p h a s e   g e a r s .   F u r t h e r ,   when  t h e  

e x t e n t   of   e c c e n t r i c i t y   of  t h e   e p i t r o c h o i d a l   r o t a r y  



body  is   e q u a l i z e d   to  an  e x t e n t   of  e c c e n t r i c i t y   o f  

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

r o t a r y   body  a c t s   as  a  r o t a r y   p i s t o n .   F i g .   1  s c h e -  

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

c h o i d a l   r o t a r y   body   is   r o t a t a b l y   m o u n t e d   on  t h e   c r a n k  

p i n   of  t h e   c r a n k s h a f t ,   w h e r e i n   a  m a r k  •   d e s i g n a t e s  

a  c e n t e r   of  r o t a t i o n   of  t h e   c r a n k s h a f t   and  a  mark   0  

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

b o d y .   F u r t h e r ,   r e f e r e n c e   l e t t e r   R  d e s i g n a t e s   a  

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

l e t t e r   e  d o e s   an  e x t e n t   of  e c c e n t r i c i t y .   When  t h e  

c r a n k s h a f t   r o t a t e s   by  one  r e v o l u t i o n   in   t h e   c l o c k w i s e  

d i r e c t i o n   as  shown  in  F i g s .   1  (a)  to  ( d ) ,   t h e   r o t a r y  

body  i s   c a u s e d   to   r o t a t e   a r o u n d   t h e   c r a n k   p i n   by  t w o  

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

w o r d ,   t h e   c r a n k s h a f t   r o t a t e s   in  t h e   c l o c k w i s e   d i -  

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

a n t i c l o c k w i s e   d i r e c t i o n   by  t h e   same  e x t e n t .   I t   s h o u l d  

be  n o t e d   t h a t   t h e   e p i t r o c h o i d a l   r o t a r y   body   c a r r i e s  

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

c r a n k s h a f t   d u r i n g   t h e i r   r o t a t i o n   as  m e n t i o n e d   a b o v e .  

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

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

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

p i s t o n .  

As  i s   w e l l   known  by  any  e x p e r t   in  t h e   a r t ,  

s e a l i n g   m e m b e r s   a d a p t e d   to  come  in   s l i d a b l e   c o n t a c t  



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

p i s t o n   b u t   to  t he   h o u s i n g   in   w h i c h   t h e   r o t a r y   p i s t o n  

is   a c c o m o d a t e d .  

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

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

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

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

D e s c r i p t i o n   w i l l   be  made  b e l o w   as  to   t h e  

p h a s e   g e a r s   w i t h   r e f e r e n c e   to  F i g s .   2  and  3 .  

As  shown  in  F i g .   2  w h i c h   s c h e m i c a l l y  

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

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

d e t e r m i n e d   to  1 /2   d t   comes   in   r o l l i n g   c o n t a c t   w i t h  

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

c i r c l e   of  w h i c h   d i a m e t e r   i s   d e t e r m i n e d   to  d t ,   t h e  

p i n i o n   i s   c a u s e d   to   r o t a t e   as  shown  in   F i g s .   2  ( a )  

to   (d)  when  i t   is   o p e r a t i v e l y   c o n n e c t e d   to  t h e   e p i t r o -  

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

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

r e q u i r e m e n t   as  m e n t i o n e d   w i t h   r e s p e c t   to   t h e   m o v e m e n t  

of  t h e   r o t a r y   p i s t o n   as  shown  in  F i g .   1.  ( In  o t h e r  

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

t h e   p i n i o n   in  F i g .   2  c o r r e s p o n d s   e x a c t l y   to  t h e   p h a s e  

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

r o t a r y   p i s t o n   in  F i g .   1 . )   In  t h e   i l l u s t r a t e d   c a s e  

d i f f e r e n c e   b e t w e e n   d i a m e t e r   dl   of  t h e   p i t c h   c i r c l e  

of  t h e   r i n g   g e a r   and  d i a m e t e r   ds  of  t h e   p i t c h   c i r c l e  



of  t h e   p i n i o n   i s   d e t e r m i n e d   t o  b e  t w o   t i m e s   as  wide   as  t h e  

e x t e n t   of  e c c e n t r i c i t y   e  of  t h e   e p i t r o c h o i d a l   r o t a r y  

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

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

N a m e l y ,   t h e   f o l l o w i n g   e q u a t i o n s   a r e   e s -  

t a b l i s h e d .  

S i n c e   t h e   d i m e n s i o n   of  ds  s h o u l d   be  d e -  

t e r m i n e d   l a r g e r   t h a n   t h e   d i a m e t e r   of  t h e   p i n   of  t h e  

c r a n k s h a f t ,   t h e r e   i s   a  l i m i t a t i o n   w i t h   r e s p e c t   t o  

t he   d i m e n s i o n a l   l o w e r   end  s i d e .   Once  t h e   d i m e n s i o n  

of  ds  i s   d e t e r m i n e d ,   t he   e x t e n t   of  e c c e n t r i c i t y   e  i s  

a u t o m a t i c a l l y   d e t e r m i n e d   f rom  b o t h   t h e   e q u a t i o n s   (1)  

and  ( 2 ) .  

H o w e v e r ,   i t   is   f o u n d   t h a t   d i m e n s i o n s   of  a n  

i d e a l   r o t a r y   p i s t o n   can  no t   a l w a y s   be  d e t e r m i n e d ,  

b e c a u s e   d e t e r m i n a t i o n   of  d i m e n s i o n s   d i ,   ds  and  e  

made  i n   t h a t   way  l e a d s   to  r e s t r i c t i o n   of  d e s i g n i n g  

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

d e t e r m i n a t i o n   of  t h i c k n e s s   of  t h e   r o t o r   in  t h e   a x i a l  

d i r e c t i o n ) ,   as  m e n t i o n e d   b e l o w .   A  c o u n t e r m e a s u r e  

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

In  p r i n c i p l e ,   i t   is   known  t h a t   a  v o l u m e  

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

e p i t r o c h o i d a l   r o t a r y   p i s t o n   i s   r e p r e s e n t e d   by  t h e  

f o l l o w i n g   e q u a t i o n ,   when  a  p l u r a l i t y   of  w o r k i n g  



c h a m b e r s   whose   n u m b e r   i s   r e p r e s e n t e d   by  Z  a r e  

f o r m e d   in   t h e   s p a c e   as  d e f i n e d   b e t w e e n   t h e   e p i t r o -  

c h o i d a l   r o t a r y   p i s t o n   and  the   c y l i n d e r   ( s e e ,   f o r  

i n s t a n c e ,   "The  W a n k e l   R  C  E n g i n e "   a u t h o r e d   by  R.  F .  

A n s d a l e ) .  

w h e r e   e:  e x t e n t   e c c e n t r i c i t y  

R:  g e n e r a t i o n   r a d i u s   of  e p i t r o c h o i d  

B:  l e n g t h   ( w i d t h )   as  m e a s u r e d   in   t h e   a x i a l  

d i r e c t i o n  

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

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

shown  in   F i g .   1,  t h e   number   of  Z  a m o u n t s   to  2.  T h u s ,  

t h e   e q u a t i o n   (3)  can   be  r e p r e s e n t e d   in   t h e   m o d i f i e d  

m a n n e r   as  n o t e d   b e l o w .  

A c c o r d i n g l y ,   when  t h e   e x t e n t   of   e c c e n t r i c i t y  

e  in   t h e   e q u a t i o n   (4)  i s   d e t e r m i n e d ,   t h e   v a l u e   of  R 

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

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

c o n s t a n t   K  (  =  R / e  )   more   t h a n   a  c e r t a i n   v a l u e .   T h u s ,  

t h e   v a l u e   of  B  c o u l d   become   e x c e s s i v e l y   s m a l l   f r o m  

t h e   v i e w p o i n t   of  m a n u f a c t u r i n g ,   when  a  c e r t a i n   v a l u e  

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



In  o r d e r   to   o b v i a t e   t he   f o r e g o i n g   p r o b l e m  

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

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

t i m e s   as  w i d e   as  t h e   d i a m e t e r   ds  of  p i t c h   c i r c l e   o f  

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

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

p i s t o n   c a r r i e s   o u t   m o v e m e n t   as  shown  in  F i g .   1.  T h i s  

can  be  a c h i e v e d   by  a l l o w i n g   t h e   g e a r   w h e e l   to  r o t a t e  

a t   a  c e r t a i n   r a t e   r e l a t i v e   to  t h e   c r a n k s h a f t   w i t h o u t  

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

In  t h i s   c a s e   i t   s h o u l d   be  n o t e d   t h a t   t h e   d i m e n s i o n a l  

r e l a t i o n   as  r e p r e s e n t e d   by  t h e   e q u a t i o n   ( 1 ) ,   t h a t   i s ,  

d t  -   ds  =  2e  i s   m a i n t a i n e d   u n c h a n g e d   a t   a l l   t i m e .  

Once  t h e   d i a m e t e r   ds  of  p i t c h   c i r c l e   o f  

t h e   p i n i o n   i s   d e t e r m i n e d   on  t h e   b a s i s   of  d i m e n s i o n   o f  

t he   c r a n k s h a f t   and  t h e   d i m e n s i o n   e  i s   d e t e r m i n e d   o n  

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

dl   of  p i t c h   c i r c l e   of   t h e   g e a r   w h e e l   i s   d e t e r m i n e d  

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

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

r e p r e s e n t e d   by  t h e   e q u a t i o n   ( 1 ) .   At  t h i s   moment   t h e  

e q u a t i o n   (2)  f a i l s   to  be  e s t a b l i s h e d   and  t h e r e f o r e  

d e c i s i o n   s h o u l d   be  made  as  to  a t   w h a t   r a t e   t h e   g e a r  

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

o r d e r   to  m a i n t a i n   t h e   o p e r a t i v e   r e l a t i o n   b e t w e e n   t h e  

p i n i o n   and  t h e   c r a n k s h a f t .  



N e x t ,   d e s c r i p t i o n   w i l l   be  made  b e l o w   a s  

to   an  e x a m p l e   of  t h e   a b o v e - m e n t i o n e d   r e l a t i o n   w i t h  

r e f e r e n c e   to  F i g .   3 .  

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

of  t h e   d i a m e t e r   dk  of  p i t c h   c i r c l e   of  t h e   g e a r   w h e e l  

( r i n g   g e a r )   to   t h e   d i a m e t e r   ds  of  p i t c h   c i r c l e   o f  

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

n o t e d   b e l o w .  

In  t h i s   c a s e   t h e   same  r e s u l t s   a r e   o b t a i n a b l e   as  t h e  

c a s e   w h e r e   t h e   a b o v e - m e n t i o n e d   r a t i o   i s   d e t e r m i n e d  

as  n o t e d   b e l o w ,   t h a t   i s ,  

w h i l e   t h e   g e a r   w h e e l   i s   c a u s e d   to  r o t a t e   in   t h e  

r e v e r s e   d i r e c t i o n   r e l a t i v e   to   t h e   c r a n k s h a f t ,   t h a t  

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

r e v o l u t i o n s   e q u a l   to  3 /4   t i m e s   as  h i g h   as  t h e   n u m b e r  

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

w h e r e   t h e   g e a r   w h e e l   i s   h e l d   i m m o v a b l y .   When  i t   i s  

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

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

s e g m e n t s   a r e   i d e n t i f i e d   by  P 1   P2,   P3  and  P4  a n d  

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

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

a r e   i d e n t i f i e d   by  P 1 ' ,   P 2 ' ,   P31 ,   P4'   and  P 5 ' ,   t h e  

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



As  t h e   c r a n k s h a f t   r o t a t e s   in   t h e   c l o c k w i s e   d i r e c t i o n ,  

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

d i r e c t i o n .   When  m o v e m e n t   i s   e f f e c t e d   f rom  t h e   p o s i t i o n  

as  shown  in   F i g .   3  (a)  to  t h e   p o s i t i o n   as  shown  i n  

F i g .   3  ( b ) ,   t h e   c r a n k s h a f t   r o t a t e s   a b o u t   t h e   c e n t e r  

C'  by  a n g l e   of  3 6 0 °  -   5  =  72°  and  t h e   p i n i o n   r o t a t e s  

a b o u t   t h e   c r a n k   p i n   C  by  an  a n g l e   of  7 2 °  -   9 0 °  =   - 1 8 ° ,  

t h a t   i s ,   r o t a t e s   by  an  a n g l e   of   18°  in   t h e   a n t i -  

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

to  r o t a t e   f u r t h e r   by  one  r e v o l u t i o n ,   t h e   p i n i o n   i s  

c a u s e d   to   r o t a t e   by  an  a n g l e   18°x   5  =  90°  in   t h e   a n t i -  

c l o c k w i s e   d i r e c t i o n .   Due  to  t h e   f a c t   t h a t   as  t h e  

c r a n k s h a f t   r o t a t e s   by  one  r e v o l u t i o n ,   t h e   p i n i o n  

r o t a t e s   by  one  r e v o l u t i o n   ( 3 6 0 ° )   in   t h e   c a s e   as  s h o w n  

in  F i g .   1,  i t   i s   r e q u i r e d   t h a t   t h e   g e a r   w h e e l   r o t a t e s  

by  an  a n g l e   of  2 7 0 ° ,   t h a t   i s ,   by  3 /4   r e v o l u t i o n   i n  

t h e   a n t i c l o c k w i s e   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 h e  

c r a n k s h a f t   by  one  r e v o l u t i o n   in   t h e   c l o c k w i s e   d i -  

r e c t i o n   in   t h e   c a s e   as  shown  in  F i g .   3  in   o r d e r   t h a t  

t h e   o p e r a t i v e   r e l a t i o n   b e t w e e n   b o t h   t h e   g e a r s   in   F i g .  

1  c o r r e s p o n d s   to  t h a t   in  F i g .   3.  When  a  r a t i o   o f  

d i a m e t e r   of  p i t c h   c i r c l e   of  t h e   g e a r   w h e e l   to  d i a m e t e r  

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



v a l u e   d i f f e r e n t   f rom  t h e   a b o v e - m e n t i o n e d   o n e ,   i t   i s  

n a t u r a l l y   r e q u i r e d   t h a t   t h e   g e a r   w h e e l   r o t a t e s   a t   a  

d i f f e r e n t   r a t e   of  r o t a t i o n .  

T h u s ,   t h e   same  r e s u l t s   as  t h o s e   in   F i g .   1 

a r e   o b t a i n a b l e   by  r o t a t i n g   t h e   g e a r   w h e e l   a t   a  

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

r a t i o   of   d i a m e t e r   of   p i t c h   c i r c l e   of   t h e   g e a r   w h e e l  

to   d i a m e t e r   of  p i t c h   c i r c l e   of  t h e   p i n i o n .  

N e x t ,   d e s c r i p t i o n   w i l l   be  made  b e l o w   as   t o  

a  h y d r a u l i c   c i r c u i t .  

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

s p a c e   f i l l e d   w i t h   h y d r a u l i c   med ium  in   t h e   a r e a   l o c a t e d  

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

r o t a r y   p i s t o n s   in   o r d e r   to  t r a n s m i t   g e n e r a t e d   p o w e r  

f rom  t h e   f r e e   p i s t o n s   to  t h e   r o t a r y   p i s t o n s .   T h e  

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

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

" w o r k i n g   h y d r a u l i c   c h a m b e r " .   T h i s   w o r k i n g   h y d r a u l i c  

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

(a)  E a c h   of  t h e   f r e e   p i s t o n s   f u n c t i o n s   to  i m p a r t  

t h r u s t   to  w o r k i n g   h y d r a u l i c   o i l   a t   a l l   t i m e   so  t h a t  

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

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

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

(b)  W o r k i n g   h y d r a u l i c   o i l   i s   r e p l a c e d   w i t h   n e w  

one  by  a  p r e d e t e r m i n e d   v o l u m e .  



T h e s e   r e q u i r e m e n t s   can   be  s a t i s f a c t o r i l y  

met   by  m e a n s   of  t h e   f o l l o w i n g   s t r u c t u r e .  

( a ' )   The  f r e e   p i s t o n   i s   so  d e s i g n e d   t h a t   t h e  

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

an  i n t e r m e d i a t e   r o d   i s   d e t e r m i n e d   s m a l l e r   t h a n   t h a t  

of   t h e   p i s t o n ' s   end  f a c e   w h i c h   i s   e x p o s e d   to  h y d r a u l i c  

p r e s s u r e .   The  i n t e r m e d i a t e   r o d   e x t e n d s   t h r o u g h   a n  

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

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

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

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

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

i s   t r a n s p o r t e d   f rom  an  a c c u m u l a t o r   or  t h e   l i k e .   T h u s ,  

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

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

w o r k i n g   h y d r a u l i c   o i l .   As  a  r e s u l t   t h e   r e q u i r e m e n t  

(a)  can   be  met   s a t i s f a c t o r i l y .   T h i s   c y l i n d r i c a l  

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

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

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

( b ' )   As  o i l   in   t h e   w o r k i n g   h y d r a u l i c   c h a m b e r   i s  

e x t r a c t e d   t h e r e f r o m   by  m e a n s   of   a  m e t e r i n g   pump  i n  

o r d e r   to  m e e t   t h e   r e q u i r e m e n t   ( b ) ,   t h e   l o w e r   end  o f  

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

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

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

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



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

by  way  of  a  h y d r a u l i c   o i l   p a s s a g e   in   t h e   c y l i n d e r  

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

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

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

w h i c h   a c t s   a g a i n s t   gas   p r e s s u r e .   At  t h i s   momen t   a  

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

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

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

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

l o w e r   p o s i t i o n a l   l i m i t .   As  a  r e s u l t   t h e   r e q u i r e m e n t  

(b)  c an   be  met   s a t i s f a c t o r i l y .  

P r i n c i p l e   of   o p e r a t i o n   and  s t r u c t u r e   o f  

t h e   e n g i n e   of  t h e   i n v e n t i o n   can   be  a p p l i e d   to  a  

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

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

s i t e l y   l o c a t e d   p i s t o n   t y p e   two  c y c l e   d i e s e l   e n g i n e  

w i l l   be  e m p l o y e d   b e l o w   as  t y p i c a l   e x a m p l e .   As  i s  

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

many  a d v a n t a g e o u s   f e a t u r e s   s u c h   as  no  n e c e s s i t y   f o r  

v a l v e   m e c h a n i s m ,   e x c e l l e n t   d y n a m i c   b a l a n c e ,   e x c e l l e n t  

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

s u p e r c h a r g i n g   by  a d j u s t i n g   r e l a t i v e   p h a s e   of   t h e  

o p p o s i t e l y   l o c a t e d   p i s t o n s   or  t h e   l i k e .   On  t h e   o t h e r  

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

c r a n k s h a f t s ,   a  t r a i n   of   g e a r s   f o r   o p e r a t i v e l y   c o n -  

n e c t i n g   t h e   c r a n k s h a f t s   to  one  a n o t h e r   or  t h e   l i k e .  



H o w e v e r ,   t h e   f o r e g o i n g   d r a w b a c k s   can   be  o b v i a t e d   b y  

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

w h i c h   w i l l   be  d e s c r i b e d   n e x t .  

Now,  t h e   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d  

in  a  g r e a t e r   d e t a i l   h e r e u n d e r   w i t h   r e f e r e n c e   to  F i g s .  

4  to  7  w h i c h   s c h e m a t i c a l l y   i l l u s t r a t e   a  p r e f e r r e d  

e m b o d i m e n t   t h e r e o f .  

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

h o u s i n g   10  in   w h i c h   c y l i n d e r s   12a  and  12b  a r e   f i t t e d .  

I n t a k e   h o l e s   on  b o t h   t h e   c y l i n d e r s   12a  and  12b  a r e  

c o m m u n i c a t e d   w i t h   a  s c a v e n g i n g   p i p e   13 ,   w h e r e a s   e x -  

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

e x h a u s t   p i p e   14.   The  m i d d l e   p a r t   of  e a c h   of  t h e  

c y l i n d e r s   12a  and  12b  i s   s u r r o u n d e d   by  a  c o o l i n g   w a t e r  

p a s s a g e   15.   As  w i l l   be  b e s t   s e e n   f rom  F i g .   6,  t h e  

m i d d l e   p a r t s   of  t h e   c y l i n d e r s   12a  and  12b  a r e   c o m m u n i -  

c a t e d   w i t h   p r e - c o m b u s t i o n   c h a m b e r s   17a  and  1 7 b .  

An  i n t e r m e d i a t e   w a l l   1 9 a ,   a  t o p   h o u s i n g   50  

and  a  t o p   c o v e r   51  a r e   a r r a n g e d   one  a b o v e   a n o t h e r   o n  

t h e   c y l i n d e r   h o u s i n g   10,   w h e r e a s   an  i n t e r m e d i a t e   w a l l  

19b  and  an  o u t p u t   s e c t i o n   h o u s i n g   30  a r e   a r r a n g e d  

b e l o w   t h e   l o w e r   end  of  t h e   c y l i n d e r   h o u s i n g   10.  T h e  

top   c o v e r   51,   t h e   t o p   h o u s i n g   50,  t h e   i n t e r m e d i a t e  

w a l l   1 9 a ,   t h e   c y l i n d e r   h o u s i n g   10,   t h e   i n t e r m e d i a t e  

w a l l   19b  and  t h e   o u t p u t   s e c t i o n   h o u s i n g   a r e   f i r m l y  

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

53  to  b u i l d   an  i n t e g r a l   s t r u c t u r e .   The  t o p   h o u s i n g  

50  is   p r o v i d e d   w i t h   h y d r a u l i c   c y l i n d e r s   50a  and  5 0 b  



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

c y l i n d e r s   12a  and  1 2 b ,   w h e r e a s   t h e   o u t p u t   s e c t i o n  

h o u s i n g   30  i s   p r o v i d e d   w i t h   h y d r a u l i c   c y l i n d e r s   3 0 a  

and  30b  w h i c h   a r e   l o c a t e d   in   v e r t i c a l   a l i g n m e n t   w i t h  

t h e   c y l i n d e r s   12a  and  1 2 b .  

P i s t o n   p o r t i o n s   l l a ' ,   l l b '   l l c '   and  l l d '  

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

t h e   c y l i n d e r s   12a  and  12b  as  w e l l   as   t h e   c y l i n d e r s  

12a  and   12b  and  p i s t o n   p o r t i o n s   l l a " ,   l l b " ,   l l c "   a n d  

l l d "   a d a p t e d   to  be  e x p o s e d   to  h y d r a u l i c   p r e s s u r e  

a r e   a c c o m o d a t e d   i n   t h e   h y d r a u l i c   c y l i n d e r s   5 0 a ,   5 0 b ,  

30a  and   30b  of  b o t h   t h e   top   h o u s i n g   50  and   t h e   o u t p u t  

s e c t i o n   h o u s i n g   30.   The  p i s t o n   p o r t i o n s   as  m e n t i o n e d  

a b o v e   a r e   c o n n e c t e d   to  one  a n o t h e r   v i a   i n t e r m e d i a t e  

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

l l a ,   l l b ,   l l c   and   l l d   a r e   b u i l t .  

The  i n t e r m e d i a t e   w a l l s   19a  and  19b  h a v e  

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

r o d s   l l a o ,   l l b o ,   l l c o   and  l l d o   a r e   s l i d a b l y   d i s p l a c e d  

and  e a c h   of   t h e   h o l e s   i s   f i t t e d   w i t h   an  O - r i n g   f o r  

t h e   p u r p o s e   of  i n h i b i t i n g   an  o c c u r r e n c e   of   o i l  

l e a k a g e .  

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

35  i s   f o r m e d   in   t h e   s p a c e   as  d e f i n e d   b e t w e e n   t h e  

h y d r a u l i c   c y l i n d e r s   3 0 a ,   30b,   30c  and  30d  and  t h e  

i n t e r m e d i a t e   r o d s   l l a o ,   l l b o ,   l l c o   and  l l d o .   As  i s  

a p p a r e n t   f rom  F i g .   5,  e a c h   of  t h e   h y d r a u l i c   c h a m b e r s  



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

s u c h   as   a c c u m u l a t o r   o r  t h e   l i k e   ( n o t   s h o w n )  v i a   a n  

i n l e t   p o r t   1 8  a n d  a  h y d r a u l i c   p a s s a g e   3 5 '  e x t e n d i n g  

t h r o u g h   t h e   c y l i n d e r   h o u s i n g   10  i n   t h e   v e r t i c a l  

d i r e c t i o n .  

An  o u t p u t   s h a f t   31  e x t e n d s   t h r o u g h   t h e  

o u t p u t   s e c t i o n   c y l i n d e r   30  in   t h e   h o r i z o n t a l   d i -  

r e c t i o n   and  e p i t r o c h o i d   r o t a r y   p i s t o n s   33a  and  3 3 b  

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

o u t p u t   s h a f t   31.   The  one  r o t a r y   p i s t o n  3 3 a   d e f i n e s  

w o r k i n g   h y d r a u l i c   c h a m b e r s   3 4 a  a n d   34b  b e t w e e n   b o t h  

t h e  f r e e  p i s t o n s   l l b   and  1 1 d .  

The  o t h e r   r o t a r y   p i s t o n  3 3 b  d e f i n e s   w o r k i n g  

h y d r a u l i c   c h a m b e r s   34c  and  3 4 d  b e t w e e n  b o t h   t h e   f r e e  

p i s t o n s   l l a   and  1 1 c .  

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

c h a m b e r s   34a  and  3 4 c  i s   e x t r a c t e d  t h e r e f r o m   b y  a  

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

40a  f o r   t h e   p u r p o s e  o f  i n h i b i t i n g   an  o c c u r r e n c e   o f  

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

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

3 4 b  a n d   3 4 d  w h i c h   i s  e x t r a c t e d   t h e r e f r o m   in   t h e   s a m e  

m a n n e r .  

As  a  p r e d e t e r m i n e d   v o l u m e   of  o i l   in   t h e  

w o r k i n g   h y d r a u l i c   c h a m b e r s   34a  and   34b  i s   e x t r a c t e d  

by  o p e r a t i n g   t h e   m e t e r i n g   p u m p s  4 0 a  a n d   40b ,   t h e   i q  

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



t h e   r o t a r y   p i s t o n s .   When  t h e y   r e a c h   t h e   p r e d e t e r m i n e d  

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

h y d r a u l i c   c h a m b e r   35  i n t o   t h e  w o r k i n g   h y d r a u l i c  

c h a m b e r s   34a  and  34b  v i a   p a s s a g e   h o l e s   3 9 a l   and  3 9 b l .  

When  h y d r a u l i c   p r e s s u r e   b e c o m e s   e q u a l i z e d ,  

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

m o v e m e n t .   In  o r d e r   to  p r e v e n t   o i l   f r om  f l o w i n g   i n  

t h e   r e v e r s e   d i r e c t i o n   t h r o u g h   t h e   p a s s a g e   h o l e s   3 9 a l  

and  3 9 b l ,   n o n r e t u r n   v a l v e s   39a  and  39b  a r e   f i t t e d   i n  

t h e   p a s s a g e   h o l e s   3 9 a l   and  39  b l .   The  same  a r r a n g e -  

m e n t   i s   made  f o r   t h e   f r e e   p i s t o n s   l l a   and  l l c .  

In  t h e   d r a w i n g s   r e f e r e n c e   n u m e r a l s   2 0 a ,   2 0 b ,  

20c  and   20d  e a c h   d e s i g n a t e   a  r e s p e c t i v e   m e c h a n i c a l   s t o p  

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

m o v e m e n t   of   t h e   f r e e   p i s t o n s .   T h e s e   s t o p s   p r o v i d e  

o i l   b y - p a s s   h o l e s   n o t  t o  d i s t u r b  t h e  f l o w .  

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

t h e   m e t e r i n g   pump  p e r   one   c y c l e   of  t h e   f r e e   p i s t o n  

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

of   t h e   w o r k i n g   h y d r a u l i c   c h a m b e r ,   i t   can   be  c o n s i d e r e d  

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

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

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

of   t h e   r o t a r y   p i s t o n s ,   t h a t   i s ,   r o t a t i o n   of  t h e  

c r a n k s h a f t .   A l t h o u g h   t h e   r o t a r y   p i s t o n s   33a  and  3 3 b  

p r o d u c e   p h a s e   d i f f e r e n c e   to  some  e x t e n t   f o r   t h e  

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



l l b   l o c a t e d   o p p o s i t e   to  one  a n o t h e r   a r e   c a u s e d   t o  

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

away  f r o m   one  a n o t h e r .  

The  r o t a r y  p i s t o n s   33a  a n d  3 3 b   a r e   p r o v i d e d  

w i t h   p h a s e   g e a r s   38a  and  38b  in   t h e  f o r m   of   p i n i o n  

a t   t h e   o u t e r   e n d  p a r t  o f   t h e i r   a x i a l  e x t e n s i o n .   T h e  

p i n i o n s   3 8 a  a n d   38b  mesh   w i t h   p h a s e   g e a r s   37a  a n d  

37b  ( h a v i n g   a  l a r g e r   d i a m e t e r )   i n  t h e   f o r m   of  r i n g  

g e a r   a l o n g  t h e   i n n e r   p e r i p h e r y   o f  t h e   l a t t e r .   T h e  

g e a r s   37a  and  37b  a r e   r o t a t a b l y  m o u n t e d  i n   s u c h   a  

m a n n e r   as  to  r o t a t e  r e l a t i v e   to  t h e   o u t p u t   s h a f t   3 1 .  

F u r t h e r ,   t h e  g e a r s  3 7 a  a n d   3 7 b  m e s h   w i t h  g e a r s   36d  a n d  

36e  w h i c h   a r e   f i x e d l y   m o u n t e d   o n  a n   a u x i l i a r y   s h a f t  

32  e x t e n d i n g   in   p a r a l l e l   w i t h   t h e   o u t p u t   s h a f t   3 1 .  

A n o t h e r   g e a r   36c  f i x e d l y   m o u n t e d   on  t h e   a u x i l i a r y  

s h a f t   3 2  i s   b r o u g h t  i n  m e s h i n g  e n g a g e m e n t  w i t h   a  

g e a r  3 6 a   f i x e d l y   m o u n t e d   on  t h e   o u t p u t   s h a f t   31  v i a  

an  i n t e r m e d i a t e   g e a r   36b .   A  s e r i e s   of   s p e e d   r e d u c t i o n  

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

as  d e f i n e d   b e t w e e n   t h e   s i d e   c o v e r s   41a  and  41b  f o r  

t h e   w o r k i n g   h y d r a u l i c   c h a m b e r s   and  t h e   end  c o v e r s   4 2 a  

and  4 2 b .  

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

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

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

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

i n v e n t i o n  w i l l  b e   d e s c r i b e d  b e l o w .  



(1)  The  e n g i n e   of   t h e   i n v e n t i o n   has   t h e   f o l l o w -  

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

o p p o s i t e l y   l o c a t e d   p i s t o n   t y p e   two  c y c l e   d i e s e l   e n g i n e .  

1)  The  n u m b e r   of   c r a n k s h a f t s   c an   be  r e d u c e d  

f rom  2  to   1.  F u r t h e r ,   s i n c e   a  d i s t a n c e   o f  

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

in   t h e   same  way  as  in   t h e   c a s e   of  W a n k e l  

e n g i n e ,   t h e   c r a n k s h a f t   can   be  c o n s t r u c t e d  

in   t h e   s t r u c t u r e   h a v i n g   an  e x c e l l e n t l y   h i g h  

m e c h a n i c a l   s t r e n g t h .  

2)  The  e n g i n e   of   t h e   i n v e n t i o n   d o e s   n o t  

r e q u i r e   a  t r a i n   of   c o n n e c t i o n   g e a r s   a r r a n g e d  

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

t h e   c o n v e n t i o n a l   e n g i n e .  

3)  Any  c o n n e c t i n g   rod   f o r   o p e r a t i v e l y   c o n n e c t -  

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

4)  S i n c e   v o l u m e r i c   v a r i a t i o n   of   t h e   r o t a r y  

p i s t o n   i s   a c h i e v e d   in   t h e   s i n e - c u r v e d  

p a t t e r n ,   no  h a r m o n i c   c o m p o n e n t   i s   p r o d u c e d  

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

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

r e m a r k a b l y .  

(2)  In  t h e   c a s e   w h e r e   t h e   p o w e r   t r a n s m i s s i o n  

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

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

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

b u t   in   t h e   two  p a r a l l e l - t w o   s e r i e s   t y p e .   T h i s   l e a d s  



to   an  a d v a n t a g e   t h a t   t h e   l e n g t h   of  t h e   e n g i n e   c a n  

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

s h a f t   w i t h   g e n e r a t i o n   of  v i b r a t i o n   b e i n g   m i n i m i z e d .  

W h i l e   t h e   p r e s e n t   i n v e n t i o n   has   b e e n  

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

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

t h a t   i t   s h o u l d   n o t   be  l i m i t e d   o n l y   to   t h i s   b u t   v a r i o u s  

c h a n g e s   or  m o d i f i c a t i o n s   may  be  made  in   any   a c c e p t a b l e  

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

of  t h e   i n v e n t i o n .  



1.  A  f r e e   p i s t o n   e n g i n e   h a v i n g   a  h y d r a u l i c   power   t r a n s -  

m i s s i o n   m e c h a n i s m   c h a r a c t e r i s e d   b y :  

a t   l e a s t   one  f r e e   p i s t o n   ( l l a , l l b , l l c , l l d )   one  e n d  

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

or  c o m p r e s s e d   gas   and  t h e   o t h e r   end  f a c e   of  w h i c h   i s   e x -  

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

l l b , l l c , l l d )   b e i n g   a d a p t e d   to  r e c i p r o c a b l y   move  in  a  

c y l i n d e r   ( 1 2 a , 1 2 b ) ;  

a  r o t a r y   p i s t o n   ( 3 3 a , 3 3 b )   r o t a t a b l y   m o u n t e d   on  a  

c r a n k   p i n   of  a  c r a n k s h a f t   (31)  to   r o t a t e   a b o u t   t h e   c r a n k  

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

e p i t r o c h o i d a l   c u r v e   as  s e e n   in  t h e   c r o s s - s e c t i o n a l  

p l a n e ;   a n d  

a  h y d r a u l i c   power   t r a n s m i s s i o n   s y s t e m   ( 3 4 a , 3 4 b , 3 4 c ,  

3 4 d , 3 5 )   h a v i n g   w o r k i n g   h y d r a u l i c   med ium  f i l l e d   in  a  

s p a c e   d e f i n e d   b e t w e e n   t h e   o t h e r   end  f a c e   of  t h e   f r e e  

p i s t o n   ( l l a , l l b , l l c , l l d )   and  the   r o t a r y   p i s t o n   ( 3 3 a , 3 3 b )  

so  as  to  c o n v e r t   l i n e a r   r e c i p r o c a b l e   m o v e m e n t   of  t h e  

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

t h e   c r a n k s h a f t   ( 3 1 ) .  

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

t h e   or  e a c h   f r e e   p i s t o n   ( l l a , l l b , l l c , l l d )   i s   so  d e s i g n e d  

t h a t   t h e   d i a m e t e r   of  t h e   i n t e r m e d i a t e   p a r t   t h e r e o f   c o n -  

s t i t u t i n g   an  i n t e r m e d i a t e   rod  ( l l a o , l l b o , l l c o , l l d o )   i s  

d e t e r m i n e d   s m a l l e r   t h a n   t h a t   of  t h e   p i s t o n ' s   end  f a c e  

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

a t e   rod   e x t e n d i n g   t h r o u g h   an  o p e n i n g   of  an  i n t e r m e d i a t e  

w a l l   ( 1 9 a , 1 9 b )   w h e r e b y   a  c y l i n d r i c a l   s p a c e   (35)   i s   f o r m -  

ed  b e t w e e n   the   i n n e r   w a l l   of  t h e   h y d r a u l i c   c y l i n d e r   a n d  

t h e   i n t e r m e d i a t e   r o d ,   s a i d   c y l i n d r i c a l   s p a c e   (35)   b e i n g  

s u p p l i e d   w i t h   p r e s s u r i z e d   h y d r a u l i c   med ium  h a v i n g   a  p r e -  



d e t e r m i n e d   p r e s s u r e   w h i c h   is  t r a n s p o r t e d   f rom  a n  a c c u m u -  

l a t o r   or  t he   l i k e ,   so  t h a t   t he   f r e e   p i s t o n   i s   a f f e c t e d  

by  p r e s s u r e   w h i c h   is   e f f e c t i v e   in  s u c h   a  d i r e c t i o n   as  t o  

i m p a r t   t h r u s t   to   t he   w o r k i n g   h y d r a u l i c   m e d i u m .  
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