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©  Crank  mechanism  of  the  internal  combustion  piston  engine  with  variable  crankthrow 
  The  invention  solves  the  problem  of  continuous  current 
changing  the  compression  ratio  within  a  wide  range  with 
simultaneous  changing  the  engine  capacity. 

The  essence  of  the  invention  consists  in  that  the  crank 
mechanism  comprises  an  eccentric  sleeve  (4)  being  an 
intermediate  element  between  the  connecting-rod  journal  (5) 
of  the  crankshaft  (6)  and  the  big  end  of  the  connecting-rod 
(2).  The  axis  of  the  internal  hole  of  the  sleeve  (4)  is  moved  in 
relation  to  the  axis  of  the  external  cylindrical  surface  of  the 
sleeve  (4)  by  the  eccentric  size  (e)  bigger  from  zero  and 
smaller  or  equal  to  30%  of  the  crankthrow  (R)  of  the 
crankshaft.  The  eccentric  sleeve  (4)  is  connected  with  a 
driving  gear  ensuring  the  angular  velocity  (ωm)  of  the  sleeve 
(4)  in  relation  to  the  connecting-rod  journal  (5)  of  the 
crankshaft  (6)  within  the  range  of  ± 1/2ω  up  to  ±ω,  where  (m) 
is  the  angular  velocity  of  the  crankshaft  (6). 

The  crank  mechanism  is  provided  also  with  a  control 
mechanism  (10)  of  the  angular  position  of  the  sleeve  (4)  by  a 
definite  angle  (a  o)  in  relation  to  the  crankthrow  (R)  of  the 
crankshaft  (6),  determined  at  such  a  position  of  the  crank- 
throw  (R)  in  which  the  piston  (1)  is  most  distant  from  the 
crankshaft. 



The  s u b j e c t   o f   t he   p r e s e n t   i n v e n t i o n   i s   a  

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

e n g i n e   w i t h   v a r i a b l e   c r e n k a t h r o w .  

T h o s e   s k i l l e d   in  t h e   a r t   know  f r o m   t h e   p u b l i -  

c a t i o n   "The   v a r i a b l e   s t r o k e   e n g i n e  -   i t s   p r o b l e m s  

end  p r o m i s e s "   by  D . C . S i e g l a ,   R o b e r t   M . S i e w e r t ,   SAE 

P a p e r   7 8 0 7 0 0 ,   1 9 7 8 ,   a  P o u l i o t   v a r i a b l e   s t r o k e   e n -  

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

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

n e c t o r .   The  a d d i t i o n a l   c o n n e c t i n g - r o d ,   w i t h   i t s  

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

c o u p l e s   t h e   c o n n e c t i n g - r o d   end  the   c o n n e c t o r ,   t h e  

o t h e r   end  of  w h i c h   i s   c o n n e c t e d   w i t h   a  s t r o k e   a d -  

j u s t i n g   s c r e w   end  i s   g u i d e d   b y  a   g u i d i n g   r o d .  

S u c h   an  e n g i n e   has   e  c o m p l e x   m e c h a n i s m   w i t h  

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

c o n s i d e r a b l e   t i m e s   of  t he   s t r o k e   c n p n p e .   B e s i d e s ,  

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

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

l y ,   b i g   and  h e a v y .  



The  o b j e c t   o f   t he   p r e s e n t   i n v e n t i o n   i s   to  a c h i e -  

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

m e n t   of   t h e   c o m p r e s s i o n   r a t i o   in   t h e   IC  p i s t o n   e n -  

g i n e .   The  t a s k   to  be  s o l v e d   i s   t he   d e s i g n i n g   o f  

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

The  c r a n k   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 ,  

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

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

d i s t i n g u i s h e d   by  t h a t   i t   i n c o r p o r a t e s   an  e c c e n t r i c  

s l e e v e   b e i n g   an  i n t e r m e d i a t e   e l e m e n t   b e t w e e n   t h e  

c o n n e c t i n g - r o d   j o u r n a l   of   t h e   c r a n k s h a f t   and  t h e  

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

h o l e   o f   t h e   s l e e v e   i s   moved   away  in   r e l a t i o n   to  t h e  

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

ve  by  t h e   e c c e n t r i c   s i z e   b i g g e r   f r o m   z e r o   and  s m p l -  

l e r   o r  e q u a l   to  30%  of   t h e   c r a n k t h r o w   of  t h e   c r a n k -  

s h a f t .  

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

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

of   t h e   e c c e n t r i c   s l e e v e ,   in   r e l a t i o n   to  t h e   c o n n e c t -  

i n g - r o d   j o u r n a l ,   o f   t he   v a l u e   OI  t h e   s l e e v e   a n g u -  
l a r   v e l o c i t y   in   t he   r a n g e   o f   p l u s ,   m i n u s   h a l f   t h e  

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

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

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

c r a n k s h a f t ,   d e t e r m i n e d   a t   s u c h   a  c r a n k t h r o w   p o -  
s i t i o n   in   w h i c h   the   p i s t o n   i s   m o s t   d i s t a n t   f r o m   t h e  
c r a n k s h a f t .  



The  f i r s t   d r i v i n g   g e a r   c o n s i s t s   o f   t h e   f i r s t  

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

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

t e r m e d i a r y   of  a  s e t   of  g e a r   w h e e l s .  

The  s e c o n d   d r i v i n g   g e a r   c o n s i s t s   o f   t h e   f i r s t  

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

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

t h e   e c c e n t r i c   s l e e v e   end  t h e   s e c o n d   w h e e l   o f   t h e  

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

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

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

mon  s h a f t   b e a r i n g - m o u n t e d   in   t h e   c r a n k s h a f t   a r m .  

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

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

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

w i t h   t n e   c r a n k s h a f t .  

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

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

o f   g e a r   w h e e l s .   The  f i r s t   w h e e l   of   t he   f i r s t   p a i r  

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

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

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 o s s i b i l i t y  
o f   c u r r e n t   c o n t i n u o u s   c h a n g i n g   the   c o m p r e s s i o n   r e -  
t i o   w i t h i n   a  wide   r a n g e   has   b e e n   a c h i e v e d ,   w i t h   a 
s i m u l t a n e o u s   c h a n g e   of   t h e   e n g i n e   c a p a c i t y .   B e s i -  

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

a c c o r d i n g   to  the   i n v e n t i o n   and  t he   f i r s t ,   t h e   s e -  
cond  and   t h e   t h i r d   c r a n k   m e c h a n i s m   t h e   p o s s i b i l i t y  



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

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

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

and  e a s y   c o n t r o l   do  n o t   p r e s e n t   any  d e s i g n   p r o b l e m s  

and  e n a b l e   a p p l y i n g   i t   i n   any  p i s t o n   e n g i n e s .  

The  s u b j e c t   of  t h e   i n v e n t i o n   i s   p r e s e n t e d   i n  

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

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

s h a f t   i n s i d e   c r a n k ,   f i g . 2  -   t h e   c r o s s - s e c t i o n   i n  

t h e   "W"  v i e w   of  t h e   c r a n k s h e f t   i n s i d e   c r a n k ,   f i g . 3  

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

f i g . 4  -   t h e   k i n e m a t i c   d i a g r a m   of   t h e   d r i v i n g   m e c h a n i s m  

of   t h e   e c c e n t r i c   i n   t h e   s i d e   v i e w ,   f i g . 5  -   t h e   k i n e -  

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

t r i c   a l o n g   t h e   a x i s   o f   t he   c r a n k s h a f t ,   f i g . 6  -   t h e  

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

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

de  v i e w ,   f i g . 7  -   t h e   k i n e m a t i c   d i a g r a m   of   t h e   d r i -  

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

m e c h a n i s m   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 ,   f i g . 8  

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

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

t h e   s i d e   v i e w ,   f i g . 9  -   t h e   k i n e m a t i c   d i a g r a m   of   t h e  

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

m e c h a n i s m   a l o n g   the   a x i s   o f   t h e   c r a n k s h a f t ,   f i g . 1 0  

-  t h e   k i n e m a t i c   d i a g r a m   of   t h e   d r i v i n g   m e c h a n i s m  

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

t h e   s i d e   v i e w ,   f i g . 1 1  -   t h e   k i n e m a t i c   d i a g r a m   of  t h e  

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

c r a n k   m e c h a n i s m   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 ,  



f i g . 1 2  -   t h e   k i n e m a t i c   d i a g r a m   of  t h e   c r a n k   m e c h a -  

n i s m ,   f i g . 1 3  -   t h e   k i n e m a t i c   d i a g r a m   of   p a r t i c u -  

l a r   p h a s e s   o f   t h e   f o u r - s t r o k e   e n p i n e   ( f o r  ω m  =  

=  +   1 / 2 ω   ),  f i g . 1 4  -   t h e   k i n e m a t i c   d i a g r a m   of   p a r -  

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

f i g . 1 5  -   t h e   k i n e m a t i c   d i a g r a m   of  t h e   f i f t h ,   s i x t h ,  

s e v e n t h ,   e i g h t h   m e c h a n i s m .  

E x a m p l e   of   r e a l i s a t i o n   I .   The  c r p n k   m e c h a n i s m  

shown  in   f i g s   1,  2,  3  of   t h e   d r a w i n g   c o m p r i s e s   a  

p i s t o n   1  c o n n e c t a d   w i t h   t h e   c o n n e c t i n g - r o d  2   by 

m e a n s   of  a  p i s t o n   p i n   3.  B e s i d e s ,   i t   c o m p r i s e s   a n  

e c c e n t r i c   s l e e v e   4  b e i n g   an  i n t e r m e d i a t e   e l e m e n t  

b e t w e e n   a  c o n n e c t i n g - r o d   j o u r n e l   5  of  t h e   c r a n k -  

s h a f t   6  and  t h e   b i g   e n d  o f  t h e   c o n n e c t i n g - r o d   2 .  

The  a x i s   of   t h e   i n t e r n a l   h o l e   of   t h e   s l e e v e  

4  i s   moved  in   r e l a t i o n   to  t h e   e x i s   of   t h e   e x t e r -  

n a l   c y l i n d r i c a l   s u r f a c e   of   t he   s l e e v e  4   by  t h e   s i -  

ze  of   t h e   e c c e n t r i c   e  e q u a l   t o   6%  of  t h e   c r a n k t h r o w  

R  of  t h e   c r a n k s h a f t   b .  

The  e c c e n t r i c   s l e e v e   4  i s   c o n n e c t e d   w i t h   t h e  

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

t h e   s l e e v e  4   in   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r -  
n a l   5  bf  t h e   v a l u e   ω m  =   157  s - 1 ,   t h e   a n g u l a r  

v e l o c i t y   o f   t h e   c r a n k s h a f t   b  b e i n g   e q u a l   to   314  s - 1 .  

The  d r i v i n g   g e a r   s h o w n   in  f i g . 4   and  f i g . 5   o f  

t h e   d r a w i n g   c o n s i s t s   of   a  p a i r   of   e x t e r n a l   g e a r  
w n e e l s  7   and  8,  t ne   g e a r   w h e e l  7   b e i n g   c o u p l e d   w i t h  

t h e   e c c e n t r i c   s l e e v e   4,  and  t h e   g e a r   w h e e l   8  b e i n g  

c o u p l e d   w i t h   t h e   c r a n k s h a f t  6   t h r o u g h   t h e   i n t e r m o -  

d i a r y   o f   a  s e t   of  g e a r   w h e e l s   9 .  



The  c o n t r o l   m e c h a n i s m   10  o f   t he   a n g u l a r   p o -  

s i t i o n   of  t h e   e c c e n t r i c   s l e e v e   4,  as  s h o w n   in   f i g . 6  

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

a x i s   11  of  t h e   s l e e v e   4,  e x p r e s s e d   by  t h e   a n g l e  

∝ o  =   0° ,   i n   r e l a t i o n   to  t h e   c r a n k t h r o w   R  of   t h e  

c r a n k s h e f t   6,  d e t e r m i n e d   a t   s u c h   p o s i t i o n   of  t h e  

c r a n k t h r o w   R  i n   w h i c h   t h e   p i s t o n   1  i s   m o s t   d i s t a n t  

f rom  t h e   c r a n k s h a f t   6 .  

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

way.   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  6   t h e   d r i -  

v i n g   g e a r  o f   t h e   s l e e v e  4   m a k e s   t h e   s l e e v e   4  s p i n  

a r o u n d   t h e   c o n n e c t i n g - r o d   j o u r n a l  5   w i t h   t h e   a n g u -  
l a r   v e l o c i t y   ω m   =  157  s - 1 ,   t h a t   i s ,   w i t h   t h e   a n -  

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

c i t y   of  t h e   c r a n k s h a f t   6,  t he   s l e e v e   4  s p i n n i n g   i n  

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

i o n   of  t h e   c r a n k s h a f t   6 .  

S u b s e q u e n t   n o s i t i o n s   o f   t h e   c r a n k   m e c h a n i s m  

a r e   shown   i n   f i g . 7   o f   t h e   d r a w i n g .   At  t h e   a n g l e   o f  

r o t a t i o n   of  t h e   c r a n k s h a f t  6   e q u e l   to  0o  t h e   c r a n k -  

t h r o w   R,  t h e   e c c e n t r i c   a x i s  e   and  t h e   c o n n e c t i n g -  

- r o d  2   a r e   s e t   in  one   l i n e .   When  t h e   c r a n k s h a f t  

b  t u r n s  b y   t h e   a n g l e   o f   1 8 0 ° ,   t h e   c r a n k t h r o w   R  i s  

d i r e c t e d   d o w n w a r d s ,   w h e r e a s   t h e   e c c e n t r i c   a x i s  e  

is  t u r n e d   i n   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r n a l  

5  by  t h e   a n g l e   o f   9 0 0 .   D r u i n g   t h a t   t i m e   t h e   p i s t o n  

1  p e r f o r m e d   t h e   s t r o k e   S l .   At  t h e   a n g l e   o f   r o t a -  

t i o n   of   t h e   c r a n k s h a f t   6  by  3 6 0 ° ,   t h e   c r a n k t h r o w  

R  i s   d i r e c t e d   u p w a r d s ,   w h e r e a s   t h e   e c c e n t r i c   a x i s  

e  t u r n e d   in  r e l a t i o n   to  t he   c o n n e c t i n g - r o d   j o u r n a l  



5  by  t h e   a n g l e   of  1 8 0 ° .   D u r i n g   t h a t   t i m e   t h e   p i s -  

t o n   1  p e r f o r m e d   t h e   s t r o k e   S2 ,   s h o r t e r   f r o m   t h e  

s t r o k e   S1 .   On  t h e   o t h e r   h a n d ,   a t   r o t a t i o n   of  t h e  

c r a n k s h a f t  6   by  t h e   a n g l e   o f   5 4 0 ° ,   t h e   p i s t o n  1  

p e r f o r m s   a g a i n   t h e   s t r o k e   S 2 .   A f t e r   r o t a t i o n   o f  

t h e   c r a n k s h a f t  6   by  t h e   a n g l e   o f   720o  t h e   e n g i n e  

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

o f   t h e   c r a n k   m e c h a n i s m   t a k e   up  s u c h   a  p o s i t i o n   a s  

a t   t h e   0°  a n g l e   of  r o t a t i o n   of  t h e   c r a n k s h a f t   6 .  

The  c r a n k t n r o w   R  s p i n s   in   t he   d i r e c t i o n   m a r -  

ked  w i t h   t he   f u l l - l i n e   a r r o w ,   and  t h e   s l e e v e   4  s p i n s  

in   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r n a l  5   in   t h e  

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

In   t h e   c a s e   i f   t h e   a n g u l a r   v e l o c i t y  ω m  *   157  s - 1 ,  

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

by  t h e   e c c e n t r i c   s l e e v e   4  s p i n s   in  r e l a t i o n   to   t h e  

c o n n e c t i n g - r o d   j o u r n a l  5   i n   t h e   d i r e c t i o n   o p p o s i -  

t e   to  t h e   d i r e c t i o n   of   t h e   c r a n k s h a f t   6,  as  s h o w n  

w i t h   t h e   b r o k e n   l i n e   in   f i g . 7   o f   t h e   d r a w i n g .  

E x a m p l e   of   r e a l i s a t i o n   I I .   The  c r a n k   m e c h a -  
n i s m   s h o w n   in  f i g . 1 ,   f i g . 2   and  f i g . 3   o f   t he   d r a w -  

i n g   c o m p r i s e s   a  p i s t o n   1  c o n n e c t e d   w i t h   a  c o n n e c t i n g -  

- r o d  2   by  means   of  a  p i s t o n   p i n   3.  B e s i d e s ,   i t   c o m -  

p r i s e s   an  e c c e n t r i c   s l e e v e   4,  b e i n g   an  i n t e r m e d i a -  

t e   e l e m e n t   b e t w e e n   t h e   c o n n e c t i n g - r o d   j o u r n a l   5 

o f   t h e   c r a n k s n a f t  6   and  t h e   b i g   end  o f   t h e   c o n n e c -  
t i n g - r o d   2 .  

The  a x i s   o f   t h e   i n t e r n a l   h o l e   of   t h e   s l e e v e  

4  i s   moved  in  r e l a t i o n   to  t he   a x i s   of  t h e   e x t e r -  

n a l   c y l i n d r i c a l   s u r f a c e   of   t h e   s l e e v e  4   by  t h e  



e c c e n t r i c   s i z e   3  e q u a l   to  7%  of  t h e   c r e n k t h r o w   R 

o f   t h e   c r a n k s h a f t   6 .  

The  e c c e n t r i c   s l e e v e   4  i s   c o n n e c t e d   w i t h   t h e  

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

o f   t h e   s l e e v e  4   in   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d  

j o u r n a l   5  of  t h e   v a l u e  ω m   =  400  s -1 ,  ]  t h e   a n g u l a r  
v e l o c i t y  o f   t h e   c r a n k s h a f t  6   b e i n g   e o u a l   to  400  s - 1 .  

The  d r i v i n g   g e a r   shown  in   f i g . 8   and  f i g . 9   o f  

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

w h e e l s   1 2 , 1 3   and  1 4 , 1 5 ,   t h e   g e e r   w h e e l   12  b e i n g  

c o u p l e d   w i t h   t h e   e c c e n t r i c   s l e e v e   4,  and  t h e   g e a r  
w h e e l   15  b e i n g   c o u p l e d   w i t h   t he   c r a n k s h a f t  6   t h r o u g h  

t h e   i n t e r m e d i a r y   of   a  s e t   of   g e a r   w h e e l s  9 .   G e a r  

w h e e l s   13  and  14  a r e   m o u n t e d   on  a  common  s h a f t   1 6  

b e a r i n g - m o u n t e d   in   t h e   arm  of   t h e   c r a n k s h a f t   6 .  

The  c o n t r o l   m e c h e n i s m   10  o f   t h e   a n g u l a r   p o -  
s i t i o n   of   t h e   e c c e n t r i c   s l e e v e   4,  as  s h o w n   in  f i g . 6  

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

a x i s   11  of   t h e   s l e e v e   4,  e x p r e s s e d   by  t h e   a n g l e  
∝ o   =  9 0 ° ,   in   r e l a t i o n   to  t he   c r a n k t h r o w   R  of  t h e  

c r a n k s h a f t   6,  d e t e r m i n e d   a t   s u c h   a  p o s i t i o n   of  t h e  

c r a n k t h r o w   R  i n   w h i c h   t h e   p i s t o n  1   i s   m o s t   d i s t a n t  

f r o m   t he   c r a n k s h a f t   6 .  

The  s e c o n d   c r a n k   m e c h a n i s m   o p e r a t e s   in   t h e  

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

s h a f t   6  t h e   d r i v i n g   g e a r   of  t h e   s l e e v e   4  mekes   t h e  

s l e e v e   4  s p i n   r o u n d   t h e   c o n n e c t i n g - r o d   j o u r n a l   5 

w i t h   t h e   a n g u l a r   v e l o c i t y   ωm  =  400  s - 1 ,   t h a t   i s ,  

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

v e l o c i t y   of  t h e   c r a n k s h a f t   6,  t h e   a l e e v e   4  s p i n -  

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



d i r e c t i o n   o f   t h e   c r a n k s h a f t   6 .  

S u b s e q u e n t   p o s i t i o n s   o f   t he   c r a n k   m e c h a n i s m  

a r e   s h o w n   in  f i g . 1 0   of  t h e   d r a w i n g .   At  t he   a n g l e  

of   r o t p t i o n   of   t he   c r a n k s h a f t  6   e q u a l   to  0°  t h e  

c r a n k t h r o w   R  i s   d i r e c t e d   u o w a r d s ,   w h e r e a s   t h e   e c c e n -  

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

i n g - r o d   j o u r n a l  5   by  t h e   a n g l e   of   9 0 ° .   When  t h e  

c r e n k s h a f t  6   i s   t u r n e d   by  t h e   a n g l e   of   1 8 0 ° ,   t h e  

c r a n k t h r o w   R  i s   d i r e c t e d   d o w n w a r d s ,   w h e r e a s   t h e  

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

n e c t i n g - r o d   j o u r n a l   5  by  t h e   a n g l e   of   9 0 ° .   D u r i n g  

t h a t   t i m e   t h e   p i s t o n  1   p e r f o r m s   t h e   s t r o k e   S .   A t  

t h e   a n g l e   o f   r o t a t i o n   o f   t h e   c r a n k s h a f t   6  by  3 6 0 °  

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

e c c e n t r i c   a x i s  e   has   p e r f o r m e d   r o t a t i o n   in   r e l a -  

t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r n a l   a l s o   by  t h e   e n -  

g l e   of   3 6 0 ° .   D u r i n g   t h a t   t i m e   t h e   p i s t o n  1   h a s   a l s o  

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

by  e v e r y   f u r t h e r   3 6 0 °   c a u s e s   r e p e t i t i o n   o f   t h e   a b o v e  

d e s c r i b e d   w o r k i n g   c y c l e   d u r i n g   w h i c h   t h e   p i s t o n   1 

p e r f o r m s   f u r t h e r   two  s t r o k e s   S .  

The  c r a n k t h r o w   R  s p i n s   in   t h e   d i r e c t i o n   m a r -  
ked  w i t h   t h e   f u l l - l i n e   a r r o w ,   and  t h e   s l e e v e   4  s n i n s  

in   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r n a l  5   in   t h e  

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

I n   t h e   c a s e   i f   t h e   a n g u l a r   v e l o c i t y   ω m  =   - 4 0 0   s - 1 ,  

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

by  t h e   e c c e n t r i c   s l e e v e   4  s p i n s   in   r e l a t i o n   t o   t h e  

c o n n e c t i n g - r o d   j o u r n a l   5  in   t h e   d i r e c t i o n   o p o o s i t e  

to  t h e   d i r e c t i o n   o f   t h e   c r a n k s h a f t   6,  as  s h o w n   w i t h  

t h e   b r o k e n   l i n e   in   f i g . 1 0   o f   t h e   d r a w i n g .  



E x a m p l e   of  r e a l i s a t i o n   I I I .   The  c r a n k   m e c h a -  

n i s m   s h o w n   in   f i g . l ,   f i g . 2   end  f i g . 3   o f   t h e   d r a -  

w i n g   c o m p r i s e s  a   p i s t o n   1  c o n n e c t e d   w i t h   a  c o n n e c -  

t i n g - r o d   2  by  m e a n s   o f   a  p i s t o n   p i n   3 .   B e s i d e s ,   i t  

c o m p r i s e s   an  e c c e n t r i c   s l e e v e  4   b e i n g   an  i n t e r m e -  

d i a t e   e l e m e n t   b e t w e e n   t h e   c o n n e c t i n g - r o d   j o u r n a l  

5  of  t h e   c r a n k s h a f t   6  end  t h e   b i g   end  of   t h e   c o n -  

n e c t i n g - r o d   2 .  

The  a x i s   of  t h e   i n t e r n a l   h o l e   o f   t h e   s l e e v e  

4  i s   moved   in   r e l a t i o n   to  t h e   a x i s   o f   t h e   e x t e r -  

n a l   c y l i n d r i c a l   s u r f a c e   o f   t h e   s l e e v e   4  by  t h e   e c -  
c e n t r i c   s i z e  e   e q u a l   to  5%  o f   t he   c r a n k t h r o w   R  o f  

t h e   c r a n k s h a f t   6 .  

The  e c c e n t r i c   s l e e v e  4   i s   c o n n e c t e n   w i t h   t h e  

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

t h e   s l e e v e   4  in   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r -  

n a l   5  o f   t h e   v a l u e   ω m   =  300  s - 1 ,   w h e r e a s   t h e   c r a n k -  

s h a f t   6  s p i n s   w i t h   t h e   a n g u l a r   v e l o c i t y   ω  =   300  s - 1 .  

The  d r i v i n g   g e a r   s h o w n   in   f i g . 1 1   and  f i g . 1 2  

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

17  end  18,   t h e   g e a r   w h e e l   17,   o f   e x t e r n a l   g e a r ,  
b e i n g   c o u p l e d   w i t h   t h e   e c c e n t r i c   s l e e v e   4,  end  t h e  

g e e r   w h e e l   18,  o f   i n t e r n a l   g e a r ,   b e i n g   c o u p l e d   w i t h  

t h e   c r a n k s h a f t  6   t h r o u g h   t h e   i n t e r m e d i a r y   of   a  s e t  

o f   g e a r   w h e e l s   1 9 .  

The  c o n t r o l   m e c h a n i s m   10  of   t h e   a n g u l a r   p o -  
s i t i o n   o f   t he   e c c e n t r i c   s l e e v e   4,  es  s h o w n   in  f i g . 6  
o f   t h e   d r a w i n g ,   c e u s e s   a  d e f i n i t e   n o s i t i o n   of  t h e  
a x i s  1 1   o f   t h e   s l e e v e   4,  e x p r e s s e d   by  t h e   a n g l e  
∝ o  =   9 1 ° ,   in   r e l a t i o n   to   t h e   c r a n k t h r o w   R  of  t h e  



c r a n k s h a f t   6,  d e t e r m i n e d   a t   s u c h   a  p o s i t i o n   of  t h e  

c r p n k t h r o w   R  in   w h i c h   t h e   p i s t o n  1   i s   m o s t   d i s t a n t  

f r o m   t he   c r a n k s h a f t   6 .  

The  t h i r d   c r a n k   m e c h p n i s m   o p e r a t e s   in  t h e   b e -  

l o w - d e s c r i b e d   way .   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   6  t he   d r i v i n g   g e a r   of  t h e   s l e e v e   4  m a k e s   t h e  

s l e e v e   4  s p i n   a r o u n d   t h e   c o n n e c t i n g - r o d   j o u r n a l   5 

w i t h   t he   a n g u l a r   v e l o c i t y   ω m  =   300  s - 1 ,   t h a t   i s ,  

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

l o c i t y   of  t h e   c r a n k s h a f t   6,  t h e   s l e e v e   4  s p i n n i n g  

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

r e c t i o n   of  t h e   c r a n k s h a f t   6 .  

S u b s e q u e n t   p o s i t i o n s   of  t h e   c r a n k   m e c h a n i s m  

a r e   shown  i n   f i g . 1 0   o f   t h e   d r a w i n g .   At  t h e   a n g l e  

of   r o t a t i o n   of  t n e   c r a n k s h a f t   6  e q u a l   to  0°  t h e  

c r a n k t h r o w   R  is  d i r e c t e d   u p w a r d s ,   w n e r e a s   t h e   e c -  

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

n e c t i n g - r o d   j o u r n a l   5  by  t h e   a n g l e   o f   9 1 ° .   At  t u r n -  

i n g   the   c r a n k s h a f t  6   by  t n e   a n g l e   o f   1 8 0 °   t h e   c r a n k -  

t h r o w   R  is   d i r e c t e d   d o w n w a r d s ,   w h e r e a s   t h e   e c c e n -  
t r i c   a x i s  e   is   t u r n e d   in  r e l a t i o n   to  t h e   c o n n e c -  

t i n g - r o d   j o u r n a l  5   by  t h e   a n g l e   9 1 ° .   D u r i n g   t h a t  
t i m e   the   p i s t o n  1   has   p e r f o r m e d   t h e   s t r o k e   S.   A t  

the   a n g l e   o f   r o t a t i o n   of  t he   c r a n k s h a f t   6  by  t h e  

e n g l e   of   3 6 0 °   t h e   c r a n k t h r o w   R  i s   d i r e c t e d   u p w a r d s ,  
w h e r e a s   t he   e c c e n t r i c   a x i s  e   has   t u r n e d   i n   r e l a -  

t i o n   to  t he   c o n n e c t i n g - r o d   j o u r n a l   5  a l s o   by  t h e  

a n g l e   of  3 6 0 ° .   D u r i n g   t h a t   t i m e   t h e  p i s t o n   1  h a s  

a l s o   p e r f o r m e d   t h e   s t r o k e   S.   R o t a t i o n   o f   t h e   c r a n k -  

s h a f t   by  e v e r y   f u r t h e r   3 6 0 °   c a u s e s   r e p e t i t i o n   o f  



of  t h e   w o r k i n g   c y c l e   d u r i n g   w h i c h   t h e   p i a t o n   1  p e r -  

f o r m s   f u r t h e r   two  s t r o k e s   S .  

E x a m p l e   of   r e a l i s a t i o n   IV .   The  c r a n k   m e c h a -  

n i s m   s h o w n   in  f i g . 1 ,   f i g . 2   and   f i g . 3   c o m p r i s e s   a  

p i s t o n   1  c o n n e c t e d   w i t h   a  c o n n e c t i n g - r o d  2   by  m e a n s  

of   a  p i s t o n   p i n   3.  B e s i d e s ,   i t   c o m p r i s e s   an  e c c e n -  

t r i c   s l e e v e   4  b e i n g   an  i n t e r m e d i a t e   e l e m e n t   b e t w e e n  

t h e   c o n n e c t i n g - r o d   j o u r n a l  5   o f   t h e   c r a n k s h a f t   6  

and  t h e   b i g   end  of   t h e   c o n n e c t i n g - r o d   2 .  

The  a x i s   of   t h e   i n t e r n e l   h o l e   of  t h e   s l e e v e  

4  i s   moved   in   r e l a t i o n   to   t h e   a x i s   o f   t he   e x t e r n a l  

c y l i n d r i c a l   s u r f a c e   o f   t h e   s l e e v e   4  by  t h e   e c c e n -  

t r i c   s i z e  e   e q u a l   to  5%  of   t h e   c r e n k t h r o w   R  o f   t h e  

c r s n k s n a f t   6 .  

Tne  e c c e n t r i c   s l e e v e   4  i s   c o n n e c t e d   w i t h   t h e  

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

t h e   s l e e v e   4  in  r e l a t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r -  

n a l   5  o f   t h e   v a l u e   ω m   =  160  s - 1 ,   w h e r e a s   t h e   c r a n k -  

s h a f t   6  s p i n s   w i t h   t h e   a n g u l a r   v e l o c i t y  ω   =  160   s - 1 .  

The  d r i v i n g   g e a r   s h o w n   in   f i g . 1 3   and  f i g . 1 4  

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

19  and  20  end  21  and  22.   G e a r   w h e e l s   19  and  2 0  

a r e   e x t e r n a l   g e a r s   The  g e a r   w h e e l   19  i s   c o u p l e d  
w i t h   t h e   e c c e n t r i c   s l e e v e   4,  end  t h e   g e a r   w h e e l  

22  i s   c o u p l e d   w i t h   t h e   c r a n k s h a f t  6   t h r o u g h   t h e  

i n t e r m e d i a r y   of  a  s e t   of  g e a r   w h e e l s   23 .   G e a r   w h e e l s  

20  and  21  a r e   m o u n t e d   on  a  common  s h a f t   24  b e a r i n g -  

m o u n t e d   in  t h e   arm  of   t h e   c r a n k s h a f t   6 .  

The  c o n t r o l   m e c h e n i s m   10  o f   t he   a n g u l a r   p o -  

s i t i o n   of   t h e   e c c e n t r i c   s l e e v e   4,  as  shown   in   f i g . 6  



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

a x i s   11  o f   t h e   s l e e v e   4,  e x p r e s e e d   by  t h e   a n g l e  
∝ o  =  8 9 ° ,   in   r e l a t i o n   to  t h e   c r a n k t h r o w   R  o f   t h e  

c r a n k s h a f t   6,  d e t e r m i n e d   a t   s u c h   a  p o s i t i o n   o f   t h e  

c r a n k t h r o w   R  in   w h i c h   t h e   p i s t o n   1  i s   m o s t   d i s t a n t  

f r o m   t h e   c r a n k s h a f t   6 .  

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

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

s h a f t   6  t h e   d r i v i n g  g e a r   of  t h e   a l e e v e  4   m a k e s   t h e  

s l e e v e   4  s p i n   a r o u n d   t h e   c o n n e c t i n g - r o d   j o u r n a l  5  

w i t h   t n e   a n g u l a r   v e l o c i t y   ω m  =   160  s - 1 ,   t h a t   i s ,  

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

l o c i t y   o f   t h e   c r a n k s h a f t   6,  t h e   s l e e v e  4   s p i n n i n g  

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

r e c t i o n   o f   t h e   c r a n k s h a f t   6 .  

S u b s e q u e n t   p o s i t i o n s   of   t h e   c r a n k   m e c h a n i s m   a r e  

shown  in   f i g . 1 0   o f   t he   d r a w i n g .   At  t h e   a n g l e   o r   r o -  
t a t i o n   of  t h e   c r a n k s h a f t  6   e o u a l   to  0°  t h e   c r a n k -  

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

a x i s  e   i s   t u r n e d   in   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r n a l  

5  by  t h e   a n g l e   of  8 9 ° .   At  t u r n i n g   t he   c r a n k s h a f t  

6  by  t n e   a n g l e   of  1 8 0 ° ,   t h e   c r e n k t h r o w   R  i s   d i r e c -  

t ed   d o w n w a r d s ,   w h e r e a s   t h e   e c c e n t r i c   a x i s  e   is  t u r -  

ned  in   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r n a l   5  by  
t h e   a n g l e   o f   8 9 ° .   D u r i n g   t h a t   t i m e   t h e   D i s t o n  1  

has   p e r f o r m e d   t h e   s t r o k e   S.  At  t h e   a n g l e   o f   r o t a -  

t i o n   o f   t h e   c r a n k s h a f t   6  by  360°   t he   c r a n k t h r o w   R 
i s   d i r e c t e d   u p w a r d s ,   w h e r e a s   the   e c c e n t r i c   a x i s  

e  h a s   t u r n e d   in   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r -  
n a l l   5  a l s o   by  t h e   a n g l e   of   3 6 0 ° .   D u r i n g   t h a t   t i m e  



t h e   p i s t o n   1  h a s   p e r f o r m e d   a l s o   t he   a t r o k e   S.  R o -  

t s t i o n   o f   t h e   c r a n k s h s f t   by  e v e r y   f u r t h e r   3 6 0 °   c a u -  

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

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

s t r o k e s   S .  

The  c r a n k t h r o w   R  s p i n s   in   t h e   d i r e c t i o n   m a r -  

k e d   w i t h   t h e   f u l l - l i n e   s r r o w ,   end  the   s l e e v e   4  s p i n e  

in   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d   j o u r n a l  5   in  t h e  

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

In   t he   c a s e   i f   t h e   a n g u l a r   v e l o c i t y   ω m   = - 1 6 0   s - 1 ,  

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

e c c e n t r i c   s l e e v e   4  s p i n n i n g   in   r e l a t i o n   to  t h e   c o n -  

n e c t i n g - r o d   j o u r n a l  5   in   t h e   d i r e c t i o n   o p p o s i t e   t o  

t h e   d i r e c t i o n   of  t h e   c r a n k s h a f t   6,  as  m a r k e d   w i t h  

t h e   b r o k e n   l i n e   in   f i g . 1 0   o f   t he   d r a w i n g .  

E x a m p l e   of  r e a l i s a t i o n   V.  The  c r a n k   m e c h a n i s m  

s n o w n   in   f i g . l ,   f i g . 2   and  f i g . 3   of  t h e   d r a w i n g   c o m -  

p r i s e s   P  p i s t o n  1   c o n n e c t e d   w i t h   a  c o n n e c t i n g - r o d  

2  by  m e a n s   of   a  p i s t o n   p i n   3.  B e s i d e s ,   i t   c o m p r i -  

s e s   en  e c c e n t r i c   s l e e v e  4   b e i n g   an  i n t e r m e d i a t e   e l e -  

m e n t   b e t w e e n   t h e   c o n n e c t i n g - r o d   j o u r n a l   5  o f   t h e  

c r a n k s h s f t  6   and  t h e   b i g   end  of  t h e   c o n n e c t i n g -  

- r o d   2.   The  i n t e r n a l   a x i s   o f   t he   s l e e v e   4  i s   m o v e d  

in   r e l a t i o n   to  t h e   a x i s   o f   t h e   e x t e r n a l   c y l i n d r i -  

c a l   s u r f a c e   o f   t h e   s l e e v e   4  by  t he   e c c e n t r i c   s i z e  

e  e q u a l   to  3%  of   t h e   c r a n k t h r o w   R  of   t h e   c r a n k s h a f t  

6 .  

The  c o n t r o l   m e c n p n i s m   10  of   the  a n g u l a r   p o s i -  
t i o n   o f   t h e   e c c e n t r i c   s l e e v e   4,  as  s h o w n   in   f i g . 6  
of  t h e   d r a w i n g ,   c a u s e s   a  d e f i n i t e   p o s i t i o n   o f   t h e  

a x i s   11  of   t he   s l e e v e   4,  e x p r e s s e d  b y   t h e   a n g l e  



∝ o   =  3 0 ° ,   in   r e l a t i o n   to  t he   c r a n k t h r o w   R  of  t h e  

c r a n k s h a f t   6,  d e t e r m i n e d   at  s u c h   P  p o s i t i o n   of   t h e  

c r a n k t h r o w   R  in   w h i c h   t he   D i s t o n   1  i s   m o s t   d i s t a n t  

f r o m   t h e   c r a n k s h a f t   6 .  

The  c o n t r o l   m e c h a n i s m   10  of   t h e   a n g u l a r   p o s i -  

t i o n   of  t h e   e c c e n t r i c   s l e e v e   4  i n f l u e n c e s   t h e   a n -  

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

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

7  and  8,  shown   i n   f i g . 4   and  f i g . 5   o f   t h e   d r a w i n g ,  

t h e   g e a r   w h e e l   7  b e i n g   c o u p l e d   w i t h   t h e   e c c e n t r i c  

s l e e v e   4,  end  t h e   g e a r   w h e l l  8   b e i n g   c o u p l e d   w i t h  

t h e   c o n t r o l   m e c h a n i s m   1 0 .  

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

- d e s c r i b e d   way .   D u r i n g   r o t a t i o n   o f   t h e   c r a n k s h a f t  

6  t h e   e c c e n t r i c   s l e e v e   4  r e m a i n s   a t   r e s t   in   r e l a -  

t i o n   to  t h e   c r a n k s h a f t   6,  w h e r e b y   t h e   k i n e m a t i c  

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

p r e d e t e r m i n e d   a n g l e   ∝ o ,   as  shown   in   f i g . 1 5   o f  

t h e   d r a w i n g .  

E x a m p l e   of  r e a l i s a t i o n   VI.  The  c r a n k   m e c h a n i s m  

shown   i n   f i g . l ,   f i g . 2   and  f i g . 3   of  t h e   d r a w i n g   c o m -  

p r i s e s   a  p i s t o n  1   c o n n e c t e d   w i t h   a  c o n n e c t i n g - r o d  

2  by  m e a n s   o f   a  p i s t o n   p i n   3.  B e s i d e s ,   i t   c o m p r i -  

s e s   an  e c c e n t r i c   s l e e v e  4   b e i n g   an  i n t e r m e d i a t e  

e l e m e n t   b e t w e e n   t h e   c o n n e c t i n g - r o d   j o u r n a l   5  o f  

t h e   c r a n k s h a f t  6   and  t h e   b i g   end  o f   t h e   c o n n e c t i n g -  
- r o d   2.  The  a x i s   o f   t he   i n t e r n a l   h o l e   of   t h e   s l e e -  

v e  4   i s   moved  in   r e l e t i o n   10  t h e   a x i s   o f   t he   e x -  
t e r n a l   c y l i n d r i c a l   s u r f a c e   o f   t h e   s l e e v e   4  by  t h e  

e c c e n t r i c   s i z e  e   e q u a l   to  4%  of   t h e   c r a n k t h r o w   R 
of  t he   c r a n k s h a f t   6 .  



The  c o n t r o l   m e c h a n i s m   10  o f   t h e   a n g u l a r   p o -  

s i t i o n   of  t h e   e c c e n t r i c   s l e e v e   4,  as  shown  in  f i g . 6  

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

a x i s   11  of   t h e   s l e e v e   4,  e x p r e s s e d   by  t h e   a n g l e  

∝ o  =   6 0 ° ,   in   r e l a t i o n   to  t h e   c r a n k t h r o w   R  o f   t h e  

c r a n k s h a f t   6,  d e t e r m i n e d   a t   s u c h   a  p o s i t i o n   o f  

t h e   c r a n k t n r o w  R   i n   w h i c h   t h e   p i s t o n  1   i s   m o s t   d i s -  

t a n t   f r o m   t h e   c r a n k s h a f t   6 .  

The  c o n t r o l   m e c h a n i s m   10  of   t he   a n g u l a r   p o -  
s i t i o n   o f   t h e   e c c e n t r i c   s l e e v e   4  i n f l u e n c e s   t h e  

a n g u l a r   p o s i t i o n   of   t h e   e c c e n t r i c   s l e e v e  4   t h r o u g h  

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

1 2 , 1 3   end  1 4 , 1 5 ,   shown  i n   f i g . 8   and  f i g . 9   of  t h e  

d r a w i n g ,   t h e  g e a r   w h e e l s   13  and  14  b e i n g   m o u n t e d  

on  a  common  s h p f t   16  b e a r i n g - m o u n t e d   in  t h e   arm  o f  

t h e   c r a n k s h a f t   6 .  

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

c r i b e d   way .   D u r i n g   r o t a t i o n   o f   t h e   c r a n k s h a f t   6 

t h e   e c c e n t r i c   s l e e v e  4   r e m a i n s   at   r e s t   in   r e l a t i o n  

to  t he   c r a n k s h a f t   6,  w h e r e b y   t n e   k i n e m a t i c   c r e n k -  

t h r o w   R  i s   u n v a r i a b l e   and  r e s u l t s   f r o m   t h e   p r e d e -  

t e r m i n e d   a n g l e   ∝ o ,   as  shown  in   f i g . 1 5   o f   t h e   d r a -  

w i n g .  

E x a m p l e   o f   r e a l i s a t i o n   V I I .   Tne  c r a n k   m e c h a -  

n i s m   shown  in  f i g . l ,   f i g . 2   and  f i g . 3   o f   t h e   d r a w i n g ,  

c o m p r i s e s  a   p i s t o n  1   c o n n e c t e d   w i t h   a  c o n n e c t i n g -  
- r o d   2  by  m e a n s   o f  a   p i s t o n   p i n   3.  B e s i d e s ,   i t   c o m -  

p r i s e s   an  e c c e n t r i c   s l e e v e  4   b e i n g   en  i n t e r m e d i a t e  

e l e m e n t   b e t w e e n   t h e   c o n n e c t i n g - r o d   j o u r n a l   5  o f  

t h e   c r a n k s h a f t  6   and  t h e   b i g   end  of   t h e   c o n n e c t i n g - r o d  



2.  The  a x i s   of  t he   i n t e r n a l   h o l e   of  t h e   s l e a v e  4  

i s   moved   in  r e l p t i o n   to  t h e   a x i s   of  t h e   e x t e r n a l  

c y l i n d r i c a l   s u r f a c e   of  t h e   s l e e v e  4   by  t h e   e c c e n -  

t r i c   s i z e   e  e q u a l   to  4 . 5%  of  t h e   c r a n k t h r o w   R  o f  

t h e   c r a n k s h a f t   6 .  

The  c o n t r o l   m e c h a n i s m   10  of   t h e   a n g u l a r   p o -  
s i t i o n   of   t h e   e c c e n t r i c   s l e e v e   4,  as  shown  in  f i g . 6  

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

a x i s   11  o f   t h e   s l e e v e   4,  e x p r e s s e d   by  t h e   a n g l e  

∝ o  =  1 2 0 ° ,   in   r e l a t i o n   to  t h e   c r a n k t h r a w   R  of   t h e  

c r a n k s h a f t   6,  d e t e r m i n e d   a t   s u c h   a  p o s i t i o n   o f   t h e  

c r a n k t h r o w   R  in   w h i c h   t h e   p i s t o n   1  i s   moat   d i s t a n t  

f r o m   t h e   c r a n k s h a f t   6 .  

The  c o n t r o l   m e c h a n i s m   10  OI  t h e   a n g u l a r   p o s i -  
t i o n   o f   t h e   e c c e n t r i c   s l e e v e   4  i n f l u e n c e s   t h e   a n -  

g u l a r   p o s i t i o n   of   t he   e c c e n t r i c   s l e e v e   4  t h r o u g h  

t h e   i n t e r m e d i a r y   of   a  p a i r   o f   g e a r   w h e e l s   17  e n d  

18,   s h o w n   in   f i g . 1 1   and  f i g . 1 2   o f   t he   d r a w i n g .   T h e  

g e a r   w h e e l   17  of   s a i d   p a i r   i s   o f   e x t e r n a l   g e a r ,   e n d  

t h e   g e a r   w h e e l   18  i s   of   i n t e r n a l   g e a r .  

Tne  s e v e n t h   m e c n a n i s m   c p e r a t e s   in   t h e   b e l o w -  

d e s c r i b e d   way.   D u r i n g   r o t a t i o n   o f   t h e   c r a n k s h a f t  

6  t h e   e c c e n t r i c   s l e e v e   4  r e m a i n s   at   r e s t   in  r e l p -  

t i o n   to  t h e   c r a n k s h a f t   6,  w h e r 3 b y   t h e   c r a n k t h r o w  

R  i s   u n v a r i a b l e   and  r e s u l t s   f r o m   t h e   p r e d e t e r m i -  

ned  a n g l e   ∝ o ,   as  shown  in  f i g . 1 5   of   the   d r a w i n g .  

E x a m p l e   o f   r e a l i s a t i o n   V I I I .   The  c r a n k   m e c h a -  
n i s m   s h o w n   in   f i g . 1 ,   f i r . 2   and  f i g . 3   of  t h e   d r a -  

w i n g   c o m p r i s e s   a  p i s t o n  1   c o n n e c t e d   w i t h   a  c o n -  
n e c t i n g   r o d  2   by  m e a n s   o f   a  p i s t o n   p i n   3.  B e s i d e s ,  



i t   c o m p r i s e s   an  e c c e n t r i c   s l e e v e   4  b e i n g   an  i n t e r -  

m e d i a t e   e l e m e n t   b e t w e e n   t h e   c o n n e c t i n g - r o d   j o u r -  

n a l   5  of  t h e   c r a n k s h a f t   6  end  t h e   b i g   end  o f   t h e  

c o n n e c t i n g - r o d   2.  The  a x i s   of   t h e   i n t e r n a l   h o l e  

of  t h e   s l e e v e  4   i s   moved  in   r e l a t i o n   to  t h e   a x i s  

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

4  by  t h e   e c c e n t r i c   s i z e  e   e q u a l   to  8%  o f   t h e   c r a n k -  

t h r o w   R  o f   t h e   c r a n k s h a f t   6 .  

The  c o n t r o l   m e c h a n i s m   10  o f   t h e   a n g u l a r   p o s i -  

t i o n   of  t h e   e c c e n t r i c   s l e e v e   4,  as  s h o w n   in   f i g . 6  

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

a x i s   11  o f   t h e   s l e e v e   4,  e x p r e s s e d   by  t h e   e n g l e  

∝ o   =  1 8 0 ° ,   in   r e l a t i o n   to  t he   c r a n k t h r o w   R  o f   t n e  

c r a n k s n a f t   6,  d e t e r m i n e d   e t   s u c h   P  p o s i t i o n   of  t h e  

c r a n k t h r o w   R  in   w h i c h   t h e   p i s t o n   1  i s   m o s t   d i s t p n t  

f rom  t h e   c r a n k s h a f t   6 .  

The  c o n t r o l   m e c h a n i s m   10  of  t h e   a n g u l a r   p o -  
s i t i o n   of   t n e   e c c e n t r i c   a l e e v e  4   i n f l u e n c e s   t h e  

a n g u l a r   p o s i t i o n   of   t h e   e c c e n t r i c   s l e e v e   4  t h r o u g h  

the   i n t e r m e d i a r y   of   two  p a i r s   o f   g e a r   w h e e l s   1 9 , 2 0  
and  2 1 , 2 2 ,   s h o w n   in   f i g . 1 3   and  f i g . 1 4   o f   t h e   d r a w i n g ,  

the   w h e e l   22  b e i n g   o f   i n t e r n e l   g e a r ,   and  t h e   w h e e l s   20  a n d  

21  b e i n g   m o u n t e d   on  a  common  s h a f t   24  b e a r i n g - m o u n -  

t ed   in   t h e   arm  o f   t h e   c r a n k s h a f t   6 .  

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

d e s c r i b e d   w a y .   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   6 

tne   e c c e n t r i c   s l e e v e   4  r e m a i n s   a t   r e s t   i n   r e l a t i o n  

to  t he   c r a n k s h a f t   b,  w h e r e b y   t h e   k i n e m a t i c   c r a n k t h r o w  

R  is   u n v a r i a b l e   and  r e s u l t s   f rom  t h e   p r e d e t e r m i n e d  

a n g l e   ∝ o ,   as  shown   i n   f i g . 1 5   of  t h e   d r a w i n g .  



1.  C r a n k   m e c h a n i s m   of   t h e   i n t e r n a l   c o m b u s t i o n   p i s t o n  

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

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

a  p i s t o n   D i n ,   and  w i t h   a  c r a n k s h a f t ,   c h a r a c t e r i z e d  

in  t h a t   i t   c o m p r i s e s   an  e c c e n t r i c   s l e e v e   (4)  b e i n g  

an  i n t e r m e d i a t e   e l e m e n t   b e t w e e n   t h e   c o n n e c t i n g - r o d  

j o u r n a l   (5)  of   t h e   c r a n k s h a f t   (6)   and  t h e   b i g   e n d  

of  t h e   c o n n e c t i n g - r o d   ( 2 ) ,   t h e   a x i s   of  t h e   i n t e r -  

na1  h o l e   of   t h e   s l e e v e   (4)   b e i n g   moved  in  r e l a t i o n  

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

o f   t he   s l e e v e   (4)  by  t h e   e c c e n t r i c   s i z e   (e)  w h i c h  

i s   g r e a t e r   t h a n   z e r o   and   s m a l l e r   t h a n   or  e q u a l   to   30% 

of  t h e   c r a n k t h r o w   (R)  of   t h e   c r a n k s h a f t   ( 6 ) .  

2.  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,  c h a r a c t e r i z e d   i n  

t h a t   t h e   e c c e n t r i c   s l e e v e   (4 )   i s   c o n n e c t e d   w i t h   a  

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

of   t h e   a n g u l a r   p o s i t i o n   of   t h e   e c c e n t r i c   s l e e v e   ( 4 )  

by  a  d e f i n i t e   a n g l e   ( ∝ o )   in   r e l a t i o n  t o   t h e   c r a n k -  

t h r o w   (R)  o f   t h e   c r a n k s h a f t   ( f ) ,   d e t e r m i n e d  a t   s u c h  

a  p o s i t i o n   of   t h e   c r a n k t h r o w   (R)  in   w h i c h   t h e   p i s -  

t o n   (1)   i s   m o s t   d i s t a n t   f r o m   t h e   c r a n k s h a f t   ( 6 ) .  

3.  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,  c h a r a c t e r i z e d   i n  

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

o f   e x t e r n a l   g e a r   w h e e l s   ( 7 , 8 ) ,   the  f i r s t   w h e e l   ( 7 )  

b e i n g   c o u p l e d   w i t h   t h e   e c c e n t r i c   s l e e v e   ( 4 ) ,   a n d  

t h e   s e c o n d   g e a r   w h e e l   (8)   b e i n g   c o u p l e d   w i t h   t h e  

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



4.  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,  c h a r a c t e r i z e d   i n  

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

and  t h e   s e c o n d   p a i r   of  e x t e r n a l   g e e r   w h e e l s   ( 1 2 ,  

13)   and   ( 1 4 , 1 5 ) ' ,   w h e r e b y   t h e   f i r s t   w h e e l   ( 1 2 )   o f  

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

ve  ( 4 ) ,   and  t h e   s e c o n d   w h e e l   (15 )   of  t he   s e c o n d  

p a i r   i s   c o u p l e d   w i t h   t he   c r a n k s h a f t   ( 6 ) ,   and  t h e  

s e c o n d   g e a r   w h e e l   (13 )   of   t he   f i r s t   p a i r   and  t h e  

f i r s t   g e a r   w h e e l   (14 )   of  t h e   s e c o n d   p a i r   a r e   m o u n -  

t e d   on  a  common  s h a f t   ( 16 )   b e a r i n g - m o u n t e d   in   t h e  

arm  of   t h e   c r a n k s h a f t   ( 6 ) .  

5.  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,  c h a r a c t e r i z e d   i n  

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

w h e e l s   ( 1 7 , 1 8 ) ,   t h e   f i r s t   g e a r   w h e e l   ( 1 7 ) ,   o f   e x -  

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

ve  ( 4 ) ,   and  t h e   s e c o n d   g e a r   w h e e l   ( 1 8 ) ,   o f   i n t e r n a l  

g e a r ,   b e i n g   c o u p l e d   w i t h   the   c r a n k s h a f t   ( 6 ) .  

b.  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,  c h a r a c t e r i z e d   i n  

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

of   e x t e r n a l   g e a r   w h e e l s   ( 1 9 , 2 0 )   and  t h e   s e c o n d   p a i r  

of  g e a r   w n e e l s   ( 2 1 , 2 2 ) ,   t he   f i r s t   w h e e l   ( 1 9 )   o f  

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

s l e e v e   ( 4 ) ,   and  t h e   s e c o n d   w h e e l   (22)   o f   t h e   s e -  

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

t n e   c r a n k s h a f t   ( 6 ) ,   end  t h e   s e c o n d   w h e e l   ( 2 0 )   o f  

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

p a i r   ( 2 1 )   b e i n g   m o u n t e d   on  a  common  s e c o n d   s h p f t  

(24 )   b e a r i n g - m o u n t e d   in  t he   arm  of   t h e   c r a n k s h a f t  

( 6 ) .  

7 .   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,  c h a r a c t e r i z e d   i n  



t h a t   t h e   e c c e n t r i c   s l e e v e   (4)   has   t h e   a n g u l a r   v e -  

l o c i t y   ( ω m )   in   r e l a t i o n   to  t h e   c o n n e c t i n g - r o d  

j o u r n a l   (5)   of   t h e   c r a n k s h a f t   (6)   w i t h i n   t h e   r a n -  

ge  o f  +   ½ ω   up  t o  +  ω   ,  w h e r e   ω   i s   t h e   v e -  

l o c i t y   of   t h e   c r a n k s h a f t   ( 6 ) .  
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