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Description 

The  present  invention  relates  to  a  hydraulic  control  system  as  indicated  in  the  preamble  of  claim  1. 
As  a  control  system  for  a  conventional  continuously  variable  V-belt  transmission  (hereinafter  in  the 

5  present  specification  called  as  "continuously  variable  transmission"),  a  hydraulic  control  system  is  known 
from  EP—  A—  00  27  672,  which  is  shown  in  Fig.  1.  Referring  to  Fig.  1,  oil  within  a  tank  201  is  discharged  into 
an  oil  conduit  204  by  an  oil  pump  203  after  passing  through  a  filter  202  and  supplied  thereafter  to  a  line 
pressure  regulator  valve  205.  The  line  pressure  provided  after  pressure  regulation  by  the  line  pressure 
regulator  valve  205  is  supplied  on  one  hand  to  a  cylinder  chamber  206a  of  a  driven  pulley  206  and  on  the 

w  other  hand  to  a  cylinder  chamber  208a  of  a  driven  pulley  208  via  a  shift  control  valve  207.  The  shift  control 
valve  207  feeds  to  the  cylinder  chamber  208a  a  predetermined  oil  pressure  in  response  to  balance  between 
a  rightwardly  directed  force  created  by  a  spring  210  resulting  from  rotatable  movement  of  a  throttle  cam 
209  and  a  leftwardly  directed  force  acted  by  an  oil  pressure  from  the  oil  conduit  211,  thus  controlling  a  shift 
between  the  drive  pulley  208  and  driven  pulley  206.  It  is  constructed  and  arranged  such  that  the  oil  pressure 

is  responsive  to  revolution  speed  of  the  drive  pulley  208  builds  up  in  the  oil  conduit  21  1  .  The  oil  conduit  21  1  is 
connected  also  to  the  line  pressure  regulator  valve  205  to  create  the  leftwardly  directed  force  in  the  line 
pressure  regulator  valve  205.  To  the  line  pressure  regulator  valve  205,  an  axial  movement  of  the  drive 
pulley  208  is  transmitted  via  a  rod  212,  a  lever  213,  a  slider  214  and  a  spring  215  such  that  a  force  increasing 
as  the  reduction  ratio  between  the  pulleys  208-  and  206  increases  is  impressed  upon  the  line  pressure 

20  regulator  valve  205.  The  line  pressure  regulator  valve  205  is  constructed  and  arranged  such  that  an  oil 
pressure  is  produced  which  increases  as  the  rightwardly  directed  force  increases  and  the  leftwardly 
directed  force  decreases,  so  that  the  line  pressure  increases  as  the  reduction  ratio  increases  and  the  line 
pressure  increases  as  the  revolution  speed  of  the  drive  pulley  208  decreases.  That  is,  the  line  pressure  is controlled  in  response  to  reduction  ratio  and  revolution  speed  of  the  drive  pulley. 

25  However,  since,  as  mentioned  above,  in  a  conventional  continuously  variable  transmission,  the  line 
pressure  is  controlled  only  by  reduction  ratio  and  revolution  speed  of  a  drive  pulley  and  has  no  connection 
with  output  torque  of  an  engine,  it  is  necessary  to  set  the  line  pressure  sufficiently  high  enough  not  to  cause 
a  slip  between  a  V-belt  and  pulleys  upon  production  of  a  maximum  torque  by  an  engine  for  the  purpose  of 
always  ensuring  a  torque  transmission  capacity  by  the  V-belt  necessary  from  the  range  where  the  engine 

30  produces  a  small  output  to  the  range  where  the  engine  produces  a  large  output.  It  therefore  follows  that  the 
line  pressure  is  higher  than  necessary  when  the  output  torque  of  the  engine  is  low,  thus  applying  an  oil 
pressure  higher  than  necessary  to  the  V-belt,  thus  creating  a  problem  that  the  endu.rability  of  the  V-belt 
drops  and  a  problem  that  it  is  a  great  loss  that  an  oil  pump  must  be  used  which  discharges  such  an 
unnecessarily  high  pressurized  oil.  Besides,  the  power  transmission  efficiency  of  a  V-belt  gets  worse  as  the 

35  difference  between  the  maximum  transmission  capacity  of  the  V-belt  and  the  actual  transmission  drive 
increases,  so  that  it  is  not  desirable  from  the  standpoint  of  the  efficiency  either  that  the  oil  pressure  is 
higher  than  necessary. 

Moreover,  US—  -A—  3  600  961  comprising  the  features  as  indicated  in  the  preamble  of  claim  1  discloses 
a  hydraulic  control  mechanism  performing  load  responsive  contact  pressure  between  the  conical  discs  of 

40  the  pulleys  and  the  associated  transmission  belt  by  simultaneously  controlling  the  fluid  pressure  at  both 
drive  and  driven  side  of  the  transmission  in  response  to  the  load  applied.  Accordingly,  a  throttle  valve  is 
associated  to  the  drainage  passage  of  a  load  responsive  shift  control  valve,  thus  affecting  pressure regulation  at  the  driven  side  of  the  transmission.  Said  throttle  valve  acts  load  responsively  either  operated 
through  the  shift  control  valve  or  adjusted  by  a  connection  means  linking  said  throttle  valve  with  a  lever 

45  system  detecting  the  position  of  an  accelerator  pedal. 
Accordingly,  the  object  of  the  present  invention  is  to  provide  a  hydraulic  control  system  for  a 

continuously  variable  V-belt  transmission  wherein  fluid  pressure  within  each  of  the  cylinder  chambers  of 
drive  and  driven  pulleys  over  which  a  V-belt  runs  is  controlled  optimum. 

To  achieve  the  above  mentioned  object,  the  hydraulic  control  system  incorporates  the  features 
so  according  to  the  characterising  portion  of  claim  1.  Thus,  the  control  system  includes  a  line  pressure 

regulator  valve  associated  with  the  upstream  side  of  the  shift  control  valve  for  regulating  the  line  pressure of  the  hydraulic  fluid  supplied  by  said  pump  to  said  shift  control  valve  in  response  to  the  load  when  the 
pressure  acting  areas  S1f  S2  of  the  cylinder  chambers  substantially  correspond  to  one  another  and  regulate said  line  pressure  additionally  in  response  to  the  reduction  ratio  at  least  when  the  pressure  acting  area  S,  of 

55  the  drive  pulley  cylinder  chamber  is  larger  than  the  pressure  acting  area  S2  of  the  driven  pulley  cylinder 
chamber. 

With  a  hydraulic  control  system  according  to  the  present  invention,  a  line  pressure  regulator  valve 
regulates  fluid  from  oil  pumping  means  to  provide  a  line  pressure  variable  depending  not  only  upon  output 
torque  of  the  engine,  but  also  upon  reduction  ratio  between  drive  and  drive  pulleys  and  means  is 

60  connected  to  the  line  pressure  regulator  valve  to  receive  the  line  pressure  therefrom  and  for  regulating  fluid 
supply  to  and  fluid  discharge  from  both  cylinder  chambers  of  the  drive  and  drive  pulleys. 

The  present  invention  is  more  specifically  described  in  connection  with  the  accompanying  drawings, wherein: 
Fig.  1  is  a  diagrammatic  view  of  a  conventional  hydraulic  control  system  for  a  continuously  variable 

65  V-belt  transmission; 
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Fig.  2  is  a  diagrammatic  view  illustrating  a  power  transmission  mechanism  of  a  continuously  variable 
transmission; 

Fig.  3  is  a  layout  of  the  shafts  used  in  the  continuously  variable  transmission  shown  in  Fig.  2; 
Fig.  4  is  a  hydraulic  control  system  for  the  power  transmission  mechanism  shown  in  Fig.  2; 

5  Fig.  5  is  a  diagrammatic  view  illustrating  another  line  pressure  regulator  valve; 
Fig.  6  is  a  diagram  of  the  pulley  and  the  V-belt; 
Figs.  7  and  8  illustrate  bias  force  by  pulley  vs.,  reduction  ratio  characteristic  curves; 
Figs.  9  through  11  illustrate  pulley  oil  pressure  vs.,  reduction  ratio  characteristic  curves; 
Fig.  12  is  a  performance  characteristic  of  an  engine  used  with  the  continuously  variable  V-belt 

w  transmission  shown  in  Fig.  2  showing  engine  torque  vs.,  engine  revolution  speed  characteristic  curves, 
shown  by  the  broken  line,  each  curve  for  any  value  in  throttle  opening  degree,  isofuel  consumption  rate 
curves  FC1  through  FC8  and  a  minimum  fuel  consumption  rate  curve  G  shown  by  the  bold  solid  line; 

Fig.  13  illustrates  engine  torque  vs.,  throttle  opening  degree  characteristic  curve  and  line  pressure  vs., 
reduction  ratio  characteristic  curve;  and 

15  Fig.  14  shows  how 

<Pi  1 

20 
varies  against  variation  in  reduction  ratio. 

Detailed  description  of  the  invention 
Hereinafter,  the  present  invention  will  be  explained  along  with  Figs.  2  through  4  of  the  accompanying 

25  drawings  illustrating  its  embodiment. 
Firstly,  a  power  transmission  mechanism  of  a  continuously  variable  transmission  to  which  a  control 

system  according  to  the  present  invention  is  applied  is  illustrated  in  Figs.  2  and  3. 
Attached  to  an  engine  output  shaft  2  rotatable  in  unison  with  a  crankshaft  of  an  engine  (both  not 

illustrated)  is  a  torque  converter  12  (which  may  be  replaced  with  a  fluid  coupling)  including  a  pump 
30  impeller  4,  a  turbine  runner  6,  a  stator  8  and  a  lock-up  clutch  (lock-up  device)  10.  The  lock-up  clutch  10  is 

connected  to  the  turbine  runner  6  in  an  axially  slidable  manner  and  cooperates  with  a  member  (converter 
shell)  4a  coupled  with  the  engine  output  shaft  2  integral  with  the  pump  impeller  4  to  define  a  lock-up  clutch 
oil  chamber  14  and  operates  such  that  when  the  oil  pressure  within  the  lock-up  clutch  oil  chamber  14 
becomes  lower  than  that  within  the  interior  of  the  torque  converter  12,  this  difference  in  oil  pressure  urges 

35  the  lock-up  clutch  10  to  be  pressed  against  the  member  4a  to  come  into  a  unitary  rotation  therewith.  The 
turbine  runner  6  is  splined  to  one  end  of  a  drive  shaft  22  which  is  rotatably  supported  by  a  case  20  via 
bearings  16  and  18.  Arranged  on  the  drive  shaft  22  between  the  bearings  16  and  18  is  a  drive  pulley  24.  The 
drive  pulley  24  comprises  an  axially  fixed  conical  disc  26  and  an  axially  movable  conical  disc  30  which  is 
disposed  to  face  the  axially  fixed  conical  disc  26  to  define  a  V-shaped  pulley  groove  therebetween  and 

40  which  is  allowed  to  slide  in  an  axial  direction  of  the  drive  shaft  22  in  response  to  an  oil  pressure  created 
within  a  drive  pulley  cylinder  chamber  28  (see  Fig.  4).  The  drive  pulley  24  is  drivingly  connected  to  a  driven 
pulley  34  via  a  V-belt  32,  this  driven  pulley  34  being  arranged  on  a  driven  shaft  40  which  is  rotatably 
supported  by  the  case  20  via  bearings  36  and  38.  The  driven  pulley  34  comprises  an  axially  fixed  conical 
disc  42  fixed  to  the  driven  shaft  40  and  an  axially  movable  conical  disc  46  which  is  disposed  to  face  the  fixed 

45  conical  disc  42  in  such  a  manner  as  to  define  a  V-shaped  pulley  groove  and  which  is  allowed  to  slide  in  an 
axial  direction  of  the  driven  shaft  40  in  response  to  an  oil  pressure  created  in  a  driven  pulley  cylinder 
chamber  44  (Fig.  4).  The  axially  fixed  conical  disc  42  is  drivingly  connectable  via  a  forward  drive  multiple 
disc  cluth  48  to  a  forward  drive  gear  50  rotatably  supported  on  the  driven  shaft  40,  this  forward  drive  gear 
being  in  mesh  with  a  ring  gear  52.  Fixed  to  the  driven  shaft  40  is  a  reverse  drive  gear  54  which  is  in  mesh 

so  with  an  idle  gear  56.  The  idle  gear  56  is  drivingly  connectable  via  a  reverse  drive  multiple  disc  cluth  58  to  an 
idle  shaft  60  which  has  fixed  thereto  another  idle  gear  62  that  is  in  mesh  with  the  ring  gear  52.  (Although  in 
Fig.  2  the  idle  gear  62,  idle  shaft  60  and  reverse  drive  multiple  disc  clutch  58  are  illustrated  in  positions 
displaced  from  the  actually  positions  thereof  for  ease  of  illustration,  the  idle  gear  62  and  ring  gear  52  are 
shown  as  out  of  mesh  with  each  other,  but,  they  are  actually  in  mesh  with  each  other  as  will  be  understood 

55  from  Fig.  3).  The  ring  gear  52  has  attached  thereto  a  pair  of  pinion  gears  64  and  66,  output  shafts  72  and  74 
being  coupled  with  side  gears  68  and  70,  respectively,  which  are  in  mesh  with  the  pinion  gears  64  and  66  to 
cooperate  to  form  a  differential  67,  and  the  output  shafts  72  and  74  which  are  supported  via  bearings  76  and 
78,  respectively,  extending  outwardly  of  the  case  20  in  the  opposite  directions.  These  output  shafts  72  and 
74  are  connected  to  road  wheels  (not  shown),  respectively.  In  the  drawing,  there  is  arranged  on  the  right 

so  side  of  the  bearing  18  an  oil  pump  80  of  the  internally  toothed  gearing  type  which  serves  as  a  source  of  oil 
pressure,  this  oil  pump  80  being  driven  by  the  engine  output  shaft  2  via  an  oil  pump  drive  shaft  82 
extending  through  the  hollow  drive  shaft  22.  Rotational  power  fed  from  the  engine  output  shaft  2  to  the 
continuously  variable  transmission,  viz.,  a  combination  of  torque  converter  with  lock-up  mechanism, 
continuously  variable  transmission  mechanism  and  differential,  is  transmitted  via  torque  converter  12, 

55  drive  shaft  22,  drive  pulley  24,  V-belt  32,  driven  pulley  34  to  driven  shaft  40  and  in  the  case  the  forward 
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multiple  disc  clutch  48  is  engaged  with  the  reverse  drive  multiple  disc  clutch  58  released,  the  rotation  of  the 
shaft  40  is  transmitted  via  the  forward  drive  gear  50,  ring  gear  52  and  differential  67  to  the  output  shafts  72 
and  74  to  rotate  them  in  the  forward  rotational  direction,  whereas,  in  the  case  the  reverse  drive  multiple 
disc  clutch  58  is  engaged  with  the  forward  drive  multiple  disc  clutch  released,  the  rotation  of  the  shaft  40  is 

5  transmitted  via  the  reverse  drive  gear  54,  idle  gear  56,  idle  shaft  60,  idle  gear  62,  ring  gear  52  and 
differential  67  to  the  output  shafts  72  and  74  to  rotate  them  in  the  reverse  rotational  direction.  During  this 
transmission  of  power,  the  rotation  ratio  between  the  drive  pulley  24  and  driven  pulley  34  may  be  varied  by 
moving  the  axially  movable  conical  disc  30  of  the  drive  pulley  24  and  the  axially  movable  conical  disc  46  of 
the  driven  pulley  34  in  an  axial  direction  so  as  to  change  the  radii  of  the  diameter  contacting  with  the  V-belt 

m  32.  For  example,  increasing  the  width  of  the  V-shaped  pulley  groove  of  the  drive  pulley  24  and  decreasing 
the  width  of  the  V-shaped  pulley  groove  of  the  driven  pulley  34  cause  a  reduction  in  radius  of  the  diameter 
of  the  drive  pulley  24  contacting  with  the  V-belt  32  and  an  increase  in  radius  of  the  diameter  of  the  driven 
pulley  34  contacting  with  the  V-belt  32,  resulting  in  an  increase  in  reduction  ratio.  If  the  axially  movable 
conical  discs  30  and  46  are  moved  in  the  respective  reverse  directions,  a  reduction  ratio  is  decreased. 

15  Depending  upon  power  transmission  circumstances,  the  torque  converter  serves  as  a  torque  multiplier  or 
serves  as  a  fluid  coupling  but,  since  it  has  the  lock-up  clutch  10  as  attached  to  the  turbine  runner  6,  the 
torque  converter  12  can  establish  a  direct  mechanical  connection  between  the  engine  output  shaft  2  and 
drive  shaft  22  when  oil  pressure  is  drained  from  the  lock-up  clutch  oil  chamber  14  to  press  the  lock-up 
clutch  10  against  the  member  4a  integral  with  the  pump  impeller  4. 

2a  Nextly,  a  hydraulic  control  system  for  the  continuously  variable  transmission  is  explained.  As  shown  in 
Fig.  4,  the  hydraulic  pressure  control  system  comprises  the  oil  pump  80,  line  pressure  regulator  valve  1  02,  a 
manual  valve  104,  shift  control  valve  106,  lock-up  valve  108,  shift  motor  110,  and  a  shift  operating 
mechanism  112. 

The  oil  pump  80  which  is  driven  by  the  engine  output  shaft  2  as  mentioned  before  discharges  the  oil 
25  within  the  tank  114  into  the  oil  conduit  116.  However,  the  oil  pump  drive  shaft  82  is  not  illustrated  in  Fig.  4 

for  the  sake  of  simplicity  of  illustration.  The  oil  conduit  116  leads  to  ports  118a  and  11  8c  of  the  line  pressure 
regulator  valve  102  and  the  oil  pressure  therein  will  be  regulated  into  a  line  pressure.  The  oil  conduit  116 
communicates  with  a  port  120b  of  the  manual  valve  104  and  a  port  122c  of  the  shift  control  valve  106. 

The  manual  valve  104  has  a  valve  bore  120  provided  with  five  ports  120a,  120b,  120c,  120d  and  120e, 
30  and  a  spool  124  formed  with  two  lands  124a  and  124b  received  in  the  valve  bore  120,  which  spool  124  is 

actuated  by  a  shift  lever  (not  shown)  between  five  detent  positions  "P",  "R",  "N",  "D"  and  "L":  The  port 
120a  is  permitted  to  communicate  not  only  with  the  port  120d  via  an  oil  conduit  126,  but  also  with  a  cylinder 
chamber  58a  of  the  reverse  drive  multiple  disc  clutch  58.  Port  120c  is  permitted  to  communicate  not  only 
with  port  120eby  an  oil  conduit  130,  but  also  with  a  cylinder  chamber  48a  of  the  forward  drive  multiple  disc 

35  clutch  48.  The  port  120b  communicates  with  the  oil  conduit  116  to  receive  line  pressure  therein.  When  the 
spool  124  is  set  in  "P"  position,  the  port  120b  supplied  with  the  line  pressure  is  covered  by  land  124b,  so 
that  the  cylinder  chamber  58a  of  the  reverse  drive  multiple  disc  clutch  58  is  drained  via  the  oil  conduit  126 
and  port  120d  and  the  cylinder  chamber  48a  of  the  forward  drive  multiple  disc  clutch  48  is  drained  via  the 
port  120e.  When  the  spool  124  is  set  in  "R"  position,  the  port  120b  is  permitted  to  communicate  with  the 

40  port  120a  by  a  groove  between  the  lands  124a  and  124b  so  as  to  permit  the  line  pressure  to  communicate 
with  the  cylinder  chamber  58a  for  the  reverse  drive  multiple  disc  clutch  58,  whereas,  the  cylinder  chamber 
48a  of  the  forward  drive  multiple  disc  clutch  48  is  left  drained  via  the  port  120e.  When  the  spool  124  is  set  in 
"N"  position,  the  port  120b  is  disposed  between  the  lands  124a  and  124b  and  is  prevented  from 
communicating  with  the  other  ports,  thus  the  cylinder  chamber  58a  of  the  reverse  drive  multiple  disc  clutch 

45  58  and  the  cylinder  chamber  48a  of  the  forward  drive  multiple  disc  clutch  48  are  drained  via  the  port  120a 
and  port  120e  in  a  similar  manner  to  the  case  when  the  spool  is  in  "?"  position.  When  the  spool  124  is  set  in 
"D"  or  "L"  position,  the  port  120b  is  permitted  to  communicate  with  the  port  120c  via  the  groove  between 
the  port  120b  and  120c  so  that  the  line  pressure  is  supplied  to  the  cylinder  chamber  48a  of  the  forward 
multiple  disc  clutch  48,  whereas,  the  cylinder  chamber  58a  of  the  reverse  drive  clutch  58  is  drained  via  the 

so  port  120a.  Therefore,  when  the  spool  124  is  set  in  "?"  position  or  "N"  position,  both  the  forward  drive 
multiple  disc  clutch  48  and  reverse  drive  multiple  disc  clutch  58  are  released  to  interrupt  the  transmission  of 
power,  thus  preventing  the  rotation  of  output  shafts  72  and  74;  when  the  spool  124  is  set  in  "R"  position, 
the  reverse  drive  multiple  disc  clutch  58  is  engaged  so  as  to  drive  the  output  shafts  72  and  74  in  the  reverse 
rotational  direction;  when  the  spool  124  is  set  in  "D"  or  "L"  position,  the  forward  drive  multiple  disc  clutch 

55  48  is  engaged  so  as  to  drive  the  output  shafts  72  and  74  in  the  forward  rotational  direction.  Although  there 
occurs  no  difference  in  the  respect  of  a  hydraulic  circuit  between  "D"  position  and  "L"  position  as 
mentioned  above,  both  of  the  positions  are  electrically  detected  to  actuate  the  shift  motor  110  in  such  a 
manner  as  to  effect  a  shift  control  in  accordance  with  different  shift  patterns. 

The  line  pressure  regulator  valve  102  comprises  a  valve  bore  118  provided  with  five  ports  118a,  118b, 
so  118c,  11  8d  and  118e,  a  spool  132  formed  with  five  lands  132a,  132b,  132c,  132d  and  132e,  and  springs  134 

and  136  arranged  on  the  both  ends  of  the  spool  132.  It  is  to  be  noted  that  the  lands  132a  and  132e  provided 
on  the  both  end  portions  of  the  spool  132  are  smaller  in  diameter  than  the  intermediate  lands  132b,  132c 
and  132d.  The  left  side  spring  134  is  disposed  between  the  left  end  of  the  spool  132  and  a  throttle  link  138, 
which  throttle  link  138  is  urged  for  leftward  movement  as  the  throttle  opening  degree  increases  or  for 

65  rightward  movement  as  the  throttle  opening  degree  decreases.  Therefore,  if  the  throttle  opening  is  great, 
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the  force  created  by  the  spring  134  urging  the  spool  132  rightwardly  is  small,  whereas,  if  the  throttle 
opening  degree  is  small,  the  force  by  the  spring  134  urging  the  spool  rightwardly  is  great.  Right  side  spring 
136  is  disposed  between  the  right  end  of  the  spool  132  and  a  rod  140  cooperating  with  the  axially  movable 
conical  disc  30  of  the  drive  pulley  24.  Therefore,  if  the  axially  movable  conical  disc  30  of  the  drive  pulley  24 

5  has  moved  rightwardly  (viz.,  in  the  case  a  reduction  ratio  has  decreased),  the  force  by  the  spring  136  urging 
the  spool  132  leftwardly  decreases,  whereas,  if  the  axially  movable  conical  disc  30  has  moved  leftwardly 
(viz.,  in  the  case  a  reduction  ratio  is  increased),  the  force  by  the  spring  136  urging  the  spool  132  leftwardly 
increases.  As  mentioned  before,  the  ports  118a  and  118c  of  the  line  pressure  regulator  valve  102  are 
supplied  with  the  output  oil  discharged  by  the  oil  pump  80,  the  inlet  to  the  port  118a  being  provided  with  an 

/o  orifice  142.  The  port  118b  is  always  drained,  the  port  118d  is  connected  by  an  oil  conduit  144  to  an  inlet  port 
146  of  the  torque  converter  and  a  port  150c  of  the  iock-up  valve  108,  the  port  118e  communicates  via  an  oil 
conduit  148  with  the  lock-up  clutch  oil  chamber  14  within  the  torque  converter  12  and  with  a  port  150b  of 
the  lock-up  valve  108.  For  preventing  the  application  of  an  excessive  pressure  to  the  interior  of  the  torque 
converter  12,  the  oil  conduit  144  is  provided  with  an  orifice  145.  Applied  to  the  spool  134  of  the  line  pressure 

15  regulator  valve  102  are  two  forces  in  the  rightward  direction,  one  by  the  spring  134  and  the  other  by  the  line 
pressure  acting  on  a  differential  area  between  the  lands  132a  and  132b,  and  two  forces  in  the  leftward 
direction,  one  by  the  spring  136  and  the  other  by  the  pressure  at  the  port  118e  acting  upon  a  differential 
area  between  the  land  132d  and  132e,  and  the  spool  132  adjusts  the  amount  of  drainage  of  the  oil  at  the 
ports  118c  via  the  port  118dand  118b  (firstly  the  oil  is  drained  via  the  port  118d  into  the  oil  conduit  144,  and 

20  if  it  cannot  afford  the  adjustment,  the  oil  is  drained  via  the  port  1  18b,  too),  thus  regulating  the  line  pressure 
to  balance  the  forces  in  the  leftward  and  rightward  directions.  Therefore,  the  line  pressure  increases  as  the 
throttle  opening  degree  increases,  as  a"  reduction  ratio  increases,  and  as  the  pressure  at  the  port  118e  (viz., 
the  oil  pressure  building  up  within  the  lock-up  clutch  oil  chamber  14)  increases.  (In  this  case,  the  torque 
converter  12  is  in  non  lock-up  state  because  the  oil  pressure  in  the  chamber  14  is  high).  The  adjustment  of 

25  the  line  pressure  in  this  manner  meets  the  actual  demands,  viz.,  the  oil  pressure  must  be  increased  to 
increase  a  force  with  which  the  pulleys  are  urged  against  the  V-belt  32  so  as  to  increase  the  torque 
transmission  capacity  which  increases  with  increase  in  friction  (this  will  be  described  later)  because  the 
output  torque  of  the  engine  increases  as  the  throttle  opening  degree  increases  and  the  multiplication  of  the 
torque  increases  as  the  reduction  ratio  increases  and  besides  the  oil  pressure  must  be  increased  to  increase 

30  the  transmission  torque  to  deal  with  the  multiplication  function  of  the  torque  by  the  torque  converter  12 
when  it  operates  in  a  non  lock-up  state  prior  to  lock-up. 

Although,  in  the  embodiment  illustrated  in  Fig.  4,  the  throttle  cam  139  is  used  to  detect  engine  output 
torque,  a  diaphragm  301  as  shown  in  Fig.  5  may  be  used  instead  of  the  throttle  cam  to  detect  engine 
induction  vacuum.  Hereinafter,  only  that  portions  which  are  different  from  Fig.  4  are  described  by  labelling 

35  them  with  different  numerals.  The  diaphragm  301  has  fixed  thereto  a  diaphragm  arm  302  between  which 
and  spool  132  a  return  spring  303  is  disposed.  A  plate  132f  is  slidable  along  valve  bore  118.  The  diaphragm 
301  defines  a  vacuum  chamber  304  on  the  right  side  and  an  atmosphere  chamber  305  on  the  left  side.  A 
stop  306  is  provided  to  prevent  further  movement  of  the  diaphragm  301  beyong  a  predetermined  stroke. 
The  construction  of  the  diaphragm  allows  an  increase  in  rightwardly  directed  force  acting  upon  the  spool 

40  132  as  the  engine  vacuum  increases  and  a  decrease  in  the  rightwardly  directed  force  as  the  engine  vacuum 
decreases,  thus  providing  substantially  the  same  function  as  that  provided  by  said  throttle  cam  139. 

The  shift  control  valve  106  has  a  valve  bore  122  formed  with  five  ports  122a,  122b,  122c,  122dand  122e, 
and  a  spool  152  received  in  the  valve  bore  122  and  formed  with  four  lands  152a,  152b,  152c  and  152d.  The 
center  port  122c  communicates  with  the  oil  conduit  116  which  is  supplied  with  the  line  pressure,  the  left 

45  port  122b  and  right  port  122d  communicate  via  respective  conduits  154  and  156  with  the  drive  pulley 
cylinder  chamber  28  of  the  drive  pulley  24  and  the  driven  pulley  cylinder  chamber  44  of  the  driven  pulley 
34.  The  port  122b  communicates  via  an  oil  conduit  158  with  a  port  150d  of  the  lock-up  valve  108,  too.  Both 
of  the  end  ports  122a  and  122e  are  drained.  The  left  end  of  the  spool  152  is  linked  to  a  substantially  middle 
portion  of  a  lever  160  of  the  later-mentioned  shift  operating  mechanism  112.  The  axial  length  of  each  of  the 

so  lands  152b  and  152c  is  slightly  smaller  than  the  width  of  the  corresponding  one  of  the  ports  122b  and  122d, 
whereas,  the  axial  length  between  the  lands  152b  and  152c  is  substantially  the  same  as  the  axial  length 
between  the  ports  122b  and  122d.  Therefore,  a  portion  of  the  line  pressure  supplied  via  the  port  122c  to  the 
oil  chamber  between  the  lands  152b  and  152c  is  allowed  to  pass  through  a  clearance  formed  between  the 
land  152b  and  the  port  122b  to  flow  in  an  oil  conduit  154,  but  the  remaining  portion  thereof  is  allowed  to 

55  pass  through  another  clearance  formed  between  the  land  152b  and  the  port  122b  to  be  drained,  so  that  the 
pressure  within  the  oil  conduit  154  is  determined  depending  upon  the  ratio  between  the  areas  of  the 
above-mentioned  clearances.  In  a  similar  manner,  the  pressure  within  the  oil  conduit  156  is  determined 
depending  upon  the  ratio  of  the  areas  of  clearances  formed  between  the  edges  of  the  land  152c  and  the 
port  122d.  Therefore,  if  the  spool  152  is  disposed  in  the  center  position,  the  relationship  of  the  land  152b 

60  with  the  port  122b  becomes  equal  to  that  of  the  land  152c  with  the  port  122d,  thus  causing  the  pressure  in 
the  oil  conduit  154  to  become  equal  to  that  in  the  oil  conduit  156.  As  the  spool  152  moves  leftwardly,  the 
clearance  of  the  port  122b  on  the  line  pressure  side  increases  and  the  clearance  thereof  on  the  drain  side 
decreases,  thus  allowing  the  pressure  in  the  oil  conduit  154  to  increase  accordingly,  whereas,  the  clearance 
of  the  port  122d  on  the  line  pressure  side  decreases  and  the  clearance  thereof  on  the  drain  side  increases, 

65  thus  causing  the  pressure  in  the  oil  conduit  156  to  decrease  accordingly.  This  causes  an  increase  in 
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pressure  in  the  drive  pulley  cylinder  chamber  28  of  the  drive  pulley  24,  resulting  in  a  decrease  in  the  width 
of  the  V-shaped  pulley  groove,  and  a  reduction  in  pressure  in  the  driven  pulley  cylinder  chamber  44  of  the 
driven  pulley  34,  resulting  in  an  increase  in  the  width  of  the  V-shaped  pulley  groove,  so  that  because  the 
radius  of  the  diameter  of  the  drive  pulley  24  contacting  with  the  V-belt  increases  and  the  radius  of  the 

5  diameter  of  the  driven  pulley  34  contacting  with  the  V-belt  decreases,  a  reduction  ratio  decreases. 
Conversely,  urging  the  spool  1  52  to  move  rightwardly  causes  the  reverse  action  to  that  mentioned  above  to 
cause  an  increase  in  the  reduction  ratio. 

The  lever  160  of  the  shift  operating  mechanism  112,  which  lever  is  pin  connected  at  its  middle  portion 
with  the  spool  152  of  the  shift  control  valve  106,  has  its  one  end  received  in  an  annular  groove  30a  formed 

10  in  the  axially  movable  conical  disc  30  of  the  drive  pulley  24  and  has  its  opposite  end  pin  connected  with 
sleeve  162.  The  sleeve  162  is  internally  threaded  to  mesh  with  a  thread  formed  on  shaft  168  which  is 
rotatable  by  the  shift  motor  110  via  gears  164  and  166.  With  this  shift  operating  mechanism  112,  if  the  shift 
motor  1  1  0  is  rotated  to  rotate  the  shaft  1  68  via  the  gears  1  64  and  1  66  in  one  rotational  direction  to  cause  the 
sleeve  162  to  move  leftwardly,  the  lever  160  moves  in  a  clockwise  rotational  direction  with  its  end  portion 

15  received  by  the  annular  groove  30a  of  the  axially  movable  conical  disc  30  of  the  drive  pulley  24  as  a  fulcrum 
point,  causing  the  leftward  movement  of  the  spool  152  connected  to  the  lever  160  of  the  shift  control  valve 
106.  This  causes  a  rightward  movement  of  the  axially  movable  conical  disc  30  of  the  drive  pulley  24  in  a 
manner  mentioned  before  to  decrease  the  width  of  the  V-shaped  pulley  groove,  while,  at  the  same  time,  the 

.  width  of  the  V-shaped  pulley  groove  of  the  driven  pulley  34  increases,  thus  resulting  in  a  reduction  in  the 
20  reduction  ratio.  Since  the  one  end  of  the  lever  160  is  engaged  with  the  groove  30a  around  the  outer 

periphery  of  the  axially  movable  conical  disc  30,  urging  the  axially  movable  conical  disc  30  to  move 
rightwardly  will  rotate  the  lever  160  clockwise  with  that  end  of  the  lever  160  which  is  pin  connected  with  the 
sleeve  162  as  a  fulcrum.  This  causes  the  spool  152  to  move  back  rightwardly,  tending  to  render  the  drive 
pulley  24  and  driven  pulley  34  to  assume  the  state  accomplishing  a  low  reduction  ratio.  This  action  causes 

25  the  spool  152  and  the  drive  pulley  24  and  driven  pulley  34  to  assume  a  state  accomplishing  a  reduction  ratio 
depending  upon  the  amount  of  rotation  of  the  shift  motor  110.  It  goes  the  same  if  the  shift  motor  110  is 
rotated  in  trie  reverse  direction.  Therefore,  if  the  shift  motor  110  is  actuated  in  accordance  with  a 
predetermined  shift  pattern,  the  reduction  ratio  varies  accordingly,  thus  making  it  possible  to  control  the 
shift  in  the  continuously  variable  transmission  by  controlling  the  shift  motor  110,  alone. 

30  The  shift  motor  1  10  is  controlled  by  a  control  unit,  not  illustrated,  which  detects  a  revolution  speed  of 
the  drive  pulley  24  and  a  parameter  indicative  of  the  output  torque  of  the  engine,  such  as  a  throttle  opening 
degree,  wherein  a  desired  value  in  engine  revolution  speed  is  determined  using  a  predetermined  function 
which  defines  for  any  value  in  the  parameter  indicative  of  the  output  torque  of  the  engine  a  desired  value  in 
engine  revolution  speed.  The  control  unit  operates  the  shift  motor  to  control  the  reduction  ratio  in  such  a 

35  manner  as  to  maintain  the  revolution  speed  of  the  drive  pulley  in  a  predetermined  relationship  with  the 
desired  value  in  engine  revolution  speed. 

The  lock-up  valve  108  comprises  a  valve  bore  150  formed  with  four  ports  150a,  150b,  150c  and  150d,  a 
spool  170  having  two  lands  170a  and  170b,  and  a  spring  172  biasing  the  spool  170  rightwardly.  The  port 150d  communicates  with  port  122b  of  the  shift  control  valve  106  through  oil  conduit  158,  the  ports  150b  and 

40  150c  communicate  respectively  through  oil  conduits  148  and  144  with  the  port  118e  of  the  line  pressure 
regulator  valve  102  and  the  port  118d  thereof,  and  the  port  150a  is  drained.  The  oil  conduits  144  and  158 
and  a  drain  oil  conduit  extending  from  the  port  150a  are  provided  with  orifices  174,  176  and  178, 
respectively.  The  same  oil  pressure  as  that  applied  to  the  torque  converter  inlet  port  146  is  applied  to  the 
port  150c  via  the  oil  conduit  144,  but  when  the  oil  pressure  applied  to  the  port  150d  via  the  oil  conduit  158 

45  (the  same  oil  pressure  as  that  within  the  drive  pulley  cylinder  chamber  28)  is  high  enough  as  to  press  the 
spool  170  to  the  left  against  the  force  of  the  spring  172,  the  port  150c  is  blocked  by  the  land  170b  and  the 
port  150b  is  drained  via  the  port  150a.  Therefore,  the  lock-up  clutch  oil  chamber  14  which  communicates 
with  the  port  150b  via  the  oil  conduit  148  is  drained,  thus  permitting  the  lock-up  clutch  10  to  assume  an 
engaged  state  by  the  pressure  within  the  torque  converter  12,  rendering  the  torque  converter  to  operate  in 

so  lock-up  state  wherein  the  torque  converter  has  no  function  as  a  torque  converter.  Conversely,  if  the-  oil 
pressure  at  the  port  150d  decreases  to  cause  a  leftwardly  directed  force  to  become  smaller  than  a 
rightwardly  directed  force  due  to  the  spring  172,  spool  170  moves  rightwardly  to  a  position  wherein  the 
port  150b  is  allowed  to  communicate  with  the  port  150c.  This  causes  the  oil  conduit  148  to  communicate 
with  the  oil  conduit  144,  allowing  the  same  oil  pressure  as  that  applied  to  the  torque  converter  inlet  port  146 

55  to  reach  the  lock-up  clutch  oil  chamber  14,  allowing  the  pressures  on  the  both  sides  of  the  lock-up  clutch  10 
to  become  equal  to  each  other,  resulting  in  the  release  of  the  lock-up  clutch  10.  The  orifice  178  is  provided 
to  prevent  rapid  drainage  of  the  oil  pressure  from  the  lock-up  clutch  oil  chamber  14  so  as  to  alleviate  a shock  upon  shifting  into  lock-up  state,  whereas,  the  orifice  174  is  provided  in  the  oil  conduit  144  to  permit  a 
gradual  increase  in  oil  pressure  within  the  lock-up  oil  chamber  14  so  as  to  alleviate  a  shock  upon  release  of 

60  the  lock-up  state.  Orifice  176  is  provided  in  oil  conduit  158  to  prevent  the  occurrence  of  a  chattering  in  the 
lock-up  valve  108  owing  to  small  variation  in  oil  pressure  in  the  drive  pulley  cylinder  chamber  28. 

Torque  converter  outlet  port  180  communicates  with  an  oil  conduit  182  which  is  provided  with  a  relief 
valve  188  including  a  ball  184  and  a  spring  186  and  thus,  with  this  relief  valve,  the  pressure  within  the 
torque  converter  12  is  maintained  at  a  constant  pressure.  The  oil  downstream  of  the  relief  valve  188  is 

65  introduced  by  an  oil  conduit  190  to  an  oil  cooler  and  a  lubricant  circuit,  both  being  un  illustrated,  and  is 
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finally  drained,  whereas,  an  excessive  oil  is  drained  by  another  relief  valve  192,  the  thus  drained  oil  being 
returned  finally  to  tank  114. 

Hereinafter,  an  explanation  is  made  as  to  the  torque  transmission  capacity  of  a  V-belt. 
Transmission  capacity  of  V-belt  is  determined  by  a  friction  force  between  the  V-belt  and  pulleys  and 

5  may  be  expressed  by  an  equation  as  follows: 

T=2Q  •  u  •  r/cos  9 

T:  Torque  transmission  capacity 
io  Q:  Bias  force  by  pulley  (=P  •  S,  wherein:  P  is  an  oil  pressure  within  pulley  cylinder  chamber,  S  is  a 

pressure  acting  area  within  the  pulley  cylinder  chamber) 
u:  Friction  coefficient  between  V-belt  and  pulley 
r:  Running  radius  of  V-belt 
6:  Apical  angle  of  pulley  groove.  (The  above-mentioned  values  are  diagrammatically  illustrated  in  Fig. 

15  6). 
For  ensuring  that  the  V-belt  does  not  slip  upon  transmitting  output  torque  TE  of  engine,  the  amount  of  the 
drive  pulley  transmission  torque  capacity  Tt  must  satisfy  the  following  equation. 

T6ST1=2Qi  •  u  •  r,/cos  8 
20 

(In  this  equation,  suffix  1  denotes  drive  pulley  side.  Suffix  2  which  is  used  later  denotes  driven  pulley  side). 
Therefore, 

TE  @  cos  8 
Qi§  (D 

25  2u  •  r. 

Since  on  the  driven  pulley  side,  torque  is  increased  by  a  reduction  ratio  i  (=r2/r1)  between  the  drive  and 
driven  pulleys,  the  following  equation  can  be  obtained. 

so  i  •  TEgT2=2Q2  •  |i  •  r2/cos  8 
Thus; 

i  •  TE  •  cos  8  TE  •  cos  8 
Q2g  =  {2) 

2|i  •  r2  2u  •  r, 
35 

On  the  other  hand,  the  following  theoretical  equation  holds  between  &,,  Q2  and  ru  r2. 

Qi  Q2 
-tan  (8+pn)-  tan  (8+pn) 

40  <Pi  q>2 

te  tan  h  (A  •  r,  •  cp,)  tan  h  (X  @  r2  •  cp2) 
=2  [1-1/2{  +  }]  (3) 

2  A.  •  r,  •  cp,  X  @  r2  •  cp2 
45 

te:  Effective  tensional  force  (=TE/r,) 
pn:  Friction  angle  at  frictional  power  transmission  portion  (=tan~1un)  (un  is  a  static  frictional 

coefficient) 
cpu  cp2:  Contacting  angle  of  V-belt  with  pulley  groove 

50 
2(r2-ri) 

(cos  cp,=  ^+92=2  n) 
L 

55  L:  Distance  between  axises  of  drive  and  driven  pulleys 
A:  Shift  characteristic  value  of  V-belt 

I  h~G 

V  co-A-E 
60 

(h:  Height  of  the  contacting  portion  of  V-belt, 
co:  Width  of  V-belt, 
A:  Cross  sectional  area  of  V-belt, 
G:  Rigidity  coefficient, 

65  E:  Young's  modulus). 
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If  the  bias  force  Q1  by  the  drive  pulley  is  the  minimum  critical  value  Q1a,  it  can  be  expressed  as 

TE  •  cos  9 
Qi. 

2u-r, 

Substituting  it  for  Q2  in  the  equation  (3),  driven  pulley  bias  force  Q2a  by  the  driven  pulley  can  be  expressed 
as 

10  <p2  92  •  TE 
Q2a=  -Q1a- 

<Pt  2r,  -tan  (8+pn) 

tan  h  (A  •  r,  •  cp,)  tan  h  (A  •  r2  •  cp2) 
is  [1-1/2{  +  —  }] 

A  •  rt  •  (ft,  A  •  r2  •  cp2 

Calculating  the  actual  values  for  the  above-mentioned  Q1a,  Q2a  if  L=150  mm  and  the  minimum  running 
radius  of  a  V-belt  is  30.5  mm,  we  obtain  the  values  plotted  in  Fig.  7,  and  Qia>Q2a  holds  over  the  actual  range 

20  in  reduction  ratio.  However,  it  is  understood  from  the  equation  (2)  that  the  driven  pulley  slips  owing  to 
insufficiency  in  capacity  unless 

TE  •  cos  8 
Q2a§  <  =  Qia), 

25  2U  •  r, 

this  condition  is  not  satisfied  when  Q1a>Q2a.  Therefore,  if  the  bias  force  by  drive  pulley  on  the  V-belt  is  set 
to  its  minimum  critical  value,  the  driven  pulley  slips. 

Conversely,  the  bias  force  Q2  by  driven  pulley  on  the  V-belt  is  set  to  its  minimum  critical  value  Q2b  as 
30  expressed  in  the  equation  (2),  then 

TE  •  cos  8 
Q2b=  (4) 

2u-r, 

3S  Substituting  this  for  Q2  in  the  equation  (3),  the  bias  force  Q1b  by  the  drive  pulley  is  expressed  as  follows: 

<Pi  <Pi  •  TE 
Q1b=  •  Q2b+ 

<p2  2r,  -tan  (8+pn) 
40 

tan  h  (A  •  r-,  •  cp,)  tan  h  (A  @  r2  •  cp2) 
{^V2{  +  }]  (5) 

*•  •  ri  •  <Pi  A  •  r2  •  <p2 

45  Similarly  to  the  above-mentioned  manner,  actual  values  of  Q2b,  Q1b  are  obtained,  they  can  be  plotted  as shown  in  Fig.  8  and  Q1b>Q2b  holds,  thus  satisfying  always  the  equation  (1),  preventing  the  driven  pulley from  slipping. 
It  will  now  be  understood  that  in  order  to  set  the  bias  force  by  the  pulley  on  the  V-belt  to  a  value  high 

enough  to  bias  the  pulley  to  the  V-belt  efficiently  and  without  causing  the  V-belt  not  to  slip,  the  bias  force  by 
50  the  drive  pulley  is  to  be  set  to  its  minimum  critical  value  and  the  bias  force  by  the  driven  pulley  be  set  to  a 

corresponding  force  which  is  necessary  for  shifting  operation  (this  force  is  necessarily  larger  than  the 
minimum  critical  value). 

Assuming  that  pressure  acting  areas  of  the  drive  and  driven  pulley  cylinder  chambers  are  S1r  S2, 
respectively,  oil  pressure  values  Pv  P2  necessary  within  the  drive  and  driven  pulley  cylinder  chambers  are 

55 
Q,b 

Pi= 
s, 

60  Q2b 
p,= 

Therefore,  line  pressure  should  be  equal  to  or  a  little  higher  than  a  higher  one  of  P,  and  P2.  Since  the  values 
65  of  P,  and  P2  vary  as  S,  and  S2  vary,  the  explanation  is  made  hereinafter  to  each  of  the  possible  cases. 
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In  the  case  S-,  is  substantially  equal  to  S2,  since  P^P^  line  pressure  P1  should  be  equal  to  or  a  little 
higher  than  P,  .  This  relationship  can  be  illustrated  in  Fig.  9.  The  reason  that  the  line  pressure  P1  is  set  a  little 
higher  than  P,  results  from  due  consideration  of  a  safety  against  variation  in  the  line  pressure.  As  in  this 
case  the  effect  of  the  second  term  in  the  equation  (5)  is  negligible  and  small,  the  equation  can  be  expressed 
as 

q>1 
Qib=  Q2b- 

cp2 
10 

From  the  equation  (4) 

1 
Q2b  @ 

15  ri 

Thus,  Q1b  can  be  expressed  as 

20  '  • 
cp2  r, 

As  will  be  understood  from  Fig.  14, 

25  <P1  1 

<p2  r, 

is  substantially  constant  irrespective  of  variation  in  reduction  ratio.  Thus,  it  can  be  said  that  Q1b  is 
30  substantially  constant.  Since  Q1b  is  substantially  constant,  P1  is  not  affected  by  variation  in  reduction  ratio 

as  readily  understood  from  Fig.  9  and  thus  is  substantially  constant.  Therefore,  the  line  pressure  can  be  set 
constant  irrespective  of  variation  in  the  reduction  ratio  and  thus  what  is  necessary  is  to  control  the  line 
pressure  dependent  upon  the  output  torque  of  the  engine  only. 

In  the  case  wherein  S-,  is  greater  than  S2,  if  they  are  set  to  satisfy 
35 

51  Qib 

52  Q2b 

40  P1=P2  and  thus  Pr  and  P2  vary  as  shown  in  Fig.  10  depending  upon  the  variation  in  reduction  ratio. 
Therefore,  if  the  line  pressure  P1  is  reduced  as  the  reduction  ratio  reduces,  the  line  pressure  P1  can  be 
maintained  always  slightly  higher  than  P,,  P2,  thus  providing  very  efficient  control. 

Subsequently,  if  S,  is  smaller  than  S2,  P-,  and  P2  vary  as  shown  in  Fig.  1  1  and  P-,  increases  considerably 
high,  but  since  the  line  pressure  must  be  set  higher  than  P1(  this  case  is  not  preferable  from  the  standpoint 

45  of  appropriate  setting  of  the  line  pressure. 
It  will  therefore  be  understood  that  the  appropriate  setting  of  the  line  pressure  can  be  made  by 

controlling  the  line  pressure  to  vary  in  proportion  to  the  output  torque  of  the  engine,  if  the  pressure  acting 
are  S,  of  the  drive  pulley  cylinder  chamber  is  substantially  equal  to  the  pressure  acting  area  S2  of  the  driven 
pulley  cylinder  chamber,  and  by  controlling  the  line  pressure  to  vary  in  proportion  to  the  output  torque  of 

so  the  engine  and  also  to  reduction  ratio  if  the  pressure  acting  area  S-,  is  larger  than  the  pressure  acting  area 
S2. 

Although,  in  Fig.  4,  the  line  pressure  regulator  valve  102  controls  the  line  pressure  in  response  to  the 
output  torque  of  the  engine  (throttle  opening)  and  reduction  ratio,  the  regulator  valve  may  be  readily 
modified  to  control  the  line  pressure  in  proportion  only  to  the  output  torque  of  the  engine  by  eliminating 

55  the  rod  140  that  is  provided  for  transmission  of  the  motion  of  the  movable  conical  disc  30  of  the  driven 
pulley  to  prevent  the  spring  from  varying  its  load  in  response  to  the  reduction  ratio. 

Description  is  now  made  as  to  one  example  of  the  control  of  line  pressure  which  is  adjusted  in 
response  to  the  output  torque  of  the  engine.  Although,  in  usual  cases,  it  is  the  practice  to  set  the  line 
pressure  corresponding  to  the  maximum  torque  against  any  given  throttle  opening  degree,  there  may 

6o  occur  a  case  that  it  is  not  required  to  set  the  line  pressure  corresponding  to  the  maximum  torque  against 
any  given  throttle  opening  degree  because  in  the  shift  control  of  a  continuously  variable  transmission,  a 
range  in  engine  revolution  speed  against  any  given  output  torque  of  the  engine  is  narrow,  thus  the  output 
torque  of  the  engine  is  limited  within  a  predetermined  range.  For  example,  performance  curves  of  the 
engine  are  illustrated  in  Fig.  12  wherein  the  axis  of  abscissa  represents  the  revolution  speed  of  the  engine 

65  and  the  axis  of  ordinate  engine  torque,  and  their  relationship  at  various  throttle  opening  degrees  are 
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illustrated  and  isofuel  consumption  rate  curves  are  illustrated.  In  this  diagram,  the  best  fuel  consumption 
rate  curve  G  as  shown  by  the  bold  line  is  obtained  by  interconnecting  the  best  fuel  consumption  rate  point 
on  each  of  the  engine  torque  vs.,  engine  revolution  speed  curve.  If  the  engine  is  controlled  on  his  best  fuel 
consumption  rate  curve,  the  fuel  consumption  rate  is  made  minimum.  In  this  case,  the  engine  torque  is 

5  fixedly  determined  against  any  given  value  of  the  throttle  opening  degrees.  Expressing  this  best  fuel 
consumption  rate  curve  on  a  graph  having  its  axis  of  abscisa  representing  the  throttle  opening  degree  and 
the  axis  of  ordinates  representing  the  engine  torque  result  in  a  solid  curve  shown  in  Fig.  13.  Therefore,  the 
most  efficient  setting  of  the  line  pressure  is  obtained  only  by  designing  the  configuration  of  the  throttle  cam 
139  so  that  the  line  pressure  varies  along  with  this  curve.  The  variation  of  the  line  pressure  thus  set  is 

ro  shown  by  a  chain  line  curve.  The  reason  that  the  line  pressure  is  not  0  is  that  the  oil  pressure  for  the  pulley 
is  required  upon  engine  braking  even  if  the  throttle  opening  is  zero.  Apparently,  the  magnitude  of  this  line 
pressure  may  be  selected  by  appropriately  selecting  the  configuration  of  the  stop  306  (this  may  be  replaced 
with  a  spring)  or  that  of  the  throttle  cam  139. 

As  previously  described,  according  to  the  present  invention,  fluid  supplied  to  at  least  one  of  cylinder 
is  chambers  of  drive  and  driven  pulleys  is  controlled  to  vary  depending  upon  at  least  output  torque  of  the 

engine  by  means  of  a  line  pressure  regulator  valve  for  providing  a  V-belt  with  transmission  torque  high 
enough  for  the  output  torque  of  the  engine  so  as  to  apply  always  the  optimum  force  to  the  V-belt,  thus 
resulting  in  enhancement  in  endurability  of  the  V-belt  and  in  power  transmission  efficiency.  Furthermore,  it 
is  no  longer  necessary  for  the  oil  pump  to  discharge  pressurized  oil  higher  than  necessary,  thus  preventing 

20  the  occurrence  of  damage  on  the  part  of  the  oil  pump,  thus  making  contribution  to  the  effect  of  providing 
an  endurable  and  high,  efficient  continuously  variable  transmission. 

Claims 

25  1.  A  hydraulic  control  system  for  a  continuously  variable  V-belt  transmission  for  an  engine  having  a 
V-belt  (32)  running  over  a  drive  pulley  (24)  and  a  driven  pulley  (34),  each  of  the  drive  and  driven  pulleys  (24, 
34)  having  a  cylinder  chamber  (28,  44)  and  having  two  conical  discs  (26,  30;  42,  46),  one  conical  disc  (26)  of 
the  drive  pulley  (24)  being  secured  to  a  drive  shaft  (22)  driven  by  said  engine,  one  conical  disc  (42)  of  the 
driven  pulley  (34)  being  secured  to  a  driven  shaft  (40),  the  other  conical  disc  (30)  of  the  drive  pulley  (24) 

30  being  controllably  movable  in  an  axial  direction  of  the  drive  shaft  (22)  in  response  to  a  fluid  pressure  in  the 
cylinder  chamber  (28)  thereof,  the  other  conical  disc  (46)  of  the  driven  pulley  (34)  being  controllably 
movable  in  an  axial  direction  of  the  driven  shaft  (40)  in  response  to  a  fluid  pressure  in  the  cylinder  chamber 
(44)  thereof,  said  hydraulic  control  system  comprising: 

a  source  of  a  pressurized  hydraulic  fluid,  said  source  including  a  pump  (80); 
35  shift  controlling  means,  including  a  shift  control  valve  (106)  receiving  said  pressurized  hydraulic  fluid, 

for  controlling  a  shift  in  reduction  ratio  between  the  drive  and  driven  pulley  (24,  34)  by  adjusting  a  ratio  of 
hydraulic  fluid  pressure  within  said  cylinder  chamber  (28)  of  said  drive  pulley  (24)  to  hydraulic  fluid 
pressure  within  the  cylinder  chamber  (44)  of  the  driven  pulley  (34);  and  at  least 

a  further  control  valve  operated  in  response  to  the  load  applied  to  the  engine  and  operatively 
40  connected  with  said  shift  control  valve  (106)  characterised  in  that  said  further  control  valve  is  a  line 

pressure  regulator  valve  (102)  associated  with  the  upstream  side  of  the  shift  control  valve  (106)  for 
regulating  line  pressure  of  the  hydraulic  fluid  supplied  by  said  pump  (80)  to  said  shift  control  valve  (106)  in 
response  to  the  load  when  the  pressure  acting  areas  (S1f  S2)  of  the  cylinder  chambers  (38,  44)  substantially 
correspond  to  'one  another  and  regulating  said  line  pressure  additionally  in  response  to  the  reduction  ratio 

45  at  least  when  the  pressure  acting  area  (S,)  of  the  drive  pulley  cylinder  chamber  (28)  is  larger  than  the 
pressure  acting  area  (S2)  of  the  driven  pulley  cylinder  chamber  (44). 

2.  A  hydraulic  control  system  as  claimed  in  claim  1,  characterized  in  that 
said  shift  controlling  means  further  includes  a  shift  operating  mechanism  (112)  comprising  a  lever 

(160)  one  end  of  which  being  engaged  by  the  axially  movable  conical  disc  (30)  of  the  drive  pulley  (24)  and 
so  the  opposite  end  of  which  being  connected  to  a  shift  motor  mechanism  and  said  shift  control  valve  (106) 

includes  a  spool  (152)  operatively  connected  to  a  middle  portion  of  said  lever. 
3.  A  hydraulic  control  system  as  claimed  in  claim  2,  characterized  in  that 
said  line  pressure  regulator  valve  (102)  has  a  valve  bore  formed  with  a  pressure  inlet  port  means  (1  18c) 

connected  to  said  pump  (80)  and  pressure  outlet  port  means  (118b,  118d)  for  discharging  hydraulic  fluid 
55  out  of  said  bore  (118),  said  spool  (152)  having  a  plurality  of  lands  slidably  disposed  in  said  bore  to  control 

fluid  flow  from  said  pressure  inlet  port  means  to  said  pressure  outlet  port  means,  a  first  spring  (134;  303) 
biassing  said  spool  (132)  in  one  direction,  a  second  spring  (136)  biassing  said  spool  (132)  against  said  first 
spring,  means  (139,  138;  301,302,304)  responsive  to  said  amount  of  load  applied  to  the  engine  for  varying 
a  bias  force  of  said  first  spring,  and  a  rod  (140)  having  one  end  operatively  connected  to  said  lever  (160)  for 

60  varying  a  bias  force  of  said  second  spring  (136)  in  response  to  the  reduction  ratio  between  said  drive  and 
driven  pulleys  (24,  34)  of  the  transmission. 

Patentanspriiche 

65  1-  Hydraulisches  Steuersystem  fur  ein  stufenlos  regelbares  Keilriemengetriebe  fur  einen  Motor,  der 

10 
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einen  Keilriemen  (32)  aufweist,  der  iiber  eine  antreibende  Riemenscheibe  (24)  und  eine  angetriebene 
Reimenscheibe  (34)  lauft,  wobei  die  antreibende  und  angetriebene  Riemenscheibe  (24,  34)  jeweils  eine 
Zylinderkammer  (28,  44)  aufweist  und  zwei  konische  Scheiben  (26,  30;  42,  46)  besitzt,  wobei  eine  konische 
Scheibe  (26)  der  antreibenden  Riemenscheibe  (24)  auf  einer  Antriebswelle  (22)  befestigt  ist,  die  durch  den 

5  Motor  angetrieben  wird,  eine  konische  Scheibe  (42)  der  angetriebenen  Riemenscheibe  (34)  auf  einer 
angetriebenen  Welle  (40)  befestigt  ist,  die  andere  konische  Scheibe  (30)  der  antreibenden  Riemenscheibe 
(24)  in  axialer  Richtung  der  Antriebswelle  (22)  in  Abhangigkeit  von  einem  Fluiddruck  in  der  zugehorigen 
Zylinderkammer  (28)  gesteuert  bewegbar  ist,  die  andere  konische  Scheibe  (46)  der  angetriebenen 
Riemenscheibe  (34)  in  axialer  Richtung  der  angetriebenen  Welle  (40)  in  Abhangigkeit  von  einem  Fluiddruck 

w  der  zugehorigen  Zylinderkammer  (44)  gesteuert  bewegbar  ist  und  das  hydraulische  Steuersystem 
aufweist: 

eine  Fluiddruckquelle  fur  ein  unter  Druck  stehendes  Hydraulikfluid,  wobei  die  Fluiddruckquelle  eine 
Pumpe  (80)  bildet; 

eine  Schaltsteuereinrichtung  mit  einem  Schaltsteuerventil  (106),  das  unter  Druck  stehendes 
is  Hydraulikfluid  aufnimmt,  um  ein  Schalten  des  Untersetzungsverhaltnisses  zwischen  der  antreiebenden 

und  der  angtriebenen  Riemenscheibe  (24,  34)  durch  Einstellen  eines  Verhaltnisses  zwischen  dem 
Hydraulikfluiddruck  innerhalb  der  Zylinderkammer  (28)  der  antreibenden  Riemenscheibe  (24)  zu  dem 
Hydraulikfluiddruck  innerhalb  der  Zylinderkammer  (44)  der  angetriebenen  Riemenscheibe  (34)  zu  steuem; 
und  zumindest 

20  ein  weiteres  Steuerventil,  das  in  Abhangigkeit  von  der  auf  den  Motor  einwirkenden  Belastung  betatigt 
und  betrieblich  mit  dem  Schaltsteuerventil  (106)  verbunden  ist,  dadurch  gekennzeichnet,  dafc 

das  weitere  Steuerventil  ein  Leitungsdruck-Regulierventil  (102)  ist,  daS  der  stromaufseitigen  Seite  des 
Schaltsteuerventiles  (106)  zugeordnet  ist,  zur  Regulierung  des  Leitungsdruckes  des  Hydraulikfluides,  das 
durch  die  Pumpe  (80)  dem  Schaltsteuerventil  (106)  zugefiihrt  wird,  in  Abhangigkeit  von  der  Belastung, 

25  wenn  die  druckbeaufschlagten  Flachen  (S1r  S2)  der  Zylinderkammern  (38,  44)  im  wesentlichen  einander 
entsprechen  und  zur  Regulierung  des  Leitungsdruckes  zusatzlich  in  Abhangigkeit  vom  Untersetzungsver- 
haltnis  zumindest  dann,  wenn  die  druckbeaufschlagte  Flache  (S-,)  der  Zylinderkammer  (28)  der 
antreibenden  Riemenscheibe  grolXer  ist  als  die  druckbeaufschlagte  Flache  (S2)  der  Zylinderkammer  (44)  der 
angetriebenen  Riemenscheibe. 

30  2.  Hydraulisches  Steuersystem  nach  Anspruch  1,  dadurch  gekennzeichnet,  daft 
die  Schaltsteuereinrichtung  aufSerdem  einen  Schaltbetatigungsmechanismus  (112)  umfaGt,  mit  einem 

Hebel  (160),  der  mit  einem  Ende  mit  der  axial  beweglichen  konischen  Scheibe  (30)  der  antreibenden 
Riemenscheibe  (24)  im  Eingriff  ist  und  dessen  gegeniiberliegendes  Ende  mit  einem  Schaltmotor- 
mechanismus  verbunden  ist,  und  dalS  das  Schaltsteuerventil  (106)  einen  Ventilschieber  (152)  aufweist,  der 

35  betrieblich  mit  einem  mittleren  Abschnitt  des  Hebels  verbunden  ist. 
3.  Hydraulisches  Steuersystem  nach  Anspruch  2,  dadurch  gekennzeichnet,  dalS 
das  Leitungsdruck-Regulierventil  (102)  eine  Ventilbohrung  aufweist,  die  mit  einer  DruckeinlalSoffnung 

(118c),  verbunden  mit  der  Pumpe  (80)  und  DruckauslalSoffnungen  (118b,  118d)  zum  Abfiihren  von 
Hydraulikfluid  aus  der  Bohrung  (118)  heraus  versehen  ist,  wobei  der  Ventilschieber  (152)  eine  Mehrzahl  von 

40  Stegen  aufweist,  die  gleitbar  in  der  Bohrung  gefuhrt  sind,  um  die  Fluidstromung  von  der  DruckeinlalS- 
offnung  zu  den  Druckauslafcoffnung  zu  steuem,  mit  einer  ersten  Feder  (134,  303)  die  den  Ventilschieber 
(132)  in  einer  Richtung  belastet,  und  mit^einer  zweiten  Feder  (136)  die  den  Ventilschieber  (152)  in  zu  der 
ersten  Feder  entgegengesetzter  Richtung  belastet,  mit  einer  Einrichtung  (139,  138;  301,  302,  304)  die  in 
Abhangigkeit  von  dem  Betrag  der  auf  den  Motor  einwirkenden  Last  arbeitet,  um  die  Vorspannkraft  der 

45  ersten  Feder  zu  andern,  und  mit  einer  Stange  (140),  die  mit  einem  Ende  betrieblich  mit  dem  Hebel  (160) 
verbunden  ist,  zur  Veranderung  einer  Vorspannkraft  der  zweiten  Feder  (136)  in  Abhangigkeit  von  dem 
Untersetzungsverhaltnis  zwischen  der  angetriebenen  Riemenscheibe  (24,  34)  des  Getriebes. 

so  Revendications 

1.  Systeme  de  commande  hydraulique  pour  un  variateur  de  vitesse  a  courroie  en  V  pour  un  moteur 
ayant  une  courroie  en  V  (32)  passant  sur  une  poulie  d'entratnement  (24)  et  une  poulie  menee  (34),  chacune 
des  poulies  d'entratnement  et  menee  (24,  34)  ayant  une  chambre  cylindrique  (28,  44)  et  ayant  deux  disques 

55  coniques  (26,  30;  42,  46),  un  disque  conique  (26)  de  la  poulie  d'entratnement  (24)  etant  fixe  a  un  arbre 
d'entratnement  (22)  mene  par  ledit  moteur,  un  disque  conique  (42)  de  la  poulie  menee  (34)  etant  fixe  a  un 
arbre  mene  (40),  I'autre  disque  conique  (30)  de  la  poulie  d'entratnement  (24)  etant  mobile  de  maniere 
reglable  en  direction  axiale  de  I'arbre  d'entramement  (22)  en  reponse  a  une  pression  de  fluide  dans  sa 
chambre  cylindrique  (28),  I'autre  disque  conique  (46)  de  la  poulie  menee  (34)  etant  mobile  de  maniere 

6o  reglable  dans  une  direction  axiale  de  I'arbre  menee  (40)  en  reponse  a  une  pression  de  fluide  dans  sa 
chambre  cylindrique  (44),  ledit  systeme  de  commande  hydraulique  comprenant: 

une  source  d'un  fluide  hydraulique  sous  pression,  ladite  source  comprenant  une  pompe  (80); 
un  moyen  de  commande  de  changement  comprenant  une  soupape  de  commande  de  changement 

(106)  recevant  ledit  fluide  hydraulique  sous  pression,  pour  controler  un  changement  du  rapport  de 
65  reduction  entre  les  poulies  d'entratnement  et  menee  (24,  34)  en  ajustant  un  rapport  de  la  pression  du  fluide 
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hydraulique  dans  ladite  chambre  cylindrique  (28)  de  ladite  poulie  d'entramement  (24)  a  la  pression  du 
fluide  hydraulique  dans  la  chambre  cylindrique  (44)  de  la  poulie  menee  (34)  et  au  moins 

une  autre  soupape  de  commande  manoeuvred  en  reponse  a  la  charge  appliquee  au  moteur  et 
activement  connectee  a  ladite  soupape  de  commande  de  changement  (106)  caracterise  eri  ce  que  ladite 

5  autre  soupape  de  commande  est  une  soupape  regulatrice  de  pression  de  ligne  (102)  associee  au  cote 
amont  de  la  soupape  de  commande  de  changement  (106)  pour  reguler  la  pression  de  ligne  du  fluide 
hydraulique  fourni  par  ladite  pompe  (80)  a  ladite  soupape  de  commande  de  changement  (106)  en  reponse  a 
la  charge  lorsque  les  surfaces  d'action  de  pression  (S1f  S2)  des  chambres  cylindriques  (38,  44) 
correspondent  sensiblement  I'une  a  I'autre  et  reguler  additionnellement  ladite  pression  de  ligne  en 

10  reponse  au  rapport  de  reduction,  au  moins  lorsque  la  surface  d'action  de  pression  (SJ  de  la  chambre 
cylindrique  (28)  de  la  poulie  d'entramement  est  plus  importante  que  la  surface  d'action  de  pression  (Sa)  de 
la  chambre  cylindrique  (44)  de  la  poulie  menee. 

2.  Systeme  de  commande  hydraulique  selon  la  revendication  1,  caracterise  en  ce  que 
ledit  moyen  de  controle  de  changement  comprend  de  plus  un  mecanisme  de  manoeuvre  de 

is  changement  (112)  comprenant  un  levier  (160)  dont  une  exfremite  est  engagee  par  le  disque  conique 
axialement  mobile  (30)  de  la  poulie  d'entramement  (24),  et  dont  I'extremite  opposee  est  connectee  a  un 
mecanisme  d'un  moteur  de  changement  et  ladite  soupape  de  commande  de  changement  (106)  comprend 
un  tambour  (152)  activement  connecte  a  une  partie  mediane  dudit  levier. 

3.  Systeme  de  commande  hydraulique  selon  la  revendication  2,  caracterise  en  ce  que 
20  ladite  soupape  regulatrice  de  pression  de  ligne  (102)  a  un  alesage  de  soupape  qui  presente  un  moyen 

formant  orifice  d'entree  de  pression  (118c)  connecte  a  ladite  pompe  (80)  et  un  moyen  formant  orifice  de 
sortie  de  pression  (118b,  118d)  pour  refouler  le  fluide  hydraulique  hors  dudit  alesage  (118),  ledit  tambour 
(152)  ayant  un  certain  nombre  de  plats  disposes  coulissants  dans  ledit  alesage  pour  controler,  I'ecoulement 
du  fluide  dudit  moyen  formant  orifice  d'entree  de  pression  audit  moyen  formant  orifice  de  sortie  de 

25  pression,  un  premier  ressort  (134;  303)  sollicitant  ledit  tambour  (132)  dans  une  direction,  un  second  ressort 
(136)  sollicitant  ledit  tambour  (132)  contre  ledit  premier  ressort,  un  moyen  (139,  138;  301,  302,  304) 
repondant  a  ladite  quantite  de  charge  appliquee  au  moteur  pour  faire  varier  une  force  de  sollicitation  dudit 
premier  ressort,  et  une  tige  (140)  ayant  une  extremite  activement  connectee  audit  levier  (160)  pour  faire 
varier  une  force  de  sollicitation  dudit  second  ressort  (136)  en  reponse  au  rapport  de  reduction  entre  lesdites 

30  poulies  d'entramement  et  menee  (24,  34)  de  la  transmission. 
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