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Description 

The  present  invention  relates  to  a  valve  timing 
control  device  for  use  in  an  internal  combustion 
engine  for  continuously  controlling  or  varying  the 
timing  at  which  an  intake  or  exhaust  valve  is 
opened  and  closed. 

One  known  valve  timing  control  device  for  use 
in  internal  combustion  engines  is  disclosed  in  Jap- 
anese  Laid-Open  Patent  Publication  no.  61-268810, 
for  example. 

The  disclosed  valve  timing  control  device  in- 
cludes  a  phase  adjusting  mechanism  for  varying 
the  relative  phase  or  angular  relationship  between  a 
timing  pulley  and  a  camshaft  to  control  or  vary  the 
timing  at  which  an  intake  or  exhaust  valve  is 
opened  and  closed.  The  phase  adjusting  mecha- 
nism  has  a  piston  movable  between  two  positions. 
The  piston  reaches  one  of  the  positions  when  hy- 
draulic  pressure  is  supplied  to  a  hydraulic  pressure 
chamber  and  reaches  the  other  position  when  hy- 
draulic  pressure  is  released  from  the  hydraulic 
pressure  chamber.  The  timing  at  which  the  intake 
or  exhaust  valve  is  opened  and  closed  is  only 
controlled  such  that  it  is  advanced  or  retarded  a 
certain  fixed  amount. 

From  FR-A-2  526  858  it  is  known  to  provide  a 
device  for  varying  the  timing  of  a  camshaft  com- 
prising  an  axially  slidable  splined  sleeve  connected 
to  the  camshaft  by  helical  splines  wherein  the 
sleeve  is  acted  upon  by  engine  lubricating  oil  so  as 
to  change  the  angular  position  of  the  camshaft,  the 
pressure  of  the  engine  oil  on  the  sleeve  being 
controlled  by  a  valve  actuated  by  an  electromag- 
netic  actuator. 

Another  problem  with  the  earlier  valve  timing 
control  device  is  that  the  timing  pulley  is  mounted 
on  a  housing  having  opposite  ends  supported  by 
respective  rotatable  shafts.  Therefore,  the  piston 
has  a  small  pressure-bearing  area  and  is  operable 
at  a  limited  speed. 

According  to  the  present  invention,  there  is 
provided  a  valve  timing  control  device  for  use  in  an 
internal  combustion  engine  having  a  camshaft  and 
a  crankshaft,  comprising: 

a  rotatable  shaft  adapted  to  be  coupled  co- 
axially  to  the  camshaft; 

a  housing  including  a  timing  wheel  disposed 
coaxially  with  said  rotatable  shaft  and  rotatable  by 
the  crankshaft,  said  timing  wheel  being  axially  im- 
movable  but  angularly  movable  with  respect  to  said 
rotatable  shaft; 

a  piston  disposed  coaxially  with  said  rotatable 
shaft  and  said  timing  wheel; 

a  hydraulic  chamber  for  exerting  a  hydraulic 
pressure  to  move  said  piston  axially  in  one  direc- 
tion; 

a  return  spring  for  normally  urging  said  piston 

to  move  in  a  direction  opposite  to  said  one  direc- 
tion  against  the  hydraulic  pressure; 

hydraulic  pressure  supply  and  release  pas- 
sages  for  the  hydraulic  chamber; 

5  a  valve  disposed  between  said  hydraulic  cham- 
ber  and  said  hydraulic  pressure  release  passage 
said  valve  comprising  a  sleeve  disposed  in  said 
rotatable  shaft,  a  spool  relatively  movably  disposed 
in  said  sleeve  and  axially  movable  to  provide  com- 

io  munication  between  said  hydraulic  chamber  and 
said  hydraulic  pressure  or  release  passage; 

an  actuator  for  axially  moving  said  spool;  and 
a  phase  adjusting  mechanism  operatively  cou- 

pling  said  piston,  said  housing,  and  said  rotatable 
75  shaft  for  varying  angular  relationship  between  said 

timing  wheel  and  said  rotatable  shaft  in  response  to 
axial  movement  of  said  piston; 

characterised  in  that  said  valve  comprises  a 
servovalve  disposed  between  said  hydraulic  cham- 

20  ber  and  said  hydraulic  pressure  supply  and  release 
passages,  the  sleeve  of  the  servovalve  being  oper- 
atively  coupled  to  said  piston  and  axially  movably 
disposed  in  said  rotatable  shaft,  and  the  spool  of 
the  servovalve  being  axially  movable  to  variable 

25  positions  between  two  extreme  postions  by  the 
actuator  to  provide  communication  between  said 
hydraulic  chamber  and  said  hydraulic  pressure 
supply  or  release  passages;  means  being  provided 
for  cutting  off  said  communication  in  response  to 

30  axial  movement  of  said  piston  and  said  sleeve 
following  the  axial  movement  of  said  spool  to  cause 
infinitely  variable  positioning  of  said  piston  and  thus 
of  said  phase  adjusting  mechanism. 

The  actuator  may  comprise  a  hydraulic  ac- 
35  tuator  or  an  electric  actuator. 

The  phase  adjusting  mechanism  may  comprise 
a  guide  groove  defined  in  the  rotatable  shaft  ob- 
liquely  to  an  axis  of  the  rotatable  shaft,  a  first  roller 
pin  supported  on  the  piston  and  rollingly  fitted  in 

40  the  guide  groove,  a  guide  slot  defined  in  the  hous- 
ing  obliquely  to  the  axis  of  the  rotatable  shaft,  and 
a  second  roller  pin  supported  on  the  piston  and 
rollingly  fitted  in  the  guide  slot. 

Alternatively,  the  phase  adjusting  mechanism 
45  may  comprise  first  helical  teeth  on  an  outer  periph- 

eral  surface  of  the  piston,  second  helical  teeth  on 
an  inner  peripheral  surface  of  the  housing  in  mesh 
with  the  first  helical  teeth,  third  helical  teeth  on  an 
inner  peripheral  surface  of  the  piston,  and  fourth 

50  helical  teeth  on  an  outer  peripheral  surface  of  the 
rotatable  shaft  in  mesh  with  the  third  helical  teeth. 

Some  embodiments  of  the  invention  will  now 
be  described  by  way  of  example  and  with  refer- 
ence  to  the  accompanying  drawings,  in  which:- 

55  FIG.  1  is  a  vertical  cross-sectional  view  of  a 
valve  timing  control  device  according  to  an  em- 
bodiment  of  the  present  invention; 
FIGS.  2(a)  and  2(b)  are  cross-sectional  views 
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taken  along  line  II  -  II  of  FIG.  1,  showing  dif- 
ferent  angular  positions; 
FIG.  3  is  a  vertical  cross-sectional  view  of  a 
valve  timing  control  device  according  to  another 
embodiment  of  the  present  invention;  and 
FIG.  4  is  a  vertical  cross-sectional  view  of  a 
valve  timing  control  device  according  to  still 
another  embodiment  of  the  present  invention. 

Like  or  corresponding  parts  are  denoted  by  like 
or  corresponding  reference  numerals  throughout 
the  respective  views. 

A  valve  timing  control  device  for  use  in  an 
internal  combustion  engine,  according  to  an  em- 
bodiment  of  the  present  invention,  is  illustrated  in 
FIG.  1. 

A  camshaft  1  for  opening  and  closing  an  intake 
or  exhaust  valve  (not  shown)  is  rotatably  supported 
in  an  engine  body  2.  A  timing  belt  3  is  trained 
around  a  timing  wheel  or  pulley  4  for  transmitting 
rotative  power  from  a  crankshaft  (not  shown)  of  the 
engine.  The  pulley  4  and  the  camshaft  1  are  oper- 
atively  coupled  to  each  other  by  a  timing  control 
assembly  5  capable  of  varying  the  phase  or  an- 
gular  relationship  between  the  pulley  4  and  the 
camshaft  1  . 

The  timing  control  assembly  5  comprises  a 
rotatable  shaft  6  coaxially  coupled  to  the  camshaft 
1,  a  housing  7  integral  with  the  pulley  4  and 
surrounding  the  rotatable  shaft  6  in  coaxial  relation- 
ship,  a  piston  8  having  one  axial  end  disposed  in  a 
hydraulic  pressure  chamber  18  and  positioned  co- 
axially  with  the  housing  7  and  the  rotatable  shaft  6, 
the  piston  8  being  normally  urged  in  one  axial 
direction  by  a  spring  32,  a  servovalve  9  for  control- 
ling  axial  movement  of  the  piston  8,  and  a  phase 
adjusting  mechanism  10  for  operatively  coupling 
the  piston  8,  the  housing  7,  and  the  rotatable  shaft 
6  to  vary  the  phase  or  angular  relationship  between 
the  pulley  4  and  the  rotatable  shaft  6  according  to 
axial  movement  of  the  piston  8. 

The  rotatable  shaft  6  is  in  the  form  of  a  hollow 
bottomed  cylinder  with  a  shaft  portion  6a  on  its 
closed  end.  The  shaft  portion  6a  is  fixed  coaxially 
to  an  end  of  the  camshaft  1  by  means  of  a  bolt  1  1 
extending  coaxially  through  the  closed  end  of  the 
shaft  6  threadedly  into  the  camshaft  1  .  The  housing 
7  is  also  in  the  form  of  a  hollow  bottomed  cylinder 
which  is  open  toward  the  camshaft  1  .  The  pulley  4 
is  disposed  on  an  outer  peripheral  surface  of  the 
housing  7  closer  to  the  open  end  thereof,  i.e.,  to 
the  camshaft  1.  An  annular  end  plate  12  is  fixed  to 
the  end  of  the  housing  7  closer  to  the  camshaft  1 
in  covering  relation  to  the  outer  peripheral  edge  of 
the  shaft  6.  A  seal  member  13  is  interposed  be- 
tween  the  inner  periphery  of  the  end  plate  12  and 
the  outer  periphery  of  the  shaft  portion  6a  of  the 
shaft  6.  Near  the  pulley  4,  there  is  disposed  a 
bearing  14  between  an  inner  peripheral  surface  of 

the  housing  7  and  an  outer  peripheral  surface  of 
the  shaft  6.  The  bearing  14  between  the  housing  7 
and  the  shaft  6  has  an  outer  race  with  one  end 
thereof  axially  engaging  the  housing  7  and  an  inner 

5  race  with  the  opposite  end  thereof  axially  engaging 
the  shaft  6.  Therefore,  the  housing  7  and  the  pulley 
4  are  prevented  from  axially  moving  with  respect  to 
the  shaft  6  and  the  camshaft  1  ,  but  are  allowed  to 
rotate  about  the  axis  of  the  shaft  6  and  the  cam- 

io  shaft  1  . 
The  housing  7  has  a  through  hole  15  defined 

centrally  in  the  closed  end  thereof.  The  piston  8 
comprises  a  cylindrical  portion  8a  slidably  held 
against  an  inner  peripheral  surface  of  the  through 

is  hole  15,  a  ring  portion  8b  slidably  held  against  an 
inner  peripheral  surface  of  the  housing  7,  and  a 
dish-shaped  connecting  plate  portion  8c  intercon- 
necting  the  cylindrical  portion  8a  and  the  ring  por- 
tion  8b.  A  seal  member  16  is  fitted  over  an  outer 

20  peripheral  surface  of  the  cylindrical  portion  8a  in 
sliding  contact  with  the  inner  peripheral  surface  of 
the  through  hole  15.  Another  seal  member  17  is 
fitted  over  an  outer  peripheral  surface  of  the  ring 
portion  8c  in  sliding  contact  with  the  inner  periph- 

25  eral  surface  of  the  housing  7.  The  housing  7  and 
the  piston  8  define  the  hydraulic  pressure  chamber 
18  between  the  seal  members  16,  17.  When  hy- 
draulic  pressure  is  supplied  to  the  hydraulic  pres- 
sure  chamber  18,  the  piston  8  is  axially  pressed 

30  toward  the  camshaft  1.  The  seal  members  16,  17 
are  of  the  piston  ring  type  having  a  split  or  slit  in  a 
peripheral  portion  thereof.  The  seal  members  16, 
17  are  effective  to  reduce  resistance  to  sliding 
movement  of  the  piston  8. 

35  The  piston  8  also  includes  an  integral  support- 
ing  cylindrical  portion  8d  extending  axially  from  the 
ring  portion  8b  toward  the  camshaft  1  and  disposed 
between  the  housing  7  and  the  shaft  6.  The  sup- 
porting  cylindrical  portion  8d,  the  housing  7,  and 

40  the  shaft  6  are  operatively  coupled  to  each  other 
by  the  phase  adjusting  mechanism  10. 

As  shown  in  FIGS.  2(a)  and  2(b),  the  phase 
adjusting  mechanism  10  has  a  guide  groove  19 
defined  in  an  outer  peripheral  surface  of  the  shaft 

45  6,  a  guide  slot  20  defined  in  the  housing  7  radially 
outwardly  of  the  guide  groove  19,  a  roller  pin  21 
supported  on  the  supporting  cylindrical  portion  8d 
and  rollingly  fitted  in  the  guide  groove  19,  and  a 
roller  pin  22  supported  on  the  supporting  cylin- 

50  drical  portion  8d  coaxially  with  the  roller  pin  21  and 
rollingly  fitted  in  the  guide  slot  20.  The  guide 
groove  19  and  the  guide  slot  20  intersect  with  each 
other  obliquely  to  the  axis  of  the  shaft  6  and  the 
housing  7.  When  the  rollers  21  ,  22  are  moved  with 

55  the  piston  8  axially  of  the  shaft  6  and  the  housing 
7,  the  roller  pins  21,  22  rollingly  move  in  the  guide 
groove  19  and  the  guide  slot  20  to  turn  the  shaft  6 
and  the  housing  7  in  mutually  opposite  directions 

3 
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for  thereby  varying  the  phase  or  angular  relation- 
ship  between  the  shaft  6  and  hence  the  camshaft 
1,  and  the  housing  7  and  hence  the  pulley  4.  More 
specifically,  when  the  piston  8  is  moved  into  a 
position  closest  to  the  camshaft  1  ,  the  shaft  6  and 
the  housing  7  are  relatively  angularly  positioned  as 
shown  in  FIG.  2(a),  and  when  the  piston  8  is  moved 
into  a  position  remotest  from  the  camshaft  1,  the 
shaft  6  and  the  housing  7  are  relatively  angularly 
positioned  as  shown  in  FIG.  2(b).  The  phase  adjust- 
ing  mechanism  10  includes  a  plurality  of,  three,  for 
example,  such  pin-and-groove/slot  combinations  at 
equal  angularly  spaced  locations  in  the  circum- 
ferential  direction  of  the  piston  8  radially  inwardly 
of  the  pulley  4. 

As  illustrated  in  FIG.  1,  a  cylindrical  cover  23  is 
fitted  over  the  housing  7  for  preventing  the  roller 
pins  22  from  being  removed  from  the  guide  slots 
20,  the  cover  23  being  fixed  to  the  housing  7.  Seal 
members  25,  26  are  disposed  between  the  housing 
7  and  the  cover  23  one  on  each  side  of  the  guide 
slots  20.  The  shaft  6  has  a  radial  breathing  hole  24 
through  which  the  interior  space  of  the  shaft  6 
communicates  with  the  space  between  the  shaft  6 
and  the  housing  7. 

The  servovalve  9  comprises  a  cylindrical 
sleeve  29  slidably  fitted  in  the  shaft  6  and  a  cylin- 
drical  spool  30  slidably  fitted  in  the  sleeve  29.  A 
spring  32  is  disposed  under  compression  between 
the  sleeve  29  and  the  closed  end  of  the  shaft  6  for 
normally  urging  the  sleeve  29  in  an  axial  direction 
to  hold  one  end  of  the  sleeve  29  against  the 
connecting  plate  portion  8c  of  the  piston  8.  There- 
fore,  the  piston  8  is  also  urged  by  the  spring  32  in 
a  direction  to  contract  the  hydraulic  pressure 
chamber  18  against  the  hydraulic  pressure  therein. 

The  engine  body  2  has  a  first  hydraulic  pres- 
sure  supply  passage  37  defined  therein  in  commu- 
nication  with  a  hydraulic  pressure  pump  36.  The 
camshaft  1  has  an  annular  groove  38  defined  in  an 
outer  peripheral  surface  thereof  and  communicating 
with  the  first  hydraulic  pressure  supply  passage  37, 
and  also  has  a  second  hydraulic  pressure  supply 
passage  39  defined  therein  and  communicating 
with  the  annular  groove  38.  The  shaft  6  has  a  third 
hydraulic  pressure  supply  passage  40  defined 
therein  and  held  in  communication  with  the  second 
hydraulic  pressure  supply  passage  39  at  all  times. 
The  shaft  6  also  has  an  annular  groove  41  defined 
in  an  inner  peripheral  surface  thereof  and  commu- 
nicating  with  the  third  hydraulic  pressure  supply 
passage  40.  A  pair  of  annular  seal  members  42,  43 
is  interposed  between  the  camshaft  1  and  the 
engine  body  2  in  sandwiching  relation  to  the  an- 
nular  groove  38.  Another  pair  of  annular  seal  mem- 
bers  44  is  interposed  between  the  camshaft  1  and 
the  shaft  6  for  keeping  the  second  and  third  hy- 
draulic  pressure  supply  passages  39,  40  in  com- 

munication  with  each  other. 
The  sleeve  29  has  an  oil  hole  45  defined 

radially  therethrough  which  is  held  in  communica- 
tion  with  the  annular  groove  41  at  all  times  ir- 

5  respective  of  the  axial  position  of  the  sleeve  29 
with  respect  to  the  shaft  6.  The  sleeve  29  also  has 
an  annular  groove  46  defined  in  an  inner  peripheral 
surface  thereof  at  a  position  adjacent  to  the  open 
end  of  the  oil  hole  45  on  one  side  thereof  closer  to 

io  the  camshaft  1.  The  sleeve  29  and  the  connecting 
plate  portion  8c  held  against  the  sleeve  29  have  an 
oil  passage  47  defined  therein  through  which  the 
annular  groove  46  communicates  with  the  hydraulic 
pressure  chamber  18.  The  bolt  11  and  the  cam- 

15  shaft  1  have  a  pressure  release  passage  49  de- 
fined  axially  therethrough  and  held  in  communica- 
tion  with  an  oil  tank  48  coupled  to  the  hydraulic 
pressure  pump  36. 

An  annular  groove  50  is  defined  in  an  outer 
20  peripheral  surface  of  the  spool  30  and  has  an  axial 

width  selected  such  that  it  can  provide  fluid  com- 
munication  between  the  oil  hole  45  and  the  annular 
groove  46.  The  spool  30  is  axially  movable  be- 
tween  three  positions,  i.e.,  a  cutoff  position  in  which 

25  only  the  oil  hole  45  communicates  with  the  annular 
groove  50,  a  supply  position  in  which  the  oil  hole 
45  and  the  annular  groove  46  communicate  with 
each  other  through  the  annular  groove  50,  and  a 
release  position  in  which  the  annular  groove  46 

30  communicates  with  the  pressure  release  passage 
49.  The  sleeve  29  has  a  stopper  51  extending 
radially  inwardly  from  an  axial  end  thereof  closer  to 
the  camshaft  I  for  abutting  against  the  spool  30  to 
limit  relative  axial  movement  of  the  sleeve  29  and 

35  the  spool  30. 
A  support  member  52  is  fixed  to  the  engine 

body  2  in  covering  relation  to  the  timing  control 
assembly  5.  To  the  support  member  52,  there  is 
secured  a  fluid  actuator  53  coaxial  with  the  timing 

40  control  assembly  5  and  having  a  driver  shaft  54 
coupled  to  the  spool  30.  A  cap  55  covering  the 
through  hole  15  is  fixed  to  the  closed  end  of  the 
housing  7.  The  driver  shaft  54  extends  axially  mov- 
ably  through  the  center  of  the  cap  55,  with  a  seal 

45  member  56  interposed  between  the  driver  shaft  54 
and  the  cap  55. 

The  fluid  actuator  53  has  a  cylindrical  casing 
57  having  closed  opposite  ends  and  fixed  to  the 
support  member  52  coaxially  with  the  camshaft  1. 

50  The  casing  57  has  a  cylinder  hole  58  defined 
therein  and  having  closed  opposite  ends.  A  driver 
piston  59  is  slidably  fitted  in  the  cylinder  hole  58 
and  integrally  joined  to  the  driver  shaft  54.  Thus, 
the  driver  shaft  54  coupled  to  the  piston  59  extends 

55  movably  through  the  casing  57  and  is  coupled  to 
the  spool  30.  A  seal  member  60  is  interposed 
between  the  driver  shaft  54  and  the  casing  57. 

A  first  hydraulic  pressure  chamber  61  is  de- 

4 
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fined  between  an  outer  end  wall  of  the  casing  57 
and  the  piston  59,  whereas  a  second  hydraulic 
pressure  chamber  62  is  defined  between  the  piston 
59  and  an  inner  end  wall  of  the  casing  57.  The 
piston  59  is  normally  urged  to  move  axially  out- 
wardly,  i.e.,  toward  the  outer  end  wall  of  the  casing 
57  by  a  spring  63  housed  in  the  second  hydraulic 
pressure  chamber  62.  The  first  hydraulic  pressure 
chamber  61  is  coupled  to  a  hydraulic  pressure 
source  65  through  a  solenoid-operated  valve  64. 
The  first  and  second  hydraulic  pressure  chambers 
61,  62  are  interconnected  through  a  solenoid-op- 
erated  valve  66.  The  second  hydraulic  pressure 
chamber  62  is  connected  to  the  oil  tank  48  through 
a  restriction  67  disposed  in  the  casing  57.  The 
solenoid-operated  valves  64,  66  are  controlled  by  a 
control  unit  68. 

While  the  solenoid-operated  valve  64  is  open, 
the  solenoid-operated  valve  66  is  controlled  to  free- 
ly  adjust  the  axial  position  of  the  piston  59  and 
hence  the  driver  shaft  54  for  thereby  determining 
the  axial  position  of  the  spool  30. 

Operation  of  the  valve  timing  control  device  will 
now  be  described.  Rotative  power  transmitted  from 
the  crankshaft  of  the  engine  through  the  timing  belt 
3  is  transmitted  from  the  timing  belt  3  through  the 
timing  control  assembly  5  to  the  camshaft  1  ,  which 
is  rotated  to  open  and  close  the  non-illustrated 
intake  or  exhaust  valve. 

For  varying  the  timing  at  which  the  intake  or 
exhaust  valve  is  opened  and  closed,  the  fluid  ac- 
tuator  53  is  operated  to  move  the  shaft  54  to  a 
desired  axial  position.  In  FIG.  1,  the  sleeve  29  and 
the  spool  30  are  axially  relatively  positioned  such 
that  only  the  annular  groove  50  communicates  with 
the  oil  hole  45,  and  the  phase  adjusting  mechanism 
10  is  in  the  position  shown  in  FIG.  2(a).  When  the 
shaft  54  is  moved  to  the  left  to  displace  the  spool 
30  axially  in  one  direction  (to  the  left  in  FIG.  1)  into 
the  release  position,  the  annular  groove  46  commu- 
nicates  with  the  pressure  release  passage  49.  The 
hydraulic  pressure  is  now  released  from  the  hy- 
draulic  pressure  chamber  18  to  allow  the  sleeve  29 
and  the  piston  8  to  move  axially  in  said  one  direc- 
tion  under  the  force  of  the  spring  32.  The  phase 
adjusting  mechanism  10  turns  the  shaft  6  and  the 
housing  7  relatively  to  each  other  for  thereby  vary- 
ing  the  timing  at  which  the  intake  or  exhaust  valve 
is  opened  and  closed.  In  response  to  the  move- 
ment  of  the  sleeve  29  axially  in  said  one  direction, 
the  spool  30  is  moved  relatively  to  the  sleeve  29 
axially  in  the  opposite  direction  into  the  cutoff  posi- 
tion.  Therefore,  the  amount  of  movement  of  the 
piston  8  is  determined  dependent  on  the  amount  of 
axial  movement  of  the  spool  30,  and  the  amount  by 
which  the  valve  timing  is  advanced  or  retarded  is 
determined  on  the  amount  of  movement  of  the 
piston  8.  Accordingly,  the  amount  by  which  the 

valve  timing  is  varied  can  continuously  be  con- 
trolled  dependent  on  the  amount  of  movement  of 
the  spool  30. 

During  such  operation,  the  seal  members  16, 
5  17  of  the  piston  ring  type  fitted  over  the  piston  8 

are  subjected  to  low  resistance  to  sliding  move- 
ment  thereof,  so  that  the  piston  8  can  smoothly  be 
operated,  and  thus  the  phase  adjusting  mechanism 
10  can  smoothly  be  moved  for  phase  adjustment. 

io  When  the  servovalve  9  is  in  the  cutoff  position, 
the  shaft  54  is  moved  axially  in  the  opposite  direc- 
tion  (to  the  right  in  FIG.  1)  to  move  the  spool  30 
from  the  cutoff  position  axially  in  the  opposite  di- 
rection.  The  spool  30  then  reaches  the  supply 

is  position  in  which  the  oil  hole  45  and  the  annular 
groove  46  communicate  with  each  other  through 
the  annular  groove  50,  whereupon  hydraulic  pres- 
sure  from  the  pump  36  is  supplied  to  the  hydraulic 
chamber  18,  moving  the  piston  8  axially  in  the 

20  opposite  direction  against  the  resiliency  of  the 
spring  32.  In  response  to  the  movement  of  the 
piston  8  axially  in  the  opposite  direction,  the  shaft  6 
and  the  housing  7  are  turned  relatively  to  each 
other  by  the  phase  adjusting  mechanism  10  to  vary 

25  the  timing  at  which  the  intake  or  exhaust  valve  is 
opened  and  closed.  Since  the  sleeve  29  also 
moves  with  the  axial  movement  of  the  piston  8,  the 
spool  30  is  moved  relatively  to  the  sleeve  29  into 
the  cutoff  position.  Therefore,  the  amount  of  move- 

30  ment  of  the  piston  8  is  determined  dependent  on 
the  amount  of  axial  movement  of  the  spool  30,  and 
the  timing  at  which  the  intake  or  exhaust  valve  is 
opened  and  closed  can  continuously  be  controlled. 
The  breathing  hole  24  defined  in  the  shaft  6  quickly 

35  relieves  the  back  pressure  between  the  piston  8 
and  the  shaft  6  for  thereby  allowing  the  piston  8  to 
move  quickly. 

The  housing  7  with  the  pulley  4  thereon  is 
rotatably  supported  on  the  shaft  6  by  the  bearing 

40  14  near  the  pulley  4,  and  the  phase  adjusting 
mechanism  10  is  positioned  radially  inwardly  of  the 
pulley  4.  As  a  result,  any  load  imposed  on  the 
distal  end  of  the  housing  7  during  operation  is 
reduced,  making  it  unnecessary  to  support  the 

45  closed  end,  i.e.,  the  distal  end,  of  the  housing  7 
with  the  shaft  6.  Therefore,  the  housing  7  can  only 
be  supported  in  a  cantilevered  fashion  by  the  shaft 
6.  Inasmuch  as  the  shaft  6  does  not  include  a 
portion  which  would  otherwise  extend  through  the 

50  connecting  plate  portion  8c  and  support  the  distal 
end  of  the  housing  7,  the  pressure-bearing  area  of 
the  piston  8  facing  into  the  hydraulic  pressure 
chamber  18  is  relatively  large,  with  the  result  that 
the  piston  8  and  hence  the  phase  adjusting  mecha- 

55  nism  10  can  operate  quickly. 
The  fluid  actuator  53  is  shown  as  being  op- 

erable  under  hydraulic  pressure,  but  may  be  of  the 
type  which  is  operable  under  pneumatic  pressure. 

5 
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The  shaft  6  and  the  piston  8  or  the  piston  8 
and  the  housing  7  may  be  coupled  to  each  other 
by  a  structure  which  prevents  their  relative  angular 
movement,  and  the  piston  8  and  the  housing  7  or 
the  shaft  6  and  the  piston  8  may  be  coupled  to 
each  other  by  a  structure  which  allows  their  relative 
angular  movement  in  response  to  axial  movement 
of  the  piston  8. 

The  roller  pins  21,  22  may  be  replaced  with  a 
single  roller  pin  which  is  supported  on  the  piston  8 
and  has  its  opposite  ends  rollingly  fitted  in  the 
guide  groove  19  and  the  guide  slot  20. 

FIG.  3  shows  a  valve  timing  control  device 
according  to  another  embodiment  of  the  present 
invention.  The  valve  timing  control  device  shown  in 
FIG.  3  differs  from  that  illustrated  in  FIG.  1  in  that 
the  spool  30  is  operated  by  an  electric  actuator  70 
through  a  driver  shaft  71  thereof,  the  electric  ac- 
tuator  70  being  fastened  to  the  support  member 
52. 

The  electric  actuator  70  serves  to  move  the 
shaft  71  and  hence  the  spool  30  into  a  desired 
axial  position,  i.e.,  one  of  the  cutoff,  supply,  and 
release  positions  referred  to  above,  in  response  to 
an  electric  signal  applied  thereto.  The  electric  ac- 
tuator  70  may  comprise  a  DC  or  AC  servomotor,  a 
stepping  motor,  a  linear  motor,  a  motor-operated 
cylinder,  a  linear  solenoid,  a  rotary  solenoid,  a 
piezoelectric  motor,  a  laminated  piezoelectric  ac- 
tuator,  or  the  like. 

FIG.  4  illustrates  a  valve  timing  control  device 
according  to  still  another  embodiment  of  the 
present  invention.  Those  parts  of  the  valve  timing 
control  device  of  FIG.  4  which  are  identical  to  those 
of  the  valve  timing  control  device  shown  in  FIG.  1 
are  denoted  by  identical  reference  numerals,  and 
will  not  be  described  in  detail. 

The  valve  timing  control  device  illustrated  in 
FIG.  4  has  a  closure  plate  7a  fixed  to  the  end  of 
the  housing  7  remote  from  the  camshaft  1,  the 
closure  plate  7a  having  a  through  hole  15.  A  driver 
shaft  or  rod  72  extends  axially  movably  through  the 
pressure  release  passage  49  and  has  an  end  coup- 
led  to  a  spool  30'.  A  cap  73  is  fixed  to  the  closure 
plate  7a  in  covering  relation  to  the  through  hole  1  . 
The  spool  30'  is  normally  urged  to  move  toward 
the  camshaft  1  by  a  spring  74  disposed  between 
the  cap  73  and  the  spool  30. 

The  valve  timing  control  device  also  includes  a 
phase  adjusting  mechanism  80  which  comprises 
helical  splines  or  teeth  81  on  an  outer  peripheral 
surface  of  the  supporting  portion  8d  of  the  piston  8, 
helical  splines  or  teeth  82  on  an  inner  peripheral 
surface  of  the  housing  7  and  held  in  mesh  with  the 
helical  splines  81,  helical  splines  or  teeth  83  on  an 
inner  peripheral  surface  of  the  supporting  portion 
8d  of  the  piston  8,  and  helical  splines  or  teeth  84 
on  an  outer  peripheral  surface  of  the  shaft  6  and 

held  in  mesh  with  the  helical  splines  83.  The  phase 
adjusting  mechanism  80  thus  constructed  can  vary 
the  phase  or  angular  relationship  between  the 
housing  7  and  the  shaft  6  in  response  to  axial 

5  movement  of  the  piston  8. 
The  driver  shaft  72  may  be  axially  moved  by 

any  suitable  device  such  for  example  as  a  hydrau- 
lic  actuator,  a  pneumatic  actuator,  an  electric  ac- 
tuator,  a  mechanical  actuator,  or  the  like. 

io  It  will  thus  be  seen  that  the  present  invention, 
at  least  in  its  preferred  forms,  provides  a  valve 
timing  control  device  for  use  in  an  internal  combus- 
tion  engine,  which  is  capable  of  continuously  con- 
trolling  or  varying  the  timing  at  which  an  intake  or 

is  exhaust  valve  is  opened  and  closed;  and  further- 
more  provides  a  valve  timing  control  device  for  use 
in  an  internal  combustion  engine,  which  includes  a 
piston  having  a  large  pressure-bearing  area  for 
higher  speed  of  operation. 

20 
Claims 

1.  A  valve  timing  control  device  for  use  in  an 
internal  combustion  engine  having  a  camshaft 

25  (1)  and  a  crankshaft,  comprising: 
a  rotatable  shaft  (6)  adapted  to  be  coupled 

coaxially  to  the  camshaft  (1); 
a  housing  (7)  including  a  timing  wheel  (4) 

disposed  coaxially  with  said  rotatable  shaft  (6) 
30  and  rotatable  by  the  crankshaft,  said  timing 

wheel  (4)  being  axially  immovable  but  angu- 
larly  movable  with  respect  to  said  rotatable 
shaft  (6); 

a  piston  (8)  disposed  coaxially  with  said 
35  rotatable  shaft  (6)  and  said  timing  wheel  (4); 

a  hydraulic  chamber  (18)  for  exerting  a 
hydraulic  pressure  to  move  said  piston  (8) 
axially  in  one  direction; 

a  return  spring  (32)  for  normally  urging 
40  said  piston  (8)  to  move  in  a  direction  opposite 

to  said  one  direction  against  the  hydraulic 
pressure; 

hydraulic  pressure  supply  and  release 
passages  (37,49)  for  the  hydraulic  chamber 

45  (18); 
a  valve  (9)  disposed  between  said  hydrau- 

lic  chamber  (18)  and  said  hydraulic  pressure 
release  passage  (49),  said  valve  comprising  a 
sleeve  (29)  disposed  in  said  rotatable  shaft  (6), 

50  a  spool  (30;30;30')  relatively  movably  disposed 
in  said  sleeve  (29)  and  axially  movable  to 
provide  communication  between  said  hydraulic 
chamber  (18)  and  said  hydraulic  pressure  re- 
lease  passage  (49); 

55  an  actuator  (53;70;72)  for  axially  moving 
said  spool  (30;30;30');  and 

a  phase  adjusting  mechanism  (10;  10;  80) 
operatively  coupling  said  piston  (8),  said  hous- 

6 
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ing  (7),  and  said  rotatable  shaft  (6)  for  varying 
angular  relationship  between  said  timing  wheel 
(4)  and  said  rotatable  shaft  (6)  in  response  to 
axial  movement  of  said  piston  (8); 

characterised  in  that  said  valve  (9)  com- 
prises  a  servovalve  (9)  disposed  between  said 
hydraulic  chamber  (18)  and  said  hydraulic 
pressure  supply  and  release  passages  (37,49), 
the  sleeve  (29)  of  the  servovalve  (9)  being 
operatively  coupled  to  said  piston  (8)  and  ax- 
ially  movably  disposed  in  said  rotatable  shaft 
(6),  and  the  spool  (30;30;30')  of  the  servovalve 
(9)  being  axially  movable  to  variable  positions 
between  two  extreme  postions  by  the  actuator 
(53;70;72)  to  provide  communication  between 
said  hydraulic  chamber  (18)  and  said  hydraulic 
pressure  supply  or  release  passages  (37,49); 
means  being  provided  for  cutting  off  said  com- 
munication  in  response  to  axial  movement  of 
said  piston  (8)  and  said  sleeve  (29)  following 
the  axial  movement  of  said  spool  (30;30;30')  to 
cause  infinitely  variable  positioning  of  said  pis- 
ton  (8)  and  thus  of  said  phase  adjusting 
mechanism  (10;10;80). 

2.  A  valve  timing  control  device  according  to 
claim  1  ,  wherein  said  actuator  (53)  comprises  a 
hydraulic  actuator. 

3.  A  valve  timing  control  device  according  to 
claim  1,  wherein  said  actuator  (70)  comprises 
an  electric  actuator. 

4.  A  valve  timing  control  device  according  to  any 
of  claims  1  to  3,  wherein  said  phase  adjusting 
mechanism  (10)  comprises  a  guide  groove  (19) 
defined  in  said  rotatable  shaft  (6)  obliquely  to 
an  axis  of  the  rotatable  shaft  (6),  a  guide  slot 
(20)  defined  in  said  housing  (7)  obliquely  to  the 
axis  of  the  rotatable  shaft  (6),  and  a  roller  pin 
(21)  supported  on  said  piston  (8)  and  having 
opposite  ends  rollingly  fitted  in  said  guide  slot 
(20). 

5.  A  valve  timing  control  device  according  to  any 
of  claims  1  to  3,  wherein  said  phase  adjusting 
mechanism  (10)  comprises  a  guide  groove  (19) 
defined  in  said  rotatable  shaft  (6)  obliquely  to 
an  axis  of  the  rotatable  shaft  (6),  a  first  roller 
pin  (21)  supported  on  said  piston  (8)  and  rollin- 
gly  fitted  in  said  guide  groove  (19),  a  guide 
slot  (20)  defined  in  said  housing  obliquely  to 
the  axis  of  the  rotatable  shaft  (6),  and  a  second 
roller  pin  (22)  supported  on  said  piston  (8)  and 
rollingly  fitted  in  said  guide  slot  (20). 

6.  A  valve  timing  control  device  according  to 
claim  1,  wherein  said  phase  adjusting  mecha- 

nism  (80)  comprises  first  helical  teeth  (81)  on 
an  outer  peripheral  surface  of  said  piston  (8), 
second  helical  teeth  (82)  on  an  inner  peripheral 
surface  of  said  housing  (7)  in  mesh  with  said 

5  first  helical  teeth  (81),  third  helical  teeth  (83)  on 
an  inner  peripheral  surface  of  said  piston  (8), 
and  fourth  helical  teeth  (84)  on  an  outer  periph- 
eral  surface  of  said  rotatable  shaft  (6)  in  mesh 
with  said  third  helical  teeth  (83). 

10 
7.  A  valve  timing  control  device  according  to  any 

of  claims  1  to  3,  wherein  said  housing  (7)  is 
rotatably  mounted  on  said  rotatable  shaft  (6) 
by  a  bearing  (14),  said  bearing  (14)  and  said 

is  phase  adjusting  mechanism  (10;  10;  80)  being 
disposed  near  said  timing  wheel  (4). 

8.  A  valve  timing  control  device  according  to  any 
preceding  claim,  wherein  said  hydraulic  pres- 

20  sure  chamber  (18)  is  defined  between  said 
housing  (7)  and  said  piston  (8). 

9.  A  valve  timing  control  device  according  to  any 
preceding  claim,  wherein  said  hydraulic  pres- 

25  sure  release  passage  (49)  is  defined  axially 
through  said  rotatable  shaft  (6). 

10.  A  valve  timing  control  device  according  to  any, 
preceding  claim,  wherein  said  actuator  (53;  70; 

30  72)  includes  a  driver  shaft  (54;  71  ;  72)  coupled 
axially  to  said  spool  (30;  30;  30'). 

11.  A  valve  timing  control  device  according  to 
claim  10,  wherein  said  driver  shaft  (54;  71) 

35  extends  through  a  cap  (55;  55)  mounted  on 
said  housing  (7)  in  covering  relation  to  an 
opening  thereof  remote  from  said  rotatable 
shaft  (6). 

40  12.  A  valve  timing  control  device  according  to 
claim  10,  wherein  said  driver  shaft  (72)  extends 
through  said  hydraulic  pressure  release  pas- 
sage  (49). 

45  Revendicatlons 

1.  Dispositif  de  commande  du  point  de  calage 
des  soupapes  destine  a  etre  utilise  dans  un 
moteur  a  combustion  interne  muni  d'un  arbre 

50  a  cames  (1)  et  d'un  vilebrequin,  ce  dispositif 
comprenant: 

un  arbre  (6)  pouvant  tourner,  adapte  pour 
etre  accouple  coaxialement  a  I'arbre  a  cames 
(1); 

55  un  carter  (7)  comprenant  une  roue  (4)  de 
calage  disposee  coaxialement  par  rapport  au 
dit  arbre  tournant  (6)  et  pouvant  etre  mis  en 
rotation  par  le  vilebrequin,  ladite  roue  (4)  de 

7 
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calage  etant  axialement  immobile,  mais  pou- 
vant  etre  decalee  angulairement  par  rapport  au 
dit  arbre  tournant  (6); 

un  piston  (8)  dispose  coaxialement  par 
rapport  au  dit  arbre  tournant  (6)  et  a  ladite 
roue  (4)  de  calage; 

une  chambre  hydraulique  (18)  permettant 
d'exercer  une  pression  hydraulique  de  maniere 
a  deplacer  axialement  ledit  piston  (8)  dans  un 
sens; 

un  ressort  (32)  de  rappel  permettant  de 
forcer  normalement  ledit  piston  (8)  a  se  depla- 
cer  dans  un  sens  oppose  au  dit  premier  sens, 
contre  Taction  de  la  pression  hydraulique; 

des  passages  (37,  49)  d'alimentation  et 
d'echappement  de  pression  hydraulique  (18) 
pour  la  chambre  hydraulique; 

une  valve  (9)  disposee  entre  ladite  cham- 
bre  hydraulique  (18)  et  ledit  passage  (49) 
d'echappement  de  pression  hydraulique,  ladite 
valve  comprenant  une  douille  (29)  disposee 
dans  ledit  arbre  tournant  (6),  un  tiroir  (30;  30; 
30')  dispose  dans  ladite  douille  (29)  de  manie- 
re  a  pouvoir  effectuer  un  mouvement  relatif  et 
pouvant  etre  deplace  axialement  de  maniere  a 
etablir  une  communication  entre  ladite  cham- 
bre  hydraulique  (18)  et  ledit  passage  (49)  de 
pression  ou  d'echappement  hydraulique; 

un  actionneur  (53;  70;  72)  permettant  de 
deplacer  axialement  ledit  tiroir  (30;  30;  30');  et 

un  mecanisme  (10;  10;  80)  de  reglage  de 
la  phase  reliant  entre  eux  de  fagon  fonctionnel- 
le  ledit  piston  (8),  ledit  carter  (7)  et  ledit  arbre 
tournant  (6),  pour  modifier  Tangle  relatif  entre 
ladite  roue  (4)  de  calage  et  ledit  arbre  tournant 
(6)  en  fonction  du  deplacement  axial  du  dit 
piston  (8); 

caracterise  en  ce  que  ladite  valve  (9)  com- 
prend  une  servovalve  (9)  disposee  entre  ladite 
chambre  hydraulique  (18)  et  lesdits  passages 
(37,  49)  d'alimentation  et  d'echappement  de 
pression  hydraulique,  la  douille  (29)  de  la  ser- 
vovalve  (9)  etant  accouplee  de  fagon  fonction- 
nelle  au  dit  piston  (8)  et  disposee  de  fagon 
axialement  mobile  dans  ledit  arbre  tournant 
(6),  et  le  tiroir  (30;  30;  30')  de  ladite  servovalve 
(9)  etant  axialement  mobile  pour  atteindre  des 
positions  variables  comprises  entre  deux  posi- 
tions  extremes  au  moyen  de  Tactionneur  (53; 
70;  72)  de  maniere  a  etablir  une  communica- 
tion  entre  ladite  chambre  hydraulique  (18)  et 
lesdits  passages  (37,  49)  d'alimentation  et 
d'echappement  de  pression  hydraulique;  des 
moyens  etant  prevus  pour  couper  ladite  com- 
munication  en  fonction  d'un  mouvement  axial 
du  dit  piston  (8)  et  de  ladite  douille  (29)  suite 
au  deplacement  du  dit  tiroir  (30;  30;  30'),  de 
maniere  a  realiser  un  positionnement  infini- 

ment  variable  du  dit  piston  (8)  et,  par  conse- 
quent,  du  dit  mecanisme  (10;  10;  80)  de  regla- 
ge  de  la  phase. 

5  2.  Dispositif  de  commande  du  point  de  calage 
des  soupapes  selon  la  revendication  1,  dans 
lequel  ledit  actionneur  (53)  comporte  un  action- 
neur  hydraulique. 

io  3.  Dispositif  de  commande  du  point  de  calage 
des  soupapes  selon  la  revendication  1,  dans 
lequel  ledit  actionneur  (70)  comporte  un  action- 
neur  electrique. 

is  4.  Dispositif  de  commande  du  point  de  calage 
des  soupapes  selon  Tune  quelconque  des  re- 
vendications  1  a  3,  dans  lequel  ledit  mecani- 
sme  (10)  de  reglage  de  la  phase  comporte  une 
rainure  (19)  de  guidage  definie  dans  ledit  arbre 

20  tournant  (6),  de  fagon  oblique  par  rapport  a  un 
axe  de  Tarbre  tournant  (6),  une  fente  (20)  de 
guidage  definie  dans  ledit  carter  (7),  de  fagon 
oblique  par  rapport  a  Taxe  de  Tarbre  tournant 
(6),  et  un  doigt  (21)  de  roulement,  supporte  sur 

25  ledit  piston  (8),  dont  les  extremites  opposees 
s'engagent  de  maniere  a  pouvoir  rouler  dans 
la  fente  (20)  de  guidage. 

5.  Dispositif  de  commande  du  point  de  calage 
30  des  soupapes  selon  Tune  quelconque  des  re- 

vendications  1  a  3,  dans  lequel  ledit  mecani- 
sme  (10)  de  reglage  de  la  phase  comporte  une 
rainure  (19)  de  guidage  definie  dans  ledit  arbre 
tournant  (6),  de  fagon  oblique  par  rapport  a  un 

35  axe  de  Tarbre  tournant  (6),  un  premier  doigt 
(21)  de  roulement,  supporte  sur  ledit  piston 
(8),  s'engageant  de  fagon  a  pouvoir  rouler 
dans  ladite  rainure  (19)  de  guidage,  une  fente 
(20)  de  guidage  definie  dans  ledit  carter  (7),  de 

40  fagon  oblique  par  rapport  a  Taxe  de  Tarbre 
tournant  (6),  et  un  deuxieme  doigt  (22)  de 
roulement,  supporte  sur  ledit  piston  (8),  qui 
s'engage  de  maniere  a  pouvoir  rouler  dans  la 
fente  (20)  de  guidage. 

45 
6.  Dispositif  de  commande  du  point  de  calage 

des  soupapes  selon  la  revendication  1,  dans 
lequel  ledit  mecanisme  (80)  de  reglage  de  la 
phase  comporte  une  premiere  denture  helicoT- 

50  dale  (81)  situee  sur  une  surface  peripherique 
exterieure  du  dit  piston  (8),  une  seconde  den- 
ture  helico'fdale  (82)  situee  sur  une  surface 
peripherique  interieure  du  dit  carter  (7),  s'en- 
grenant  dans  ladite  premiere  denture  helicoT- 

55  dale  (81),  une  troisieme  denture  helico'fdale 
(83)  situee  sur  une  surface  peripherique  inte- 
rieure  du  dit  piston  (8),  et  une  quatrieme  den- 
ture  helico'fdale  (84)  situee  sur  une  surface 

8 



15 EP  0  296  885  B1 16 

peripherique  exterieure  du  dit  arbre  tournant 
(6),  en  engrenement  avec  ladite  troisieme  den- 
ture  helico'fdale  (83). 

7.  Dispositif  de  commande  du  point  de  calage 
des  soupapes  selon  I'une  quelconque  des  re- 
vendications  1  a  3,  dans  lequel  ledit  carter  (7) 
est  monte  de  fagon  a  pouvoir  tourner  sur  ledit 
arbre  tournant  (6)  par  I'intermediaire  d'un  palier 
(14),  ledit  palier  (14)  et  ledit  mecanisme  (10; 
10;  80)  de  reglage  de  la  phase  etant  disposes 
a  proximite  de  la  roue  (4)  de  calage. 

8.  Dispositif  de  commande  du  point  de  calage 
des  soupapes  selon  I'une  quelconque  des  re- 
vendications  precedentes,  dans  lequel  ladite 
chambre  (18)  de  pression  hydraulique  est  defi- 
nie  entre  ledit  carter  (7)  et  ledit  piston  (8). 

9.  Dispositif  de  commande  du  point  de  calage 
des  soupapes  selon  I'une  quelconque  des  re- 
vendications  precedentes,  dans  lequel  ledit 
passage  (49)  d'echappement  de  la  pression 
hydraulique  est  defini  dans  le  sens  axial  a 
travers  ledit  arbre  tournant  (6). 

10.  Dispositif  de  commande  du  point  de  calage 
des  soupapes  selon  I'une  quelconque  des  re- 
vendications  precedentes,  dans  lequel  ledit  ac- 
tionneur  (53;  70;  72)  comporte  une  tige  (54;  71  ; 
72)  de  commande  qui  est  accouplee  axiale- 
ment  au  dit  tiroir  (30;  30;  30'). 

11.  Dispositif  de  commande  du  point  de  calage 
des  soupapes  selon  la  revendication  10,  dans 
lequel  ladite  tige  (54;  71)  de  commande 
s'etend  a  travers  un  capuchon  (55;  55)  monte 
sur  ledit  carter  (7)  en  couvrant  une  ouverture 
de  ce  dernier,  qui  est  distale  par  rapport  au  dit 
arbre  tournant  (6). 

12.  Dispositif  de  commande  du  point  de  calage 
des  soupapes  selon  la  revendication  10,  dans 
lequel  ladite  tige  (72)  de  commande  s'etend  a 
travers  ledit  passage  (49)  d'evacuation  de  la 
pression  hydraulique. 

Patentanspruche 

1.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen  zur 
Verwendung  in  einem  Verbrennungsmotor  mit 
einer  Nockenwelle  (1)  und  einer  Kurbelwelle, 
umfassend: 
eine  koaxial  an  die  Nockenwelle  (1)  koppelba- 
re,  drehbare  Welle  (6), 
ein  Gehause  (7)  mit  einem  Zeitsteuerungsrad 
(4),  das  koaxial  zu  der  drehbaren  Welle  (6) 
angeordnet  und  mittels  der  Kurbelwelle  dreh- 

bar  ist,  wobei  das  Zeitsteuerungsrad  (4)  axial 
unbeweglich,  jedoch  relativ  zu  der  drehbaren 
Welle  (6)  im  Winkel  bewegbar  ist, 
einen  Kolben  (8),  der  koaxial  zu  der  drehbaren 

5  Welle  (6)  und  dem  Zeitsteuerungsrad  (4)  ange- 
ordnet  ist, 
eine  Hydraulikkammer  (18)  zum  Ausuben  ei- 
nes  Hydraulikdrucks,  urn  den  Kolben  (8)  axial 
in  eine  Richtung  zu  bewegen, 

io  eine  Ruckholfeder  (32),  urn  normalerweise  den 
Kolben  (8)  zur  Bewegung  in  eine  Richtung 
entgegengesetzt  der  einen  Richtung  gegen 
den  Hydraulikdruck  vorzuspannen, 
Hydraulikdruckzufuhr-  und  -abla/Spassagen 

is  (37,49)  fur  die  Hydraulikkammer  (18), 
ein  Ventil  (9),  das  zwischen  der  Hydraulikkam- 
mer  (18)  und  der  Hydraulikdruckabla/Spassage 
(49)  angeordnet  ist,  wobei  das  Ventil  eine  in 
der  drehbaren  Welle  (6)  angeordnete  Buchse 

20  (29)  aufweist  und  wobei  eine  Spule  (30;30;30') 
in  der  Buchse  (29)  relativ  beweglich  angeord- 
net  und  axial  beweglich  ist,  urn  eine  Verbin- 
dung  zwischen  der  Hydraulikkammer  (18)  und 
der  Hydraulikdruckabla/Spassage  (49)  herzu- 

25  stellen, 
ein  Betatigungsglied  (53;70;72)  zum  axialen 
Bewegen  der  Spule  (30;30;30')  und 
einen  Phaseneinstellmechanismus  (10;10;80), 
der  den  Kolben  (8),  das  Gehause  (7)  und  die 

30  drehbare  Welle  (6)  betriebsma/Sig  koppelt,  urn 
die  Winkelbeziehung  zwischen  dem  Zeitsteue- 
rungsrad  (4)  und  der  drehbaren  Welle  (6)  in 
Antwort  auf  Axialbewegung  des  Kolbens  (8)  zu 
verandern, 

35  dadurch  gekennzeichnet, 
da/S  das  Ventil  (9)  ein  Servoventil  (9)  umfa/St, 
das  zwischen  der  Hydraulikkammer  (18)  und 
den  Hydraulikdruckzufuhr-  und  -abla/Spassagen 
(37,49)  angeordnet  ist,  wobei  die  Buchse  (29) 

40  des  Servoventils  (9)  mit  dem  Kolben  (8)  be- 
triebsma/Sig  gekoppelt  und  in  der  drehbaren 
Welle  (6)  axial  beweglich  angeordnet  ist,  und 
wobei  die  Spule  (30;30;30')  des  Servoventils 
(9)  durch  das  Betatigungsglied  (59;70;72)  in 

45  veranderbare  Stellungen  zwischen  zwei  Ex- 
tremstellungen  axial  beweglich  ist,  urn  eine 
Verbindung  zwischen  der  Hydraulikkammer 
(18)  und  den  Hydraulikdruckzufuhr-  und  abla/S- 
passagen  (37,49)  herzustellen,  und  Mittel  vor- 

50  gesehen  sind,  die  in  Antwort  auf  Axialbewe- 
gung  des  Kolbens  (8)  und  der  Buchse  (29),  die 
der  Axialbewegung  der  Spule  (30;30;30')  fol- 
gen,  die  Verbindung  unterbrechen,  urn  eine 
stufenlos  veranderbare  Einstellung  des  Kol- 

55  bens  (8)  und  somit  des  Phaseneinstellmecha- 
nismus  (10;10;80)  zu  bewirken. 

2.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 
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nach  Anspruch  1,  in  der  das  Betatigungsglied 
(53)  ein  hydraulisches  Betatigungsglied  urn- 
fafit. 

3.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 
nach  Anspruch  1,  in  der  das  Betatigungsglied 
(70)  ein  elektrisches  Betatigungsglied  umfa/St. 

4.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 
nach  einem  der  Anspruche  1  bis  3,  in  der  der 
Phaseneinstellmechanismus  (10)  umfa/St:  eine 
Fuhrungsnut  (19),  die  in  der  drehbaren  Welle 
(6)  schrag  zu  einer  Achse  der  drehbaren  Welle 
(6)  angeordnet  ist,  einen  Fuhrungsschlitz  (20), 
der  in  dem  Gehause  (7)  schrag  zu  der  Achse 
der  drehbaren  Welle  (6)  angeordnet  ist,  und 
einen  Drehzapfen  (21),  der  an  dem  Kolben  (8) 
gehalten  ist  und  dessen  gegenuberliegende 
Enden  in  den  Fuhrungsschlitz  (20)  rollend  ein- 
gepa/St  sind. 

5.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 
nach  einem  der  Anspruche  1  bis  3,  in  der  der 
Phaseneinstellmechanismus  (10)  umfa/St:  eine 
Fuhrungsnut  (19),  die  in  der  drehbaren  Welle 
(6)  schrag  zu  einer  Achse  der  drehbaren  Welle 
(6)  angeordnet  ist,  einen  ersten  Drehzapfen 
(21)  ,  der  an  dem  Kolben  (8)  gehalten  und  in 
die  Fuhrungsnut  (19)  rollend  eingepa/St  ist,  ei- 
nen  Fuhrungsschlitz  (20),  der  in  dem  Gehause 
schrag  zu  der  Achse  der  drehbaren  Welle  (6) 
angeordnet  ist,  und  einen  zweiten  Drehzapfen 
(22)  ,  der  an  dem  Kolben  (8)  gehalten  und  in 
den  Fuhrungsschlitz  (20)  rollend  eingepa/St  ist. 

6.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 
nach  Anspruch  1,  in  der  der  Phaseneinstellme- 
chanismus  (80)  umfa/St:  eine  erste  Schragver- 
zahnung  (81)  an  einer  Au/Senumfangsflache 
des  Kolbens  (8),  eine  zweite  Schragverzah- 
nung  (82)  an  einer  Innenumfangsflache  des 
Gehauses  (7)  in  Eingriff  mit  der  ersten  Schrag- 
verzahnung  (81),  eine  dritte  Schragverzahnung 
(83)  an  einer  Innenumfangsflache  des  Kolbens 
(8)  und  eine  vierte  Schragverzahnung  (84)  an 
einer  Au/Senumfangsflache  der  drehbaren  Wel- 
le  (6)  in  Eingriff  mit  der  dritten  Schragverzah- 
nung  (83). 

7.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 
nach  einem  der  Anspruche  1  bis  3,  in  der  das 
Gehause  (7)  an  der  drehbaren  Welle  (6)  durch 
ein  Lager  (14)  drehbar  gehalten  ist,  wobei  das 
Lager  (14)  und  der  Phaseneinstellmechanis- 
mus  (10;10;80)  nahe  dem  Zeitsteuerungsrad 
(4)  angeordnet  sind. 

8.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 

nach  einem  der  vorhergehenden  Anspruche,  in 
der  die  Hydraulikdruckkammer  (18)  zwischem 
dem  Gehause  (7)  und  dem  Kolben  (8)  ange- 
ordnet  ist. 

5 
9.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 

nach  einem  der  vorhergehenden  Anspruche,  in 
der  die  Hydraulikdruckabla/Spassage  (49)  die 
drehbare  Welle  (6)  axial  durchlauft. 

10 
10.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 

nach  einem  der  vorhergehenden  Anspruche,  in 
der  das  Betatigungsglied  (53;70;72)  eine  An- 
triebswelle  (54;71  ;72)  umfa/St,  die  mit  der  Spule 

15  (30;30;30')  axial  gekoppelt  ist. 

11.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 
nach  Anspruch  10,  in  der  die  Antriebswelle 
(54;71)  sich  durch  eine  Kappe  (55;55)  er- 

20  streckt,  die  an  dem  Gehause  (7)  eine  Offnung 
davon  abdeckend  von  der  drehbaren  Welle  (6) 
entfernt  angebracht  ist. 

12.  Vorrichtung  zur  Zeitsteuerung  von  Ventilen 
25  nach  Anspruch  10,  in  der  die  Antriebswelle 

(72)  sich  durch  die  Hydraulikdruckabla/Spassa- 
ge  (49)  erstreckt. 
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