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Rotary  valve  assembly  for  an  internal-combustion  engine. 
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©  A  rotary  valve  assembly  for  an  internal  combustion  engine 
which  comprises  a  metallic  or  ceramic  sealing  sleeve  (40)  rotat- 
ably  mounted  inside  a  bore  of  an  engine  head  which  houses  the 
valve  assembly.  The  sleeve  has  a  port  (44)  for  periodic  commu- 
nication  during  rotation  of  the  sleeve  with  inlet  and  outlet  pas- 
sages  disposed  in  the  engine  head,  a  lower  end  of  the  sleeve  be- 
ing  open  and  communicating  with  an  engine  cylinder  in  which 
a  piston  reciprocates  and  an  upper  end  of  the  sleeve  being  seal- 
ingly  closed.  The  sleeve  is  split  longitudinally  over  its  entire 
length  by  a  slit  (46)  which  is  aligned  with  the  port  and  a  valve 
mechanism  is  disposed  in  the  head  above  the  upper  end  of  the 
sleeve  and  is  adapted  by  suitable  drive  trains  to  rotatively  drive 
the  sleeve  by  engaging  a  driving  formation  (48)  located  at  the 
upper  end  of  the  sleeve.  An  exchangeable  compression  ele- 
ment  (74)  can  be  attached  inside  the  upper  end  of  the  sleeve 
to  a  valve  mechanism  to  set  the  required  compression  ratio  of 
the  engine.  Without  removing  the  head  the  sleeve  can  be  ex- 
changed  or  adjusted  to  vary  valve  timing  and  the  element  can 
be  exchanged  to  vary  compression  ratio. 

ACTORUM  AG 
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which  comprises  a  metallic  or ceramic  sealing  sleeve  (40)  rotat- 
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nication  during  rotation  of  the  sleeve  with  inlet  and  outlet  pas- 
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FIELD  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  c o m b u s t i o n   c h a m b e r   v a l v e s ,   m o r e  

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

r o t a r y   v a l v e   f o r   use   w i t h   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  

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

c o m p r e s s o r s ) .  

BACKGROUND  OF  THE  INVENTION 

R o t a r y   v a l v e   a s s e m b l i e s   f o r   t he   c o n t r o l   of  i n l e t   and  e x h a u s t  

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

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

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

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

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

U.S.  p a t e n t   3  130  953  by  C a r p e n t e r   d e s c r i b e s   a  t e n s i o n e d  

s p l i t   s l e e v e   w h i c h   r e l i e s   on  t h e   p a r t i c u l a r   r e l a t i v e  

l o c a t i o n s   of  an  i n w a r d l y   d i r e c t e d   l o n g i t u d i n a l   key  on  o n e  

e d g e   of  t h e   s p l i t   ( w h i c h   key  e n g a g e s   w i t h   a  g r o o v e   in  t h e  

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

v a l v e   b o d y   d u r i n g   r o t a t i o n )   and   a  p o r t   in  t h e   s l e e v e .   T h e  

edge   of  the   s l e e v e   w h i c h   c a r r i e s   the   key  a d j a c e n t   the   s p l i t  

is  t h u s   d e s c r i b e d   as  the   l e a d i n g   e d g e   and  the   o p p o s i t e   e d g e  

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

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



f r o m   t h e  l e a d i n g   edge   so  as  to  r e d u c e   any  a d v e r s e   e f f e c t   on 

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

k e y .   The  k e y  i s   i n c l i n e d   s l i g h t l y   r e l a t i v e   to  t h e   r a d i a l  

d i r e c t i o n   so  as   to  u n l o c k   t h e   l e a d i n g   e d g e   of  t h e   s l e e v e  

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

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

n e v e r t h e l e s s   m a i n t a i n   s e a l i n g   p r e s s u r e .  

U.S.  p a t e n t   4  494  5 0 0  b y   H a n s e n   d e s c r i b e s   a  r o t a r y   v a l v e  

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

r o t a r y   v a l v e   body  s u r r o u n d e d   by  a  c y l i n d r i c a l   member   w h i c h  

i s   p r e f e r a b l y   o f   c e r a m i c   m a t e r i a l .   The   m e m b e r   i s  

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

l o n g i t u d i n a l   l e n g t h   bu t   has  l i m i t e d   l a t e r a l   m o v e m e n t   so  t h a t  

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

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

t h e   p o r t   i n t o   s e a l i n g   r e l a t i o n s h i p   w i t h   a  bo re   w i t h i n   w h i c h  

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

e c c e n t r i c   d r i v e   of  t he   r o t a r y   v a l v e   a s s e m b l y .   R o t a t i o n a l  

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

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

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

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

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

e n g i n e .  

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



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

C a r p e n t e r   and  of  H a n s e n   s h i e l d s   the   f u l l   l o n g i t u d i n a l   l e n g t h  

pf  the   i n n e r   w a l l s   of  the   s l e e v e   or  c y l i n d r i c a l   member   f r o m  

d i r e c t   e x p o s u r e   to  t he   c o m b u s t i o n   c h a m b e r .  

SUMMARY  OF  THE  INVENTION 

I t   is  an  o b j e c t   of  t h i s   i n v e n t i o n   t o   p r o v i d e   a  r o t a r y   v a l v e  

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

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

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

s l e e v e   in  t h i s   a r r a n g e m e n t   can  g i v e   h i g h l y   e f f e c t i v e   c o o l i n g  

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

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

i g n i t e d   e n g i n e   w i t h o u t   the   p r o b l e m   of  p r e - i g n i t i o n   a r i s i n g .  

A  f u r t h e r   o b j e c t   in  the   p r o v i s i o n   of  such   low  t e m p e r a t u r e s  

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

o x i d e   c o m p o u n d   and  l e a d   c o m p o u n d s .  

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

s e a l i n g   s l e e v e   w h i c h   may  a l t e r n a t i v e l y   be  made  of  a  c e r a m i c  

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

c y c l e .  

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

r o t a r y   v a l v e   a s s e m b l y   w h i c h   can  a c c e p t   an  e x c h a n g e a b l e  

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



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

e n g i n e   can  be  a d j u s t e d .  

I t   is   a  f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   to  p r o v i d e   a  r o t a r y  

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

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

d i r e c t l y   on  the   p o r t   p r o v i d e d   in  t he   s l e e v e .  

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

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

t h e   s l e e v e   wh ich   p r e s e r v e s   t he   s e a l i n g   a c t i o n   of  t h e   s l e e v e .  

A  r o t a r y   v a l v e   a s s e m b l y   f o r   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  

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

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

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

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

i n l e t   and   o u t l e t   p a s s a g e s   d i s p o s e d   in   t h e   e n g i n e   h e a d ,  

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

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

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

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

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

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

d i s p o s e d   in  t h e   h e a d   a b o v e   t h e   u p p e r   end   of  t h e   s l e e v e  

a d a p t e d   to  r o t a t i v e l y   d r i v e   t he   s l e e v e   by  e n g a g i n g   a  d r i v i n g  

f o r m a t i o n   l o c a t e d   a t   the   u p p e r   end  of  the   s l e e v e .  



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

an  e x c h a n g e a b l e   c o m p r e s s i o n   e l e m e n t   a d a p t e d   to  be  r e m o v a b l y  

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

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

e l e m e n t   f o r "  a n o t h e r   t h e   e n g i n e   c o m p r e s s i o n   r a t i o   can   b e  

v a r i e d .  

The  s e a l i n g   s l e e v e   may  be  of   p l a i n   c y l i n d r i c a l   f o r m   or  i t  

may  have  an  i n w a r d l y   d i r e c t e d   i n t e g r a l   f l a n g e   a t   i t s   u p p e r  

end  and  may  be  made  e i t h e r   of  m e t a l   or  of  c e r a m i c .   T h e  

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

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

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

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

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

a n g l e   b e t w e e n   the   d r i v i n g   f o r m a t i o n   and  the   l e a d i n g   edge   o f  

the  s l e e v e   a d j a c e n t   t he   s l i t   i s   l e s s   t h a n   the   a n g l e   b e t w e e n  

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

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

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

the  l a t t e r   a n g l e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   an  e x p l o d e d   i s o m e t r i c   v.iew  of  a  r o t a r y   v a l v e  

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

i n v e n t i o n ,  



. F i g u r e   2  is   a  p a r t i a l l y   c r o s s   s e c t i o n   s i d e   e l e v a t i o n   s h o w i n g  

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

' F i g u r e   3  i s   a  p a r t l y   c r o s s   s e c t i o n   s i d e   e l e v a t i o n   s h o w i n g   a 

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

e m b o d i m e n t   of  t he   i n v e n t i o n   a s s e m b l e d   in  an  e n g i n e   h e a d ,  

F i g u r e s   4a  a n d   4b  a r e   a  s i d e   e l e v a t i o n   a n d   p l a n   v i e w  

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

shown  in  f i g u r e   3,  a n d  

F i g u r e   5  i s   a  c r o s s   s e c t i o n a l   s i d e   e l e v a t i o n   o f   a  r o t a r y  

v a l v e   a s s e m b l y   shown  in  p a r t   a s s e m b l e d   in  an  e n g i n e   head  i n  

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

DESCRIPTION OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   to   f i g u r e s   1  and   2  t h e   r o t a r y   v a l v e   a s s e m b l y   f o r  

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 e s   a  s e a l i n g   s l e e v e   40  

w h i c h   i s   r o t a t i v e l y   m o u n t e d   i n s i d e   a  b o r e   18  of  t h e   e n g i n e  

head   12  w h i c h   in  t h i s   c a s e   is  p r o v i d e d   w i t h   a  b e a r i n g   s h e l l  

2 0  o f   p h o s p h o r   b r o n z e .   The  e n g i n e   h e a d   12  h o u s e s   t h e  

v a l v e   a s s e m b l y   a n d   t h e   s l e e v e   40  h a s   a  p o r t   44  w h i c h  

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

the   i n l e t   p a s s a g e   30  and  the   e x h a u s t   p a s s a g e   32  d i s p o s e d   i n  

t h e   h e a d   12.   A  l o w e r   end  4 0 , 1   of  t h e   s l e e v e   40  i s   o p e n  

and   c o m m u n i c a t e s   w i t h   an  e n g i n e   c y l i n d e r  1 6   in   w h i c h   a  



p i s t o n   1 6 , 1   1  r e c i p r o c a t e s   w h i l e  a n  u p p e r   end   4 0 , ?   of  t h e  

s l e e v e   40  i s   s e a l i n g l y   c l o s e d .   The  i n n e r   w a l l s   4 0 , 3   o f  

the   s l e e v e   40  a re   d i r e c t l y  e x p o s e d   to  a  c o m b u s t i o n   c h a m b e r  

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

c r o w n   of  t h e  p i s t o n   1 6 , 1 .   The  s l e e v e   40  i s   s p l i t  

l o n g i t u d i n a l l y   o v e r   i t s   e n t i r e   l e n g t h   by  a  s l i t   46  w h i c h   i s  

a l i g n e d   w i t h   t h e   p o r t   44.   A  v a l v e   m e c h a n i s m   50  i s  

d i s p o s e d   in  t h e   h e a d   12  a b o v e   t h e   u p p e r  e n d   4 0 , 2   of  t h e  

s l e e v e   40  and   i s   a d a p t e d   to  r o t a t i v e l y   d r i v e   t h e   s l e e v e   4 0  

by  e n g a g i n g   a  d r i v i n g   f o r m a t i o n   48  l o c a t e d   a t   the   u p p e r   e n d  

4 0 , 2   of  t he   s l e e v e   4 0 .  

An  e x c h a n g e a b l e   c o m p r e s s i o n   or  e l e m e n t   74  i s   r e m o v a b l y  

a t t a c h e d   w i t h i n   t h e   u p p e r   end   of  t h e   b o r e   of   t h e   s l e e v e   4 0  

to  t h e   v a l v e   m e c h a n i s m .   By  r e p l a c i n g   t h e   e l e m e n t   74  t h e  

c o m p r e s s i o n   r a t i o   of  the   e n g i n e   can  be  a d j u s t e d .  

The  d r i v i n g   f o r m a t i o n   48  ( in  t h i s   c a s e   d e p i c t e d   as  a  peg  b u t  

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

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

u p p e r   end  4 0 , 2   of  t h e   s l e e v e   40  a t   an  a n g l e   101  f r o m   t h e  

a n g u l a r   p o s i t i o n   of   t h e   s l i t   46.  The  d i r e c t i o n   o f  

r o t a t i o n   102  of  t h e   s l e e v e   d u r i n g   o p e r a t i o n   g i v e s   r i s e   t o  

t h e   d e f i n i t i o n   of  a  l e a d i n g   e d g e   4 0 , 3   of  t h e   s l e e v e   4 0  

a d j a c e n t   t h e   s l i t   46  and  a  t r a i l i n g   e d g e   4 0 , 4  o f   t h e   s l e e v e  

40  a d j a c e n t   t he   s l i t   46.  The  peg  48  is  a n g u l a r l y   c l o s e r   t o  

t h e   l e a d i n g  e d g e   4 0 , 3   t h a n   t o   t h e   t r a i l i n g   e d g e   4 0 , 4 ,   i n  

f a c t   the   a n g l e  1 0 1   is  a b o u t   80°  in  t h i s   e x a m p l e .  



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

b e a r i n g   s h e l l   20  s e a t s   on  t h e   s h o u l d e r   22  a t   t h e   l o w e r   e n d  

of  t h e   b o r e   1 8 .  T h e   b e a r i n g   s h e l l   has  two  p o r t s   24  and  26  

w h i c h   a r e   a l i g n e d   w i t h   t h e   i n l e t   30  a n d   e x h a u s t   32  p o r t s  

r e s p e c t i v e l y .    The  b e a r i n g   s h e l l   20  has   a  f u r t h e r   o p e n i n g  

3 4  w h i c h   e x p o s e s   a  s p a r k   p l u g   36  of   t h e   s u r f a c e   d i s c h a r g e  

t y p e .   The   b e a r i n g   s h e l l  2 0   has   an  o u t w a r d l y   d i r e c t e d  

p e r i p h e r a l   f l a n g e   38  a t   i t s   u p p e r   end  w h i c h   s e a t s   in  t h e  

c y l i n d e r   h e a d   12  a r o u n d   a  g r o o v e   a t   t h e   t o p   of   t h e   m o u t h   o f  

t he   b o r e   1 8 .  

The   v a l v e   s l e e v e   40  i s   of   p l a i n   h o l l o w   c y l i n d r i c a l   f o r m  

h a v i n g   t h e   p o r t   44  in  i t   and   t h e   l o n g i t u d i n a l l y   a r r a n g e d  

s l i t   46  a l i g n e d   w i t h  t h e   p o r t   and   e x t e n d i n g   o v e r  t h e   w h o l e  

l e n g t h   o f   t h e   s l e e v e s ,   a  d r i v e   peg  48  b e i n g   l o c a t e d   a t   t h e  

u p p e r   end  4 0 , 2 .   - 

The   v a l v e   m e c h a n i s m   50  d r i v e s   t h e   s l e e v e   40  r o t a t a b l y   a t  

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

The  m e c h a n i s m   c o m p r i s e s   a  s h a f t   52  w h i c h   c a r r i e s   a  h e l i x  

c u t   g e a r  5 2 , 1   w h i c h   m e s h e s   w i t h   h e l i c a l   c u t   g e a r   t e e t h   54  o f  

a  g e a r   56.  The   g e a r   56  i s   m o u n t e d   on  a  s t u b  s h a f t   6 0 , 1  

w i t h   a  s u i t a b l e   key  6 0 , 2   a t   t h e   u p p e r   end  of  a  s h a f t   6 0 .  

The  l o w e r   e n d   of   t h e   s h a f t   60  c a r r i e s   a  d i s c - l i k e   p o r t i o n   6 4  

a g a i n s t   t h e   l o w e r   s u r f a c e   of  w h i c h   t h e   u p p e r   end   4 0 , 2   of   t h e  

s l e e v e   40  b e a r s .   The   d i s c   64  c a r r i e s   a  g r a p h i t e   o r  

c e r a m i c   r i n g   s e a l   103  s p r i n g   l o a d e d   b y  a   s p r i n g   w a s h e r   1 0 4 ,  

a  p o l y m e r i c   r i n g ,   f o r   e x a m p l e   P . T . F . E .   A  n e o p r e n e   r i n g  



1 0 3 , 1   s e a t s   in  a  g r o o v e   1 0 3 , 2   in  t h e  d i s c   64  a n d  s e a l s  

a g a i n s t   the   r i n g   103.  A  j o u r n a l   68  is  b o l t e d   to  the  n e a d  

12  and  j o u r n a l s   t h e   s h a f t   60  as  w e l l   as  p r o v i d i n g   a  t h r u s t  

b e a r i n g   s u r f a c e   70  a g a i n s t   Which  the   u p p e r   p a r t   64 ,1   of  t h e  

d i s k   l i k e   p o r t i o n   64  can  b e a r   when  s u b j e c t e d   to  c o m b u s t i o n  

c h a m b e r   p r e s s u r e .   An  o i l   p a s s a g e   6 8 , 1   in  t h e   j o u r n a l   68  

l e a d s   e x c e s s   o i l   away  f r o m   t he   t h r u s t   s u r f a c e s   v ia   a  c h a n n e l  

6 8 , 2   to   t h e   o i l   b a t h   108 .   The   u n d e r n e a t h   of  t h e   d i s c - l i k e  

p o r t i o n   64  h a s  a   h o l e   to   r e c e i v e   t h e   d r i v e   peg  48  of  t h e  

s l e e v e   40.  A  b o l t   58  e x t e n d s ,   in  t h e   a s s e m b l e d   c o n d i t i o n ,  

t h r o u g h   a  w a s h e r   5 8 , 1   and   t n e   e n t i r e   s h a f t   60  and  i s   s c r e w e d  

i n t o   t h e   e l e m e n t   74,   h o l d i n g   t h e   a s s e m b l e d   p a r t s   t o g e t h e r .  

The  s m a l l   l o c a t i n g   p in   74 ,1   e n s u r e s   the   c o r r e c t   a l i g n m e n t   o f  

t h e   e l e m e n t   74.  The   e l e m e n t   74  has   an  o b l i q u e   l o w e r  

s u r f a c e   7 4 , 2   and  l e a v e s   a  s u b s t a n t i a l   gap  105  b e t w e e n   t h e  

e l e m e n t   74  and  the   s l e e v e   4 0 .  

When  t h e   e n g i n e   i s   r u n n i n g   t h e   d r i v i n g   f o r c e   on  t h e   s l e e v e  

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

48.  ( T h i s   d i r e c t i o n   106  can  be  s een   a l s o ,   f o r   e x a m p l e ,   i n  

t h e   v i e w   of  f i g u r e   4 b ) .   H o w e v e r ,   t h e   t a n g e n t i a l   d i r e c t i o n  

106  can  be  m o d i f i e d   i n w a r d l y   or  o u t w a r d l y   by  g i v i n g   the   p e g  

( o r   a  s l o t )   b e a r i n g   s u r f a c e   an  i n c l i n a t i o n   as  s h o w n   b y  

b r o k e n   l i n e s   110.  The  f r i c t i o n a l   f o r c e   a c t i n g   on  the   o u t e r  

s u r f a c e   of  the   s l e e v e   40  t h e r e f o r e   t e n d s   to  b r i n g   the   a r e a s  

n e a r   t h e   l e a d i n g   e d g e   4 0 , 3   i n t o   f i r m   s e a l i n g   c o n t a c t   w i t h  

t h e   b o r e   of  t h e   b e a r i n g   s h e l l   20.  A  peg  a n d / o r   n o t c h   m a y ,  



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

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

o f   t h e   l e a d i n g   e d g e   4 0 , 3 ,   o r   t o   r e d u c e   t h a t   s e a l i n g  

p r e s s u r e .   The  s l e e v e   40  i s   a s s e m b l e d   w i t h   a  l i g h t   s p r i n g  

t e n s i o n   a c t i n g   to   keep   i t   e n g a g e d   w i t h   t he   b e a r i n g   s h e l l   20 

and  p o s i t i v e   p r e s s u r e   i n s i d e   t he   c o m b u s t i o n   c h a m b e r   e n h a n c e s  

t h a t   s e a l i n g   p r e s s u r e .   At  t h e   u p p e r   end   4 0 , 2   of  t h e   s l e e v e  

40  gas  l e a k a g e   w h i c h   may  o c c u r   b e y o n d   t he   d i s k   64  is   s e a l e d  

a t   t h e   b e a r i n g   s u r f a c e   70  by  t h e   s e a l i n g   r i n g   1 0 3 . .  

The  w a l l s   of  t h e   s l e e v e   40  a r e   t h u s   s u b s t a n t i a l l y   c o m p l e t e l y  

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

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

s e a l   by  t h e   s l e e v e   and   a l l o w s   t h e   s e l e c t i o n   of  a  m e t a l l i c  

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

h e a t   f r o m   t h e   s l e e v e   w a l l s   to  t h e   c o o l i n g   p a s s a g e s   107  o f  

t h e   h e a d   12.   In  t e s t s   o v e r   a  s i x   h u n d r e d   h o u r   run   a t  

f u l l   p o w e r   t h e   t e m p e r a t u r e   of  t h e   w a l l   of   t h e   s l e e v e   w a s  

f o u n d   t o   be  in  t h e   v i c i n i t y   of  2 3 0 ° C   a t   3500   r . p . m .   e n g i n e  

s p e e d .   In  t h i s   t e s t   a  p h o s p h o r   b r o n z e   b e a r i n g   s h e l l - 2 0   w a s  

u s e d   and   a  316  s t a i n l e s s   s t e e l   s e a l i n g   s l e e v e   40.  T h e  

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

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

e l e m e n t .   Due  to  t h e s e   low  t e m p e r a t u r e s   of  the   w a l l s   o f  

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

c o m p l e t e l y   a b s e n t   even   w i t h   t he   u s e  o f   a  l o w  o c t a n e   f u e l   a t  

h i g h   c o m p r e s s i o n   r a t i o s   (87   o c t a n e   f u e l   w i t h   1 4 : 1   1 

c o m p r e s s i o n   r a t i o   a t   s e a   l e v e l ) .   T h i s   i s   of   p a r t i c u l a r  



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

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

f u r t h e r   p r o v i d e d   by  t h e   oil  b a t h   108  in  t h e   h e a d   12  w h i c h   i s  

used   to  l u b r i c a t e   the   d r i v e   t r a i n .   The  low  t e m p e r a t u r e s  

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

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

The  v a l v e   a s s e m b l y   is  so  a r r a n g e d   t h a t   the   s e a l i n g   s l e e v e   40  

a n d / o r   the   e l e m e n t   74  can  be  e x c h a n g e d   w i t h o u t   r e m o v i n g   t h e  

head  12  f rom  the   e n g i n e .   In  t h i s   way  the   v a l v e   t i m i n g   c a n  

be  a l t e r e d   e a s i l y   by  e x c h a n g i n g   t h e   s l e e v e   40  f o r   a n o t h e r  

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

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

e l e m e n t   74  f o r   a n o t h e r .  

L u b r i c a t i o n   was  p r o v i d e d   by  a d d i n g   m i n u t e   q u a n t i t i e s   o f  

c o l l o i d a l   g r a p h i t e   to  the   p e t r o l .   I t   is  a l s o   p o s s i b l e   t o  

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

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

i n l e t   p o r t   e v e r y   40  or  50  s t r o k e s   of  t h e   p i s t o n .   The  l o w  

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

l a y e r   and  h e n c e   of  t h e   l u b r i c a t i n g   m a t e r i a l ,   be  i t   o i l   o r  

g r a p h i t e ,   in  t h e   b o r e   of  t h e   b e a r i n g   s h e l l   20  d e s p i t e   t h e  

f a c t   t h a t   t h e   p o r t   44  of  t h e   s e a l i n g   s l e e v e   40  f o r m s   a 

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

o p e r a t i o n .   The   q u a n t i t y   of   l u b r i c a n t   c a n   a l s o   b e  

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



The  s h a p e   of   t h e   p o r t   44  i n  t h e   s l e e v e   40  s h o w n   i n  f i g u r e   2 

can   b e  d e s c r i b e d   as   " r e c t a n g u l a r "   to  be  u s e d   w i t h i n  i n l e t  

a n d   e x h a u s t   p a s s a g e s   24,   30  and  p o r t s   32,  44  in  t h e   b e a r i n g  

s h e l l   20  w h i c h   a r e   o f   s i m i l a r   s h a p e .   H o w e v e r ,   f o r  

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

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

e x h a u s t   p a s s a g e s ,   a  p o r t   s h a p e   can   be  u s e d   w h i c h   i s   s h o w n   by  

t h e   b r o k e n   l i n e s   109  i n  f i g u r e   4a .   T h i s   p r o v i d e s   t h a t   t h e  

p o r t   in  t h e   s l e e v e   40  i s   e f f e c t i v e l y   r e l a t i v e l y   n a r r o w   w h i l e  

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

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

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

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

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

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

w e r e   c i r c u l a r   and  the   p o r t   44  was  c i r c u l a r .  

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

s l e e v e   40  can   be  made   of   c e r a m i c ,   t h u s   h a v i n g   a  low  h e a t  

c o n d u c t i v i t y   and   a l l o w i n g   h i g h   t h e r m a l   e f f i c i e n c y .   A  V -  

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

of   t h e   s l e e v e   40  j u s t   " d o w n s t r e a m "   f r o m   t h e  p o r t   44  t o  

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

o p e r a t i o n .  

In  f i g u r e s   3,  4a  and   4b  t h e   v a l v e   m e c h a n i s m  i l l u s t r a t e d   i s  

g e n e r a l l y   d e s i g n a t e d   10  and  is  c a r r i e d   by  the   c y l i n d e r   h e a d  



12  of  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 . , .   P a r t   of  t h e a b l o c k   o f  

t h e   e n g i n e   i s   s h o w n   a t   14  and   t h e   u p p e r   p a r t   of  one  of  t h e  

c y l i n d e r s   of  the   e n g i n e   is  shown  a t   1 6 .  

The  c y l i n d e r   head  12  is  f o r m e d   w i t h   a  v e r t i c a l   c o u n t e r b o r e  

18  i n t o   w h i c h   a  b e a r i n g   s h e l l   20  i s   i n s e r t e d   f r o m   a b o v e .  

The  s h e l l   20  i s   p u s h e d   i n t o   t h e   c o u n t e r b o r e   18  u n t i l   i t  

s e a t s   on  t h e   s h o u l d e r   22  a t   t h e   l o w e r   end   of  t h e   c o u n t e r b o r e  

18.  The  b e a r i n g   s h e l l   20  i s   f o r m e d   w i t h   t w o   p o r t s   24  a n d  

26,   t h e   s h e l l   20  b e i n g   p r e s s e d   i n t o   t h e   c o u n t e r b o r e   18  s o  

t h a t   t h e   p o r t s   26  a n d   28  a r e   a l i g n e d   w i t h   t h e   f u e l   i n l e t   3 0  

and   t h e   b u r n t   g a s e s   e x h a u s t   32.  The  b e a r i n g   s h e l l   h a s   a 

f u r t h e r   o p e n i n g   34  in  t h e   w a l l   t h e r e o f ,   a  s p a r k   p l u g   36  ( o r  

a  g l o w   p l u g   or  an  i n j e c t o r   in  t h e   c a s e   of  a  d i e s e l   e n g i n e )  

b e i n g   i n s e r t e d   t h r o u g h   a  t h r e a d e d   bo re   of  the   c y l i n d e r   h e a d  

12  and  i n t o   the  o p e n i n g   3 4 .  

The  b e a r i n g   s l e e v e   20  i s   f o r m e d ,   a t   t h e   u p p e r   end   t h e r e o f ,  

w i t h   an  o u t w a r d l y   d i r e c t e d   p e r i p h e r a l   f l a n g e   3 8  w h i c h   s e a t s  

on  the   c y l i n d e r   head  12  a r o u n d   the   mouth   of  the   c o u n t e r b o r e  

1 8 .  

A  v a l v e   s l e e v e   40  r o t a t e s   w i t h i n   t h e   b e a r i n g   s h e l l   20 ,   t h e  

d i r e c t i o n   of  r o t a t i o n  b e i n g   shown  by  the   a r r o w   in  f i g u r e   4 b  

a n d   t h e   v a l v e   s l e e v e   40  b e i n g   i l l u s t r a t e d   in   d e t a i l  

in  f i g u r e s   4a  and  4 b .  

The  v a l v e   s l e e v e   40  is  of  g e n e r a l l y   c y l i n d r i c a l   f o r m   and  h a s  



an  i n w a r d l y   d i r e c t e d   f l a n g e   42  a t   one  end  t h e r e o f .  A   p o r t  

44  i s   p r o v i d e d   in  t he   c y l i n d r i c a l   w a l l   t h e r e o f ,   and  t h e r e   i s  

a l s o   a  s l i t   46  in  t h e   w a l l   t h e r e o f .   The  s l i t   e x t e n d s  

u p w a r d l y   and  d o w n w a r d l y   f rom  t h e  p o r t   44  ( s e e   p a r t i c u l a r l y  

f i g u r e   4 a ) .   A  b l i n d   h o l e   48  i s   p r o v i d e d   in   t h e   f l a n g e   4 2 ,  

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

The   v a l v e   s l e e v e   40  i s   r o t a t e d   ( a t   h a l f   e n g i n e   s p e e d )   by  a  

d r i v e   s y s t e m   w h i c h   i s   g e n e r a l l y   d e s i g n a t e d   50  in  f i g u r e   3 .  

The  d r i v e   s y s t e m   50  c o m p r i s e s   a  s h a f t   52  w h i c h   has   a  h e l i c a l  

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

54  c u t   in  t h e   p e r i p h e r y   of   a  g e a r   56.  The  g e a r   56  i s  

s e c u r e d   by  a  b o l t   58  ( w h i c h   is   c o - a x i a l   w i t h   t he   s l e e v e s   20  

and   40)   to  a  d r i v e   s h a f t   g e n e r a l l y   d e s i g n a t e d   60.  T h e  

s h a f t   60  c o m p r i s e s   a  s h a n k   62,  a  d i s c - l i k e   p o r t i o n   64,  and  a 

c y l i n d r i c a l   e x t e n s i o n   p i e c e   66  w h i c h   e n t e r s   t he   u p p e r   end  o f  

t h e   b e a r i n g   s l e e v e   2 0 .  

A  b e a r i n g   c a r r i e r   68  i s   b o l t e d   to  t h e   c y l i n d e r   h e a d ,   t h e r e  

b e i n g   a  t h r u s t   b e a r i n g   70  b e t w e e n   the   b e a r i n g   c a r r i e r   6 8 - a n d  

t h e  d i s c - l i k e   p o r t i o n   64  o f   t h e   s h a f t   6 0 ,   a n d   a  

j o u r n a l   b e a r i n g   72  b e t w e e n   t h e   s h a n k   62  and   t h e   b e a r i n g  

c a r r i e r   68.  The   b e a r i n g s   can   be  l u b r i c a t e d   by  o i l   u n d e r  

p r e s s u r e   w h i c h   a l s o   s e r v e s   to  c a r r y   away  e x c e s s   h e a t .  

The   d i s c - l i k e   p o r t i o n   64  c a r r i e s   a  d r i v i n g   p i n   ( n o t   s h o w n )  

w h i c h   e n t e r s   t he   b l i n d   h o l e   48  of  the   v a l v e   s l e e v e   4 0 .  



The  b o l t   58  e x t e n d s   b e y o n d  t h e   e x t e n s i o n   p i e c e   66  a n d  

i n t o   the   v a l v e   s l e e v e   40.  W i t h i n  t h e   v a l v e   s l e e v e  4 0  t h e r e  

i s   a  c o m p r e s s i o n   e l e m e n t   74,  t h e   e l e m e n t   74  h a v i n g   a  b l i n d  

b o r e   76  t h e r e i n   i n t o   w h i c h   t h e   b o l t   58  i s   s c r e w e d .   T h e  

e l e m e n t   74  i s   of  s o l i d   c y l i n d r i c a l   f o r m ,   i t s   l o w e r   f a c e   7 8  

b e i n g   skew  to  t he   a x i s   of  the   b o l t   5 8 .  

As  w i l l   be  s e e n   f r o m   f i g u r e   1,  t h e   e l e m e n t   74  and  t h e  

e x t e n s i o n   p i e c e   66  t o g e t h e r   d e f i n e   a  p e r i p h e r a l   g r o o v e   i n  

w h i c h   t h e   f l a n g e   42  of  t h e   v a l v e   s l e e v e   40  l i e s .   T h e  

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

t h u s   f u n c t i o n s   as  a  s e a l .  

The  o u t s i d e   d i a m e t e r   of  t h e   v a l v e   s l e e v e   40  i s   s l i g h t l y  

l a r g e r   t h a n   t h e   i n s i d e   d i a m e t e r   o f  t h e   b e a r i n g   s l e e v e   2 0 ,  

t h e   s l i t   46  a l l o w i n g   t h e   o v e r a l l   d i a m e t e r   of  t h e   s l e e v e   4 0  

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

t h e   b e a r i n g   s l e e v e   20.  The  t e n d e n c y   of  t h e   s l e e v e   40  t o  

o p e n   a f t e r   i n s e r t i o n   i n t o   t h e   b e a r i n g   s l e e v e   20  c r e a t e s   a 

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

a p p l i e d   to  t h e   i n s i d e   of  the   s l e e v e   4 0 .  

The  s l e e v e   40  can  be  of  s t e e l ,   c e r a m i c   m a t e r i a l ,   c a s t   i r o n  

or  n i c k e l   a l l o y s .  

The  w i d t h   of  t h e   s l i t   46,   when   t h e   v a l v e   i s   a t   o p e r a t i n g  

t e m p e r a t u r e ,   can  be  a b o u t   0,1  mm.  The  d i s c - l i k e   p o r t i o n   6 4  



h a s   a  r a d i a l   c l e a r a n c e   in  t he   s l e e v e   20  of  no t   more   t h a n   0 , 1  

mm.  Thus   the   a c t u a l   a r e a   t h r o u g h   Which  gas  can  e s c a p e   i s  

a  s q u a r e   h o l e   ( m e a s u r i n g   0 ,1   mm  by  0 ,1   mm)  and   h a v i n g   a  

t o t a l   a r e a   of   0 , 0 1   mm2.  T h i s   sma11   o p e n i n g   " s w e e p s "  

a r o u n d   t h e   i n n e r   f a c e   of  t h e  s l e e v e   20  as  t h e   s l e e v e   4 0  

r o t a t e s .  

The  s l e e v e s   20  and  44  can   be  of  any  s u i t a b l e   m a t e r i a l ,   e . g .  

a n t i - f r i c t i o n   m a t e r i a l s   w h i c h   a r e   s e l f - l u b r i c a t i n g .   A  l i g h t  

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

be  u s e d   as  l u b r i c a n t .   C e r a m i c s   can   a l s o   be  c o n s i d e r e d  

b e c a u s e   o f   t h e i r   r e s i s t a n c e   t o   c o r r o s i o n .   I f   t h e  

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

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

d i s u l p h i d e   c o m p o u n d s   can  be  u s e d .  

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

36  is  p r o t e c t e d   f rom  t h e   e f f e c t s   of  c o m b u s t i o n   e x c e p t   w h e n  

t h e   o p e n i n g   34  comes  i n t o   r e g i s t e r   w i t h   i t .  

By  r e p l a c i n g   the   e l e m e n t   74  w i t h   an  e l e m e n t   w h i c h   is   l o n g e r  

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

the   e n g i n e   can  be  a l t e r e d .   A d d i t i o n a l l y ,   i t   can  be  made  o f  

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

a s s i s t s   in  r e m o v i n g   e x c e s s   h e a t   f rom  the   i g n i t i o n   c h a m b e r   by  

c o n v e y i n g   i t   to  t he   s h a f t   6 0 .  

The  v a l v e   t i m i n g   can   be  a l t e r e d   by  m a k i n g   an  a d j u s t m e n t  



b e t w e e n   t h e   s h a f t   52  and   t h e   g e a r   5.  T h i s   a d v a n c e s   o r  

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

i n l e t   and  e x h a u s t   p o r t s .  

In  f i g u r e   5,  the   a r r a n g e m e n t   i n c l u d e s   a  p r i m a r y   p o r t   80  a n d ,  

b e l o w   i t ,   a  s e c o n d a r y   p o r t   82.  The  e l e m e n t   74  of   f i g u r e   1 

i s   r e p l a c e d   by  a  s o m e w h a t   d i f f e r e n t   s h a p e d   e l e m e n t   7 4 . 1  

w h i c h   e x t e n d s   d o w n w a r d l y   b e y o n d   t h e   p r i m a r y   p o r t   80  so  a s  

p a r t i a l l y   to  o v e r l a p   t h e   s e c o n d a r y   p o r t   82.  The  p r i m a r y  

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

o p t i m u m   low  s p e e d   e f f i c i e n c y .   The  s e c o n d a r y   p o r t   8 2  

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

p o r t   80  i s   c o n n e c t e d   to   t h e   p r i m a r y   b a r r e l   of  a  t w i n   c h o k e  

p r o g r e s s i v e   c a r b u r e t t o r .   The   s e c o n d a r y   p o r t   82  d o e s   n o t  

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

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

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

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

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

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

m a n i f o l d   p r e s s u r e   or  any  o t h e r   s u i t a b l e   p o i n t )   upon   s p e e d  

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



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

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

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

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

s l e e v e   w i t h   i n l e t   and  o u t l e t   p a s s a g e s   d i s p o s e d   in  t h e  

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

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

and  an  u p p e r   end  of  the   s l e e v e   b e i n g   s e a l i n g l y   c l o s e d ,  

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

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

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

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

t h e   n e a d   a b o v e   t h e  u p p e r   end   of  t h e   s l e e v e   a d a p t e d   t o  

r o t a t i v e l y   d r i v e   t h e   s l e e v e   by  e n g a g i n g   a  d r i v i n g  

f o r m a t i o n   l o c a t e d   a t   the   u p p e r   end  of  the   s l e e v e .  

2.  A  r o t a r y   v a l v e   a s s e m b l y   as  c l a i m e d   in  c l a i m   1,  w h i c h  

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

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

t h e   u p p e r   end  of  t h e   b o r e   of  t h e   s l e e v e   to  t h e   v a l v e  

m e c h a n i s m .  

3.  A  r o t a r y   v a l v e   a s s e m b l y   as  c l a i m e d  i n   c l a i m   2,  in  w h i c h  

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

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



m e c h a n i s m .  

4.  A  r o t a r y   v a l v e   a s s e m b l y  a s   c l a i m e d  i n   c l a i m   1,  in  w h i c h  

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

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

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

5.  A  r o t a r y   v a l v e   a s s e m b l y   as  c l a i m e d   in  c l a i m   4,  in  w h i c h  

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

l e a d i n g   edge   of  t h e   s l e e v e   a d j a c e n t   t h e   s l i t   by  a n  

a n g l e   which   is  l e s s   t han   h a l f   the   a n g u l a r   d i s p l a c e m e n t  

f rom  a  t r a i l i n g   edge  of  the   s l e e v e   a d j a c e n t   the   s l i t .  

6.  A  r o t a r y   v a l v e   a s s e m b l y   as  c l a i m e d   in  c l a i m   1,  w h i c h  

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

s l e e v e   l o c a t e d   above   the   s a i d   p o r t ,   a l s o   a l i g n e d   on  t h e  

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

s low  r u n n i n g   i n l e t   and  e x h a u s t   p a s s a g e s   p r o v i d e d   in  t h e  

e n g i n e   h e a d .  

7.  A  r o t a r y   v a l v e  a s s e m b l y   as  c l a i m e d   in  c l a i m  1 ,   in  w h i c h  

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

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

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

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

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

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

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



m e s h i n g   w i t h   a  g e a r   on  a  d r i v e   s h a f t .  

8.  A  r o t a r y   v a l v e   a s s e m b l y   as  c l a i m e d  i n   c l a i m   1,  in   w h i c h  

the   p o r t   in  t he   s l e e v e   has  a  s h a p e   b o u n d e d   by  s t r a i g h t  

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

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

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

i n l e t   and  o u t l e t   p a s s a g e s   in  t h e   h e a d .  

9.  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   w h i c h   i n c l u d e s   a 

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

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

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

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

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

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

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

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

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

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

of  the   s l e e v e   and  c a r r i e s   an  e x c h a n g e a b l e   c o m p r e s s i o n  

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

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

above   the   c y l i n d e r   and  f u l l y   e x p o s e d   to  the   c o m b u s t i o n  

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

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

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

i n t e r - e n g a g i n g   d r i v e   f o r m a t i o n s   fo r   r o t a t i v e l y   d r i v i n g  



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

S p l i t .  
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