
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  0 3 5   8 6 7  

A 2  

(12 EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81300895.0 

©  Date  of  filing:  04.03.81 

©  int.  ci.3:  F  16  H  23 /02  
F  01  B  3/02 
//F02B75/26,  F04B1/12  

©  Priority:  11.03.80  GB  8008264 
02.12.80  GB  8038546 

©  Date  of  publication  of  application: 
16.09.81  Bulletin  81/37 

©  Designated  Contracting  States: 
DE  FR  GB  IT 

CM 
<  

i s  
O  
00 

in  
CO 
o  

QL 
111 

©  Wabbler  plate  engine  mechanisms. 

The  invention  relates  to  wabbler  plate  engine  mechan- 
isms.  One  such  mechanism  has  a  wabbler  plate  (16)  rotatably 
mounted  on  a  wabbler  carrier  (12)  which  is  in  turn  inclinably 
mounted  on  a  crankshaft  (2)  in  a  crankcase  (6).  The  wabbler 
plate  (16)  has  a  plurality  of  arms  (20)  which  are  coupled  to 
pistons  (24)  slidably  mounted  in  cylinders  (22)  arranged 
around  the  axis  of  the  crankshaft  (2).  As  the  crankshaft  (2) 
rotates,  each  arm  (20)  oscillates  laterally  relative to  its  respec- 
tive  piston  (24)  and  a  stabilizer  mechanism  comprising  ball 
races  (32, 34)  on  the  wabbler  plate  and  a  ball  carrier  (36)  on  the 
crankcase  (6),  is  included  to  prevent  the  oscillations  from 
unbalancing  the  mechanism.  This  construction  is  quite  satis- 
factory  but  is  not  readily  adaptable  to  provide  for  variable 
displacement.  Attempts  have  been  made  to  incorporate  this 
facility,  but  a  successful  solution  has  not  yet  been  found. 

In  order  to  provide  a  variable  displacement  facility  in  an 
engine  mechanism  of  the  above  kind,  the  present  invention 
incorporates  means  (44)  for  shifting  the  rotational  axis  of  the 
wabbler  plate  (16)  along  the  axis  of the  crankshaft  (2),  and  the 
ball  carrier  (36)  parallel  thereto,  while  simultaneously  altering 
the  angle  between  the  crankshaft  axis  and  the  wabbler  carrier 
(12)  to  vary  the  stroke  of  the  mechanism.  The  invention  also 
provides  for the  effective  lengths  of  the  ball  races  (32, 34)  to  be 
variableto  accommodatethe  alteration  of said  angle. 



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

m e c h a n i s m s   and   h a s   as  i t s   aim  to  i n t r o d u c e   a  v a r i a b l e  

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

and  p r e s e r v e s   t h e   s t a b i l i t y   of  t he   m e c h a n i s m .   S u c h  

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

e n g i n e s   and  in   p u m p s .  

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

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

a x i s ,   and  c o u p l e d   to   arms  of  a  w a b b l e r   p l a t e   r o t a t a b l y  

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

on  a  c r a n k s h a f t .   As  t h e   c r a n k s h a f t   r o t a t e s ,   e a c h   p i s t o n  

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

T h e s e   m e c h a n i s m s   a r e   known  f o r   e x a m p l e   f r o m   U . S . P a t e n t  

No.2   258  127  to   A l m e n .   The  m e c h a n i s m   d e s c r i b e d   in  t h a t  

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

p l a t e   m e c h a n i s m s ,   p a r t i c u l a r l y   t h a t   of  s t a b i l i z i n g   t h e  

m e c h a n i s m   w h i l e   p e r m i t t i n g   t h e   w a b b l e r   p l a t e   arms  t o  

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

to  t h e   a x i s   t h e r e o f .   Almen  d e s c r i b e s   t h e   p r o v i s i o n   o f  

b a l l   r a c e s   on  c u r v e d   s u r f a c e s   of  t h e   w a b b l e r   p l a t e   a n d  

c r a n k c a s e   w h i c h   c o n f i n e   a  b a l l   at   t he   i n t e r s e c t i o n   t h e r e o f .  

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

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

can  n e v e r   b e c o m e   d i s p l a c e d .  T h e   Almen  m e c h a n i s m   i s   q u i t e  



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

to   v a r i a b l e   d i s p l a c e m e n t .  

The  p r e s e n t   i n v e n t i o n   s e e k s   to   a d a p t   a  w a b b l e r  

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

in  U . S . P a t e n t   No.2   258  127 .   As  in   t h i s   p a t e n t ,   a  m e c h a n i s m  

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

c r a n k s h a f t   r o t a t a b l e   t h e r e i n ;   a  w a b b l e r   c a r r i e r   o b l i q u e l y  

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

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

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

t h e r e i n   a l o n g   a x e s   s u b s t a n t i a l l y   p a r a l l e l   t o   t h e   r o t a t i o n a l  

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

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

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

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

a  s t a b i l i z e r   m e c h a n i s m   o p e r a t i n g   b e t w e e n   t h e   w a b b l e r   p l a t e  

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

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

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

t h e   b a l l   r a c e s .   However   in   a d d i t i o n ,   means   a r e   p r o v i d e d  

f o r   s h i f t i n g   t h e   r o t a t i o n a l   a x i s   of   t h e   w a b b l e r   p l a t e   a l o n g  

t h e   a x i s   o f   t h e   c r a n k s h a f t ,   and   t h e   b a l l   c a r r i e r   on  t h e  

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



t h e   a n g l e   b e t w e e n   t h e   c r a n k s h a f t   a x i s   and  t h e   w a b b l e r   c a r r i e r  

to   v a r y   t h e   s t r o k e   of  t h e   e n g i n e   m e c h a n i s m .   F u r t h e r ,   t h e  

e f f e c t i v e   l e n g t h s   of   t h e   b a l l   r a c e s   of  t h e   s t a b i l i z e r  

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

s a i d   a n g l e .  

In  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 ,   t h e  

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

s h i f t i n g   means   b e i n g   o p e r a b l e   t o   s h i f t   t h e   c r a n k s h a f t  

r e l a t i v e   to  t h e   o u t p u t   s h a f t .   To  a c h i e v e   s i m u l t a n e o u s  

a l t e r a t i o n   of  t h e   w a b b l e r   c a r r i e r   a n g l e ,   t h e   c a r r i e r   i s  

c o u p l e d   by  a  f l e x i b l e   l i n k a g e   to   a  c o n n e c t i o n   f i x e d  

a x i a l l y   in   r e l a t i o n   to   t h e   c r a n k c a s e ,   t h e   l i n k a g e   c a u s i n g  

a l t e r a t i o n   of   s a i d   a n g l e   as  t h e   s h a f t s   a r e   s h i f t e d   r e l a t i v e  

to   one  a n o t h e r .   One  s u c h   l i n k a g e   c o m p r i s e s   l i n k s   p i v o t a l l y  

m o u n t e d   on  t h e   c o n n e c t i o n   and  p i v o t a l l y   c o u p l e d   to   t h e  

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

r e s p e c t   to   t h e   r o t a t i o n a l   a x i s   of  t h e   c r a n k s h a f t .  

A n o t h e r   s u c h   l i n k a g e   c o m p r i s e s   a  body   i n t e g r a l  

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

i a l l y   p a r a l l e l   to   t h e   r o t a t i o n a l   a x i s   of   t h e   w a b b l e r   p l a t e  

on  t h e   c a r r i e r ,   t h e   f i x e d   c o n n e c t i o n   s l i d a b l y   e n g a g i n g   t h e  

s l o t   to   c a u s e   a l t e r a t i o n   of   s a i d   a n g l e   upon  r e l a t i v e   a x i a l  

m o v e m e n t   of  t h e   b o d y   and  t h e   c o n n e c t i o n .   T h i s   a r r a n g e m e n t  

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

r e a s o n   t h a t   t he   c r a n k s h a f t   m u s t   n o r m a l l y   be  s l o t t e d   t o  

p e r m i t   t h e   c o n n e c t i o n   to   be  m o u n t e d   on  t h e   o u t p u t   s h a f t  



w h i l e   e n g a g i n g   t h e   s l o t   in   t h e   body   on  t h e   w a b b l e r  

c a r r i e r .  

The  s h i f t i n g   m e a n s   may  t a k e   a  n u m b e r   o f   f o r m s ,  

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

means   may  i f   d e s i r e d   be  c o u p l e d   to   t h e   o u t p u t   s h a f t   t o  

o b v i a t e   t h e   n e e d   f o r   an  a u x i l i a r y   power   s o u r c e   t o   e f f e c t  

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

d e s c r i b e d   h e r e i n   can   a l s o   be  a d j u s t e d   w h i l e   t h e y   a r e  

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

a u t o m a t i c   o p e r a t i o n .  

P r o v i s i o n   may  a l s o   be  made  in   m e c h a n i s m s   a c c o r d i n g  

to  t h e  i n v e n t i o n   f o r   a l t e r i n g   t h e   w a b b l e r   c a r r i e r   a n g l e  

i n d e p e n d e n t l y   o f   any  s h i f t i n g   of   t h e   w a b b l e r   p l a t e   a x i s .  

T h i s   e n a b l e s   t h e   s t r o k e   o f   t h e   m e c h a n i s m   t o   be  a d j u s t e d   b y  

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

p e r c e p t i b l e   l i m i t s . .  

The  v a r i a t i o n s   a f f o r d e d   by  t h e   p r e s e n t   i n v e n t i o n  

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

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

d e m a n d   c o n d i t i o n s .   F o r   t o w n   d r i v i n g   f o r   e x a m p l e ,   a n  

e n g i n e   e m b o d y i n g   t h e   i n v e n t i o n   can  be  a d j u s t e d   t o   m i n i m u m  

d i s p l a c e m e n t ,   w h i l e   t h e   e f f e c t i v e   c a p a c i t y   can  be  i n c r e a s e d  

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

can  be  a c h i e v e d .   A d j u s t m e n t   can  a l s o   be  made  w h i l e   a  



v e h i c l e   i s   in  m o t i o n ,   to   m a t c h   t h e   e n g i n e   to   t h e   v e h i c l e  

r o a d   l o a d   r e q u i r e m e n t s .  

The  i n v e n t i o n  w i l l   now  be  d e s c r i b e d   by  way  o f  

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

w h e r e i n : -  

F i g u r e   1  i s  a   l o n g i t u d i n a l   c r o s s - s e c t i o n   of  o n e  

e m b o d i m e n t   of  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   t h e   i n v e n t i o n ,  

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

p o s i t i o n ,   and  t h e   m e c h a n i s m   b e i n g   a t   maximum  d i s p l a c e m e n t ;  

F i g u r e   2  i s   a  v i e w   s i m i l a r   to   t h a t  o f   F i g u r e   1 ,  

b u t   s h o w i n g   t h e   m e c h a n i s m   a t   m in imum  d i s p l a c e m e n t ;  

F i g u r e   3  i s   a  t r a n s v e r s e   c r o s s - s e c t i o n   ( b u t   n o t  

in  a  t r u e   p o s i t i o n )   of  t h e   m e c h a n i s m   of   F i g u r e   1,  s h o w i n g  

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

m e c h a n i s m ;  

F i g u r e   4  shows  in  l o n g i t u d i n a l   c r o s s - s e c t i o n   a  

p o r t i o n   of   a  m e c h a n i s m   s i m i l a r   t o   t h a t   of  F i g u r e   1,  b u t  

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

c a r r i e r   a n g l e ;   a n d  

.  F i g u r e   5  i s   a  v i e w ,   s i m i l a r   to   t h a t   of  F i g u r e   1,  o f  

a n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n .  

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

h e a d   a s s e m b l y   i l l u s t r a t e d .   In  e a c h   c a s e ,   t h i s   may  be  o f  



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

i . e .   e n g i n e   o r   pump,   f o r   w h i c h   t h e   m e c h a n i s m   i s   to   be  u s e d .  

In  t h e   e n g i n e   m e c h a n i s m   of   F i g u r e s   1  t o   3,  a  

c r a n k s h a f t   2  i s   m o u n t e d   in   b e a r i n g s   4  on  a  c r a n k c a s e   6  a n d  

s l i d a b l y   c o u p l e d   t o   an  a n c h o r   member   8.  The  a n c h o r  

member   i s   m o u n t e d   in   r a d i a l   and  t h r u s t   b e a r i n g s   10  on  t h e  

c r a n k c a s e   6.  The  c r a n k s h a f t   2  s u p p o r t s   a  w a b b l e r   c a r r i e r  

12,   p i v o t a l l y   m o u n t e d   on  t r u n n i o n   p i n s   14.  An  a n n u l a r   w a b b l e r  

p l a t e   16  i s   m o u n t e d   in   t h r u s t   and  r a d i a l   b e a r i n g s   18  o n  

t h e   c a r r i e r   12  and  i n c l u d e s   a  p l u r a l i t y   of   a rms   20  ( i n  

t h i s   e m b o d i m e n t   f i v e )   e x t e n d i n g   r a d i a l l y   t h e r e f r o m .   A 

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

2,  w i t h   t h e i r   a x e s   p a r a l l e l   t h e r e t o ,   and  a  p i s t o n   24  i s  

r e c i p r o c a l l y   m o v a b l e   in   e a c h   c y l i n d e r .  

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

b o r e   26  h a v i n g   an  o p e n   end  d i r e c t e d   r a d i a l l y   i n w a r d s  

t o w a r d s   t h e   c r a n k s h a f t   a x i s .   T h i s   b o r e   26  s l i d a b l y  

r e c e i v e s   a  b e a r i n g   p i s t o n   28  to   w h i c h   an  arm  20  i s   c o u p l e d  

by  m e a n s   o f   a  l i t t l e   end  b e a r i n g   on  a  w r i s t   p i n   30.  As  t h e  

c r a n k s h a f t   2 ( a n d   w a b b l e r   c a r r i e r   12)  r o t a t e ,   e a c h   arm  2 0  

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

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

r a d i a l   f r e e d o m   a f f o r d e d   by  t h e   b e a r i n g   p i s t o n   28  i n   b o r e  

26,   and   t h e   t a n g e n t i a l   f r e e d o m   a f f o r d e d   by  t h e   d e s i g n e d  



end  f l o a t   on  w r i s t   p i n   30,  b e s t   shown  in  F i g u r e   3 .  

The  b e a r i n g   p i s t o n   28  and  w r i s t   p i n   30  a s s e m b l y  

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

e q u a l l y   to   a l l   c y l i n d e r s   22  f r o m   p i s t o n s   24  and  to   c r a n k -  

c a s e   6,  w i t h   t he   e x c e p t i o n   of  t h e   f r i c t i o n a l   t o r q u e  

g e n e r a t e d   by  the   b e a r i n g   s u r f a c e s .   To  c o u n t e r a c t   t h i s  

f r i c t i o n a l   t o r q u e ,   a  s t a b i l i z e r   m e c h a n i s m   is   i n c l u d e d .   T h i s  

m e c h a n i s m   c o n s i s t s   of   b a l l   r a c e s   32,  34  f o r m e d   in  j u x t a p o s e d  

c u r v e d   s u r f a c e s   of  t h e   w a b b l e r   p l a t e   16  and  a  b a l l   r a c e  

c a r r i e r   36  m o u n t e d   on  t h e   c r a n k c a s e   6  d i a m e t r i c a l l y  

o p p o s i t e   one  of  t h e   arms  20.  The  r a c e   34  in  t h e   b a l l   r a c e  

c a r r i e r   36  and  t h e   a x i s   of  t h e   c r a n k s h a f t   2  h a v e   a  common 

p l a n e ,   b u t   t h e   r a c e   34  i s   c o n c a v e   w i t h   r e s p e c t   t h e r e t o ,  

d e f i n i n g   t he   a r c   of  a  c i r c l e   w i t h   i t s   c e n t r e   a t   t h e  

i n t e r s e c t i o n   of  t he   c r a n k s h a f t   a x i s   and  t h e   a x i s   of  t h e  

t r u n n i o n   p i n s   14.  The  r a c e   32  on  t h e   wabb le r   p l a t e   16 

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

c r a n k s h a f t   2  and  w a b b l e r   c a r r i e r   12,  t h e   two  r a c e s   w i l l   o n l y  

be  a l i g n e d   when  t h e   e n g i n e   m e c h a n i s m   is   a t   i t s   t o p   (TDC) 

or  i t s   b o t t o m   (BDC)  d e a d   c e n t r e   p o s i t i o n .   At  a l l   o t h e r  

t i m e s   t h e   r a c e s   w i l l   be  m u t u a l l y   i n c l i n e d   and  t h e   s t a b i l i z e r  

m e c h a n i s m   is   c o m p l e t e d   by  a  b a l l   38  c o n f i n e d   b e t w e e n   t h e  

two  r a c e s   32,  34  w h e r e   t h e y   i n t e r s e c t   o r ,   in  t h e   e x t r e m e  

p o s i t i o n s ,   o v e r l a p .  



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

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

2  a x i a l l y   w i t h   r e s p e c t   t o   t h e   c r a n k c a s e   6,  and  f o r   s i m u l t a n -  

e o u s l y   a l t e r i n g   t h e   a n g l e   b e t w e e n   t h e   w a b b l e r   c a r r i e r   1 2  

and  t h e   c r a n k s h a f t   a x i s .   The  l a t t e r   a l t e r a t i o n   c h a n g e s  

t h e   s t r o k e   o f   t h e   p i s t o n s   24  w h i l e   t h e   f o r m e r   s h i f t s   t h e  

o s c i l l a t o r y   m o t i o n   o f   t h e   p i s t o n s   24  s u c h   t h a t   t h e i r  

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

The  s h i f t i n g   m e a n s   i n   t h e   e m b o d i m e n t   of   F i g u r e s   1  t o   3 

o p e r a t e s   as  f o l l o w s :  

The  m a i n   s h a f t   2  i s   s l i d a b l y   a x i a l l y   w i t h   r e s p e c t  

to   t h e   c r a n k c a s e   6  in   t h e   b e a r i n g s   4  and  in   t h e   a n c h o r  

member   8  i n   a  c l o s e   s l i d i n g   f i t .   T h r u s t   b e a r i n g   r i n g s   4 0  

and  42  a r e   f i x e d   t o   t h e   c r a n k s h a f t   2  and  a r e   r o t a t a b l y  

m o u n t e d   w i t h   r e s p e c t   t o   a  m e m b e r   44  by  means   of   t h r u s t  

b e i n g s   46  and  48.   The  m e m b e r   44  h a s  " a n   e x t e r n a l   s c r e w  

t h r e a d   50  w h i c h   m a t e s   w i t h   a  c o m p l e m e n t a r y   i n t e r n a l   s c r e w  

t h r e a d   52  f o r m e d  i n   t h e   c r a n k c a s e   6.  R o t a t i o n   of  t h e   m e m b e r  

44  w i t h   r e s p e c t   to   t h e   c r a n k c a s e   6  s h i f t s   t h e   c r a n k s h a f t  

2  a x i a l l y   w i t h i n   t h e   e n g i n e   m e c h a n i s m .   A  p i n i o n   g e a r   5 4  

i s   shown  f o r   e f f e c t i n g   t h i s   m o v e m e n t .   M a n u a l ,   e l e c t r i c ,  

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

t h i s ,   w i t h   o r   w i t h o u t   t h e   u s e   o f   t h e   p i n i o n   g e a r   54.   At  i t s  

o t h e r   e n d ,   to   t h e   r i g h t   as  s h o w n   in   F i g u r e s   1  and  2,  t h e  



c r a n k s h a f t   2  i s   s p l i n e d   to   an  o u t p u t   s h a f t   36,  t h i s   s p l i n e d  

c o u p l i n g   58  a c c o m m o d a t i n g   t h e   a x i a l   s h i f t   of   t h e   c r a n k s h a f t  

2  w i t h o u t   d i s p l a c i n g   a  f l a n g e   60  on  t h e   o u t p u t   s h a f t   56 

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

m o t o r   v e h i c l e .  

As  n o t e d   a b o v e ,   t h e   w a b b l e r   c a r r i e r   12  i s   p i v o t a l l y  

m o u n t e d   on  t h e   c r a n k s h a f t   2  by  t r u n n i o n   p i n s   14.   For   a n y  

g i v e n   a x i a l   p o s i t i o n   of   t h e   c r a n k s h a f t   2,  t h e   a n g l e   b e t w e e n  

t h e   w a b b l e r   c a r r i e r   12  and  t h e   c r a n k s h a f t   a x i s   i s   f i x e d  

by  a  f l e x i b l e   l i n k a g e   b e t w e e n   t h e   w a b b l e r   c a r r i e r   12  a n d  

t h e   a n c h o r   member   8 . w h i c h   p r e v e n t s   r e l a t i v e   r o t a t i o n  

t h e r e b e t w e e n .   The  a n c h o r   member   8  c a r r i e s   a  c o n n e c t i o n   62 

to   w h i c h   a  two  p i e c e   l i n k   64  i s   p i v o t a l l y   c o n n e c t e d   a t   o n e  

e n d .   At  i t s   o t h e r   end  t h e   l i n k   64  i s   p i v o t a l l y   c o n n e c t e d  

to   a  p i n   66  m o u n t e d   on  t h e   w a b b l e r   c a r r i e r   12.   An  i d e n t i c a l  

l i n k a g e   w i l l   n o r m a l l y   be  p r o v i d e d   on  t h e   o p p o s i t e   s i d e   of  t h e  

w a b b l e r   c a r r i e r  2 .   When  t h e   c r a n k s h a f t   2  i s   s h i f t e d   a x i a l l y  

t h e   l i n k   64  a l t e r s   t h e   a n g l e   of  t h e   w a b b l e r   c a r r i e r   12  

as  shown  in  F i g u r e   3.  The  d i m e n s i o n s   of   t h e   l i n k a g e   w i l l  

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

f o r   t h e   m e c h a n i s m .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   as  t h e   c r a n k s h a f t   2 

i s   s h i f t e d   a x i a l l y ,   so  mus t   t h e   b a l l   r a c e   c a r r i e r   36  t o  

e n s u r e   t h a t   t h e   c e n t r e   of   c u r v a t u r e   of   t h e   r a c e   34  r e m a i n s  



a t   t h e   i n t e r s e c t i o n   of   t h e   t r u n n i o n   p i n   14  and  c r a n k s h a f t  

2  a x e s .   To  p r o v i d e   t h i s   s y n c h r o n o u s   m o v e m e n t   t h e   b a l l  

r a c e   c a r r i e r   36  i s   s l i d a b l y   m o u n t e d   i n   t h e   c r a n k c a s e   6 

on  r a i l s   68  and  c o u p l e d   t o   t h e   c r a n k s h a f t   2  by  a  b e a r i n g  

m e m b e r   70.  The  b e a r i n g   member   70  r e c e i v e s   t h e   r i m   72  

of   a  b e a r i n g   r i n g   74  f i x e d   on  t h e   c r a n k s h a f t   2.  T h e  

b e a r i n g   r i n g   74  i s   p a r t   of   a  c o u n t e r w e i g h t   a s s e m b l y   f o r  

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

a  c o u n t e r w e i g h t   76.   T h u s ,   t h e   r e l a t i v e   a x i a l   p o s i t i o n s  

of   t h e   c r a n k s h a f t   2,  t h e   b a l l   r a c e   c a r r i e r   36  and  t h e  

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

t h e   m e c h a n i s m .  

.  Wi th   t h e   a l t e r a t i o n   o f   t h e   a n g l e   o f   t h e   w a b b l e r  

c a r r i e r   t h e   s t r o k e   of   e a c h   p i s t o n   24  i s   c h a n g e d ,   as  i s   t h e  

l e n g t h   of   t h e   a r c   r e q u i r e d   in   e a c h   of   t h e   b a l l   r a c e s   32 

and   34.   T h i s   m e a n s   t h a t ,   when  t h e   r a c e s   a r e   a l i g n e d   i n  

t h e   TDC  and  BDC  p o s i t i o n ,   t h e   b a l l   38  w i l l   o n l y   be  c o n f i n e d  

when   t h e   d i s p l a c e m e n t   (or   s t r o k e )   i s   a t   a  maximum.   A t  

o t h e r   d i s p l a c e m e n t s   t h e   b a l l   3 8  c o u l d   move  o u t   of   p o s i t i o n  

in   t h e   r a c e s   32  and   34  and  c a u s e   t h e   m e c h a n i s m   t o  s e i z e .  

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

l e n g t h   o f   t h e   r a c e s   32  and  34  when  t h e   s t r o k e   i s   r e d u c e d .  

As  s h o w n   in   F i g u r e s   1  to   3  a  l e a f   s p r i n g   78  e x t e n d s   i n t o  

e a c h   r a c e   32,   34  t o   r e s i l i e n t l y   u r g e   t h e   b a l l   38  t o w a r d s   t h e  



c e n t r e   o f   t h e   r e s p e c t i v e   r a c e .   Thus  f o r   t h e   m a x i m u m  

d i s p l a c e m e n t   s e t t i n g   shown  in  F i g u r e   1,  e a c h   l e a f   s p r i n g  

78  w i l l   be  f u l l y   e x t e n d e d   in  t h e   TDC  or  BDC  p o s i t i o n ,   w h i l e  

a t   m i n i m u m   d i s p l a c e m e n t ,   as  shown  in  F i g u r e   2,  o n l y   a  

m i n i m a l   f l e x u r e   ( i f   any)  of  t h e   l e a f   s p r i n g s   i s   r e q u i r e d  

in  t h e   TDC  or   BDC  p o s i t i o n s   to   p r e v e n t   t h e   b a l l   38  f r o m  

m o v i n g   t o   a  s e i z u r e   l o c a t i o n   in   t h e   r a c e s   32,  34.  As  t h e  

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

to   t h e   p l a n e   of  t h e   b a l l   r a c e   34  t h e   w a l l s   of   t h e   r a c e s  

32,  34  p r o v i d e   t h e   r e q u i s i t e   r e s i s t a n c e   and  t h e   l e a f   s p r i n g s  

78  a r e   n o t   r e q u i r e d   to   e x e r t   any  f o r c e .   A c c o r d i n g l y ,   t h e i r   , 

s t i f f n e s s   can   be  v e r y   low  b u t   t h e   s p r i n g   r a t e s   of  d i a g o n a l l y  

o p p o s e d   p a i r   of  s p r i n g s   mus t   be  s u b s t a n t i a l l y   e q u a l .   T h e  

s p r i n g s   78  p l a y  a   s e c o n d a r y   r o l e   w h i l e   t h e   e n g i n e   i s  

in  m o t i o n   a t   l e s s   t h a n   maximum  d i s p l a c e m e n t ,   b u t   t h e y   b e c o m e  

e s s e n t i a l   when  t h e   e n g i n e   i s   s t a t i o n a r y   and  t h e   b a l l   r a c e s  

32  and  34  a r e   a l i g n e d .   The  s t i f f n e s s   of   t h e   s p r i n g s   78  

is   a  f u n c t i o n  o f   t h e   s i z e   and  w e i g h t   of  b a l l   3 8 .  

In  t h e   m o d i f i c a t i o n   shown  in  F i g u r e   4,  p r o v i s i o n  

i s   made  f o r   a l t e r i n g   t h e   a n g l e   of   t h e   w a b b l e r   c a r r i e r   12  

w i t h o u t   s h i f t i n g   t h e   c r a n k s h a f t   2  or  a l t e r n a t i v e l y ,  

m a i n t a i n i n g   t h e   same  s t r o k e   f o r   t h e   p i s t o n s   24  w h i l e   s h i f t -  

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

of  t h e   m e c h a n i s m .   The  a n c h o r   member   8  i s   s u p p o r t e d   in  a  



member   80  h a v i n g   an  e x t e r n a l   s c r e w   t h r e a d   82  m a t i n g   w i t h  

a  c o m p l e m e n t a r y   i n t e r n a l   s c r e w   t h r e a d   84  in   t h e   c r a n k c a s e  

6.  A  r a c k   and  p i n i o n   g e a r   86  o p e r a b l e   f rom  o u t s i d e   t h e  

m e c h a n i s m   i s   o p e r a b l e   t o   r o t a t e   t h e   member   80  t o  

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

2.  O t h e r   means   may  be  u s e d   t o   s h i f t   t h e   member   80  i f  

d e s i r e d .   A x i a l   s h i f t i n g   o f   t h e   a n c h o r   member   8  h a s   t h e  

e f f e c t   of  i n c r e a s i n g   or   d e c r e a s i n g   t h e   s t r o k e   of   t h e  

m e c h a n i s m   w i t h o u t   c o m p e n s a t i o n   to   t h e   u n s w e p t   v o l u m e  

( i . e .   h e a d   v o l u m e ) .   F o r   e x a m p l e ,   i f   t h e   s t r o k e   i s   s l i g h t l y  

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

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

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

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

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

S t a b i l i z e r   b a l l   r a c e s   32  a n d  3 4   m u s t   be  i n c r e a s e d  

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

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

In  t h e   e m b o d i m e n t   of   F i g u r e   5,  t h e   m o u n t i n g   o f  

t h e   w a b b l e r   c a r r i e r   12  and  p l a t e   16  on  t h e   c r a n k s h a f t   2 ,  

and  t h e   c o u p l i n g   of   t h e   w a b b l e r   p l a t e   to   t h e   p i s t o n s   24  i s  

s u b s t a n t i a l l y   t h e   same  as  in   t h e   e m b o d i m e n t   of   F i g u r e s  

1  to   3  and  w i l l   n o t   be  d e s c r i b e d   a g a i n .   In  t h i s   e m b o d i m e n t  

t h o u g h ,   t h e   c r a n k s h a f t   2  i s   in   t h e   f o rm  of   a  c y l i n d e r  



s l i d a b l y   m o u n t e d   by  means   of   s p l i n e s   55  on  an  o u t p u t  

s h a f t   56  t h a t   e x t e n d s   t h e   l e n g t h   of   t h e   c r a n k c a s e   6 

s u p p o r t e d   in  b e a r i n g s   4  and  4 ' .   The  s h i f t i n g   means   f o r  

t h e   c r a n k s h a f t   c o m p r i s e s   a  c l u t c h e d   g e a r b o x   88  d r i v e n   b y  

a  g e a r   90  f i x e d   on  t h e   o u t p u t   s h a f t   56,   and  d r i v i n g   a  

member   92  a x i a l l y   f i x e d   in  r e l a t i o n   to   t h e   c r a n k c a s e   6 

and  t h e   o u t p u t   s h a f t   56  by  b e a r i n g s   94  and  96.  The  m e m b e r  

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

i n t e r n a l   s c r e w   t h r e a d   on  t h e   c r a n k s h a f t   2.  The  g e a r b o x  

88  h a s   a  l a y s h a f t   98  s u p p o r t i n g   a  g e a r   100  in   p e r m a n e n t  

mesh   w i t h   t h e   g e a r   90  and  a  c l u t c h   g e a r   102  m o v a b l e   a x i a l l y  

on  t h e   l a y s h a f t   98.  Fo r   any  g i v e n   d i s p l a c e m e n t   of  t h e  

m e c h a n i s m ,   t h e   c l u t c h   g e a r   l02   i s   in   mesh  w i t h   a  g e a r   l 0 4  

on  t h e   member   92,  t h e   r a t i o   b e t w e e n   t h e   g e a r   100  and  t h e  

g e a r   90  b e i n g   t h e   same  as  t h a t   b e t w e e n   t h e   c l u t c h   g e a r   1 0 2  

and  t h e   g e a r   104,   t h e r e b y   p r e v e n t i n g   r e l a t i v e   r o t a t i o n  

b e t w e e n   t h e   member   92  and  t h e   c r a n k s h a f t   2  and  f i x i n g   t h e i r  

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

c l u t c h   g e a r   l02  i s   s h i f t e d   so  t h a t   i t   d i s e n g a g e s   f rom  t h e  

g e a r   104  and  one  of  t h e   c o n e   c l u t c h e s   106  m a t e s   r e s p e c t i v e l y  

w i t h   one  of  t h e   g e a r s   l08   and  110 ,   n o r m a l l y   r o t a t i n g   f r e e l y  

on  t h e   l a y s h a f t   98,   w h i c h   a r e   in   p e r m a n e n t   mesh  w i t h  

g e a r s   112  and  114  on  t h e   member   92.  The  g e a r s   108 ,   110 ,   112  

and  114  a r e   so  s i z e d   t h a t   m o v e m e n t   of   t h e   c l u t c h   g e a r   102  t o  

t h e   r i g h t   as  shown  in  t h e   f i g u r e   c a u s e s   r e l a t i v e   r o t a t i o n  



of  t h e   m e m b e r   92  in   one  s e n s e   w i t h   r e s p e c t   to   t h e   c r a n k s h a f t  

2,  and  m o v e m e n t   t o   t h e   l e f t   in   t h e   o t h e r .   Such  r e l a t i v e  

r o t a t i o n   c a u s e s   t h e   c r a n k s h a f t   2  to  s h i f t   t o   t h e   l e f t   o r  

t h e   r i g h t   as  s h o w n .  

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

w a b b l e r   c a r r i e r   12  to   t h e   c r a n k s h a f t   a x i s ,   t h e   c a r r i e r   12  

h a s  a b o d y   116  f i x e d   t h e r e t o   w i t h   a  s l o t   118  f o r m e d   t h e r e i n  

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

t o  t h e   p l a n e   o f   t h e   c a r r i e r   12 .   A  p i n   120  f i x e d   w i t h   r e s p e c t  

to   t h e   o u t p u t   s h a f t   56  e n g a g e s   t h e   s l o t   118 ,   s l i d i n g  

t h e r e a l o n g   as  t h e   c r a n k s h a f t   2  i s   s h i f t e d ,   and  f o r c i n g   t h e  

a n g l e   t o   c h a n g e .   The  p o s i t i o n   of   t h e   s l o t   118  and  p i n   1 2 0  

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

t h e   s l o t   may  be  n o n - l i n e a r   in   c e r t a i n   c i r c u m s t a n c e s .   A 

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

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

1 2 .  

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

F i g u r e   5  i s   s i m i l a r   t o   t h a t   o f   F i g u r e s   1  t o   3  in   t h a t   b a l l  

r a c e s   32  and   34  a r e   p r o v i d e d   on  t h e   w a b b l e r   p l a t e   16  and   a  

b a l l   r a c e   c a r r i e r   36  b u t   t h e   m e a n s   f o r   v a r y i n g   t h e   e f f e c t i v e  

l e n g t h   o f   t h e   r a c e s   i s   d i f f e r e n t .   On  t h e   w a b b l e r   p l a t e   1 6 ,  

t h e   l e n g t h   o f   r a c e   32  i s   d e f i n e d   by  s t o p s   122  r u n n i n g   i n  

g u i d e s   1 2 4 ,   t h e   s t o p s   b e i n g   c o n t i n u o u s l y   u r g e d   to   t h e  

c e n t r e   o f   t h e   r a c e   by  s p r i n g s ' 1 2 6 .   S i m i l a r   m e a n s   m i g h t   b e  



e m p l o y e d   on  t h e   b a l l   r a c e   c a r r i e r   36,  b u t   a  more   d e f i n i t i v e  

d e v i c e   i s   e m p l o y e d   in  t h i s   e x a m p l e .   The  e f f e c t i v e   l e n g t h  

of  t h e   r a c e   34  i s   d e t e r m i n e d   by  s t o p s   128 ,   b u t   t h e  

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

c o u p l i n g   t o   t h e   m o v e m e n t   of  t h e   c r a n k s h a f t   2.  As  in   t h e  

e m b o d i m e n t   of   F i g u r e s   1  to   3  t h e   b a l l   r a c e   c a r r i e r   36  m o v e s  

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

a  d o u b l e   t h r e a d e d   s h a f t   130  t h r o u g h   a  n o n - l o c k i n g   s c r e w  

and  n u t   d r i v e   132 .   F o l l o w e r s   134  to   t h e   s h a f t   130  d r i v e   s t o p s  

128  v i a   p i n s   and  s h a p e d   s l o t s   136  to   s h o r t e n   or   l e n g t h e n  

t h e   b a l l   r a c e   34  in  a c c o r d a n c e   w i t h   t h e   s e n s e   of   r o t a t i o n  

of  t h e   s h a f t   1 3 0 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   many  of   t h e   f e a t u r e s  

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

o t h e r ,   b u t   as  a  r u l e ,   t h a t   of  F i g u r e   5  i s   more   e a s i l y  

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

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

s u i t e d   t o   more   l i g h t w e i g h t   s t r u c t u r e s .   E a c h   t h o u g h   e n a b l e s  

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

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

e n g i n e s   w h e r e   power   r e q u i r e m e n t s   c h a n g e   f r e q u e n t l y ,   e v e n  

d u r i n g   n o r m a l   u s e .  

M e c h a n i s m s   of  t h e   i n v e n t i o n   a l s o   h a v e   t h e   a b i l i t y  

t o b e   u s e d   in   t a n d e m ,   w i t h   two  or   more   m e c h a n i s m s   b e i n g  

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



s y s t e m .   I n  t h e   e m b o d i m e n t   o f   F i g u r e   5,  s u c c e s s i v e  

m e c h a n i s m s   may  be  m o u n t e d   on  a  s i n g l e  s h a f t   56.   In  t h e  

e m b o d i m e n t   of   F i g u r e s   1  t o   4,  s u c c e s s i v e  c r a n k s h a f t s  

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

may  a l s o   be  c o u p l e d   in   a  h o r i z o n t a l l y   o p p o s e d   a r r a n g e m e n t ,  

w i t h   c y l i n d e r s   22  b e i n g   a l i g n e d   w i t h   t h e i r   c o u t e r p a r t s  

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

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

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

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

a n g l e   o f   t h e   w a b b l e r  c a r r i e r   in   one   m e c h a n i s m   t o   be  c a p a b l e  

of   m a k i n g   t h a t   a n g l e   9 0 ° ,   t h a t   m e c h a n i s m   may  be  r e n d e r e d  

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

r a t i o .  

In  t h e   e m b o d i m e n t s   d e s c r i b e d ,   e a c h  o f   t h e   a d j u s t m e n t s  

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

and   f o r   a  m o t o r   v e h i c l e ,  e v e n   w h i l e   t h e   v e h i c l e   i s   in   m o t i o n .  

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

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

in   a  m a n n e r   w h i c h   c an   e a s i l y   be  e f f e c t e d  b e t w e e n   f o r   e x a m p l e  

town  u s e ,   m o t o r w a y   d r i v i n g   and   a c c e l e r a t i o n .  



1.  A  w a b b l e r   p l a t e   e n g i n e   m e c h a n i s m   c o m p r i s i n g   a  

c r a n k c a s e   (6)  h a v i n g   a  c r a n k s h a f t   (2)  r o t a t a b l e   t h e r e i n ;  

a  w a b b l e r   c a r r i e r   (12)  o b l i q u e l y   m o u n t e d   on  t h e   c r a n k s h a f t  

(2 ) ;   and  a  w a b b l e r   p l a t e   (16)  r o t a t a b l y   m o u n t e d   on  t h e  

c a r r i e r   ( 1 2 ) ;   a  p l u r a l i t y   of  c y l i n d e r s   (22)  a r r a n g e d   a r o u n d  

the   c r a n k s h a f t   (2)  w i t h   p i s t o n s   (24)  r e c i p r o c a l l y   m o v e a b l e  

t h e r e i n   a l o n g   axes   s u b s t a n t i a l l y   p a r a l l e l   to   t h e   r o t a t i o n a l  

a x i s   of  t h e   c r a n k s h a f t   ( 2 ) ,   t he   w a b b l e r   p l a t e   (16)  h a v i n g   a r m s  

(20)  e x t e n d i n g   r a d i a l l y   t h e r e f r o m   to  b e a r i n g s   (30)  c o u p l i n g  

each   arm  (20)  to   a  p i s t o n   (24)  each   b e a r i n g   (30)  p e r m i t t i n g  

l a t e r a l   m o v e m e n t   of  t h e   r e s p e c t i v e   arm  (20)  r e l a t i v e   to   t h e  

a x i s   of  t h e   p i s t o n   (24)  and  a  s t a b i l i z e r   m e c h a n i s m   o p e r a t i n g  

b e t w e e n   t he   w a b b l e r   p l a t e   (16)  and  t he   c r a n k c a s e   ( 6 )  

c o m p r i s i n g   b a l l   r a c e s   (32,   34)  f o rmed   in  j u x t a p o s e d   c u r v e d  

s u r f a c e s   of  t h e   w a b b l e r   p l a t e   (16)  and  a  b a l l   r a c e   c a r r i e r  

(36)  on  t h e   c r a n k c a s e   ( 6 ) ,   and  a  b a l l   (38)  c o n f i n e d   a t   t h e  

i n t e r s e c t i o n   of  t h e   b a l l   r a c e s   (32,  34 ) ,   CHARACTERISED  IN 

THAT  means   (44,  92)  a r e   p r o v i d e d   f o r   s h i f t i n g   t h e   r o t a t i o n a l  

a x i s   of  t h e   w a b b l e r   p l a t e   (16)  a l o n g   t he   a x i s   of   t h e  

c r a n k s h a f t   ( 2 ) ,   and  t h e   b a l l   r a c e   c a r r i e r   (36)  on  t h e   c r a n k -  

c a s e   (6)  p a r a l l e l   t h e r e t o ,   w h i l e   s i m u l t a n e o u s l y   a l t e r i n g   t h e  

a n g l e   b e t w e e n   t he   c r a n k s h a f t   a x i s   and  the   w a b b l e r   c a r r i e r  

(12)  to   v a r y   t he   s t r o k e   of  t h e   e n g i n e   m e c h a n i s m   AND  IN  THAT 

t h e   e f f e c t i v e   l e n g t h s   of  t he   b a l l   r a c e s   (32,   34)  of  t h e  



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

of   s a i d   a n g l e .  

2.  An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   C l a i m   1 

CHARACTERISED  IN THAT  t h e   c r a n k s h a f t   (2)  i s   s l i d a b l y  

c o u p l e d   to   an  o u t p u t   s h a f t   (56)  IN  T H A T  t h e   s h i f t i n g  m e a n s  

a r e   o p e r a b l e   to   s h i f t   t h e   c r a n k s h a f t   (2)  r e l a t i v e   t o   t h e  

o u t p u t   s h a f t   ( 5 6 ) ;  A N D  I N  T H A T  t h e   w a b b l e r   c a r r i e r   ( 1 2 )  

i s   c o u p l e d   by  a  f l e x i b l e   l i n k a g e   to   a  c o n n e c t i o n   (62,   1 2 0 )  

f i x e d   a x i a l l y   in   r e l a t i o n   to   t h e   c r a n k c a s e   ( 6 ) ,   t h e   l i n k a g e  

c a u s i n g   a l t e r a t i o n   o f   s a i d   a n g l e   as  t h e   s h a f t s   (2,  5 6 )  

a r e   s h i f t e d   r e l a t i v e   to   one  a n o t h e r .  

3.  An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   C l a i m   2 

FURTHER  CHARACTERISED  IN  T H A T  t h e   l i n k a g e   c o m p r i s e s   l i n k s  

(64)  p i v o t a l l y   m o u n t e d   on  t h e  c o n n e c t i o n   (62)  a n d  p i v o t a l l y  

c o u p l e d   to   t h e   w a b b l e r   c a r r i e r   (12)  a t   a  p o s i t i o n  

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

a x i s   of   t h e   c r a n k s h a f t   ( 2 ) .  

4.  An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   any  p r e c e d i n g   C l a i m  

CHARACTERISED  BY INCLUDING  m e a n s  f o r   a l t e r i n g   t h e   a n g l e  

b e t w e e n   t h e   c r a n k s h a f t   a x i s   and   t h e   w a b b l e r   c a r r i e r   ( 1 2 ) ,  

w i t h o u t   a x i a l l y   s h i f t i n g   t h e   r o t a t i o n a l   a x i s   of   t h e   w a b b l e r  

p l a t e   (16)  a l o n g   t h e   a x i s   of   t h e   c r a n k s h a f t   ( 2 ) ,   to   v a r y  

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

5.  An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   C l a i m   3  a n d  C l a i m  



4  CHARACTERISED  IN  THAT  t h e   a l t e r i n g   means   c o m p r i s e s   a  

s c r e w   t h r e a d e d   e l e m e n t   (80)  s u p p o r t i n g   t h e   c o n n e c t i o n  

(62)  a n d  m a t i n g  w i t h   a  c o r r e s p o n d i n g   t h r e a d   (84)  in  t h e  

c r a n k c a s e   ( 6 ) ;   and  means  f o r   r o t a t i n g   t h e   e l e m e n t   ( 8 0 )  

to  s h i f t   t h e   c o n n e c t i o n   (62)  a x i a l l y   w i t h   r e s p e c t   to  t h e  

c r a n k s h a f t   ( 2 ) .  

6.  An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   C l a i m   2 

FURTHER  CHARACTERISED  IN  THAT  t h e   l i n k a g e   c o m p r i s e s   a  b o d y  

(116)  i n t e g r a l   w i t h   t h e   w a b b l e r   c a r r i e r   (12)  d e f i n i n g   a  

s l o t   ( 1 1 8 ) ,   e x t e n d i n g   s u b s t a n t i a l l y   p a r a l l e l   to  t h e  

r o t a t i o n a l   a x i s   of  t h e   w a b b l e r   p l a t e   (16)  on  t h e   c a r r i e r  

( 1 2 ) ,   t h e   f i x e d   c o n n e c t i o n   (120)  s l i d a b l y   e n g a g i n g   t h e  

s l o t   (118)  to   c a u s e   a l t e r a t i o n   of  s a i d   a n g l e   upon  r e l a t i v e  

a x i a l   m o v e m e n t   of  t h e   body   (116)  and  t h e   c o n n e c t i o n   ( 1 2 0 ) .  

7.  An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   any  p r e c e d i n g  

C l a i m s   CHARACTERISED  IN  THAT  t h e   s h i f t i n g   means   c o m p r i s e s  

a  s c r e w   t h r e a d e d   member  (44)  m a t i n g   w i t h   a  c o r r e s p o n d i n g  

t h r e a d   (52)  in  t he   c r a n k c a s e   (6)  a r o u n d   t h e   c r a n k s h a f t  

a x i s   and  c o u p l e d   to   t h e   c r a n k s h a f t   ( 2 ) ;   and  means   f o r  

r o t a t i n g   t h e   member   (44)  to   s h i f t   t h e   c r a n k s h a f t   (2 )  

r e l a t i v e   to  t h e   c r a n k c a s e   ( 6 ) .  

8.  An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   any  of  C l a i m s   1 

to   6  CHARACTERISED  IN  THAT  t he   c r a n k s h a f t   (2)  i s   s l i d a b l y  

c o u p l e d   to   an  o u t p u t   s h a f t   ( 5 6 ) ,   AND  IN  THAT  t h e   s h i f t i n g  



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

on  t h e   c r a n k s h a f t   (2)  and  m a t i n g   w i t h   a  c o r r e s p o n d i n g  

t h r e a d   in  a  r o t a t a b l e   a u x i l i a r y   member   (92)  c o a x i a l   w i t h  

t h e   o u t p u t   s h a f t   (56)  b u t   f i x e d  a x i a l l y   r e l a t i v e   to   t h e  

o u t p u t   s h a f t   ( 5 6 ) ,   means   b e i n g   p r o v i d e d   f o r   i m p a r t i n g  

r e l a t i v e   r o t a t i o n   to   t h e   c r a n k s h a f t   (2)  and  a u x i l i a r y   m e m b e r  

(92)  to   c a u s e   r e l a t i v e   a x i a l  m o v e m e n t   of   t h e   c r a n k s h a f t  

( 2 ) ,   w i t h   r e s p e c t   to   o u t p u t   s h a f t   ( 5 6 ) ,   t h e   r o t a t i n g   m e a n s  

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

s h a f t   ( 5 6 ) .  

9.  An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   C l a i m   8 

CHARACTERISED IN  THAT  t h e   r o t a t i n g   means   c o m p r i s e s   a  c l u t c h e d  

g e a r   m e c h a n i s m   (88)  c o u p l e d   b e t w e e n   t h e   o u t p u t   s h a f t   ( 5 6 )  

and   t h e   a u x i l i a r y   member   ( 9 2 ) .  

10 .   An  e n g i n e   m e c h a n i s m   a c c o r d i n g   t o   any  p r e c e d i n g  

C l a i m ,   w h e r e i n   t h e  b a l l   r a c e s   (32,   34)  o f  t h e   s t a b i l i z e r  

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

CHARACTERISED  IN  THAT  r e s i l i e n t   means   (78,   122 ,   128)  a r e  

p r o v i d e d   a t   e i t h e r   end  o f . e a c h   g r o o v e   f o r   i n h i b i t i n g   f r e e  

m o v e m e n t   of  t h e   b a l l   a l o n g   t h e   r a c e s   (32,   34)  when  t h e  

r a c e s   a r e   a l i g n e d .  

l l .   An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   C l a i m   lO  FURTHER 

CHARACTERISED  IN  THAT  t h e   r e s i l i e n t   means   c o m p r i s e   l e a f  

s p r i n g s   ( 7 8 ) .  

12.   An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   any  of  C l a i m s   1  t o  

9  w h e r e i n   t h e   b a l l   r a c e s   (32,   34)  of  t h e   s t a b i l i z e r   m e c h a n i s m  



a r e   d e f i n e d   by  g r o o v e s   in  t he   r e s p e c t i v e   s u r f a c e s  

CHARACTERISED  IN  THAT  t h e   e f f e c t i v e   l e n g t h   of  t h e   g r o o v e  

in  t h e   b a l l   c o r n e r   (36)  i s   d e f i n e d   by  s t o p s   (128)  m o v a b l y  

m o u n t e d   in  t h e   g r o o v e   AND  IN  THAT  a  m e c h a n i c a l   l i n k a g e  

(130 ,   132)  i s   p r o v i d e d   b e t w e e n   t he   s t o p s   (128)  and  t h e  

c r a n k s h a f t   (2)  to   move  t he   s t o p s   (122)  s y n c h r o n o u s l y  

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

13.  An  e n g i n e   m e c h a n i s m   a c c o r d i n g   to   any  p r e c e d i n g  

C l a i m   i n c l u d i n g   a  c o u n t e r w e i g h t   member  (76)  r i g i d l y  

c o u p l e d   to   t h e   c r a n k s h a f t   (2)  CHARACTERISED  IN  THAT  t h e  

c o u n t e r w e i g h t   (76)  i s   c o u p l e d   to  t h e   s h i f t i n g   m e a n s  

to  p r e s e r v e   i t s   b a l a n c i n g   e f f e c t   in  t h e   m e c h a n i s m   a t   a l l  

d i s p l a c e m e n t   s e t t i n g s .  
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