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©  A  variable  valve  timing  mechanism  uses  the  known  shaft  1  has  lateral  projections  8,  9  which  couple  to  the  cam 
principle  of  an  eccentric  drive  to  the  camshafts  2,  3.  The  drive  lobes. 
is  by  means  of  a  shaft  1  which  extends  through  the  sleeves  When  the  shaft  is  moved  in  the  direction  of  arrows  1  1  or 
and  can  be  moved  by  means  of  a  bearing  11  in  a  translational  12  the  eccentricity  of  the  drive  to  the  cams  is  varied  and  the 
sense  with  respect  to  the  axes  of  rotation  to  the  cams.  The  valve  timing  is  altered. 
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57  A  variable  valve  timing  mechanism  uses  the  known 
principle  of  an  eccentric  drive  to  the  camshafts  2, 3.  The  drive 
is  by  means  of  a  shaft  1  which  extends  through  the  sleeves 
and  can  be  moved  by  means  of  a  bearing  11  in  a  translational 
sense  with  respect  to  the  axes  of  rotation  to  the  cams.  The 

shaft  1  has  lateral  projections  8,  9  which  couple  to  the  cam 
lobes. 

When  the  shaft  is  moved  in  the  direction  of  arrows  11  or 
12  the  eccentricity  of  the  drive  to  the  cams  is  varied  and  the 
valve  timing  is  altered. 



This  i n v e n t i o n   r e l a t e s   to  v a r i a b l e   valve  t iming  mechanisms  f o r  

i n t e r n a l   combust ion  e n g i n e s .  

As  is  well  known,  the  opening  and  c l o s i n g   of  exhaus t   and  i n l e t  

valves   can  be  va r i ed   to  achieve  c e r t a i n   d e s i r e d   a d v a n t a g e s .  

For  example,  i n c r e a s e d   power  at  high  speeds  can  be  ob ta ined   by 

advancing  the  opening  and  delaying  the  c l o s i n g   of  i n l e t   v a l v e s ,  

and  by  advancing   the  opening  of  the  exhaust   v a l v e s .   At  low 

speeds,   d e l a y i n g   the  opening  of  the  exhaust   va lves   to  r e d u c e  

valve  over lap   a c h i e v e s   the  same  e f f e c t   while  a lso   r e d u c i n g  

exhaust   e m i s s i o n s .  

United  Kingdom  Pa t en t   S p e c i f i c a t i o n   No.  1  522  405  d e s c r i b e s   one 

p r io r   p roposa l   for  vary ing   the  valve  t iming .   In  tha t   p r o p o s a l  

s e p a r a t e   camshaf t s   are  provided  for  each  c y l i n d e r   and  they  a r e  

dr iven  e c c e n t r i c a l l y   with  v a r i a b l e   e c c e n t r i c i t y   to  vary  t h e  

valve  t iming .   The  camshaft   dr ive  is  provided  by  a  gear  l o c a t e d  

between  the  c e n t r e   two  camshaf t s ,   which  r e s u l t s   in  an  

u n d e s i r a b l e   i n c r e a s e   in  the  height   of  the  valve  gear  c o v e r .  

United  Kingdom  Pa ten t   S p e c i f i c a t i o n   N o .  2   066  361  d e s c r i b e s  

ano ther   p roposa l   for  varying  the  valve  t iming .   In  t h i s  



p r o p o s a l ,   s e p a r a t e   camshaf t s   for  each  c y l i n d e r   are  coupled  to  a  

d r i v e s h a f t   which  runs  the  l ength   of  the  c y l i n d e r   head  t h r o u g h  

the  hollow  camshaf t s   and  which  is  movable  in  a  t r a n s l a t i o n a l  

sense   to  dr ive   the  camshaf t s   whith  v a r y i n g   e c c e n t r i c i t y .   The 

camshaf t   is  d r iven   by  a  gear  l oca t ed   o u t s i d e   the  valve  g e a r  

cover  so  t ha t   the  he igh t   of  the  valve  gear   cover  can  be  r e d u c e d  

s ince   the  d r i v i n g   gear  is  not  wi th in   the  valve  gear  cover  b u t  

the  means  coup l ing   the  camshaf t s   to  the  d r i v e s h a f t   n e v e r t h e l e s s  

adds  to  the  l eng th   of  the  c y l i n d e r   h e a d .  

The  i n v e n t i o n   p rov ides   a  v a r i a b l e   valve  t iming  mechanism  for  a n  

i n t e r n a l   combust ion  engine  compris ing   a  valve  a c t u a t i n g   cam  on 

a  r o t a t a b l y   mounted  hollow  camshaf t ,   and  a  s h a f t   for  d r i v i n g  

the  camshaf t ,   which  sha f t   extends  th rough  the  hollow  c a m s h a f t  

and  is  movable  in  a  t r a n s l a t i o n a l   sense  r e l a t i v e   to  the  axis   o f  

r o t a t i o n   of  the  cam,  the  sha f t   having  a  l a t e r a l   p r o j e c t i o n   so  

coupled  to  the  cam  lobe  as  to  drive  the  camshaf t   with  v a r y i n g  

amounts  of  e c c e n t r i c i t y   as  the  shaf t   is  moved,  in  order  to  v a r y  

the  valve  t i m i n g .  

The  use  of  the  cam  lobes  as  par t   of  the  means  coupl ing  t h e  

d r ive   sha f t   and  i n d i v i d u a l   camshaf ts   pe rmi t s   a  r e d u c t i o n   in  t h e  

l e n g t h   of  the  c y l i n d e r   head  while  s t i l l   e n a b l i n g   the  he igh t   o f  

the  valve  gear  cover  to  be  reduced  compared  to  the  f i r s t   p r i o r  

p r o p o s a l   r e f e r r e d   to  a b o v e .  



Advan tageous ly ,   the  camshaft  c a r r i e s   two  cams,  and  the  b e a r i n g  

for  the  camshaf t   is  loca ted   between  the  two  cams.  

Advan tageous ly ,   there   is  a  s e p a r a t e   camshaft   for  each  

c y l i n d e r .   Although  each  camshaft  could  have  a  s i ng l e   cam  f o r  

va ry ing   the  t iming  of  a  s ing le   valve  ( i n l e t   or  e x h a u s t ) ,  

p r e f e r a b l y   each  camshaft   c a r r i e s   two  cams,  e i t h e r   for  o p e r a t i n g  

both  an  i n l e t   and  an  exhaust   valve,   or  for  o p e r a t i n g   a  pair   o f  

exhaust   v a l v e s .   In  the  l a t t e r   case ,   a d d i t i o n a l   s e p a r a t e  

camshaf t s   could  be  provided  for  each  c y l i n d e r   so  tha t   there   i s  

one  for  a  pa i r   of  i n l e t   valves  and  one  for  a  pa i r   of  e x h a u s t  

v a l v e s .  

Advan tageous ly ,   there   is  a  s lo t   in  the  cam  lobe  or  p r e f e r a b l y  

in  the  l a t e r a l   p r o j e c t i o n   which  s l o t   is  engaged  by  a  s l i d e r  

connected  to  the  cam  lobe  or  l a t e r a l   p r o j e c t i o n ,   r e s p e c t i v e l y ,  

which  t r a n s m i t s   the  drive  in  a  r o t a r y   d i r e c t i o n   while  a l l o w i n g  

the  n e c e s s a r y   r a d i a l   r e l a t i v e   movement  to  take  place  f r e e l y .  

The  l a t e r a l   p r o j e c t i o n   may  be  on  an  arm  which  extends  from  a 

s leeve   f ixed   on  the  s h a f t .   The  s l eeve   may  have  p r o j e c t i o n s   a t  

each  end,  each  connected  to  a  cam  lobe  for  a  valve  of  a 

d i f f e r e n t   c y l i n d e r .  

The  i n v e n t i o n   is  a p p l i c a b l e   to  spark  i g n i t i o n   or  c o m p r e s s i o n  



i g n i t i o n   e n g i n e s .  

A  valve   t iming  mechanism  for  a  spark  i g n i t i o n   i n t e r n a l  

combust ion  engine  w i l l   now  be  d e s c r i b e d ,   by  way  of  e x a m p l e ,  

with  r e f e r e n c e   to  the  accompanying  drawings ,   in  w h i c h :  

F igure   1  is  an  a x i a l   c r o s s - s e c t i o n   through  a  pa r t   of  the  v a l v e  

t iming  mechanism;  

F igure   2  is  a  s e c t i o n   taken  on  the  l i n e s   2-2  in  F igure   1 ;  

F igure   3  is  an  exploded  view  of  some  of  the  p a r t s   shown  i n  

Figure   1;  and  

F i g u r e  4   is  a  s e c t i o n   taken  on  the  l i n e s   4-4  in  F igure   I,  b u t  

on  a  s m a l l e r   s ca le   than  F igure   1 .  

R e f e r r i n g   to  the  drawings ,   the  engine  is  a  four   c y l i n d e r  

i n - l i n e   engine   with  two  i n l e t   va lves   and  two  exhaus t   va lves   p e r  

c y l i n d e r .   A  v a r i a b l e   valve  t iming  camshaft   mechanismm  i s  

p rovided   for  a l l   the  i n l e t   va lves   and  a  s e p a r a t e   v a r i a b l e   v a l v e  

t iming  camshaf t   mechanism  is  p rovided   for  a l l   the  e x h a u s t  

v a l v e s .  

The  drawings   show  par t   of  the  mechanism  for  the  i n l e t   v a l v e s ,  

and  the  one  for  the  exhaus t   va lves   is  i d e n t i c a l .  

The  mechanism  for  the  i n l e t   va lves   commprises  a  d r ive   s h a f t  

i n d i c a t e d   g e n e r a l l y   by  the  r e f e r e n c e   numeral  1,  h o l l o w  

camshaf t s   for  two  a d j a c e n t   c y l i n d e r s   i n d i c a t e d   g e n e r a l l y   by  t h e  



r e f e r e n c e   numerals  2,  3,  and  an  i n t e r m e d i a t e   d r i v ing   member 

i n d i c a t e d   g e n e r a l l y   by  the  r e f e r e n c e   numeral  4  for  d r i v i n g   t h e  

camshaf t s   from  the  d r ive   s h a f t .   The  cam  lobes  of  the  c a m s h a f t s  

ope ra t e   t appe t s   (not  shown)  in  the  usual   way. 

The  dr ive   shaf t   has  a  s e r r a t e d   p o r t i o n   5,  and  the  i n t e r i o r   o f  

the  i n t e r m e d i a t e   d r i v i n g   member  4  is  a lso   i n t e r n a l l y   s e r r a t e d  

at  6,  so  keying  the  two  t o g e t h e r .  

The  i n t e r m e d i a t e   d r i v i n g   member  4  c o n s i s t s   of  a  s leeve  7 

bea r ing   the  i n t e r n a l   s e r r a t i o n s   and  two  i n t e g r a l   l a t e r a l  

p r o j e c t i o n s   8,  9  which  extend  r a d i a l l y   from  the  sha f t   1.  The 

s leeve   7  is  mounted  in  a  bea r ing   10  which  is  movable  by  means 

to  be  desc r ibed   h e r e i n a f t e r   in  the  d i r e c t i o n   of  the  arrows  11 ,  

12.  

Each  hollow  camshaft   2,  3  has  an  i n t e r n a l   d iameter   wide  enough 

to  al low  the  l a t e r a l   movement  of  the  d r i v i n g   shaf t   1  t o   t a k e  

p lace .   Each  has  a  pa i r   of  i d e n t i c a l   cam  lobes  13,  14 

r e s p e c t i v e l y   (the  lobes   14  are  not  v i s i b l e   in  the  drawings)   and 

each  is  r o t a t a b l y   mounted  in  a  f ixed  bear ing   housing  15,  16 

r e s p e c t i v e l y .  

The  cam  lobes  13,  14  are  coupled  r e s p e c t i v e l y   to  the  l a t e r a l  

p r o j e c t i o n s   8,  9  by  pin  and  s l o t   c o u p l i n g s ,   only  one  of  which  



is  shown  in  the  d rawings .   Thus,  the  cam  lobe  13  has  pin  17 

p ressed   i n to   an  a p e r t u r e   in  i t ,   which  pin  engages  in  a p e r t u r e  

18  in  a  s q u a r e - s e c t i o n e d   s l i d e r   19  which  is  f r e e l y   s l i d e a b l e   i n  

a  r a d i a l   s l o t   20  r e c e s s e d   in  one  face  of  l a t e r a l   p r o j e c t i o n   8 ,  

(F igure   3).  In  a d d i t i o n ,   the  s l i d e r   19  can  o s c i l l a t e   r e l a t i v e  

to  the  pin  17  about   the  axis   of  the  pin  17 .  

When  the  a x i s   of  the  d r ive   sha f t   1  c o i n c i d e s   with  the  axes  o f  

the  camshaf t s   2,  3,  the  angular   v e l o c i t y   of  the  camshaf t s   w i l l  

keep  in  s tep   with  tha t   of  the  d r i v i n g   sha f t   1.  When  t h e  

bea r ing   10  is  moved  in  the  d i r e c t i o n   of  the  arrows  11,  12,  t h e  

axis   of  the  d r i ve   s h a f t   1  w i l l   no  longer   co inc ide   with  the  a x e s  

of  r o t a t i o n   of  the  camsha f t s .   The  angu la r   v e l o c i t i e s   of  t h e  

camshaf t s   w i l l   then  no  longer   be  in  s tep  with  t ha t   of  the  d r i v e  

sha f t   1  and  the  valve  t iming  wi l l   be  v a r i e d .  

R e f e r r i n g   to  F igure   4,  the  bea r ing   housing  10  is  mounted  in  a  

p i v o t a b l e   hous ing   21.  A  f ixed  s h a f t   22  runs  through  a n  

a p e r t u r e   in  one  end  of  the  hous ing ,   and  a  notch  23  is  cut  o u t  

of  the  o the r   end.  The  notch  23  c o n t a i n i n g   an  e c c e n t r i c   24 

mounted  on  a  f ixed   sha f t   25.  The  housing  10  moves  in  t h e  

d i r e c t i o n   of  the  arrows  11,  12  when  the  sha f t   25  is  tu rned   and  

the  e c c e n t r i c   ac t s   on  the  n o t c h .  

Although  only  one  i n t e r m e d i a t e   d r i v i n g   member  4  has  been  shown, 



i t   is  apparen t   tha t   one  other   wi l l   be  needed  for  a  f o u r  

c y l i n d e r   engine ,   to  be  loca ted   between  the  camshaf t s   for  t h e  

o ther   two  c y l i n d e r s .   The  other   is  mounted  in  an  i n d e n t i c a l  

bea r ing   housing  10  which  is  in  turn  mounted  in  an  i d e n t i c a l  

p i v o t a b l e   housing  21.  The  s h a f t s   22,  1  and  25  extend  the  f u l l  

l ength   of  the  c y l i n d e r   head  through  both  bea r ing   hous ings   and 

p i v o t a b l e   hous ings ,   and  i t   wi l l   be  a p p a r e n t   that   t w i s t i n g   o f  

c o n t r o l   rod  25  causes  both  bear ing   hous ings   to  move  in  the  same 

d i r e c t i o n   11,  12  in  step  with  each  o t h e r .  

The  d r ive   sha f t   1  is  dr iven  at  one  end  (not  shown)  by  means  o f  

a  pu l l ey   dr iven  by  a  b e l t .  

It  wi l l   be  noted  that   the  l a t e r a l   p r o j e c t i o n s   8,  9  of  t h e  

i n t e r m e d i a t e   d r i v i n g   member  4  l ie   wi th in   the  p r o f i l e s   of  t h e  

cam  lobes   13,  14,  thereby  p e r m i t t i n g   the  use  of  bucket  t a p p e t s .  

It  wi l l   a lso  be  noted  t ha t ,   as  compared  with  United  Kingdom 

Pa ten t   S p e c i f i c a t i o n   N o .  2   066  361,  the  l eng th   of  the  c y l i n d e r  

head  can  be  reduced  s ince  cam  lobes  form  par t   of  the  means 

coup l ing   to  the  camshaf ts   to  the  dr ive   member  1 .  

The  i n t e r m e d i a t e   d r i v ing   member  4  is  made  of  metal ;   the  s l i d e r  

19  may  be  of  metal  or  of  s y n t h e t i c   m a t e r i a l .  



As  has  been  s t a t e d   h e r e i n b e f o r e ,   a  s i m i l a r   a r rangement   to  t h a t  

which  has  been  d e s c r i b e d   is  p rov ided   for   the  exhaus t   v a l v e s .  

Var ious   m o d i c i a t i o n s   may  of  course   be  made  wi thout   d e p a r t i n g  

from  the  scope  of  the  i n v e n t i o n .   Thus,  for  example,  a  t h i r d  

i n t e r m e d i a t e   d r i v i n g   member  could  be  provided  between  t h e  

c e n t r e   two  c y l i n d e r s   so  tha t   camshaf t   3  could  be  dr iven  by  an  

a p p r o p r i a t e   pin  and  l a t e r a l   p r o j e c t i o n   at  each  lobe,  i n s t e a d   o f  

only  at  one  lobe  as  i l l u s t r a t e d .   If   d e s i r e d   each  cam  lobe  o f  

each  camshaft   could  be  dr iven  by  a  s e p a r a t e   pin  in  order  t o  

reduce  s t r e s s e s   on  the  c a m s h a f t .  

Also,  the  cam  lobes  could  act   via  r o c k e r s   i f   d e s i r e d .  

The  ar rangement   is  a p p l i c a b l e   to  any  number  of  i n - l i n e   o r  

opposed  c y l i n d e r s ,   or  to  banks  of  c y l i n d e r s   of  V - c o n f i g u r a t i o n ,  

or  indeed  to  any  a r rangement   of  c y l i n d e r s .   F u r t h e r ,   i f  

d e s i r e d ,   the  v a r i a b l e   valve  t iming  mechanism  could  be  p r o v i d e d  

for  i n l e t   va lves   only,   or  for  exhaus t   va lves   only,  and  i s  

a p p l i c a b l e   to  a  s i n g l e   i n l e t   or  a  s i n g l e   exhaus t   valve  p e r  

c y l i n d e r   as  well  as  to  p a i r s   t h e r e o f .  

Also,  i n s t ead   of  the  camshaf t s   2,  3  bea r ing   p a i r s   of  i n l e t ,   o r  

exhaus t   cams  for  each  c y l i n d e r   they  may  each  bear  one  i n l e t   and  

one  exhaust   valve  for  a  r e s p e c t i v e   c y l i n d e r ,   t ha t   is ,   two 



valves   per  c y l i n d e r .  

F i n a l l y ,   the  i n v e n t i o n   is  a p p l i c a b l e   to  compress ion  i n j e c t i o n  

as  well  as  to  spark  i g n i t i o n   e n g i n e s .  



1  A  v a r i a b l e   valve  t iming  mechanism  for  an  i n t e r n a l   c o m b u s t i o n  

engine  compr is ing   a  valve  a c t u a t i n g   cam  on  a  r o t a t a b l y   mounted 

hollow  camshaf t ,   and  a  sha f t   for  d r i v i n g   the  camshaf t ,   which  

shaf t   extends  through  the  hollow  camshaft   and  is  movable  in  a  

t r a n s l a t i o n a l   sense  r e l a t i v e   to  the  axis   of  r o t a t i o n   of  t h e  

cam,  the  sha f t   having  a  l a t e r a l   p r o j e c t i o n   so  coupled  to  t h e  

cam  lobe  as  to  dr ive   the  camshaft   with  vary ing   amounts  o f  

e c c e n t r i c i t y   as  the  sha f t   is  moved,  in  order   to  vary  the  v a l v e  

t i m i n g .  

2  A  mechanism  as  claimed  in  claim  1,  wherein  the  c a m s h a f t  

c a r r i e s   two  cams,  and  the  bea r ing   for  the  camshaft   is  l o c a t e d  

between  the  two  cams.  

3  A  mechanism  as  claimed  in  claim  2,  wherein  one  of  the  cams  i s  

for  o p e r a t i n g   an  i n l e t   valve  and  the  o ther   is  for  o p e r a t i n g   an  

exhaust   v a l v e .  

4  A  mechanism  as  claimed  in  claim  2,  wherein  both  of  the  cams 

are  for  i n l e t ,   or  for  exhaus t ,   v a l v e s .  

5  A  mechansims  as  claimed  in  any  one   of  c laims  1  to  4,  w h e r e i n  

there   is  a  s e p a r a t e   camshaft   for  each  c y l i n d e r .  



6  A  mechanism  as  claimed  in  claim  5,  wherein  the re   are  two 

camshaf t s   for  each  c y l i n d e r ,   to  vary  the  valve  t iming  of  i n l e t  

and  exhaus t   va lves   s e p a r a t e l y .  

7  A  mechanism  as  claimed  in  claim  5  or  c laim  6,  wherein  a d j a c e n t  

camshaf ts   are  dr iven  by  an  i n t e r m e d i a t e   d r i v i n g   member 

compr i s ing   a  s leeve   su r round ing   the  d r i v i n g   s h a f t   with  w h i c h  

the  r e s p e c t i v e   l a t e r a l   p r o j e c t i o n s   are  formed  i n t e g r a l l y .  

8  A  mechanism  as  claimed  in  a n y  o n e   of  c laim  1  to  7,  w h e r e i n  

there   is  a  s l o t   in  the  l a t e r a l   p r o j e c t i o n   or  in  the  cam  l o b e  

which  s l o t   is  engaged  by  a  s l i d e r   connec ted   to  the  cam  lobe  o r  

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

9  A  mechanism  as  claimed  in  claim  8,  wherein  the  s l i d e r   e n g a g e s  

a  pin  which  extends   through  the  l a t e r a l   p r o j e c t i o n   or  the  cam 

l o b e .  

10  A  v a r i a b l e   valve  t iming  mechanism  s u b s t a n t i a l l y   a s  

h e r e i n b e f o r e   de sc r ibed   with  r e f e r e n c e   to  the  accompany ing  

d r a w i n g .  
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