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(54)  A  phase  variator 

(57)  The  single-acting  phase  variator  described 
comprises  a  piston  actuator  (6)  movable  towards  an 
actuated  position,  as  a  result  of  the  admission  of  a  pres- 
surized  fluid  to  a  supply  chamber  (33)  through  a  distri- 
bution  and  discharge  duct  (55)  opening  in  the  chamber 
with  the  opposition  of  resilient  means  (45)  urging  the 
piston  (6)  towards  a  non-actuated  position;  valve  means 
(60)  are  provided  in  the  variator  for  connecting  the  dis- 
tribution  and  discharge  duct  (55)  alternatively  to  a  feed 
duct  (51)  for  the  pressurized  fluid  or  to  a  discharge 
opening  (72)  for  the  rapid  discharge  of  the  fluid  from  the 
chamber  (33). 
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Description 

The  present  invention  relates  to  a  single-acting 
phase  variator  at  the  type  comprising  a  casing,  a  hub 
and  a  piston  jointly  defining  a  supply  chamber  for  a 
pressurized  servo  means,  resilient  means  urging  the 
piston  towards  a  non-actuated  position,  and  a  distribu- 
tion  and  discharge  duct  for  the  pressurized  servo 
means,  opening  in  the  chamber,  the  piston  being  moved 
towards  an  actuated  position  under  the  effect  of  the 
servo  means  supplied  to  the  chamber  and  with  the 
opposition  of  the  resilient  means. 

These  variators  are  used  in  internal  combustion 
engines  for  changing  the  phase  relationship  between 
the  camshaft  and  the  engine  shaft. 

These  variators  may  be  of  the  double-acting  type, 
when  two  supply  chambers  are  provided  at  the  opposite 
axial  ends  of  the  piston  and  the  piston  is  moved  as  a 
result  of  the  admission  of  pressurized  oil  to  one  or  other 
of  the  chambers. 

Single-acting  variators,  in  which  a  single  supply 
chamber  is  provided  and  the  piston  is  moved  towards 
an  actuated  position,  against  the  action  of  a  spring,  by 
the  hydraulic  thrust  generated  thereon  by  the  pressure 
of  the  oil  admitted  to  the  chamber,  and  is  moved 
towards  the  opposite,  non-actuated  position,  by  the 
resilient  thrust  of  the  spring  when  the  supply  of  oil  to  the 
chamber  stops,  are  also  known. 

The  present  invention  lies  in  particular  in  the  techni- 
cal  field  of  single-acting  phase  variators. 

In  these  variators,  in  order  to  achieve  rapid  move- 
ment  of  the  piston  as  a  result  of  the  hydraulic  thrust  of 
the  oil,  the  spring  must  offer  limited  resilient  resistance. 
On  the  other  hand,  the  limited  resilient  loading  of  the 
spring  involves  the  disadvantage  of  a  low  resilient  thrust 
generated  on  the  piston  during  its  return  stroke  towards 
the  non-actuated  position  when  the  oil  is  discharged 
from  the  supply  chamber  under  the  effect  of  the  resilient 
load,  with  a  consequent  undesired  slowing  of  the  piston. 

Moreover,  it  should  be  borne  in  mind  that  the  oil  is 
normally  discharged  from  the  chamber  through  the  sup- 
ply  duct  or  through  a  branch  thereof.  As  a  result,  the  dis- 
charged  oil,  which  has  to  flow  back  along  these  ducts 
and  through  the  control  valve,  offers  considerable  resist- 
ance  to  the  return  of  the  piston.  This  tends  to  slow  the 
piston,  particularly  when  the  oil  temperature  is  low. 

Compromise  solutions  are  therefore  sought  but 
these  penalize  the  performance  of  the  variator  both  dur- 
ing  the  actuation  stroke  and  during  the  return  stroke 
towards  the  non-actuated  position. 

The  problem  upon  which  the  present  invention  is 
based  is  that  of  providing  a  phase  variator  which  is 
designed  structurally  and  functionally  to  allow  the  piston 
to  move  rapidly  during  the  return  stroke  towards  the 
non-actuated  position,  even  with  limited  resilient  loads. 

This  problem  is  solved  by  the  invention  by  means  of 
a  phase  variator  of  the  type  mentioned  at  the  beginning, 
characterized  in  that  valve  means  are  provided  in  the 

distribution  and  discharge  duct  and  are  arranged  to  con- 
nect  the  duct  alternatively  to  a  feed  duct  for  the  servo 
means  or  to  a  discharge  opening  for  the  rapid  discharge 
of  the  servo  means  from  the  chamber. 

5  Further  characteristics  and  advantages  of  the 
invention  will  become  clearer  from  the  following  detailed 
description  of  a  preferred  embodiment  thereof, 
described,  by  way  of  non-limiting  example,  with  refer- 
ence  to  the  appended  drawings,  in  which: 

10 
Figures  1  and  2  are  axial  sections  of  a  variator 
formed  according  to  the  present  invention,  in  two 
different  operative  positions. 

15  A  phase  variator  according  to  the  invention,  gener- 
ally  indicated  1  in  the  drawings,  is  intended  to  be  inter- 
posed  between  a  camshaft  A  of  an  internal  combustion 
engine  housed  in  a  structural  portion  B  of  the  engine, 
and  a  transmission,  typically  of  the  type  with  a  toothed 

20  belt,  of  which  a  pulley  C  is  shown,  and  which  controls 
the  timing  mechanism  of  the  engine. 

The  phase  variator  1  comprises  a  hub  2  bearing  a 
threaded  shank  3  fixed  to  the  camshaft  A  by  a  screw 
coupling. 

25  An  annular  piston  6  covers  the  hub  2,  more  pre- 
cisely,  a  cylindrical  portion  thereof,  so  as  to  be  slidable 
axially  on  the  cylindrical  portion  of  the  hub.  This  portion 
has  axial  splines  7  jointly  defining  a  set  of  straight  teeth; 
in  complementary  manner,  the  piston  6  has  similar 

30  internal  splines  8  forming  a  set  of  straight  teeth  comple- 
mentary  to  and  meshing  with  the  splines  7. 

The  assembly  constituted  by  the  hub  2  and  the  pis- 
ton  6  is  surrounded  by  a  body  constituting  a  casing  9  of 
the  variator. 

35  The  casing  9  is  formed  by  two  half  bodies  1  0  and  1  1 
fixed  together  by  a  screw  coupling  12.  Moreover,  the 
half  body  10  is  sealingly  engaged  in  the  half  body  1  1  by 
means  of  a  seal  1  2a. 

The  half  body  1  1  has  external  threaded  holes  1  4  for 
40  the  fixing  of  the  pulley  C  by  means  of  screws  15  and  is 

sealingly  engaged  on  the  hub  2  by  means  of  a  seal  1  1  a. 
The  half  body  10  has  a  generally  cylindrical  skirt  16 

closed  at  one  axial  end  by  a  cover  1  7  and  open  at  the 
opposite  end.  The  cover  17  is  prererably  laser-welded 

45  to  the  skirt  1  6.  The  cover  1  7  has  a  blind  axial  hole  con- 
stituting  a  seat  18  housing  and  supporting  the  free  end 
2a  of  the  hub  2. 

Two  adjacent  cylindrical  portions  19,  20  are  identi- 
fied  in  the  skirt  16  of  the  half  body  10. 

so  A  set  of  helical  teeth  25  is  formed  in  the  portion  1  9. 
In  complementary  manner,  the  outside  of  the  piston  6 
has  a  first  portion  26  carrying  a  set  of  helical  teeth  27 
meshed  with  the  teeth  25;  the  piston  also  has  a  second 
portion  28,  the  free  end  of  which  has  a  flange  29 

55  extending  radially  outwardly  and  engaged  sealingly  with 
the  portion  20  of  the  skirt  1  6  with  the  aid  of  a  piston  ring 
30. 

The  piston  6,  together  with  the  hub  2  and  the  half 
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bodies  10,  11,  defines  an  annular  chamber,  indicated 
33. 

Braking  means  are  provided  between  the  hub  2  and 
the  casing  9.  These  means  comprise  a  ring  34  having  a 
conical  outer  surface  and  a  cylindrical  inner  surface  and 
restrained  axially  on  the  hub  2. 

The  half  body  1  1  in  turn  has  a  conical  inner  surface 
in  contact  with  the  conical  outer  surface  of  the  ring  34; 
the  conical  coupling  between  the  two  conical  surfaces  of 
the  ring  34  and  of  the  half  body  1  1  is  indicated  35. 

The  ring  34  has  peripheral  recesses,  indicated  36. 
The  hub  2  has  an  axial  cavity  41  closed  at  one  end 

by  the  cover  1  7  and  extended  at  its  opposite  end  by  a 
feed  duct  51  for  pressurized  oil  or  other  servo  means  for 
the  operative  control  of  the  phase  variator,  with  a  branch 
directed  through  the  structure  B  of  the  engine  to  a  con- 
trol  valve  5. 

The  cavity  41  houses  a  torsionally  and  axially 
preloaded,  cylindrical,  helical  spring  45  made  from  a 
square-sectioned  wire.  One  end  45a  of  the  spring  is 
restrained  in  a  first  seat  47  in  the  cover  1  7  and  the  oppo- 
site  end  45b  is  housed  with  clearance  in  a  second  seat 
48  in  the  hub  2.  The  spring  45  pushes  against  the  half 
body  1  0  at  one  end  and  against  the  hub  2  at  the  other 
end  to  preload  the  surfaces  35  for  mutual  coupling.  At 
the  same  time,  owing  to  the  torsional  load  on  the  sets  of 
teeth,  it  produces  a  resilient  force  biasing  the  piston  6 
towards  the  non-actuated  position  of  Figure  1  . 

The  seat  48  is  extended  by  a  discharge  hole  52 
opening  outside  the  hub  2  in  a  rebate  53  defined 
between  the  variator  1  and  the  structure  B. 

Alternatively,  one  or  more  discharge  holes  52  open 
in  the  hub  2  in  positions  other  than  in  the  seat  48  and,  in 
this  case,  the  dimensions  of  the  seat  need  not  allow  for 
the  clearance  indicated  above. 

A  plurality  of  radial  holes  54  is  formed  in  the  skirt  of 
the  hub  2  at  its  end  disposed  against  the  cover  1  7,  for 
discharging  oil  by  blowby  downstream  of  the  sets  of 
teeth  25,  27. 

A  valve  60  is  provided  between  the  feed  duct  51 
and  a  distribution  and  discharge  duct  55  opening  in  the 
supply  chamber  33. 

The  valve  60  comprises  a  tubular  body  61  bearing 
a  base  64  at  one  end  and  screwed  at  the  opposite  end 
into  a  threaded  seat  65  at  the  end  of  the  feed  duct  51 
facing  the  cavity  41  .  An  obturator  63  housed  in  the  tubu- 
lar  body  61  is  urged  resiliently  into  abutment  with  a 
shoulder  67  of  the  feed  duct  51  by  a  spring  66. 

The  obturator  63  comprises  a  head  68  with  a  cylin- 
drical  skirt  having  a  surface  69  which  faces  into  the  feed 
duct  51  and  is  therefore  sensitive  to  the  oil  pressure 
supplied  therein,  as  well  as  a  rod  70  extending  from  the 
end  opposite  the  surface  69  and  bearing  an  enlarged, 
cylindrical  guide  portion  71  .  The  rod  70  also  serves  to 
limit  the  travel  of  the  obturator  63  by  abutting  the  base 
64,  as  will  be  explained  further  below. 

A  plurality  of  discharge  openings  72  is  formed  in  the 
tubular  body  61  . 

The  discharge  holes  72  are  arranged  so  as  to  put 
the  distribution  and  discharge  duct  55  into  fluid  commu- 
nication  with  the  cavity  41  when  the  head  68  is  in  abut- 
ment  with  the  shoulder  67,  closing  the  valve  60. 

5  The  operation  of  the  variator  1  will  be  described 
below,  starting  from  a  first,  non-actuated  operative  con- 
dition,  shown  in  Figure  1  . 

In  this  condition,  the  control  valve  5  is  shut  off  and 
there  is  consequently  an  absence  of  appreciable  oil 

10  pressure  in  the  feed  duct  51  and  the  head  of  the  obtura- 
tor  63  is  disposed  against  the  shoulder  67,  closing  the 
valve  60.  The  distribution  and  discharge  duct  55  is  in 
fluid  communication  with  the  cavity  41  through  the  dis- 
charge  openings  72,  that  is,  the  chamber  33  is  con- 

15  nected  to  the  discharge  by  the  hole  52. 
As  a  result  of  the  operation  of  the  control  valve  5,  an 

oil  pressure  is  established  in  the  feed  duct  51  and  pro- 
duces  a  hydraulic  thrust  on  the  surface  69  of  the  head 
68.  When  a  predetermined  threshold  value  is  exceeded, 

20  and  thus  the  hydraulic  thrust  exerted  on  the  surface  69 
is  greater  than  the  resilient  loading  of  the  spring  66,  the 
obturator  63  is  moved  towards  the  base  64,  bringing 
about  a  connection  between  the  feed  duct  51  and  the 
distribution  and  discharge  duct  55  and  shutting  off  the 

25  previous  connection  between  the  distribution  and  dis- 
charge  duct  55  and  the  discharge  openings  72. 

The  pressurized  oil  is  thus  supplied  through  the 
duct  55  into  the  chamber  33  bringing  about  a  movement 
of  the  piston  6  towards  the  actuated  position  with  the 

30  opposition  of  the  spring  45  (Figure  2). 
When  the  supply  of  oil  to  the  feed  duct  51  is  shut  off 

by  the  operative  control  of  the  valve  5,  the  pressure  in 
the  duct  51  falls  below  the  threshold  value  necessary  to 
overcome  the  thrust  of  the  spring  66  and  the  obturator 

35  63  is  consequently  moved  towards  the  shoulder  67  until 
it  is  disposed  against  the  surface  69  of  the  head  68. 

As  a  result  of  this  movement,  the  distribution  and 
discharge  duct  55  is  reconnected  to  the  discharge 
openings  72  and,  through  these,  to  the  cavity  41  and  the 

40  discharge  hole  52,  causing  rapid  and  immediate  dis- 
charge  of  the  oil  from  the  chamber  33.  It  will  be  noted 
that  the  oil  is  thus  not  forced  to  flow  back  along  the  feed 
duct  51  and  through  the  valve  5,  achieving  the  advanta- 
geous  effect  of  a  rapid  return  of  the  piston  6  to  the  non- 

45  actuated  position  without  the  need  for  a  large  resilient 
loading  of  the  spring  45. 

The  invention  thus  solves  the  problem  set,  achiev- 
ing  numerous  advantages  in  comparison  with  known 
solutions. 

so  One  advantage  lies  in  the  fact  that  the  variator 
structure  according  to  the  invention  achieves  a  faster 
return  of  the  piston  to  the  non-actuated  position  as  a 
result  of  the  direct  discharge  from  the  first  chamber, 
avoiding  the  need  to  make  the  oil  flow  back  along  the 

55  feed  duct  and  through  the  control  valve  of  the  variator. 
Another  advantage  is  constituted  by  the  fact  that 

the  valve  for  the  alternative  connection  between  the  dis- 
tribution  and  discharge  duct  and  the  feed  duct  or  the 
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discharge  opening  is  piloted  directly  by  the  pressure 
detected  in  the  feed  duct  without  the  need  for  other 
valve  systems  and/or  branches  of  the  hydraulic  circuit. 

Claims  s 

1  .  A  single-acting  phase  variator  comprising  a  casing 
(9),  a  hub  (2)  and  a  piston  (6)  jointly  defining  a  sup- 
ply  chamber  (33)  for  a  pressurized  servo  means, 
resilient  means  (45)  urging  the  piston  (6)  towards  a  10 
non-actuated  position,  and  a  distribution  and  dis- 
charge  duct  (55)  for  the  pressurized  servo  means, 
opening  in  the  chamber  (33),  the  piston  (6)  being 
moved  towards  an  actuated  position,  under  the 
effect  of  the  servo  means  supplied  to  the  chamber  is 
and  with  the  opposition  of  the  resilient  means  (45), 
characterized  in  that  valve  means  (60)  are  provided 
in  the  distribution  and  discharge  duct  (55)  and  are 
arranged  to  connect  the  duct  alternatively  to  a  feed 
duct  (51)  for  the  servo  means  or  to  a  discharge  20 
opening  (72)  for  the  rapid  discharge  of  the  servo 
means  from  the  chamber  (33). 

2.  A  phase  variator  according  to  Claim  1  ,  in  which  the 
valve  means  (60)  comprise  means  for  detecting  the  25 
pressure  established  in  the  feed  duct  (51)  and  obtu- 
rator  means  subservient  to  the  detector  means  for 
connecting  the  distribution  and  discharge  duct  (55) 
to  the  discharge  opening  (72)  when  the  pressure  of 
the  servo  means  detected  in  the  feed  duct  (51)  is  30 
below  a  predetermined  threshold  value  and  for  con- 
necting  the  distribution  duct  (55)  to  the  feed  duct 
(51)  when  the  pressure  of  the  servo  means 
detected  in  the  feed  duct  is  above  the  threshold 
value.  35 

3.  A  phase  variator  according  to  Claim  2,  in  which  the 
detector  means  comprise  an  obturator  (63)  guided 
for  sliding  in  a  valve  (60),  with  the  opposition  of  a 
spring  (66)  and  subject  to  the  pressure  established  40 
in  the  feed  duct  (51). 

4.  A  phase  variator  according  to  Claim  3,  in  which  the 
obturator  means  and  the  detector  means  are  inte- 
grated  in  the  obturator  (63).  45 

5.  A  phase  variator  according  to  Claim  4,  in  which  the 
valve  means  (60)  comprise  a  tubular  body  (61) 
housing  the  obturator  (63),  the  tubular  body  (61) 
being  fixed  in  an  axial  seat  of  the  hub  (2)  as  an  so 
extension  of  the  feed  duct  (51),  the  obturator  com- 
prising  a  head  (68)  bearing  a  surface  (69)  facing 
into  the  feed  duct  (51). 

55 
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