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Description 

BACKGROUND  OF  THE  INVENTION 

5  Field  of  the  Invention 

The  present  invention  relates  to  a  hydraulic  control  apparatus  for  controlling  a  hydraulically  operated 
continuously  variable  transmission  of  belt-and-pulley  type  used  for  a  motor  vehicle. 

io  Discussion  of  the  Prior  Art 

A  belt-and-pulley  type  continuously  variable  transmission  whose  speed  ratio  is  continuously  variable  is 
known  as  a  transmission  incorporated  in  a  power  transmitting  system  for  a  motor  vehicle.  This  continuously 
variable  transmission  includes  a  first  and  a  second  shaft,  a  pair  of  variable-diameter  pulleys  provided  on  the 

75  first  and  second  shafts,  respectively,  a  belt  connecting  the  pulleys  for  transmitting  power  therebetween,  and 
a  pair  of  hydraulic  actuators  for  changing  effective  diameters  of  the  pulleys.  An  example  of  a  hydraulic 
control  apparatus  for  such  a  belt-and-pulley  type  continuously  variable  transmission  is  disclosed  in  laid- 
open  Publication  No.  64-49755  of  unexamined  Japanese  Patent  Application.  In  the  hydraulic  control 
apparatus  disclosed  in  this  publication,  the  line  pressure  of  the  hydraulic  system  for  controlling  the  tension 

20  of  the  transmission  belt  of  the  transmission,  i.e.,  the  belt  tensioning  pressure  is  regulated  so  as  to  change 
with  the  speed  ratio  of  the  transmission,  by  a  pressure  regulating  valve.  The  pressure  regulating  valve 
regulates  the  belt  tensioning  pressure,  based  on  a  required  output  pressure  and  a  speed-ratio  pressure, 
such  that  the  rate  of  change  in  the  belt  tensioning  pressure  varies  along  a  straight  line  which  is  bent  at  a 
point  corresponding  to  a  specific  value  of  the  speed  ratio  of  the  transmission.  Namely,  the  rate  of  change  in 

25  the  belt  tensioning  pressure  changes  when  the  speed  ratio  reaches  a  certain  value.  The  required  output 
pressure  represents  the  currently  required  output  of  the  engine,  while  the  speed-ratio  pressure  represents 
the  currently  detected  speed  ratio  of  the  transmission.  The  hydraulic  control  apparatus  including  such  a 
pressure  regulating  valve  is  comparatively  economical  to  manufacture  and  reliable  in  operation,  while 
assuring  adequate  regulation  of  the  belt  tensioning  pressure  such  that  the  belt  tensioning  pressure  almost 

30  follows  an  optimum  relationship  with  a  change  in  the  speed  ratio. 
The  above-indicated  optimum  relationship  between  the  belt  tensioning  pressure  (tension  of  the  belt)  and 

the  speed  ratio  of  the  transmission  is  desirably  formulated  to  maintain  the  belt  tension  at  a  required 
minimum  level.  In  this  case,  the  optimum  relationship  is  represented  by  a  curve,  rather  than  a  bent  straight 
line  which  the  pressure  regulating  valve  of  the  known  hydraulic  control  apparatus  substantially  follows  as 

35  described  above.  When  the  belt  tensioning  pressure  is  regulated  along  the  straight  line  rather  than  the 
optimum  curve,  the  belt  tensioning  pressure  tends  to  be  unnecessarily  higher  than  the  optimum  level  under 
certain  conditions,  resulting  in  a  failure  to  effectively  minimize  the  power  loss  of  the  oil  pump  of  the 
transmission  hydraulic  system  which  is  driven  by  the  engine  of  the  vehicle. 

EP-A-304,085  describes  a  hydraulic  control  apparatus  having  the  features  of  the  preamble  of  Claim  1  . 
40 

SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention  to  provide  a  hydraulic  control  apparatus  for  controlling  a 
hydraulically  operated  belt-and-pulley  type  transmission  for  a  motor  vehicle,  which  permits  the  belt 

45  tensioning  pressure  to  be  regulated  such  that  the  regulated  pressure  is  kept  as  close  as  possible  to  the 
nominal  optimum  level. 

The  invention  provides  a  hydraulic  control  apparatus  in  accordance  with  Claim  1  . 
In  the  hydraulic  control  apparatus  constructed  according  to  the  present  invention  as  described  above, 

the  electric  signal  applied  to  the  pilot-pressure  generating  means  is  controlled  by  the  electronic  control 
50  device  such  that  a  difference  between  the  basic  output  pressure  of  the  pressure  regulating  valve  and  the 

optimum  value  is  zeroed,  whereby  the  belt  tensioning  pressure  generated  by  the  pressure  regulating  valve 
which  receives  the  pilot  pressure  generated  by  the  pilot-pressure  generating  means  may  be  controlled  to 
the  optimum  value.  As  a  result,  the  belt  tensioning  pressure  will  not  rise  to  an  unnecessarily  high  level  at 
any  time  during  operation  of  the  transmission.  Accordingly,  the  power  loss  of  the  vehicle  engine  is 

55  effectively  minimized,  and  the  durability  or  life  expectancy  of  the  transmission  belt  is  improved. 
The  pilot-pressure  generating  means  may  be  a  solenoid-operated  valve  which  is  turned  on  and  off  with 

a  controlled  duty  cycle,  to  change  the  pilot  pressure  with  the  duty  cycle.  The  duty  cycle  of  the  solenoid- 
operated  valve  is  controlled  by  the  drive  signal  applied  to  the  valve.  Alternatively,  the  pilot-pressure 
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generating  means  may  be  a  linear  solenoid-operated  valve  which  is  activated  with  an  analog  drive  signal 
such  as  a  drive  current.  The  magnitude  of  the  analog  drive  signal  is  changed  to  change  the  pilot  pressure. 

The  speed  ratio  of  the  transmission  may  be  represented  by  a  speed-ratio  pressure  generated  by  a 
speed-ratio  sensing  valve,  which  may  be  adapted  to  release  the  belt  tensioning  pressure  as  the  speed  ratio 

5  changes.  The  currently  required  output  value  of  the  engine  may  be  represented  by  a  throttle  pressure 
generated  by  a  throttle  sensing  valve  which  detects  an  angle  of  opening  of  the  throttle  valve  of  the  engine. 
The  valve  spool  of  the  pressure  regulating  valve  may  be  adapted  to  receive  the  speed-ratio  pressure  and 
the  throttle  pressure  such  that  the  belt  tensioning  pressure  increases  with  an  increase  in  the  throttle 
pressure  and  decreases  with  an  increase  in  the  speed-ratio  pressure. 

io  The  electronic  control  device  may  include  means  for  determining  an  output  torque  of  the  engine  or  an 
input  torque  of  the  transmission  based  on  the  speed  of  the  engine  and  the  currently  required  output  value 
of  the  engine.  In  this  case,  the  optimum  value  of  the  belt  tensioning  pressure  is  determined  or  calculated 
based  on  the  determined  torque  of  the  engine  or  transmission  and  the  speed  ratio  of  the  transmission. 

15  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  above  and  optional  objects,  features  and  advantages  of  the  present  invention  will  become  more 
apparent  by  reading  the  following  detailed  description  of  presently  preferred  embodiments  of  the  present 
invention,  when  considered  in  conjunction  with  the  accompanying  drawings,  in  which: 

20  Fig.  1  is  a  schematic  view  of  a  vehicle  power  transmitting  system  including  a  continuously  variable 
transmission,  which  is  equipped  with  a  hydraulic  control  apparatus  constructed  according  to  one 
embodiment  of  the  present  invention; 
Fig.  2  is  a  hydraulic  circuit  diagram  showing  the  hydraulic  control  apparatus  adapted  to  control  the  power 
transmitting  system  of  Fig.  1; 

25  Fig.  3  is  a  view  illustrating  in  detail  a  second  pressure  regulating  valve  incorporated  in  the  apparatus  of 
Fig.  2; 
Fig.  4  is  a  view  illustrating  in  detail  a  first  pressure  regulating  valve  also  incorporated  in  the  apparatus  of 
Fig.  2; 
Fig.  5  is  a  graph  indicating  an  output  characteristic  of  a  throttle  sensing  valve  incorporated  in  the 

30  apparatus  of  Fig.  2; 
Fig.  6  is  a  graph  indicating  an  output  characteristic  of  a  speed-ratio  sensing  valve  incorporated  in  the 
apparatus  of  Fig.  2; 
Fig.  7  is  a  graph  showing  an  output  characteristic  of  the  second  pressure  regulating  valve  of  Fig.  3; 
Fig.  8  is  a  graph  showing  an  ideal  relationship  of  a  second  line  pressure  of  the  apparatus  of  Fig.  2  with  a 

35  speed  ratio  of  a  CVT  of  the  power  transmitting  system  and  an  opening  angle  of  a  throttle  valve  of  the 
vehicle; 
Fig.  9  is  a  view  indicating  a  relationship  between  on-off  states  of  a  first  and  a  second  solenoid  valve  of 
the  valve  assembly  of  Fig.  2  and  a  shifting  mode  of  the  CVT; 
Figs.  10,  11  and  12  are  graphs  indicating  relationships  between  the  speed  ratio  of  the  CVT  and  hydraulic 

40  pressures  at  different  locations  of  the  apparatus  of  Fig.  1,  where  the  vehicle  is  running  in  normal,  engine- 
brake  and  non-load  running  conditions,  respectively; 
Fig.  13  is  a  graph  indicating  an  output  characteristic  of  the  first  pressure  regulating  valve  of  Fig.  4,  i.e.,  a 
relationship  between  a  first  line  pressure  and  a  second  line  pressure  or  a  pressure  in  a  first  hydraulic 
cylinder  of  the  CVT; 

45  Fig.  14  is  a  graph  indicating  a  relationship  between  the  duty  cycle  of  a  fourth  solenoid-operated  valve  of 
the  apparatus  of  Fig.  2  and  a  pilot  pressure  continuously  changed  with  the  duty  cycle; 
Fig.  15  is  a  view  indicating  a  relationship  between  the  duty  cycle  of  the  fourth  solenoid  valve  and  a  fourth 
line  pressure  continuously  changed  with  the  duty  cycle; 
Fig.  16  is  a  view  indicating  the  second  line  pressure  which  varies  with  the  running  speed  of  the  vehicle 

50  (centrifugal  hydraulic  pressure  increase  of  the  hydraulic  actuator); 
Fig.  17  is  a  view  indicating  a  relationship  between  hydraulic  control  modes  A  through  E  of  the  apparatus 
of  Fig.  1  and  different  combinations  of  states  of  third  and  fourth  solenoid  valves; 
Fig.  18  is  a  flow  chart  illustrating  a  belt  tension  regulating  routine  implemented  by  an  electronic  control 
device  used  for  the  hydraulic  control  apparatus  of  Fig.  1; 

55  Fig.  19  is  a  view  indicating  a  relationship  stored  in  the  electronic  control  device,  between  the  engine 
output  torque  and  speed; 
Fig.  20  is  a  view  indicating  a  basic  output  pressure  of  the  second  pressure  regulating  valve  of  Fig.  2,  and 
an  optimum  belt  tensioning  pressure  which  is  lowered  due  to  the  centrifugal  hydraulic  pressure  increase 
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of  the  hydraulic  actuator,  in  relation  to  the  vehicle  running  speed; 
Fig.  21  is  a  view  indicating  the  basic  output  pressure  of  the  second  pressure  regulating  valve  and  the 
optimum  belt  tensioning  pressure,  in  relation  to  the  speed  ratio  of  the  transmission  and  the  throttle 
opening  angle; 

5  Fig.  22  is  a  flow  chart  illustrating  a  routine  for  estimating  the  basic  output  pressure  used  in  the  belt 
tension  regulating  routine  of  Fig.  18 
Fig.  23  is  a  view  indicating  a  relationship  between  the  logarithm  of  the  speed  ratio  and  a  value  obtained 
from  a  corresponding  equation  of  approximation; 
Figs.  24  and  25  are  views  showing  relationships  mapi(0th)  and  map2(0th)  used  in  the  basic  output 

io  pressure  estimating  routine  of  Fig.  22; 
Fig.  26  is  a  view  showing  a  relationship  between  a  drive  signal  lsol4  applied  to  the  fourth  solenoid- 
operated  valve  of  Fig.  2,  and  a  lowered  pressure  Pdown  of  the  second  line  pressure  which  varies  with  a 
pilot  pressure  generated  by  this  solenoid-operated  valve; 
Fig.  27  is  a  view  indicating  the  basic  output  pressure  in  relation  to  the  transmission  speed  ratio; 

is  Fig.  28  is  a  flow  chart  illustrating  a  routine  for  determining  the  drive  signal  lsol4  applied  to  the  fourth 
solenoid-operated  valve  of  Fig.  2; 
Fig.  29  is  a  view  indicating  a  relationship  used  in  the  routine  of  Fig.  28; 
Fig.  30  is  a  flow  chart  illustrating  a  routine  for  determining  the  basic  output  pressure  of  the  second 
pressure  regulating  valve  in  another  embodiment  of  the  invention,  when  the  vehicle  is  running  with  a 

20  negative  engine  torque; 
Fig.  31  is  a  view  indicating  a  relationship  used  in  the  routine  of  Fig.  30; 
Fig.  32  is  a  portion  of  a  hydraulic  circuit  diagram  illustrating  another  embodiment  of  the  invention; 
Fig.  33  is  a  flow  chart  illustrating  a  routine  for  adjusting  the  belt  tensioning  pressure  in  the  embodiment 
of  Fig.  32; 

25  Fig.  34  is  a  timing  chart  explaining  the  routine  of  Fig.  33; 
Fig.  35  is  a  view  corresponding  to  that  of  Fig.  33,  illustrating  a  further  embodiment  of  the  invention; 
Fig.  36  is  a  view  corresponding  to  that  of  Fig.  2,  showing  a  still  further  embodiment  of  this  invention; 
Fig.  37  is  a  view  indicating  hydraulic  control  modes  in  the  embodiment  of  Fig.  36; 
Fig.  38  is  a  view  showing  the  second  pressure  regulating  valve  used  in  the  embodiment  of  Fig.  36; 

30  Fig.  39  is  a  view  showing  in  enlargement  a  linear  solenoid  valve  used  in  the  embodiment  of  Fig.  36; 
Fig.  40  is  a  graph  indicating  an  operating  characteristic  of  the  linear  solenoid  valve  of  Fig.  39; 
Fig.  41  is  a  flow  chart  illustrating  an  operation  of  the  embodiment  of  Fig.  36; 
Figs.  42  and  43  are  views  indicating  relationships  used  in  the  flow  chart  of  Fig.  41; 
Figs.  44,  45  and  46  are  views  explaining  the  operation  of  Fig.  41,  Fig.  44  relating  to  a  case  where  an 

35  ideal  belt  tensioning  pressure  Popt  is  above  an  inclined  straight  line  indicative  of  the  speed  ratio 
pressure,  and  Figs.  45  and  46  relating  to  cases  where  the  ideal  belt  tensioning  pressure  is  below  the 
inclined  straight  line; 
Fig.  47  is  a  portion  of  a  flow  chart  showing  another  embodiment  of  the  invention  alternative  to  that  of  Fig. 
41; 

40  Fig.  48  is  a  view  explaining  an  operation  of  the  embodiment  of  Fig.  47; 
Fig.  49  is  a  portion  of  a  flow  chart  showing  a  further  embodiment  of  the  invention  alternative  to  that  of 
Fig.  41; 
Figs.  50  and  51  are  views  showing  relationships  used  in  the  embodiment  of  Fig.  49; 
Figs.  52,  57  and  58  are  views  showing  other  embodiments  of  the  invention  alternative  to  that  of  Fig.  41; 

45  Fig.  53  is  a  timing  chart  illustrating  events  of  operation  in  the  embodiment  of  Fig.  52; 
Fig.  54  is  a  timing  chart  showing  changes  in  the  input  torque  and  second  line  pressure  of  the 
transmission; 
Figs.  55  and  56  are  views  corresponding  to  those  of  Figs.  53  and  54,  showing  the  operation  of  the 
embodiment  of  Fig.  41;  and 

50  Figs.  59,  60,  61  and  62  are  portions  of  a  flow  chart  of  yet  further  embodiments  of  the  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Referring  first  to  Fig.  1,  there  is  illustrated  a  power  transmitting  system  of  an  automotive  vehicle,  for 
55  transmitting  power  from  an  engine  10  to  drive  wheels  24,  24.  The  power  transmitting  system  includes:  a 

fluid  coupling  12  connected  to  the  engine  10  through  a  crankshaft  26  and  equipped  with  a  lock-up  clutch 
36;  a  continuously  variable  transmission  (hereinafter  referred  to  as  "CVT")  14  connected  to  the  fluid 
coupling  12;  a  reversing  gear  mechanism  in  the  form  of  a  reversing  device  16  connected  to  the  CVT  14,  for 

5 
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selecting  a  forward  or  a  reverse  running  of  the  vehicle;  an  intermediate  gear  device  18  connected  to  the 
reversing  device  16;  a  differential  gear  device  20  connected  to  the  intermediate  gear  device  18;  and  a  drive 
axle  22  connected  to  the  differential  gear  device  20  and  drive  wheels  24. 

The  fluid  coupling  12  includes  a  pump  impeller  28  connected  to  the  crankshaft  26  of  the  engine  10;  a 
5  turbine  impeller  32  which  is  fixed  to  an  input  shaft  30  of  the  CVT  14  and  rotated  by  means  of  a  working 

fluid  from  the  pump  impeller  28;  the  lock-up  clutch  36  indicated  above,  which  is  fixed  to  the  input  shaft  30 
through  a  damper  34;  and  means  for  defining  an  engaging  chamber  33  communicating  with  an  engaging 
line  322  (which  will  be  described),  and  a  releasing  chamber  35  communicating  with  a  releasing  line  324 
(which  will  be  described).  The  fluid  coupling  12,  which  is  filled  with  the  working  fluid,  is  operated  to  effect 

io  engagement  of  the  lock-up  clutch  36  for  direct  connection  of  the  crankshaft  26  to  the  input  shaft  30,  when 
the  speed  of  the  vehicle,  engine  10  or  turbine  impeller  32  exceeds  a  predetermined  value.  In  this  case,  the 
fluid  is  fed  into  the  engaging  chamber  33  while  the  fluid  in  the  releasing  chamber  35  is  discharged.  When 
the  speed  of  the  vehicle,  engine  10  or  turbine  impeller  32  falls  below  the  predetermined  value,  on  the  other 
hand,  the  lock-up  clutch  36  is  disengaged  or  released  such  that  the  fluid  is  fed  into  the  releasing  chamber 

is  35  and  discharged  from  the  engaging  chamber  33. 
The  CVT  14  has  a  pair  of  variable-diameter  pulleys  40,  42  having  a  same  diameter  which  are  provided 

on  the  input  shaft  30  and  an  output  shaft  38,  respectively.  These  pulleys  40,  42  are  connected  by  a 
transmission  belt  44,  and  have  respective  stationary  rotors  46,  48  fixed  to  the  respective  input  and  output 
shafts  30,  38,  and  respective  axially  movable  rotors  50,  52  which  are  axially  movable  on  the  respective 

20  shafts  30,  38  and  rotated  with  these  shafts.  The  movable  rotors  50,  52  are  moved  by  respective  first  and 
second  hydraulic  actuators  in  the  form  of  first  and  second  hydraulic  cylinders  54,  56,  whereby  the  effective 
widths  of  V  grooves  of  the  pulleys  40,  42,  i.e.,  the  effective  diameters  engaging  the  belt  44  are  changed,  to 
change  a  speed  ratio  "r"  of  the  CVT  14  (Nin/Nout,  where  Nin  =  speed  of  the  input  shaft  30,  and  Nout  = 
speed  of  the  output  shaft  38). 

25  Since  the  variable-diameter  pulleys  40,  42  have  the  same  diameter,  the  corresponding  first  and  second 
hydraulic  cylinders  54,  56  have  a  same  pressure-receiving  area.  Generally,  the  tension  of  the  transmission 
belt  44  is  determined  primarily  by  the  pressure  in  one  (hereinafter  referred  to  as  "driven  side  cylinder")  of 
the  first  and  second  hydraulic  cylinders  54,  56  which  corresponds  to  the  driven  one  of  the  pulleys  40,  42 
(hereinafter  referred  to  as  "driven  side  pulley").  The  driven  side  cylinder  54  or  56  is  supplied  with  a  second 

30  line  pressure  PI  2  (belt  tensioning  pressure)  which  is  adjusted  by  a  second  pressure  regulating  valve  102 
(which  will  be  described),  whereby  the  tension  of  the  belt  44  is  adjusted  to  within  an  optimum  range  in 
which  the  belt  44  does  not  slip  on  the  pulleys  40,  42. 

The  reversing  device  16  is  a  well  known  double-pinion  type  planetary  gear  mechanism,  which  includes: 
a  carrier  60  fixed  on  an  output  shaft  58;  a  pair  of  planetary  gears  62,  64  which  are  rotatably  supported  by 

35  the  carrier  60  and  which  mesh  with  each  other;  a  sun  gear  66  which  is  fixed  on  the  input  shaft  38  (output 
shaft  of  the  CVT  14)  and  which  meshes  with  the  inner  planetary  gear  62;  a  ring  gear  68  meshing  with  the 
outer  planetary  gear  64;  a  REVERSE  brake  70  for  stopping  the  rotation  of  the  ring  gear  68;  and  a 
FORWARD  clutch  72  for  connecting  the  carrier  60  and  the  input  shaft  38. 

The  REVERSE  brake  70  and  FORWARD  clutch  72  are  hydraulically  operated,  frictionally  coupling 
40  devices.  The  reversing  device  16  is  placed  in  a  neutral  position  thereof  when  the  brake  70  and  the  clutch  72 

are  both  in  the  disengaged  or  released  positions.  In  this  state,  the  reversing  device  16  does  not  transmit 
power  to  the  intermediate  gear  device  18.  When  the  FORWARD  clutch  72  is  engaged,  the  output  shaft  38 
(input  shaft  of  the  device  16)  of  the  CVT  14  and  the  output  shaft  58  of  the  device  16  are  connected  to  each 
other,  whereby  power  is  transmitted  from  the  CVT  14  to  the  intermediate  gear  device  18,  so  as  to  run  the 

45  vehicle  in  the  forward  direction.  When  the  REVERSE  brake  70  is  engaged,  on  the  other  hand,  the  direction 
of  rotation  of  the  output  shaft  58  of  the  reversing  device  16  is  reversed  with  respect  to  the  direction  of 
rotation  of  the  output  shaft  38  of  the  CVT  14,  whereby  power  is  transmitted  so  as  to  run  the  vehicle  in  the 
reverse  direction. 

Referring  next  to  Fig.  2  showing  a  hydraulic  control  circuit  for  controlling  the  vehicle  power  transmitting 
50  system  of  Fig.  1,  reference  numeral  74  designates  an  oil  pump  serving  as  a  hydraulic  power  source  of  the 

hydraulic  system,  which  constitutes  a  part  of  a  hydraulic  control  apparatus  constructed  according  to  the 
instant  embodiment  of  the  present  invention,  which  will  be  described.  The  oil  pump  74  is  connected  to  the 
pump  impeller  28  of  the  fluid  coupling  12,  whereby  the  pump  74  is  always  rotated  with  the  crankshaft  26  of 
the  engine  10.  In  operation,  the  pump  74  pumps  up  a  working  fluid  through  a  strainer  76  from  a  reservoir  to 

55  which  the  fluid  is  returned.  The  pump  74  also  communicates;  with  a  return  line  78,  so  that  the  fluid  returned 
through  the  return  line  78  is  sucked  into  the  pump  74.  The  pressurized  fluid  produced  by  the  pump  74  is 
delivered  as  a  first  line  pressure  Pl'\  into  a  first  pressure  line  80.  In  the  present  embodiment,  the  first  line 
pressure  Pl'\  is  regulated  by  an  overflow  or  relief  type  first  pressure  regulating  valve  100,  which  discharges 
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the  fluid  in  the  first  pressure  line  80  into  the  return  line  78  and  a  lock-up  pressure  line  92.  The  first  line 
pressure  PI1  is  lowered  by  the  above-indicated  second  pressure  regulating  valve  102,  to  produce  the 
above-indicated  second  line  pressure  PI  2  in  a  second  pressure  line  82.  The  second  pressure  regulating 
valve  102  is  of  a  pressure  reducing  type,  contrary  to  the  overflow  type  of  the  first  pressure  regulating  valve 

5  100. 
The  second  pressure  regulating  valve  102  will  be  first  described  in  detail,  by  reference  to  Fig.  3. 
This  pressure  regulating  valve  102  includes  a  valve  spool  110  for  effecting  connection  and  disconnec- 

tion  of  the  first  pressure  line  80  to  and  from  the  second  pressure  line  82,  a  spring  sheet  112,  a  return  spring 
114,  and  a  plunger  116.  The  valve  spool  110  is  provided  at  one  axial  end  portion  thereof  remote  from  the 

io  plunger  116,  with  a  first,  a  second  and  a  third  land  118,  120  and  122,  which  have  different  diameters.  The 
first  land  118  at  the  extreme  end  of  the  spool  110  has  the  smallest  diameter,  while  the  axially  innermost 
third  land  122  has  the  largest  diameter.  Between  the  second  and  third  lands  120,  122,  there  is  formed  a 
chamber  126  to  which  is  applied  as  a  feedback  pressure  the  second  line  pressure  PI  2  through  a  flow 
restrictor  124,  so  that  the  valve  spool  110  is  biased  toward  its  closed  position  by  the  second  line  pressure 

75  PI2.  Another  chamber  130  is  formed  adjacent  to  the  first  land  118  at  the  above-indicated  one  end  of  the 
valve  spool  110.  To  this  chamber  130,  there  is  applied  a  SPEED-RATIO  pressure  Pr  (which  will  be 
described)  through  a  flow  restrictor  128.  This  pressure  Pr  also  biases  the  valve  spool  110  toward  the  closed 
position.  The  return  spring  114  disposed  around  the  valve  spool  110  biases  the  spool  110  toward  its  open 
position,  through  the  spring  sheet  112. 

20  Adjacent  to  one  end  of  the  plunger  116  remote  from  the  valve  spool  110,  there  is  formed  a  chamber 
132  adapted  to  receive  a  THROTTLE  pressure  Pth  (which  will  be  described)  which  biases  the  spool  110 
toward  its  open  position.  The  valve  spool  110  is  positioned  under  equilibrium  of  forces  according  to  the 
following  equation  (1): 

25  PX2  =  (A4»  Pth  +  W  -  A1  •  Pr)/(A3  -  A2)  (1) 

where, 
A1  :  pressure-receiving  area  of  the  first  land  118 
A2:  cross  sectional  area  of  the  second  land  120 
A3:  cross  sectional  area  of  the  third  land  122 
A4:  cross  sectional  area  of  the  plunger  116 
W:  biasing  force  of  the  return  spring  114 

Namely,  the  valve  spool  110  is  axially  moved  according  to  the  equation  (1),  so  as  to  repeatedly 
alternately  establish  communication  between  a  port  134a  and  a  port  134b  for  permitting  a  flow  of  the  fluid 

35  from  the  first  pressure  line  80  into  the  second  pressure  line  82,  and  communication  between  the  port  134b 
and  a  drain  port  134c  for  draining  the  second  pressure  line  82  through  the  drain  port  134c.  As  a  result,  the 
second  line  pressure  PI  2  is  produced.  Since  the  second  pressure  line  82  is  a  closed  hydraulic  circuit,  the 
second  line  pressure  PI  2  can  be  adjusted  by  the  second  pressure  regulating  valve  102,  by  lowering  the 
relatively  high  first  line  pressure  PI1,  as  indicated  in  Fig  7. 

40  Between  the  first  and  second  lands  118,  120  of  the  valve  spool  110  of  the  second  pressure  regulating 
valve  102,  there  is  formed  a  chamber  136  adapted  to  receive  a  pilot  pressure  Psol4  through  a  second  line 
pressure  reducing  control  valve  380  which  will  be  described.  As  the  valve  spool  110  is  biased  toward  its 
closed  position  by  the  pilot  pressure  Psol4  applied  to  the  chamber  136,  the  second  line  pressure  PI  2  is 
accordingly  adjusted  by  the  pilot  pressure  Psol4,  as  discussed  below  in  detail. 

45  Referring  next  to  Fig.  4,  the  first  pressure  regulating  valve  100  will  then  be  described.  This  valve  100 
includes  a  valve  spool  140,  a  spring  sheet  142,  a  return  spring  144,  a  first  plunger  146,  and  a  second 
plunger  148  whose  diameter  is  the  same  as  a  second  land  155  of  the  first  plunger  146.  The  valve  spool  140 
is  operated  to  effect  selective  connection  and  disconnection  of  a  port  150a  communicating  with  the  first 
pressure  line  80,  to  and  from  a  drain  port  150b  or  150c.  The  valve  spool  140  has  a  first  land  152  at  one 

50  axial  end  thereof  remote  from  the  first  and  second  plungers  146,  148.  Adjacent  to  the  first  land  152  of  the 
spool  140,  there  is  formed  a  chamber  153  which  receives  as  a  feedback  pressure  the  first  line  pressure 
PI1  through  a  flow  restrictor  151.  The  valve  spool  140  is  biased  toward  its  open  position  by  this  first  line 
pressure  PI1.  The  first  plunger  146,  which  is  coaxial  with  the  valve  spool  140,  has  a  first  land  154  which 
cooperates  with  the  above-indicated  second  land  155  to  define  a  chamber  156  adapted  to  receive  the 

55  THROTTLE  pressure  Pth.  Between  the  second  land  155  of  the  first  plunger  146  and  the  second  plunger 
148,  there  is  formed  a  chamber  157  adapted  to  receive  a  pressure  Pin  in  the  first  hydraulic  cylinder  54, 
through  a  branch  line  305.  Further,  a  chamber  158  is  formed  adjacent  to  the  end  face  of  the  second  plunger 
148.  The  chamber  158  receives  the  second  line  pressure  PI  2.  The  biasing  force  of  the  above-indicated 
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return  spring  144  acts  on  the  valve  spool  140  through  the  valve  sheet  142  so  as  to  bias  the  spool  140 
toward  its  closed  position.  The  valve  spool  140  is  positioned  under  equilibrium  of  forces  according  to  the 
following  equation  (2): 

5  PX  1  =  [(Pin  or  PI2)«A7  +  Pth(A6  -  A7)  +  W]/A5  (2) 

where, 
A5:  pressure-receiving  area  of  the  first  land  152  of  the  valve  spool  140 
A6:  cross  sectional  area  of  the  first  land  154  of  the  first  plunger  146 

io  A7:  cross  sectional  area  of  the  second  land  155  of  the  first  plunger  146  (second  plunger  148) 
W:  biasing  force  of  the  return  spring  144 

In  the  first  pressure  regulating  valve  100,  the  first  and  second  plungers  146,  148  are  separated  from 
each  other  and  a  thrust  due  to  the  pressure  Pin  in  the  first  cylinder  54  acts  on  the  valve  spool  140  in  the 
direction  toward  the  closed  position,  when  the  pressure  Pin  is  higher  than  the  second  line  pressure  PI  2 

is  (which  is  normally  equal  to  the  pressure  Pout  in  the  second  cylinder  56).  When  the  pressure  Pin  is  lower 
than  the  second  line  pressure  PI  2,  the  first  and  second  plungers  146,  148  are  held  in  abutting  contact  with 
each  other,  whereby  a  thrust  due  to  the  second  line  pressure  PI  2  acting  on  the  end  face  of  the  second 
plunger  148  acts  on  the  valve  spool  140  in  the  direction  toward  its  closed  position.  That  is,  the  second 
plunger  148  receiving  the  pressure  Pin  and  the  second  line  pressure  PI  2  applies  to  the  spool  140  a  force 

20  based  on  the  higher  one  of  the  pressures  Pin  and  PI  2,  so  that  the  spool  140  is  biased  toward  its  closed 
position.  Between  the  first  and  second  lands  152  and  159  of  the  valve  spool  140,  there  is  formed  a  chamber 
160  which  is  adapted  to  receive  through  a  line  161  the  second  line  pressure  PI  2  from  a  first  line  pressure 
reducing  control  valve  440  (which  will  be  described).  The  second  line  pressure  PI  2  applied  to  the  chamber 
160  acts  on  the  valve  spool  140  in  a  direction  to  reduce  the  first  line  pressure  PI1.  When  a  shift  lever  252 

25  of  the  vehicle  is  operated  to  a  NEUTRAL  or  PARKING  position  "N",  "P",  the  first  line  pressure  reducing 
control  valve  440  is  operated  to  apply  the  second  line  pressure  PI  2  to  the  chamber  160,  to  reduce  the  first 
line  pressure  PI1,  as  described  below  in  detail. 

Referring  back  to  Fig.  2,  the  THROTTLE  pressure  Pth  representing  an  actual  opening  angle  0th  of  a 
throttle  valve  of  the  engine  10  is  generated  by  a  flow  restrictor  sensing  valve  180.  Further,  the  SPEED- 

30  RATIO  pressure  Pr  representing  an  actual  speed  ratio  "r"  of  the  CVT  14  is  generated  by  a  speed-ratio 
sensing  valve  182.  Described  specifically,  the  throttle  sensing  valve  180  includes:  a  cam  184  rotated  as  the 
throttle  valve  is  operated;  a  plunger  186  which  engages  a  cam  surface  of  the  cam  184  and  which  is  axially 
moved  by  a  distance  corresponding  to  an  angle  of  rotation  of  the  cam  184;  a  spring  188;  and  a  valve  spool 
190  which  receives  a  thrust  through  the  spring  188  from  the  plunger  186,  and  a  thrust  due  to  the  first  line 

35  pressure  PI1.  These  two  thrust  forces  act  on  the  spool  190  in  the  opposite  directions.  The  valve  spool  190 
is  moved  to  a  position  of  equilibrium  of  the  above  two  thrust  forces,  whereby  the  first  line  pressure  PI1  is 
reduced  so  as  to  produce  the  THROTTLE  pressure  Pth  corresponding  to  the  actual  opening  angle  0th  of 
the  throttle  valve.  The  relationship  between  the  THROTTLE  pressure  Pth  and  the  opening  angle  0th  is 
indicated  in  the  graph  of  Fig.  5.  The  THROTTLE  pressure  Pth  is  applied  through  a  line  84  to  the  above- 

40  described  first  and  second  pressure  regulating  valves  100,  102  and  a  third  pressure  regulating  valve  220. 
The  speed-ratio  sensing  valve  182  includes:  a  sensing  rod  192  which  slidably  contacts  the  axially 

movable  rotor  50  on  the  input  shaft  30  of  the  CVT  14  and  which  is  axially  displaced  by  a  distance  equal  to 
an  amount  of  axial  movement  of  the  movable  rotor  50;  a  spring  194  whose  biasing  force  varies  as  the  axial 
position  of  the  rod  192  is  changed;  and  a  valve  spool  198  which  receives  the  biasing  force  of  the  spring  194 

45  and  the  second  line  pressure  PI  2.  The  valve  spool  198  is  moved  to  a  position  of  equilibrium  of  the  biasing 
force  of  the  spring  194  and  a  thrust  force  based  on  the  second  line  pressure  PI  2,  whereby  the  amount  of 
discharge  flow  of  the  fluid  from  the  second  pressure  line  82  into  the  drain  is  adjusted  depending  upon  the 
speed-ratio  "e"  of  the  CVT  14.  For  example,  as  the  movable  rotor  50  is  moved  toward  the  stationary  rotor 
46  so  as  to  reduce  the  effective  width  of  the  V-groove  of  the  pulley  40  and  thereby  decrease  the  speed 

50  ratio  "r",  the  sensing  rod  192  is  moved  in  a  direction  to  compress  the  spring  194,  thereby  reducing  the  rate 
of  flow  of  the  fluid  which  is  supplied  from  the  second  pressure  line  82  through  an  orifice  196  and 
discharged  into  the  drain  by  a  resulting  movement  of  the  valve  spool  198.  As  a  result,  the  pressure  in  a 
portion  of  the  line  82  downstream  of  the  orifice  196  is  increased.  This  pressure  is  utilized  as  the  SPEED- 
RATIO  pressure  Pr,  which  increases  with  a  decrease  in  the  speed  ratio  "r"  of  the  CVT  14  (so  as  to  shift-up 

55  the  CVT  14  for  increasing  the  vehicle  speed),  as  indicated  in  the  graph  of  Fig.  6.  The  pressure  Pr  is  applied 
through  a  line  86  to  the  second  and  third  pressure  regulating  valves  102  and  220. 

It  will  be  understood  from  the  above  description  of  the  speed-ratio  sensing  valve  182  that  since  the 
SPEED-RATIO  pressure  Pr  is  produced  by  changing  the  amount  of  discharge  of  the  fluid  supplied  from  the 
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second  pressure  line  82  through  the  orifice  196,  the  pressure  Pr  will  not  exceed  the  second  line  pressure 
PI  2.  Further,  the  second  line  pressure  PI  2  is  lowered  with  an  increase  in  the  pressure  Pr,  by  the  second 
pressure  regulating  valve  102  according  to  the  equation  (1)  indicated  above.  Therefore,  when  the  pressure 
Pr  increases  up  to  the  level  of  the  second  line  pressure  PI  2,  both  of  the  pressures  Pr  and  PI  2  are  held 

5  constant,  as  indicated  in  the  graph  of  Fig.  7,  which  shows  the  basic  output  characteristic  of  the  second 
pressure  regulating  valve  102  that  the  lower  limit  of  the  second  line  pressure  PI  2  adjusted  by  the  second 
pressure  regulating  valve  102  is  determined  by  the  SPEED-RATIO  pressure  Pr,  i.e.,  the  speed  ratio  "r"  of 
the  CVT  14.  The  basic  output  characteristic  of  the  second  pressure  regulating  valve  102  is  obtained  when 
the  pilot  pressure  Psol4  (fourth  pilot  pressure)  applied  to  the  chamber  136  is  zero  or  constant.  Namely,  the 

io  second  line  pressure  PI  2  according  to  the  basic  output  characteristic  of  the  valve  102  is  constant  until  the 
speed  ratio  "r"  of  the  CVT  14  increases  from  the  minimum  value  to  a  certain  value.  After  the  speed  ratio  "r" 
reaches  the  certain  value,  the  pressure  PI  2  linearly  increases  with  the  speed  ratio  "r",  along  a  straight  line 
as  indicated  in  Fig.  7.  Fig.  8  shows  an  ideal  curve  of  the  second  line  pressure  PI  2  in  relation  to  the  speed 
ratio  "r",  for  maintaining  the  tension  of  the  belt  44  at  a  required  minimum  level.  The  bent  line  of  Fig.  7 

is  according  to  the  basic  output  characteristic  of  the  valve  102  is  approximate  to  the  ideal  curve  of  Fig.  8. 
However,  the  basic  output  pressure  PI  2  of  the  valve  102  according  to  the  basic  output  characteristic  as 
indicated  at  Pmec  in  solid  line  in  Fig.  21  is  considerably  and  unnecessarily  higher  than  the  optimum  value 
as  indicated  at  Popt  in  dashed  line  in  Fig.  21,  under  some  conditions. 

For  controlling  the  second  line  pressure  PI  2  to  change  following  the  ideal  curve,  the  duty  cycle  of  a 
20  fourth  solenoid-operated  valve  346  which  generates  the  fourth  pilot  pressure  Psol4  is  controlled  by  an 

electronic  control  device  460  (Fig.  1),  so  that  the  pilot  pressure  Psol4  is  regulated  to  maintain  the  tension  of 
the  belt  44  at  the  required  minimum  level,  while  the  vehicle  is  running  in  the  forward  direction  with  the  lock- 
up  clutch  36  placed  in  the  engaged  position,  as  discussed  below  in  greater  detail. 

The  third  pressure  regulating  valve  220  is  adapted  to  produce  a  third  line  pressure  PI  3  suitable  for 
25  operating  the  REVERSE  brake  70  and  FORWARD  clutch  72  of  the  reversing  device  16.  This  valve  220 

includes  a  valve  spool  222  for  effecting  selective  connection  and  disconnection  of  the  first  pressure  line  80 
to  and  from  a  third  pressure  line  88,  a  spring  sheet  224,  a  return  spring  226,  and  a  plunger  228.  The  valve 
spool  222  has  a  first  and  a  second  land  230,  232,  between  which  is  formed  a  chamber  236,  which  is 
adapted  to  receive  the  third  line  pressure  PI  3  as  a  feedback  pressure  through  a  flow  restrictor  234,  so  that 

30  the  spool  222  is  biased  toward  its  closed  position  by  the  pressure  PI  3.  Adjacent  to  the  first  land  230  of  the 
spool  222,  there  is  formed  another  chamber  240  which  receives  the  SPEED-RATIO  pressure  Pr,  so  that  the 
spool  222  is  biased  toward  the  closed  position  by  the  pressure  Pr.  In  the  third  pressure  regulating  valve 
220,  a  biasing  force  of  the  return  spring  226  acts  on  the  spool  222  through  the  spring  sheet  224,  so  that  the 
spool  222  is  biased  toward  its  open  position  by  the  spring  226.  Adjacent  to  the  end  face  of  the  plunger  228, 

35  there  is  formed  a  chamber  242  adapted  to  receive  the  THROTTLE  pressure  Pth,  so  that  the  spool  222  is 
biased  toward  the  open  position  by  the  pressure  Pth.  The  plunger  228  has  a  first  land  244,  and  a  second 
land  246  having  a  smaller  diameter  than  the  first  land  244.  Between  these  first  and  second  lands  244,  246, 
there  is  formed  a  chamber  248  adapted  to  receive  the  third  line  pressure  PI  3  only  when  the  vehicle  runs  in 
the  reverse  direction  with  the  REVERSE  brake  70  placed  in  the  engaged  position.  In  the  third  pressure 

40  regulating  valve  220  constructed  as  described  above,  the  valve  spool  222  is  moved  to  a  position  of 
equilibrium  of  forces  according  to  an  equation  similar  to  the  equation  (1),  so  that  the  third  line  pressure  PI  3 
is  controlled  to  an  optimum  level  based  on  the  SPEED-RATIO  and  THROTTLE  pressures  Pr  and  Pth.  The 
optimum  level  is  a  permissible  lowest  value  required  to  permit  the  reversing  device  16  to  transmit  received 
input  torque  without  slipping  of  the  brake  70  or  clutch  72. 

45  When  the  REVERSE  brake  70  is  placed  in  the  engaged  position,  the  third  line  pressure  PI  3  is  applied 
to  the  chamber  248,  whereby  the  force  biasing  the  spool  222  toward  the  open  position  is  increased,  to 
thereby  increase  the  third  line  pressure  PI  3.  This  arrangement  assures  optimum  torque  transmitting 
capacity  of  the  FORWARD  clutch  72  and  REVERSE  brake  70  during  engagement  of  the  clutch  72  or  brake 
70  to  run  the  vehicle  in  the  forward  or  reverse  direction. 

50  The  thus  regulated  third  line  pressure  PI  3  is  applied  to  the  FORWARD  clutch  72  or  REVERSE  brake 
70  by  means  of  a  shift  lever  valve  250.  This  shift  lever  valve  250  has  a  valve  spool  254  which  is  moved  in 
response  to  an  operation  of  the  shift  lever  252,  which  has  six  operating  positions,  i.e.,  NEUTRAL  "N", 
PARKING  "P",  LOW  "L",  SECOND  "S",  DRIVE  "D"  and  REVERSE  "R".  The  shift  lever  valve  250  has  an 
output  port  256  and  an  output  port  258.  When  the  shift  lever  252  is  placed  in  the  NEUTRAL  position  "N", 

55  the  third  line  pressure  PI  3  is  not  generated  by  the  shift  lever  valve  250.  When  the  shift  lever  252  is  placed 
in  one  of  the  LOW,  SECOND  and  DRIVE  positions  "L",  "S"  and  "D",  the  third  line  pressure  PI  3  is  supplied 
primarily  through  the  output  port  258  to  the  FORWARD  clutch  72  and  to  a  chamber  432  of  a  REVERSE 
INHIBIT  valve  420,  while  at  the  same  time  the  fluid  is  discharged  from  the  REVERSE  brake  70.  When  the 
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shift  lever  252  is  placed  in  the  REVERSE  position  "R",  the  third  line  pressure  PI  3  is  supplied  through  the 
output  port  256  to  the  third  pressure  regulating  valve  220,  lock-up  clutch  control  valve  320,  a  chamber  452 
of  the  first  line  pressure  reducing  control  valve  440  and  a  port  422a  of  the  REVERSE  INHIBIT  valve  420  and 
to  the  REVERSE  brake  70  through  the  REVERSE  INHIBIT  valve  420,  while  at  the  same  time  the  fluid  is 

5  discharged  from  the  FORWARD  brake  70.  When  the  shift  lever  252  is  placed  in  the  PARKING  position  "P", 
the  fluid  is  discharged  from  the  brake  70  and  clutch  72  at  the  same  time. 

Accumulators  340  and  342  are  connected  to  the  brake  70  and  clutch  72,  respectively,  for  the  purpose 
of  slowly  raising  the  pressure  applied  to  the  brake  and  clutch  70,  72,  so  that  the  frictionally  coupling  devices 
of  the  brake  and  clutch  may  be  smoothly  engaged.  A  shift  timing  valve  210  connected  to  the  clutch  72 

io  functions  to  prevent  a  transient  excessively  high  rate  of  flow  of  the  fluid  to  the  clutch  72,  such  that  a  flow 
restrictor  212  is  closed  with  a  rise  in  the  pressure  in  the  cylinder  of  the  clutch  72. 

The  first  and  second  line  pressures  PI1  and  PI  2  adjusted  by  the  first  and  second  pressure  regulating 
valves  100,  102,  respectively,  are  applied  to  the  one  and  the  other  of  the  first  and  second  hydraulic 
cylinders  54,  56  of  the  CVT  14  through  a  shift  control  valve  assembly  260,  for  controlling  the  speed  ratio  "r" 

is  of  the  CVT  14.  The  shift  control  valve  assembly  260  has  a  directional  control  valve  262  and  a  flow  control 
valve  264.  These  control  valves  262,  264  receive  through  a  fourth  pressure  line  370  a  fourth  line  pressure 
PI  4  which  is  produced  by  a  fourth  pressure  regulating  valve  170  based  on  the  first  line  pressure  PI1. 

The  directional  control  valve  262  is  a  spool  valve  controlled  by  a  first  solenoid-operated  valve  266,  while 
the  flow  control  valve  264  is  a  spool  valve  controlled  by  a  second  solenoid-operated  valve  268.  When  the 

20  first  solenoid-operated  valve  266  is  on  while  the  second  solenoid-operated  valve  268  is  off,  the  CVT  14  is 
placed  in  a  rapid  shift-down  mode  I  as  indicated  in  Fig.  9.  In  this  mode  I,  the  fluid  in  the  first  pressure  line 
80  is  fed  into  the  second  hydraulic  cylinder  56  through  the  directional  control  valve  262,  flow  control  valve 
264  and  second  cylinder  line  302,  while  the  fluid  in  the  first  hydraulic  cylinder  54  is  discharged  to  the  drain 
through  the  first  cylinder  line  300,  flow  control  valve  264  and  directional  control  valve  262.  Consequently, 

25  the  CVT  14  is  rapidly  shifted  down  with  the  speed  ratio  "r"  being  reduced  to  lower  the  vehicle  speed  V. 
When  the  first  solenoid-operated  valve  266  is  off  while  the  second  solenoid-operated  valve  268  is  on,  the 
CVT  14  is  placed  in  a  rapid  shift-up  mode  VI  as  indicated  in  Fig.  9.  In  this  mode  VI,  the  fluid  in  the  first 
pressure  line  80  is  fed  into  the  first  hydraulic  cylinder  54  through  the  directional  and  flow  control  valves  262, 
264  and  first  cylinder  line  300,  while  the  fluid  in  the  second  hydraulic  cylinder  56  is  discharged  to  the 

30  second  pressure  line  82  through  the  second  cylinder  line  302  and  the  flow  and  directional  control  valves 
264,  262.  Consequently,  the  CVT  14  is  rapidly  shifted  up  with  the  speed  ratio  "r"  being  increased  so  as  to 
increase  the  vehicle  speed  V. 

Fig.  9  indicates  the  other  modes  of  the  CVT  14  which  are  established  by  appropriate  combinations  of 
the  operating  states  of  the  first  and  second  solenoid-operated  valves  266,  268.  When  the  first  and  second 

35  solenoid-operated  valves  266,  268  are  both  on,  the  CVT  14  is  placed  in  a  slow  shift-down  mode  III.  In  this 
mode  III,  the  fluid  in  the  second  pressure  line  82  is  fed  into  the  second  hydraulic  cylinder  56  through  a  by- 
pass  line  295  in  which  a  flow  restrictor  296  and  a  check  valve  298  are  disposed  in  parallel  with  each  other. 
At  the  same  time,  the  fluid  in  the  first  hydraulic  cylinder  54  is  discharged  through  a  small  clearance  which  is 
purposely  formed  or  inherently  left  between  the  piston  and  the  mating  sliding  surface  of  the  cylinder  54. 

40  Consequently,  the  CVT  14  is  slowly  shifted  down  with  the  speed  ratio  "r"  being  slowly  increased. 
The  by-pass  line  295  provided  between  the  second  hydraulic  cylinder  56  and  the  second  pressure  line 

82  functions  to  prevent  or  minimize  a  phenomenon  of  pulsation  of  the  pressure  Pout  in  the  second 
hydraulic  cylinder  56  which  would  occur  in  synchronization  with  the  duty  cycling  operation  of  the  flow 
control  valve  264.  Described  more  specifically,  the  upper  peak  of  the  spike  of  the  pressure  Pout  is  released 

45  through  the  flow  restrictor  296,  while  the  lower  peak  of  the  pressure  Pout  is  compensated  for  by  the  check 
valve  298. 

In  the  CVT  14,  it  is  desirable  that  the  first  line  pressure  PI1  has  an  optimum  value  with  respect  to  the 
second  line  pressure  PI  2  and  the  cylinder  pressures  Pin  and  Pout,  as  indicated  in  Fig.  10  when  torque  T  is 
transmitted  through  the  CVT  14  in  the  forward  direction  from  the  input  shaft  30  toward  the  output  shaft  38 

50  (when  the  torque  T  is  positive),  and  as  indicated  in  Fig.  11  when  the  torque  T  is  transmitted  in  the  reverse 
direction  from  the  output  shaft  30  toward  the  input  shaft  30  as  in  an  engine-brake  running  of  the  vehicle 
(when  the  torque  T  is  negative).  The  optimum  value  of  the  first  line  pressure  PI1  as  shown  in  Figs.  10  and 
11  varies  with  the  speed  ratio  "r"  of  the  CVT  14,  with  the  torque  of  the  input  shaft  30  being  constant  at  a 
given  level.  In  the  present  embodiment  wherein  the  first  and  second  hydraulic  cylinders  54,  56  have  the 

55  same  pressure-receiving  area,  the  pressure  Pin  in  the  first  cylinder  54  is  higher  than  the  pressure  Pout  in 
the  second  cylinder  56  during  the  positive-torque  running  of  the  vehicle,  as  indicated  in  Fig.  10.  On  the 
other  hand,  the  pressure  Pout  is  higher  than  the  pressure  Pin  during  the  negative-torque  running  (engine- 
brake  running)  of  the  vehicle,  as  indicated  in  Fig.  11.  That  is,  the  pressure  in  the  driving  side  cylinder  54,  56 

10 



EP  0  440  422  B1 

is  higher  than  the  pressure  in  the  driven  side  cylinder  54,  56.  In  the  positive-torque  running  of  Fig.  10,  the 
pressure  Pin  in  the  driving  side  cylinder  54  provides  a  thrust  which  determines  the  speed  ratio  "r"  of  the 
CVT  14.  In  view  of  this,  the  first  line  pressure  PI1  is  desirably  adjusted  so  as  to  be  higher  than  the 
pressure  Pin  by  an  extra  amount  a  which  is  a  minimum  value  required  to  establish  the  desired  speed  ratio 

5  "r"  with  a  minimum  power  loss.  However,  it  is  impossible  to  adjust  the  first  line  pressure  PI1  based  on  one 
of  the  pressures  Pin  and  Pout  of  the  two  cylinders  54,  56.  In  view  of  this,  the  first  pressure  regulating  valve 
100  is  provided  with  the  second  plunger  148,  so  that  the  valve  spool  140  of  the  valve  100  receives  a  biasing 
force  based  on  a  higher  one  of  the  pressure  Pin  and  the  second  line  pressure  PI  2.  According  to  this 
arrangement,  the  first  line  pressure  PI1  is  determined  based  on  the  higher  one  of  the  pressures  Pin  and 

io  PI  2  whose  curves  intersect  each  other  as  indicated  in  Fig.  12,  i.e.,  based  on  the  higher  pressure  Pin  or 
PI  2  while  the  vehicle  is  running  with  no  load  applied  to  the  CVT  14.  More  precisely,  the  optimum  first  line 
pressure  PI1  is  determined  by  adding  the  above-indicated  required  minimum  extra  value  a,  so  that  the  first 
line  pressure  PI1  is  a  minimum  level  required  to  obtain  the  desired  speed  ratio  "r"  with  a  minimum  power 
loss.  A  curve  indicated  in  broken  line  in  Fig.  12  represents  the  first  line  pressure  PI1'  where  the  first 

is  pressure  regulating  valve  100  is  not  provided  with  the  second  plunger  148.  This  curve  indicates  that  the  first 
line  pressure  PI1'  is  unnecessarily  high  when  the  desired  speed  ratio  "r"  is  relatively  low. 

As  indicated  above,  the  extra  value  a  is  a  minimum  value  which  is  required  to  change  the  speed  ratio 
"r"  of  the  CVT  14  over  its  entire  range  available.  It  will  be  understood  from  the  above  equation  (2)  that  the 
first  line  pressure  PI1  increases  in  relation  to  the  THROTTLE  pressure  Pth,  since  the  pressure-receiving 

20  areas  of  the  relevant  elements  of  the  first  pressure  regulating  valve  100  and  the  biasing  force  of  the  spring 
144  are  so  determined.  Although  the  first  line  pressure  PI1  adjusted  by  the  first  pressure  regulating  valve 
100  increases  with  the  pressure  Pin  or  PI  2  and  the  THROTTLE  pressure  Pth,  the  pressure  PI1  is  saturated 
at  a  highest  value  which  varies  with  the  THROTTLE  pressure  Pth  (0th),  as  indicated  in  Fig.  13.  This 
arrangement  prevents  an  excessive  rise  in  the  first  line  pressure  PI1  (higher  than  the  pressure  Pin  in  the 

25  first  cylinder  54  by  the  extra  value  a),  even  if  the  pressure  Pin  increases  while  the  speed  ratio  "r"  is  the 
lowest  value  with  the  minimum  width  of  the  V-groove  of  the  first  pulley  40  (while  the  movement  of  the 
movable  rotor  50  is  mechanically  prevented). 

Referring  back  to  Fig.  2,  the  fluid  discharged  from  the  port  150b  of  the  first  pressure  regulating  valve 
100  is  fed  into  the  lock-up  pressure  line  92,  and  directed  to  a  lock-up  pressure  regulating  valve  310  for 

30  producing  as  a  LOCK-UP  CLUTCH  pressure  Pel  suitable  for  operating  the  lock-up  clutch  36  of  the  fluid 
coupling  12.  The  lock-up  pressure  regulating  valve  310  has  a  valve  spool  312  which  receives  as  a  feedback 
pressure  the  LOCK-UP  CLUTCH  pressure  Pel.  The  spool  312  is  biased  by  this  feedback  pressure  Pel 
toward  its  open  position.  The  valve  310  further  has  a  spring  314  for  biasing  the  spool  312  to  the  closed 
position,  a  chamber  316  to  which  is  applied  the  LOCK-UP  CLUTCH  pressure  Pel  through  a  lock-up  clutch 

35  rapid  release  valve  400  upon  rapid  releasing  of  the  lock-up  clutch  36,  and  a  plunger  317  which  receives  the 
pressure  in  the  chamber  316  to  thereby  bias  the  spool  312  toward  the  closed  position.  The  valve  spool  312 
is  moved  to  a  position  of  equilibrium  between  a  thrust  based  on  the  feedback  pressure  Pel  and  a  biasing 
force  of  the  spring  314,  whereby  the  LOCK-UP  CLUTCH  pressure  Pel  in  the  lock-up  pressure  line  92  is 
suitably  released  through  the  valve  310  and  is  thereby  suitably  adjusted.  When  the  LOCK-UP  CLUTCH 

40  pressure  Pel  is  applied  to  the  chamber  316,  the  pressure  Pel  is  increased  to  more  rapidly  release  the  lock- 
up  clutch  36.  The  fluid  discharged  from  the  lock-up  pressure  regulating  valve  310  is  supplied  to  various 
portions  of  the  power  transmitting  system  through  a  flow  restrictor  318  and  a  lubrication  line  94,  and  is 
returned  to  the  return  or  suction  line  78  connected  to  the  oil  pump  74. 

The  thus  adjusted  LOCK-UP  CLUTCH  pressure  Pel  is  supplied  through  a  lock-up  clutch  control  valve 
45  320  selectively  to  the  engaging  line  322  or  releasing  line  324  of  the  fluid  coupling  12,  for  engaging  or 

releasing  the  lock-up  clutch  36.  More  specifically  described,  the  lock-up  clutch  control  valve  320  includes  a 
valve  spool  326  having  an  engaging  and  a  releasing  position  for  selective  communication  of  the  lock-up 
pressure  line  92  with  the  engaging  and  releasing  lines  322,  324,  and  a  spring  328  for  biasing  the  spool  326 
toward  the  releasing  position.  Adjacent  to  the  upper  end  face  of  the  valve  spool  326  (on  the  side  of  the 

50  spring  328),  there  is  formed  a  chamber  334  to  which  is  applied  the  third  line  pressure  PI  3  from  the  output 
port  256  of  the  shift  lever  valve  250  through  the  line  257,  only  when  the  shift  lever  252  is  placed  in  the 
REVERSE  position  "R".  The  chamber  334  is  drained  when  the  shift  lever  252  is  placed  in  the  other 
positions.  Adjacent  to  the  lower  end  of  the  spool  326  (remote  from  the  spring  328),  there  is  formed  a 
chamber  332  which  receives  a  third  pilot  pressure  Psol3  generated  by  a  normally  open  third  solenoid- 

55  operated  valve  330  when  the  valve  330  is  placed  in  the  ON  or  closed  position.  With  the  valve  330  placed  in 
the  ON  position,  the  third  pilot  pressure  Psol3  equal  to  the  LOCK-UP  CLUTCH  pressure  Pel  is  generated 
downstream  of  a  flow  restrictor  331.  When  the  third  solenoid-operated  valve  330  is  in  the  OFF  or  open 
position,  the  pilot  pressure  Psol3  is  released  through  the  valve  330  downstream  of  the  flow  restrictor  331.  It 
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will  therefore  be  understood  that  the  flow  restrictor  331  and  the  third  solenoid-operated  valve  330  constitute 
means  for  generating  the  third  pilot  pressure  Psol3.  This  pilot  pressure  Psol3  is  applied  to  the  second  line 
pressure  reducing  control  valve  380,  lock-up  clutch  rapid  release  valve  400  and  REVERSE  INHIBIT  valve 
420,  as  well  as  the  lock-up  clutch  control  valve  320. 

5  When  the  third  solenoid-operated  valve  330  is  in  the  ON  position  while  the  shift  lever  252  is  placed  in 
any  position  other  than  the  REVERSE  position  "R",  the  third  pilot  pressure  Psol3  is  applied  to  the  chamber 
332  of  the  lock-up  clutch  control  valve  320,  but  the  chamber  334  is  drained  and  held  at  the  atmospheric 
pressure,  whereby  the  valve  spool  326  is  moved  toward  the  spring  328.  As  a  result,  the  fluid  in  the  lock-up 
pressure  line  92  is  supplied  to  the  engaging  line  322  to  bring  the  lock-up  clutch  36  to  the  engaged  position. 

io  When  the  third  solenoid-operated  valve  330  is  off,  on  the  other  hand,  the  chamber  332  is  exposed  to  the 
atmosphere,  whereby  the  valve  spool  326  is  moved  downward  as  seen  in  Fig.  2,  under  the  biasing  action  of 
the  spring  328.  Consequently,  the  fluid  in  the  lock-up  pressure  line  92  is  supplied  to  the  releasing  line  324 
to  thereby  release  the  lock-up  clutch  36.  When  the  shift  lever  252  is  operated  to  the  REVERSE  position 
"R",  the  third  line  pressure  PI  3  is  applied  to  the  chamber  334,  whereby  the  thrust  acting  on  the  spool  326 

is  based  on  the  third  line  pressure  PI  3  and  the  biasing  force  of  the  spring  328  becomes  larger  than  the  thrust 
based  on  the  third  pilot  pressure  Psol3.  Accordingly,  the  spool  326  is  moved  downward  (in  Fig.  2)  to 
release  the  lock-up  clutch  36,  irrespective  of  the  operating  state  (on  or  off  state)  of  the  third  solenoid- 
operated  valve  330. 

The  fluid  discharged  through  the  flow  restrictor  336  upon  engagement  of  the  lock-up  clutch  36,  and  the 
20  fluid  discharged  from  the  lock-up  clutch  36  through  the  engaging  line  322  and  the  lock-up  clutch  control 

valve  320  upon  releasing  of  the  clutch  36,  are  fed  to  a  cooler  pressure  control  valve  338  so  that  the 
pressure  of  the  fluid  is  lowered  to  a  suitable  level  by  the  valve  338.  The  fluid  is  then  fed  through  an  oil 
cooler  339  and  is  returned  to  an  oil  reservoir  (not  shown). 

The  back  pressures  of  the  accumulators  342,  340  for  the  FORWARD  clutch  72  and  the  REVERSE 
25  brake  70  are  regulated  in  the  following  manner.  The  lock-up  pressure  line  92  is  connected  to  a  normally 

open  fourth  solenoid-operated  valve  346  through  a  flow  restrictor  344,  so  that  the  fourth  pilot  pressure  Psol4 
(described  above  with  respect  to  the  second  pressure  regulating  valve  102)  obtained  downstream  of  the 
flow  restrictor  344  is  regulated  by  controlling  a  duty  cycle  Ds4  of  the  solenoid-operated  valve  346,  as 
indicated  in  Fig.  14.  Namely,  the  flow  restrictor  344  and  the  fourth  solenoid-operated  valve  346  constitute 

30  means  for  generating  the  fourth  pilot  pressure  Psol4.  This  pilot  pressure  Psol4,  which  is  regulated  by  the 
controlled  duty  cycle  Ds4  of  the  fourth  solenoid-operated  valve  346,  is  applied  to  a  pilot  pressure  switch 
valve  350  through  a  line  348.  When  the  shift  lever  252  is  placed  in  any  one  of  the  PARKING,  REVERSE  and 
NEUTRAL  positions  "P"  ,  "R"  and  "N",  the  hydraulic  cylinder  of  the  FORWARD  clutch  72  is  drained  by  the 
shift  lever  valve  250.  In  this  condition,  the  pilot  pressure  switch  valve  350  permits  the  pilot  pressure  Psol4  to 

35  be  applied  to  the  fourth  pressure  regulating  valve  170  through  a  line  354,  and  a  line  356  is  drained  by  the 
pilot  pressure  switch  valve  350.  When  the  shift  lever  252  is  operated  from  the  NEUTRAL  position  "N"  to  the 
DRIVE,  SECOND  or  LOW  position  "D",  "S"  or  "L",  the  pressure  in  the  cylinder  of  the  FORWARD  clutch  72 
is  slowly  raised  at  a  suitably  determined  rate  as  a  function  of  time  due  to  the  pressure  absorbing  function  of 
the  accumulator  342,  until  the  pressure  reaches  the  level  of  the  third  line  pressure  PI  3,  whereby  the  clutch 

40  72  is  fully  engaged.  That  is,  the  fourth  pilot  pressure  Psol4  in  the  line  348  is  applied  to  the  fourth  pressure 
regulating  valve  170  through  the  pilot  pressure  switch  valve  350  and  line  354,  until  the  FORWARD  clutch  72 
is  fully  engaged.  When  the  engagement  of  the  clutch  72  is  completed,  the  pilot  pressure  switch  valve  350 
connects  the  line  354  to  the  drain,  and  applies  the  pilot  pressure  Psol4  to  the  second  line  pressure  reducing 
control  valve  380  and  the  lock-up  clutch  rapid  release  valve  400. 

45  The  back  pressures  of  the  accumulators  340,  342  are  regulated  to  reduce  engaging  shocks  of  the  brake 
70  and  clutch  72  when  the  shift  lever  252  is  operated  from  the  NEUTRAL  position  "N"  to  the  DRIVE  or 
REVERSE  position  "D"  or  "R".  For  this  purpose,  the  fourth  line  pressure  PI  4  regulated  by  the  fourth 
pressure  regulating  valve  170  is  applied  through  a  fourth  pressure  line  370  to  back  pressure  ports  366,  368 
of  the  accumulators  342,  340  for  the  clutch  72  and  brake  70,  so  that  the  accumulators  342,  340  restrict 

50  rates  of  increase  in  the  pressure  of  the  cylinders  of  the  clutch  and  brake  72,  70  for  an  initial  period  of  the 
engaging  action  of  the  brake  and  clutch  70,  72.  Namely,  the  shock  absorbing  effects  of  the  accumulators 
340,  342  may  be  controlled  by  regulating  the  fourth  line  pressure  PI  4. 

The  fourth  pressure  regulating  valve  170  includes  a  valve  spool  171  for  connection  and  disconnection 
between  the  first  pressure  line  80  and  the  fourth  pressure  line  370,  and  a  spring  172  for  biasing  the  spool 

55  171  toward  its  open  position.  Between  a  first  and  a  second  land  173,  174  of  the  spool  171,  there  is  formed 
a  chamber  176  which  receives  the  fourth  line  pressure  PI  4  as  the  feedback  pressure  through  a  restrictor 
orifice  175.  Adjacent  to  the  end  face  of  the  spool  171  on  the  side  of  the  spring  172,  there  is  formed  a 
chamber  177  adapted  to  receive  the  fourth  pilot  pressure  Psol4,  which  biases  the  spool  171  toward  its  open 
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position.  The  other  end  face  of  the  spool  171  remote  from  the  spring  172  is  exposed  to  the  atmosphere.  In 
the  thus  constructed  fourth  pressure  regulating  valve  170,  the  valve  spool  171  is  positioned  for  equilibrium 
between  the  valve  closing  biasing  force  based  on  the  fourth  line  pressure  PI  4  and  the  valve  opening  force 
based  on  the  fourth  pilot  pressure  Psol4.  As  a  result,  the  fourth  line  pressure  PI  4  is  adjusted  depending 

5  upon  the  pilot  pressure  Psol4.  More  specifically,  when  the  shift  lever  252  is  operated  from  the  NEUTRAL 
position  "N"  to  the  DRIVE  or  REVERSE  position  "D",  "R",  the  fourth  solenoid-operated  valve  346  is 
operated  in  the  duty  cycling  manner,  so  as  to  change  the  fourth  line  pressure  PI  4  with  the  duty  cycle  Ds4 
of  the  fourth  solenoid-operated  valve  346,  as  indicated  in  Fig.  15,  with  the  pilot  pressure  Psol4  being 
applied  to  the  fourth  pressure  regulating  valve  170  through  the  pilot  pressure  switch  valve  350.  The  duty 

io  cycle  Ds4  is  determined  so  that  the  back  pressures  of  the  accumulators  340,  342  determined  by  the  fourth 
line  pressure  PI  4  minimize  the  engaging  shocks  of  the  clutch  72  and  brake  70.  When  the  pressure  in  the 
cylinder  of  the  clutch  72  rises  to  the  third  line  pressure  PI  3,  the  pilot  pressure  Psol4  which  has  been 
applied  to  the  fourth  pressure  regulating  valve  170  is  cut  off  by  the  pilot  pressure  switch  valve  350,  whereby 
the  chamber  177  is  exposed  to  the  atmosphere,  and  the  fourth  line  pressure  PI  4  is  regulated  to  a  relatively 

is  low  level  in  the  neighborhood  of  4kg/cm2,  which  corresponds  to  the  biasing  force  of  the  spring  172  biasing 
the  spool  171  toward  the  open  position.  The  thus  regulated  fourth  line  pressure  PI  4  is  used  primarily  as  a 
pilot  pressure  for  controlling  the  directional  and  flow  control  valves  262,  264  of  the  shift  control  valve 
assembly  260.  The  accumulators  372  connected  to  the  line  348  functions  to  absorb  the  pulsation  of  the  pilot 
pressure  Psol4  which  would  arise  in  relation  to  the  frequency  of  the  duty  cycling  drive  pulses  to  activate  the 

20  fourth  solenoid-operated  valve  346. 
Referring  back  to  Fig.  2,  there  will  be  described  the  second  line  pressure  reducing  control  valve  380, 

which  operates  to  apply  the  pilot  pressure  Psol4  generated  by  the  fourth  solenoid-operated  valve  346  to  the 
chamber  136  of  the  second  pressure  regulating  valve  102,  for  regulating  the  second  line  pressure  PI  2  so 
as  to  be  close  to  an  optimum  value  Popt,  or  for  lowering  the  second  line  pressure  PI  2  to  prevent  a 

25  pressure  rise  in  the  driven  side  cylinder  54,  56,  which  pressure  rise  is  caused  by  a  centrifugal  force  during 
rotation  of  the  driven  side  pulley  40,  42.  The  second  line  pressure  reducing  control  valve  380  has  a  port 
382a  communicating  with  the  line  356,  a  port  382b  communicating  with  the  chamber  136  of  the  second 
pressure  regulating  valve  102  through  a  line  384,  a  drain  port  382c,  a  valve  spool  386  slidably  movable 
between  a  first  and  a  second  position  corresponding  to  the  upper  and  lower  stroke  ends  thereof,  and  a 

30  spring  388  biasing  the  spool  386  toward  the  second  position.  The  lower  end  face  of  the  spool  386  partially 
defines  a  chamber  390  adapted  to  receive  the  third  pilot  pressure  Psol3  generated  by  the  third  solenoid- 
operated  valve  330.  When  the  valve  330  is  in  the  off  or  open  position,  the  pilot  pressure  Psol3  is  not  applied 
to  the  chamber  390,  and  the  spool  386  is  located  in  its  second  position  for  fluid  communication  between  the 
ports  382b  and  382c,  whereby  the  chamber  136  of  the  second  pressure  regulating  valve  102  is  drained,  and 

35  the  second  line  pressure  PI  2  is  regulated  according  to  the  equation  (1)  indicated  above.  When  the  third 
solenoid-operated  valve  330  is  turned  on  or  closed,  the  third  pilot  pressure  Psol3  (LOCK-UP  CLUTCH 
pressure  Pel)  is  applied  to  the  chamber  390  of  the  second  line  pressure  reducing  control  valve  380,  and  the 
spool  386  is  moved  to  its  first  position  for  fluid  communication  between  the  ports  382a  and  382b.  If  the 
FORWARD  clutch  72  is  in  the  engaged  position  at  this  time,  the  fourth  pilot  pressure  Psol4  regulated  by  the 

40  duty  cycle  Ds4  of  the  fourth  solenoid-operated  valve  346  is  applied  to  the  chamber  136  of  the  second 
pressure  regulating  valve  102  through  the  lines  348,  356,  ports  382a,  382b  and  line  384.  Since  the  pilot 
pressure  Psol4  (LOCK-UP  CLUTCH  pressure  Pel)  applied  to  the  chamber  136  acts  on  the  spool  110  of  the 
second  pressure  regulating  valve  102  toward  its  closed  position,  the  second  line  pressure  PI  2  is  regulated 
according  to  the  following  equation  (3): 

45 
PI2  =  [A4«  Pth  +  W  -  A1  •  Pr  -  (A2  -  A1)«  Pcl]/(A3  -  A2)  (3) 

Accordingly,  the  second  line  pressure  PI  2  is  reduced  as  indicated  in  one-dot  chain  line  in  Fig.  16,  as 
compared  with  the  normally  regulated  value  as  indicated  in  solid  line  in  Fig.  16.  If  the  fourth  solenoid- 

50  operated  valve  346  is  off,  the  second  line  pressure  PI  2  is  normally  regulated  according  to  the  equation  (1). 
There  will  next  be  described  the  lock-up  clutch  rapid  release  valve  400  for  rapidly  releasing  the  lock-up 

clutch  36.  The  lock-up  clutch  rapid  release  valve  400  includes  a  port  402a  communicating  with  the  lock-up 
pressure  line  92,  a  port  402b  communicating  with  the  chamber  316  of  the  lock-up  pressure  regulating  valve 
310  through  a  line  404,  a  drain  port  402c,  a  port  402d  communicating  with  the  engaging  line  322  of  the 

55  lock-up  clutch  36,  a  valve  spool  406  slidably  movable  between  a  first  and  a  second  position  corresponding 
to  the  upper  and  lower  stroke  ends  thereof,  and  a  spring  408  biasing  the  spool  406  toward  the  second 
position.  Adjacent  to  the  lower  end  face  of  the  spool  406,  there  is  formed  a  chamber  410  adapted  to  receive 
the  LOCK-UP  CLUTCH  pressure  Pel  when  the  fourth  solenoid-operated  valve  346  is  on  with  the  FORWARD 
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clutch  72  fully  engaged.  The  chamber  410  is  drained  when  the  valve  346  is  off.  Adjacent  to  the  upper  end 
face  of  the  spool  406  (on  the  side  of  the  spring  408),  there  is  formed  a  chamber  412  adapted  to  receive  the 
third  pilot  pressure  Psol3  (pressure  Pel)  when  the  third  solenoid-operated  valve  330  is  on.  The  chamber  412 
is  drained  when  the  valve  330  is  off.  The  lock-up  clutch  rapid  release  valve  400  is  controlled  by  the  third 

5  and  fourth  solenoid-operated  valves  330,  346.  When  the  valve  330  is  off  while  the  valve  346  is  on,  the  spool 
406  is  located  at  the  first  position,  so  that  the  LOCK-UP  CLUTCH  pressure  Pel  is  applied  to  the  chamber 
316  of  the  lock-up  pressure  regulating  valve  310  through  the  ports  402a,  402b  and  line  404,  whereby  the 
pressure  Pel  is  increased.  At  the  same  time,  the  fluid  discharged  from  the  engaging  chamber  33  of  the  fluid 
coupling  12  through  the  engaging  line  322  is  fed  to  the  drain  through  the  ports  402d,  402c  and  through  the 

io  oil  cooler  339.  Consequently,  the  lock-up  clutch  36  is  rapidly  released.  When  the  third  and  fourth  solenoid- 
operated  valves  330,  346  are  placed  in  the  other  combinations  of  operating  states,  the  spool  406  of  the 
valve  400  is  placed  in  the  second  position.  In  this  condition,  the  resistance  of  the  valve  400  to  the  flow  of 
the  fluid  discharged  from  the  engaging  chamber  33  of  the  fluid  coupling  12  is  relatively  low,  and  the  LOCK- 
UP  CLUTCH  pressure  Pel  applied  to  the  releasing  chamber  35  is  made  relatively  high  by  the  lock-up 

is  pressure  regulating  valve  310,  so  that  the  lock-up  clutch  36  may  be  rapidly  released. 
The  REVERSE  INHIBIT  valve  420  is  provided  to  inhibit  the  reversing  device  16  from  being  placed  in 

the  reverse  position  with  the  REVERSE  brake  70  engaged,  when  the  vehicle  is  running  in  the  forward 
direction.  This  valve  420  has  a  port  422a  adapted  to  receive  the  third  line  pressure  PI  3  from  the  output  port 
256  of  the  shift  lever  valve  250  when  the  valve  250  is  placed  in  the  REVERSE  position  "R".  The  REVERSE 

20  INHIBIT  valve  420  further  has  a  port  422b  communicating  with  the  cylinder  of  the  REVERSE  brake  70 
through  a  line  423,  and  a  drain  port  422c.  The  valve  420  includes  a  valve  spool  424  slidably  movable 
between  a  first  or  non-inhibit  position  corresponding  to  one  end  (upper  end)  of  the  operating  stroke  and  a 
second  or  reverse  inhibit  position  corresponding  to  the  other  end  (lower  end)  of  the  operating  stroke.  The 
spool  424  is  biased  by  a  spring  426  toward  the  first  position.  Adjacent  to  the  upper  end  face  of  the  spool 

25  424,  there  is  formed  a  chamber  428  adapted  to  receive  the  third  pilot  pressure  Psol3  (pressure  Pel)  through 
a  line  430  when  the  third  solenoid-operated  valve  330  is  on.  The  chamber  428  is  drained  when  the  valve 
330  is  off.  Adjacent  to  the  other  or  lower  end  face  of  the  spool  424,  there  is  formed  a  chamber  432  adapted 
to  receive  the  third  line  pressure  PI  3  from  the  output  port  258  of  the  shift  lever  valve  250  when  the  shift 
lever  252  is  placed  in  the  DRIVE,  SECOND  or  LOW  position  "D",  "S",  "L". 

30  In  the  thus  constructed  REVERSE  INHIBIT  valve  420,  the  spool  424  is  moved  to  the  second  position 
(lower  stroke  end)  when  the  chamber  432  is  drained  and  the  third  pilot  pressure  Psol3  (pressure  Pel)  is 
applied  to  the  chamber  428.  In  the  second  position,  the  ports  422a  and  422b  are  disconnected  from  each 
other,  and  the  ports  422c  and  422b  are  connected  to  each  other,  whereby  the  hydraulic  cylinder  of  the 
REVERSE  brake  70  is  drained  to  inhibit  the  reversing  device  16  from  being  placed  in  the  reverse  position. 

35  That  is,  when  the  shift  lever  252  is  operated  from  the  DRIVE  position  "D"  to  the  REVERSE  position  "R" 
past  the  NEUTRAL  position  "N"  during  a  forward  running  of  the  vehicle,  the  third  solenoid-operated  valve 
330  is  turned  on  by  the  electronic  control  device  460,  so  that  the  reversing  device  16  is  placed  in  its  neutral 
position. 

The  first  line  pressure  reducing  control  valve  440  is  provided  to  lower  the  first  line  pressure  PI1  by  a 
40  suitable  amount  to  reduce  the  operating  noise  of  the  transmission  belt  44  when  the  shift  lever  252  is  placed 

in  the  NEUTRAL  or  PARKING  position  "N",  "P".  This  valve  440  has  a  drain  port  442a,  a  port  442b 
communicating  through  the  line  161  with  the  chamber  160  between  the  first  and  second  lands  152,  159  of 
the  first  pressure  regulating  valve  100,  a  port  442c  communicating  with  the  second  pressure  line  82,  a 
plunger  444,  a  spool  446  for  selective  connection  and  disconnection  between  the  second  pressure  line  82 

45  and  the  chamber  160  of  the  valve  100,  and  a  spring  448  biasing  the  spool  446  toward  the  open  position. 
Adjacent  to  the  lower  end  face  of  the  plunger  444,  there  is  formed  a  chamber  450  adapted  to  receive  the 
third  line  pressure  PI  3  generated  from  the  output  port  258  of  the  shift  lever  valve  250  when  the  shift  lever 
252  is  placed  in  any  one  of  the  forward  drive  positions.  Between  the  plunger  444  and  the  spool  446,  there  is 
formed  a  chamber  452  adapted  to  receive  the  third  line  pressure  from  the  output  port  256  of  the  shift  lever 

50  valve  250  when  the  shift  lever  252  is  placed  in  the  REVERSE  position  "R". 
In  the  thus  constructed  first  line  pressure  reducing  control  valve  440,  the  first  line  pressure  PI1  is 

normally  regulated  according  to  the  above  equation  (2)  with  the  chamber  160  of  the  first  pressure  regulating 
valve  100  exposed  to  the  atmosphere  through  the  drain  port  442a  with  the  valve  spool  446  placed  in  the 
upper  position,  when  the  shift  lever  252  is  placed  in  one  of  the  DRIVE,  SECOND,  LOW  and  REVERSE 

55  positions.  When  the  shift  lever  252  is  placed  in  the  NEUTRAL  or  PARKING  position,  however,  the  valve 
spool  446  is  moved  to  the  lower  position,  and  the  second  line  pressure  PI  2  is  applied  to  the  chamber  160 
of  the  valve  100.  Consequently,  the  spool  140  of  the  valve  100  is  biased  toward  the  open  position  by  the 
second  line  pressure  PI  2  applied  to  the  chamber  160,  whereby  the  first  line  pressure  PI1  is  lowered. 
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Accordingly,  the  tension  of  the  belt  44  is  reduced  to  a  minimum  level  required  to  operate  the  CVT  14 
without  slipping  of  the  belt  44.  Thus,  the  operating  noise  of  the  belt  44  is  reduced,  and  the  life  expectancy 
of  the  belt  is  prolonged. 

Referring  back  to  Fig.  1,  there  is  indicated  the  above-indicated  electronic  control  device  460,  which 
5  serves  to  control  the  first,  second,  third  and  fourth  solenoid-operated  valves  266,  268,  330,  346  incorporated 

in  the  hydraulic  circuit  shown  in  Fig.  2.  These  valves  are  selectively  energized  or  turned  on  by  the  control 
device  460,  for  controlling  the  speed  ratio  "r"  of  the  CVT  14  and  the  operating  state  of  the  lock-up  clutch  36 
of  the  fluid  coupling  12,  and  so  forth.  The  electronic  control  device  460  includes  a  so-called  microcomputer 
which  incorporates  a  central  processing  unit  (CPU),  a  random-access  memory  (RAM)  and  a  read-only 

io  memory  (ROM),  as  well  known  in  the  art. 
The  control  device  460  receives  various  signals  from  various  sensors,  such  as:  a  VEHICLE  speed 

sensor  462  disposed  to  detect  the  rotating  speed  of  the  drive  wheels  24,  and  generating  a  vehicle  speed 
signal  representative  of  the  speed  of  the  drive  wheels  24,  i.e.,  the  running  speed  V  of  the  vehicle;  an  INPUT 
SHAFT  speed  sensor  464  disposed  to  detect  the  rotating  speed  of  the  input  shaft  30  of  the  CVT  14,  and 

is  generating  an  input  shaft  speed  signal  representative  of  the  detected  speed  Nin  of  the  input  shaft  30;  an 
OUTPUT  SHAFT  speed  sensor  466  disposed  to  detect  the  speed  of  the  output  shaft  38  of  the  CVT  14,  and 
generating  an  output  shaft  speed  signal  representative  of  the  detected  speed  Nout  of  the  output  shaft  38;  a 
THROTTLE  sensor  468  disposed  to  detect  an  angle  of  opening  of  the  throttle  valve  disposed  in  a  suction 
pipe  of  the  engine  10,  and  generating  a  throttle  signal  representative  of  the  opening  angle  0th  of  the  throttle 

20  valve;  a  SHIFT  LEVER  sensor  470  disposed  to  detect  the  currently  selected  operating  position  of  the  shift 
lever  252,  and  generating  a  signal  representative  of  the  currently  selected  position  Ps  of  the  shift  lever  252; 
a  BRAKE  switch  472  disposed  to  detect  an  operation  of  a  brake  pedal  of  the  vehicle,  and  generating  a 
signal  indicative  of  the  operation  of  the  brake  pedal;  an  ENGINE  SPEED  switch  474  disposed  to  detect  a 
speed  Ne  of  the  engine  10,  and  generating  a  signal  indicative  of  the  engine  speed  Ne;  and  an  ENGINE 

25  IDLING  switch  476  disposed  to  generate  a  signal  LL  indicating  that  an  accelerator  pedal  478  of  the  vehicle 
is  in  the  released  position.  The  CPU  of  the  electronic  control  device  460  processes  these  input  signals 
according  to  control  programs  stored  in  the  ROM,  while  utilizing  a  temporary  data  storage  function  of  the 
RAM,  and  applies  appropriate  drive  or  control  signals  to  the  first,  second,  third  and  fourth  solenoid-operated 
valves  266,  268,  330  and  346. 

30  Upon  application  of  power  to  the  control  device  460,  a  main  control  routine  is  executed  after  the 
initialization  of  the  device.  In  the  main  control  routine,  the  speeds  Nin  and  Nout  of  the  input  and  output 
shafts  30,  38,  speed  ratio  "r"  of  the  CVT  14,  the  vehicle  running  speed  V  and  other  running  parameters  of 
the  vehicle  are  calculated  based  on  the  input  signals  received  from  the  various  sensors  indicated  above. 
Based  on  the  received  input  signals,  the  control  device  460  operates  to  control  the  lock-up  clutch  36  and 

35  the  CVT  14,  and  effect  the  control  operations  such  as  the  operation  to  regulate  the  second  line  pressure 
PI  2  for  maintaining  the  tension  of  the  belt  44  at  the  optimum  level  under  any  operating  condition  of  the 
CVT  14. 

In  controlling  the  lock-up  clutch  36,  the  third  solenoid-operated  valve  330  is  turned  on  to  engage  the 
lock-up  clutch  when  the  vehicle  speed  V  exceeds  a  predetermined  reference  value,  for  example.  The  valve 

40  330  is  turned  off  to  release  the  lock-up  clutch  36  when  the  vehicle  speed  V  falls  below  the  reference  value, 
or  when  the  other  predetermined  condition  or  conditions  is/are  satisfied,  for  example,  when  the  brake  pedal 
is  depressed. 

In  controlling  the  CVT  14,  the  electronic  control  device  460  calculates  a  desired  or  target  speed  Nin*  of 
the  input  shaft  30  from  the  currently  detected  throttle  opening  angle  0th  and  vehicle  speed  V,  according  to 

45  a  predetermined  relationship  among  these  parameters  Nin*,  0th  and  V,  which  relationship  is  determined  for 
minimum  fuel  consumption  by  the  engine  10  and  maximum  drivability  of  the  vehicle.  The  control  device 
460  selects  one  of  the  modes  of  the  CVT  14  indicated  in  Fig.  9  to  operate  the  CVT  14  so  that  the  actual 
speed  Nin  of  the  input  shaft  30  coincides  with  the  determined  desired  value  Nin*.  Depending  upon  the 
selected  mode  of  the  CVT  14,  the  first  and  second  solenoid-operated  valves  266  and  268  are  controlled. 

50  Further,  the  electronic  control  device  460  operates  to  control  the  third  and  fourth  solenoid-operated  valves 
330,  346  for  establishing  an  adequate  one  of  hydraulic  control  modes  as  indicated  in  the  table  of  Fig.  17. 

The  tension  of  the  belt  44  is  controlled  by  execution  of  a  belt  tension  regulating  routine  illustrated  in  the 
flow  chart  of  Fig.  18.  Initially,  step  S1  is  implemented  to  calculate  an  output  torque  Te  of  the  engine  10, 
based  on  the  engine  speed  Ne  and  the  throttle  opening  angle  0th,  according  to  a  predetermined 

55  relationship  among  these  parameters  Te,  Ne  and  0th,  as  indicated  in  Fig.  18  by  way  of  example.  This 
relationship  is  stored  in  the  ROM  of  the  electronic  control  device  460.  Step  S1  is  followed  by  step  S2  to 
calculate  a  theoretically  optimum  value  Ptheory  of  the  second  line  pressure  PI  2  which  provides  a  minimum 
tension  of  the  belt  44  for  permitting  the  belt  44  to  transmit  the  calculated  torque  Te  without  slipping  of  the 
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belt  on  the  pulleys  40,  42.  The  calculation  of  the  theoretically  optimum  value  Ptheory  is  effected  based  on 
the  calculated  torque  Te  and  the  speed  ratio  "r"  (Nin/Nout)  of  the  CVT  14,  according  to  a  predetermined 
relationship  represented  by  the  following  equation  (4)  also  stored  in  the  ROM  of  the  control  device  460.  The 
speed  ratio  "r"  is  calculated  based  on  the  speeds  Nin  and  Nout  represented  by  the  signals  from  the  INPUT 

5  SHAFT  and  OUTPUT  SHAFT  speed  sensors  464,  466. 

Ptheory  =  K1  (1  +  r)»Te  (4) 

where, 
io  K1  :  constant 

The  above  equation  (4)  is  similar  to  an  equation  disclosed  in  laid-open  publication  No.  60-53258  of  an 
unexamined  Japanese  Patent  Application,  and  is  derived  from  the  following  equation  (4')  stored  in  the  ROM 
of  the  control  device  460  to  calculate  an  optimum  thrust  Wout  of  the  second  hydraulic  cylinder  56  for 
establishing  the  optimum  belt  tension  without  slipping  of  the  belt  44: 

T i n T ' ( c o s   a  -  y s i n   a )  
Wout  =  •  K  1  ( 4 ' )  

D o u t   •  ]i 

where, 
Tin:  input  torque  of  the  CVT  14 
u:  friction  coefficient  of  the  belt  44 

25  a:  angle  of  groove  inclination  of  the  pulleys  40,  42 
Dout:  effective  diameter  of  the  pulley  42 
K':  extra  margin  factor 
The  value  Wout  of  the  equation  (4')  is  approximated,  and  the  approximated  Wout  is  divided  by  the 

pressure-receiving  area  of  the  second  hydraulic  cylinder  56,  to  obtain  the  equation  (4)  for  the  theoretically 
30  optimum  value  Ptheory  of  the  second  line  pressure  PI  2. 

Then,  the  control  flow  goes  to  step  S3  to  calculate  an  amount  of  increase  Pcfg  in  the  pressure  in  the 
second  hydraulic  cylinder  56  due  to  a  centrifugal  force  generated  during  rotation  of  the  cylinder  56.  The 
calculation  is  effected  based  on  the  speed  Nout  of  the  output  shaft  38  of  the  CVT  14,  according  to  a 
predetermined  relationship  as  represented  by  the  following  equation  (5)  also  stored  in  the  ROM  of  the 

35  device  460: 

Pcfg  =  K2«Nout2  (5) 

where, 
40  K2:  constant 

Fig.  20  shows  in  solid  lines  a  basic  output  pressure  Pmec  of  the  second  pressure  regulating  valve  102 
when  the  speed  ratio  "r"  is  the  minimum  value  rmin  and  also  shows  in  dashed  lines  an  optimum  pressure 
Popt  as  the  second  line  pressure  PI  2  which  should  be  applied  to  the  second  hydraulic  cylinder  56  for 
establishing  the  optimum  tension  of  the  belt  44.  The  optimum  pressure  Popt  is  calculated  in  step  S4 

45  according  to  a  predetermined  stored  relationship  as  represented  by  the  following  equation  (6): 

Popt  =  Ptheory  -  Pcfg  (6) 

It  will  be  understood  that  the  optimum  pressure  Popt  is  obtained  by  subtracting  the  centrifugal  pressure 
50  increase  Pcfg  calculated  in  step  S3  from  the  theoretically  optimum  value  Ptheory  calculated  in  step  S2. 

Namely,  the  optimum  value  Popt  is  lower  than  the  theoretically  optimum  pressure  Ptheory  by  the  amount 
equal  to  the  centrifugal  pressure  increase  Pcfg,  which  is  an  unnecessary  and  undesired  surplus  added  to 
the  optimum  value  Popt  for  the  optimum  tension  of  the  belt  44. 

Step  S4  is  followed  by  step  S5  to  calculate  the  basic  output  pressure  Pmec,  which  is  the  second  line 
55  pressure  PI  2  mechanically  determined  by  the  construction  of  the  second  pressure  regulating  valve  102 

when  the  fourth  pilot  pressure  Psol4  is  not  applied  to  the  chamber  136  of  the  valve  102.  The  calculation  of 
this  basic  output  pressure  Pmec  is  effected  based  on  the  calculated  speed  ratio  "r"  and  the  currently 
detected  throttle  opening  angle  0th,  according  to  a  predetermined  relationship  as  indicated  by  solid  lines  in 
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Fig.  21,  for  example,  which  is  represented  by  the  following  equation  (7)  stored  in  the  form  of  a  data  map  in 
the  ROM  of  the  control  device  460. 

Pmec  =  map  (r,  0th)  (7) 
5 

An  example  of  a  routine  for  calculating  the  basic  output  pressure  Pmec  of  the  second  pressure 
regulating  valve  102  in  step  S2  of  the  belt  tension  regulating  routine  is  illustrated  in  Fig.  22.  The  routine  of 
Fig.  22  is  formulated  for  accurate  calculation  of  the  basic  output  pressure  Pmec,  with  a  relatively  small 
amount  of  program  data.  Initially,  step  S5-1  is  implemented  to  determine  the  current  speed  ratio  "r"  of  the 

io  CVT  14,  based  on  the  currently  detected  speeds  Nin  and  Nout  of  the  input  and  output  shafts  30,  38  of  the 
CVT  14.  Step  S5-1  is  followed  by  step  S5-2  to  calculate  a  value  log.  r  of  the  speed  ratio  "r",  according  to  a 
predetermined  stored  relationship  as  represented  by  the  following  approximate  equation  (8): 

15 1  -  r  
l o g .   r  =  a0  +  b0 

1  +  r  
( 8 )  

20  A  straight  line  in  Fig.  23  indicates  a  linear  relationship  between  the  value  log.  r  and  the  approximated 
value  obtained  from  the  equation  (8). 

The  control  flow  then  goes  to  step  S5-3  to  calculate  the  SPEED-RATIO  pressure  Pr  which  determines 
points  at  which  the  solid  lines  of  Pmec  of  Fig.  21  are  bent,  i.e.,  the  values  log.  r  below  which  the  value 
Pmec  is  constant.  The  pressure  Pr  is  indicated  by  a  two-dot  chain  line  in  Fig.  21.  The  calculation  of  the 

25  pressure  Pr  is  effected  according  to  a  predetermined  stored  relationship  as  represented  by  the  following 
equation  (9).  This  equation  (9)  reflects  the  characteristic  indicated  in  Fig.  6. 

Pr  =  ai  log.  r  +  bi  (9) 

30  Step  S5-3  is  followed  by  steps  S5-4  and  S5-5  to  determine  a  pressure  P1  which  corresponds  to  the 
actual  running  condition  of  the  vehicle,  according  to  a  predetermined  stored  relationship  as  represented  by 
the  following  equation  (10)  which  represents  the  solid  inclined  straight  lines  in  Fig.  21.  More  specifically, 
step  S5-4  is  implemented  to  calculate  a  y-axis  intercept  value  b2  of  the  equation  (10),  which  corresponds  to 
the  actual  vehicle  running  condition.  The  intercept  value  b2  is  indicated  along  the  y-axis  of  the  graph  of  Fig. 

35  21  wherein  the  SPEED-RATIO  pressure  Pr  is  taken  along  the  y-axis.  The  calculation  in  step  S5-4  is  effected 
based  on  the  throttle  opening  angle  0th,  according  to  a  predetermined  stored  relationship  as  represented  by 
the  following  equation  (11).  This  relationship  is  indicated  by  a  curve  in  Fig.  25,  for  example.  In  the  next  step 
S5-5,  the  pressure  P1  is  calculated  based  on  the  calculated  value  log.  r  of  the  determined  speed  ratio  "r" 
and  the  calculated  y-axis  intercept  value  b2,  according  to  the  following  equation  (10).  The  calculated 

40  pressure  P1  is  the  basic  output  pressure  of  the  second  pressure  regulating  valve  102  as  represented  by  the 
solid  inclined  lines  of  Fig.  21. 

P1  =  a2  log.  r  +  b2  (10) 

45  b2  =  map2  (0th)  (11) 

Step  S5-5  is  followed  by  step  S5-6  to  calculate  a  pressure  P2  corresponding  to  the  actual  running 
condition  of  the  vehicle,  which  pressure  P2  is  the  basic  output  pressure  of  the  valve  102  as  represented  by 
the  solid  straight  lines  parallel  to  the  x-axis  of  the  graph  of  Fig.  21.  The  calculation  is  effected  based  on  the 

50  currently  detected  throttle  opening  angle  0th,  according  to  a  predetermined  stored  relationship  as  repre- 
sented  by  the  following  equation  (12).  This  relationship  is  indicated  by  a  curve  of  Fig.  24,  for  example. 

P2  =  mapl  (0th)  (12) 

55  Then,  the  control  flow  goes  to  step  S5-7  to  determine  whether  the  pressure  P1  calculated  in  step  S5-5 
is  equal  to  or  higher  than  the  SPEED-RATIO  pressure  Pr  calculated  in  step  S5-3,  or  not.  If  an  affirmative 
decision  (YES)  is  obtained  in  step  S5-7,  the  control  flow  goes  to  step  S5-8  to  determine  the  basic  output 
pressure  Pmec  of  the  second  pressure  regulating  valve  102  to  be  equal  to  the  pressure  P1.  If  a  negative 
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decision  (NO)  is  obtained  in  step  S5-7,  the  control  flow  goes  to  step  S5-9  to  determine  the  basic  output 
pressure  Pmec  to  be  equal  to  the  pressure  P2. 

Referring  back  to  the  bent  tension  regulating  routine  of  Fig.  18,  step  S5  for  calculating  the  basic  output 
pressure  Pmec  is  followed  by  step  S6  to  calculate  a  difference  between  the  basic  output  pressure  Pmec 

5  and  the  optimum  value  Popt,  i.e.,  an  amount  of  pressure  reduction  Pdown  by  which  the  basic  output 
pressure  Pmec  should  be  lowered  to  obtain  the  optimum  tension  of  the  belt  44.  This  calculation  is  effected 
according  to  a  predetermined  stored  relationship  as  represented  by  the  following  equation  (13): 

Pdown  =  Pmec  -  Popt  (13) 
10 

Namely,  step  S6  is  implemented  to  calculate  the  pressure  reducing  amount  Pdown  which  is  the 
difference  between  the  pressures  Pmec  and  Popt  which  are  indicated  by  the  solid  and  dashed  lines  in  Fig. 
21  ,  respectively. 

Then,  step  S7  is  implemented  to  determine  the  drive  signal  lsol4  applied  to  the  fourth  solenoid- 
15  operated  valve  346,  which  signal  determines  the  duty  cycle  Ds4  of  the  valve  346.  The  determination  of  the 

drive  signal  lsol4  is  effected  based  on  the  calculated  pressure  reducing  amount  Pdown,  according  to  a 
predetermined  relationship  as  represented  by  the  following  equation  (14).  The  relationship  is  indicated  by  a 
curve  of  Fig.  26,  for  example. 

20  lsol4  =  g  (Pdown)  (14) 

Then,  step  S8  is  implemented  to  apply  the  calculated  drive  signal  lsol4  to  the  fourth  solenoid-operated 
valve  346. 

The  belt  tension  regulating  routine  of  Fig.  18  is  repeatedly  executed  while  the  vehicle  is  running  in  the 
25  forward  direction  with  the  lock-up  clutch  36  held  in  the  engaged  state.  As  a  result,  the  second  line  pressure 

PI  2  produced  by  the  second  pressure  regulating  valve  102  is  kept  considerably  close  to  the  optimum  value 
Popt  indicated  by  the  dashed  lines  in  Fig.  21,  depending  upon  the  speed  ratio  "r"  and  the  throttle  opening 
angle  0th.  Therefore,  the  oil  pump  74  as  the  hydraulic  power  source  for  the  power  transmitting  system  is 
operated  with  a  minimum  amount  of  power  loss. 

30  According  to  the  present  hydraulic  control  apparatus  using  the  electronic  control  device  460  incorporat- 
ing  means  for  executing  the  belt  tension  regulating  routine  of  Fig.  18,  the  drive  signal  lsol4  to  be  applied  to 
the  fourth  solenoid-operated  valve  346  to  generate  the  fourth  pilot  pressure  Psol4  is  determined  by  the 
electronic  control  device  460  so  that  the  second  line  pressure  PI  2  produced  as  the  belt  tensioning  pressure 
by  the  second  pressure  regulating  valve  102  coincides  with  the  optimum  value  Popt  (=  Ptheory  -  Pcfg),  i.e., 

35  so  that  the  second  line  pressure  PI  2  is  positively  lowered  from  the  mechanically  established  basic  output 
pressure  Pmec  of  the  valve  102  by  the  calculated  pressure  reducing  amount  Pdown,  by  the  controlled  pilot 
pressure  Psol4  applied  to  the  chamber  136  of  the  valve  102.  Thus,  the  second  line  pressure  PI  2  is 
regulated  so  as  to  substantially  follow  the  curve  of  the  optimum  value  Popt  suitable  for  maintaining  the 
tension  of  the  belt  44  at  the  required  minimum  level,  so  that  the  oil  pump  74  is  operated  without  a 

40  considerable  power  loss  while  preventing  slipping  of  the  belt  44  on  the  pulleys  40,  42.  It  will  be  understood 
that  the  second  pressure  regulating  valve  102  functions  to  generate  the  belt  tensioning  pressure  PI  2 
depending  upon  the  current  speed  ratio  "r"  of  the  CVT  14  and  the  currently  required  output  of  the  engine 
10  in  the  form  of  the  throttle  opening  angle  0th  detected  by  the  THROTTLE  sensor  468. 

It  is  also  noted  that  the  electronic  control  device  460  calculates  the  value  log.  r  of  the  speed  ratio  "r, 
45  and  calculates  the  basic  output  pressure  Pmec  of  the  valve  102  based  on  the  value  log.  r  of  the  currently 

determined  speed  ratio  "r"  and  the  currently  detected  throttle  opening  angle  0th  (currently  required  output 
of  the  engine  10),  according  to  the  predetermined  relationship  among  the  three  values  log.  r,  0th  and  Pmec. 
This  manner  of  calculating  the  Pmec  requires  a  considerably  reduced  amount  of  program  data,  as 
compared  with  the  conventional  manner  which  requires  interpolation  of  two-dimensional  maps  for  improving 

50  the  calculating  accuracy.  Suppose  the  speed  ratio  is  taken  along  an  evenly  calibrated  axis,  the  belt 
tensioning  pressure  PI  2  produced  by  the  second  pressure  regulating  valve  102  is  represented  by  a  straight 
line  where  the  belt  tensioning  pressure  is  lower  than  the  SPEED-RATIO  pressure  Pr,  but  is  represented  by 
a  curved  line  where  the  belt  tensioning  pressure  is  higher  than  the  pressure  Pr.  When  this  curved  line  is 
estimated  by  the  conventional  interpolation  of  two-dimensional  data  map,  a  tremendously  large  number  of 

55  interpolated  points  must  be  obtained.  In  the  example  of  Fig.  27,  the  speed  ratio  "r"  is  taken  along  the 
evenly  calibrated  x-axis,  and  the  basic  output  pressure  Pmec  of  the  second  pressure  regulating  valve  102  is 
indicated  by  solid  lines.  As  is  apparent  from  the  figure,  the  basic  output  pressure  Pmec  higher  than  the 
SPEED-RATIO  pressure  Pr  is  represented  by  logarithmic  curves.  When  these  logarithmic  curves  are 
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approximated  by  ordinary  interpolation  of  a  two-dimensional  map,  the  curves  of  the  basic  output  pressure 
Pmec  must  be  represented  by  an  extremely  large  number  of  interpolated  points  (data  points),  which 
requires  an  accordingly  large  data  storage  capacity  and  complicated  arithmetic  operations  of  a  control 
device.  According  to  the  control  device  460  used  in  the  present  embodiment,  the  value  log.  r  of  the  speed 

5  ratio  "r"  is  taken  along  the  x-axis  as  indicated  in  Fig.  21,  and  the  basic  output  pressure  Pmec  is 
represented  by  two  straight  lines  which  are  connected  at  the  point  of  intersection  with  the  straight  line 
representing  the  pressure  Pr.  The  stored  map  (r,  0th)  used  in  step  S5  is  represented  by  a  relatively  small 
number  of  data  points,  and  the  memory  capacity  of  the  ROM  of  the  control  device  460  can  be  made 
considerably  small,  and  the  required  arithmetic  operations  may  be  simplified. 

io  In  the  present  embodiment,  the  fourth  solenoid-operated  valve  346  is  a  normally  open  valve,  so  that  a 
failure  of  the  valve  346  due  to  an  electric  defect  simply  causes  an  increase  in  the  second  line  pressure  PI  2 
by  the  amount  Pdown,  namely,  merely  causes  the  pressure  PI  2  to  remain  equal  to  the  basic  output 
pressure  Pmec,  permitting  the  transmission  belt  44  to  operate  without  slipping  and  assuring  a  continuing 
safe  running  of  the  vehicle. 

is  Referring  to  the  flow  chart  of  Fig.  28,  there  will  be  described  a  manner  of  determining  the  drive  signal 
lsol4  applied  to  the  fourth  solenoid-operated  valve  346.  Initially,  step  S7-1  is  implemented  to  determine 
whether  the  optimum  value  Popt  calculated  in  step  S5-3  is  equal  to  or  higher  than  the  SPEED-RATIO 
pressure  Pr,  or  not.  If  a  negative  decision  (NO)  is  obtained  in  step  S7-1,  step  S7-2  is  implemented  to 
determine  whether  the  basic  output  pressure  Pmec  of  the  second  pressure  regulating  valve  102  is  equal  to 

20  or  smaller  than  the  SPEED-RATIO  pressure  Pr,  or  not.  If  an  affirmative  decision  (YES)  is  obtained  in  step 
S7-1,  the  control  flow  goes  to  step  S7-3  in  which  the  pilot  pressure  Psol4  is  calculated  according  to  the 
following  equation  (15): 

Psol4  =  (A37A2')  Pdown  (15) 
25 

where, 

A3'  =  A3  -  A2 
A2'  =  A2  -  A1 

30 
If  the  pressure  Popt  is  lower  than  the  pressure  Pr  and  the  pressure  Pmec  is  equal  to  or  lower  than  the 

pressure  Pr,  an  affirmative  decision  (YES)  is  obtained  in  step  S7-2,  and  the  control  flow  goes  to  step  S7-4 
in  which  the  pilot  pressure  Psol4  is  calculated  according  to  the  following  equation  (16): 

35  Psol4  =  [{A1  +  A3')/A2']  Pdown  (16) 

If  the  pressure  Popt  is  lower  than  the  pressure  Pr  and  the  pressure  Pmec  is  higher  than  the  pressure 
Pr,  a  negative  decision  (NO)  is  obtained  in  step  S7-2,  and  the  control  flow  goes  to  step  S7-5  in  which  the 
pilot  pressure  Psol4  is  calculated  according  to  the  following  equation  (17): 

40 
Psol4  =  (A37A2')  Pdown  +  (A1/A2')  (Pr  -  Popt)  (17) 

The  second  pressure  regulating  valve  102  is  operated  so  as  to  satisfy  the  following  equation  (18): 

45  PI  2  =  [(A4«  Pth  +  W  -  A1  •  Pr)  -  (A2  -  A1)«  Psol4]/(A3  -  A2)  (18) 

Therefore,  the  relationship  between  the  pilot  pressure  Psol4  and  the  pressure  reducing  amount  Pdown 
obtained  from  the  pilot  pressure  Psol4  to  lower  the  basic  output  pressure  Pmec  to  the  desired  belt 
tensioning  pressure  PI  2  is  derived  from  the  above  equation  (18).  In  the  case  where  the  optimum  pressure 

50  Popt  is  equal  to  or  higher  than  the  SPEED-RATIO  pressure  Pr,  as  indicated  at  "A"  in  Fig.  21,  the  pilot 
pressure  Psol4  is  calculated  according  to  the  above  equation  (15).  In  the  case  where  the  basic  output 
pressure  Pmec  is  lower  than  the  pressure  Pr,  as  indicated  at  "B"  in  Fig.  21,  the  pilot  pressure  Psol4  is 
calculated  according  to  the  above  equation  (16).  In  the  case  where  the  pressure  Popt  is  lower  than  the 
pressure  Pr  and  the  pressure  Pmec  is  higher  than  the  pressure  Pr,  as  indicated  at  "C"  in  Fig.  21,  the  pilot 

55  pressure  Psol4  is  calculated  according  to  the  above  equation  (17),  whose  right  member  consists  of  two 
terms  to  be  added  to  each  other,  the  two  terms  representing  the  two  components  of  the  pilot  pressure 
Psol4  which  correspond  to  the  portions  above  and  below  the  two-dot  chain  line  Pr  in  Fig.  21. 
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Steps  S7-3,  S7-4  and  S7-5  are  followed  by  step  S7-6  in  which  the  drive  signal  lsol4  (duty  cycle  Ds4)  of 
the  fourth  solenoid-operated  valve  346  is  determined  based  on  the  calculated  pilot  pressure  Psol4, 
according  to  a  predetermined  stored  relationship  as  represented  by  a  curve  of  Fig.  29.  In  step  S8  of  the  belt 
tension  regulating  routine  of  Fig.  18,  the  determined  drive  signal  lsol4  is  applied  to  the  fourth  solenoid- 

5  operated  valve  346  to  operate  the  valve  346  with  the  corresponding  duty  cycle  Ds4,  so  that  the  second  line 
pressure  PI  2  generated  by  the  second  pressure  regulating  valve  102  provides  a  suitable  beat  tensioning 
pressure  for  maintaining  the  tension  of  the  belt  44  at  the  required  minimum  level. 

As  explained  above,  the  present  embodiment  is  adapted  to  determine  the  drive  signal  lsol4  to  be 
applied  to  the  fourth  solenoid-operated  valve  346,  according  to  the  equations  (15),  (16)  and  (17)  which  are 

io  selected  depending  upon  the  specific  running  condition  of  the  vehicle,  as  indicated  in  Fig.  28,  i.e., 
depending  upon  the  specific  combination  of  the  speed  ratio  "r"  and  the  throttle  opening  angle  0th,  so  that 
the  second  line  pressure  PI  2  actually  generated  by  the  second  pressure  regulating  valve  102  is 
approximate  to  the  optimum  value  Popt,  by  lowering  the  calculated  basic  output  pressure  Pmec  of  the  valve 
102  by  the  amount  Pdown.  This  arrangement  assures  improved  accuracy  in  adjusting  the  tension  of  the  belt 

75  44. 
Other  embodiments  of  the  present  invention  will  be  described.  For  easy  understanding,  the  same 

reference  numerals  and  characters  as  used  in  the  preceding  embodiment  will  be  used  in  the  following 
description,  to  identify  the  functionally  corresponding  components,  and  no  redundant  description  of  these 
elements  will  be  provided  in  the  interest  of  brevity  and  simplification. 

20  Referring  to  Fig.  30,  there  is  shown  a  modified  belt  tension  regulating  routine  alternative  to  that  of  Fig. 
18.  In  this  embodiment,  steps  S2-1  through  S2-4  are  substituted  for  step  S2  of  Fig.  18,  so  that  the 
theoretically  optimum  value  Ptheory  of  the  second  line  pressure  PI  2  is  calculated  for  the  negative-torque 
running  of  the  vehicle,  as  well  as  for  the  positive-torque  running.  The  negative-torque  running  is  interpreted 
to  mean  the  running  of  the  vehicle  in  a  negative-torque  mode  in  which  an  engine  brake  is  applied  to  the 

25  vehicle  so  that  the  torque  is  transmitted  from  the  drive  wheels  24  to  the  engine  10.  More  specifically,  step 
S1  is  followed  by  step  S2-1  to  determine  whether  the  output  torque  Te  calculated  in  step  S1  is  negative  or 
not.  If  the  calculated  output  torque  Te  of  the  engine  10  is  not  negative,  this  means  that  the  vehicle  is 
normally  running  in  a  positive-torque  with  the  torque  being  transmitted  from  the  engine  10  to  the  drive 
wheels  24.  In  this  case,  step  S2-1  is  followed  by  step  S2-2  identical  to  step  S2  of  Fig.  18,  in  which  the 

30  theoretically  optimum  value  Ptheory  is  calculated  according  to  the  above  equation  (4).  If  the  calculated 
engine  output  torque  Te  is  positive,  this  means  the  negative-torque  running  of  the  vehicle  with  an  engine 
brake  being  applied,  step  S2-1  is  followed  by  step  S2-3  in  which  a  thrust  ratio  t  of  the  first  and  second 
hydraulic  cylinders  54,  56  during  the  negative-torque  running,  based  on  the  currently  determined  speed 
ratio  "r"  of  the  CVT  14,  according  to  a  predetermined  stored  relationship  as  represented  by  the  uppermost 

35  straight  line  in  Fig.  31.  This  figure  also  indicates  the  relationships  between  the  thrust  ratio  t  and  the  speed 
ratio  "r"  during  the  non-load  running  and  the  positive-torque  running.  The  thrust  ratio  t  is  a  ratio  Wout/Win 
where  Wout  and  Win  represent  the  thrust  forces  that  are  required  to  be  generated  by  the  respective  first 
and  second  hydraulic  cylinders  54,  56,  for  the  CVT  14  to  transmit  the  negative  torque  Tin  received  from  the 
drive  wheels  24  to  the  engine  10,  without  slipping  of  the  belt  44.  Step  S2-3  is  followed  by  step  S2-4  in 

40  which  the  theoretically  optimum  value  Ptheory  is  calculated  according  to  the  following  equation  (19): 

Ptheory  =  K(1  +  r)»r|Te|  (19) 

In  the  present  modified  embodiment  of  Fig.  30,  the  second  line  pressure  PI  2  as  the  pressure  for 
45  tensioning  the  belt  44  can  be  accurately  regulated  so  as  to  coincide  with  the  optimum  value  Popt  even 

when  the  vehicle  is  running  in  the  negative-torque  or  engine-braking  mode,  whereby  the  power  loss  of  the 
oil  pump  74  is  further  minimized.  In  addition,  the  present  embodiment  is  advantageous  for  reduced 
operating  noise  of  the  belt  44  during  the  engine-braking  running,  and  further  improvement  in  the  durability 
or  life  expectancy  of  the  belt  44. 

50  Referring  next  to  Fig.  32,  there  is  shown  a  part  of  the  hydraulic  system  in  which  the  third  solenoid- 
operated  valve  330  is  used  exclusively  for  controlling  the  lock-up  clutch  36.  In  this  case,  a  routine  consisting 
of  steps  S9-1  through  S9-6  as  indicated  in  Fig.  33  may  be  inserted  between  steps  S4  and  S5  of  the  flow 
chart  of  Fig.  18,  so  that  the  optimum  value  Popt  is  increased  by  a  suitable  amount  to  accordingly  increase 
the  second  line  pressure  PI  2  during  or  upon  starting  of  the  vehicle,  so  as  to  permit  the  vehicle  to  start 

55  without  slipping  of  the  belt  44.  Namely,  step  S4  of  Fig.  18  for  calculating  the  optimum  value  Popt  is 
followed  by  step  S9-1  to  determine  whether  the  signal  LL  generated  by  the  ENGINE  IDLING  switch  476  is 
ON  or  not.  The  signal  LL  indicates  that  the  accelerator  pedal  is  in  the  released  position,  i.e.,  the  engine  10 
is  in  the  idling  condition.  If  the  signal  LL  is  not  ON,  this  means  that  the  accelerator  pedal  is  depressed,  step 

20 
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S9-1  is  followed  by  step  S9-2  to  determine  whether  the  vehicle  speed  V  is  equal  to  or  lower  than  a 
predetermined  positive  reference  value  Vo,  or  not.  This  reference  value  Vo  is  determined  to  check  in  step 
S9-2  whether  the  vehicle  is  in  the  process  of  starting.  For  this  purpose,  the  reference  value  Vo  is  usually 
selected  within  a  range  between  2km/h  and  5km/h,  below  which  it  is  determined  that  the  vehicle  is  in  the 

5  process  of  starting  and  the  second  line  pressure  PI  2  should  be  increased  to  prevent  slipping  of  the  belt  44. 
If  the  signal  LL  is  ON  with  the  accelerator  pedal  placed  in  the  released  position,  step  S9-1  is  followed  by 
step  S9-3  in  which  a  compensation  value  AP  for  the  optimum  value  Popt  is  set  to  "0".  If  the  signal  LL  is  ON 
(if  the  vehicle  is  stopped  with  the  engine  10  in  the  idling  condition)  but  the  vehicle  speed  V  is  higher  than 
the  reference  value  Vo,  step  S9-2  is  followed  by  step  S9-5.  In  this  case,  the  vehicle  is  running  at  a  relatively 

io  high  speed,  or  the  vehicle  has  been  started,  and  the  compensation  value  AP  is  also  set  to  "0"  in  step  S9-5. 
If  the  signal  LL  is  ON  and  the  vehicle  speed  V  is  equal  to  or  lower  than  the  reference  value  Vo,  the  vehicle 
is  in  the  process  of  starting,  and  step  S9-4  is  implemented  to  set  the  compensation  value  AP  to  a 
predetermined  value  a.  Steps  S9-3,  S9-4  and  S9-5  are  followed  by  step  S9-6  in  which  the  set  compensation 
value  AP  is  added  to  the  optimum  value  Popt  calculated  in  step  S4.  That  is,  the  calculated  optimum  value 

is  Popt  is  increased  by  the  predetermined  compensation  value  a  only  when  the  vehicle  is  in  the  process  of 
starting. 

In  the  present  modified  embodiment  of  Fig.  33,  the  second  line  pressure  PI  2  is  made  higher  during 
starting  of  the  vehicle  than  in  the  preceding  embodiments,  so  that  the  vehicle  can  be  started  without 
otherwise  possible  slipping  of  the  belt  44.  In  this  respect,  it  is  noted  that  the  optimum  value  Popt  as 

20  calculated  according  to  the  above  equation  (4)  is  suitable  as  long  as  the  pulleys  40,  42  are  rotating  at  a 
relatively  high  speed,  but  is  lower  than  required  when  the  pulleys  40,  42  are  in  the  process  of  rotating  from 
the  standstill  condition,  since  the  friction  coefficient  of  the  belt  44  with  respect  to  the  pulleys  is  insufficient 
in  that  process.  According  to  the  present  embodiment,  however,  the  tension  of  the  belt  44  is  increased  due 
to  an  increase  in  the  second  line  pressure  PI  2  by  the  amount  a  until  the  vehicle  speed  has  reached  the 

25  predetermined  reference  value  Vo.  Accordingly,  the  present  embodiment  is  effective  to  prevent  slipping  of 
the  belt  44  during  starting  of  the  vehicle.  The  timing  chart  of  Fig.  34  shows  changes  in  the  throttle  opening 
angle  0th,  second  line  pressure  PI  2  and  vehicle  running  speed  V.  As  is  apparent  from  the  timing  chart,  the 
optimum  value  Popt  indicated  by  dashed  line  is  increased  by  a  upon  starting  of  the  vehicle  or  upon 
depression  of  the  accelerator  pedal  to  start  the  vehicle. 

30  Referring  to  Fig.  35,  there  is  illustrated  a  further  modified  embodiment  alternative  to  that  of  Fig.  33. 
Namely,  step  S9-7  is  substituted  for  step  S9-2  of  Fig.  33,  to  determine  whether  the  speed  ratio  "r"  is  equal 
to  or  higher  than  a  predetermined  reference  value  "ro",  or  not,  to  determine  whether  the  vehicle  is  in  the 
process  of  starting.  If  the  speed  ratio  "r"  is  lower  than  the  reference  value  "ro",  step  S9-7  is  followed  by 
step  S9-5,  since  the  vehicle  has  been  started.  If  the  speed  ratio  "r"  is  equal  to  or  higher  than  the  reference 

35  value,  step  S9-7  is  followed  by  step  S9-4,  since  the  vehicle  is  in  the  process  of  starting.  It  is  noted  that  the 
speed  ratio  "r"  of  the  CVT  14,  which  is  controlled  based  on  the  throttle  opening  angle  0th  and  the  vehicle 
speed  V  according  to  the  predetermined  stored  relation  as  described  above,  decreases  from  the  maximum 
value  rmax  when  the  vehicle  is  started  from  the  standstill  condition.  In  this  respect,  the  reference  value  "ro" 
is  determined  to  be  a  lower  limit  above  which  the  belt  44  may  slip  on  the  pulleys  40,  42  if  the  second  line 

40  pressure  PI  2  is  controlled  to  coincide  with  the  normally  calculated  optimum  value  Popt,  that  is,  if  the 
optimum  value  Popt  is  not  increased  by  the  compensating  value  AP  in  step  S9-6. 

Referring  next  to  Fig.  36,  there  will  be  described  a  still  further  embodiment  of  the  hydraulic  control 
apparatus  of  the  present  invention. 

Briefly,  the  present  embodiment  is  different  from  the  first  embodiment,  in  that  the  second  line  pressure 
45  reducing  control  valve  380  and  the  first  line  pressure  reducing  control  valve  440  function  in  the  present 

embodiment  as  a  first  and  a  second  relay  valve  to  be  controlled  by  the  fourth  and  third  solenoid-operated 
valve  346,  330,  respectively.  Further,  the  first  and  second  pressure  regulating  valves  100,  102,  lock-up 
clutch  control  valve  320,  lock-up  clutch  rapid  release  valve  400  and  REVERSE  INHIBIT  valve  420  are 
partially  modified,  and  the  pilot  pressure  switch  valve  350  and  the  accumulator  372  are  eliminated.  The 

50  present  embodiment  is  also  characterized  by  a  linear  solenoid-operated  valve  (proportioning  valve)  500 
which  is  provided  to  generate  a  pilot  pressure  PsolL  in  place  of  the  pilot  pressure  Psol4  in  the  preceding 
embodiments.  The  electronic  control  device  460  is  adapted  to  selectively  establish  one  of  eight  hydraulic 
control  modes  A  through  H  indicated  in  Fig.  37,  depending  upon  the  running  condition  of  the  vehicle. 

As  shown  in  Fig.  38,  the  plunger  116  of  the  second  pressure  regulating  valve  102  used  in  the  present 
55  embodiment  has  a  land  117  having  a  cross  sectional  area  A4  adapted  to  receive  the  THROTTLE  pressure 

Pr,  and  a  land  119  having  a  cross  sectional  area  A4'  larger  than  the  area  A4.  Between  these  two  lands,  117, 
119,  there  is  formed  a  chamber  133  adapted  to  receive  the  pilot  pressure  PsolL  from  the  port  442b  of  the 
second  relay  valve  440,  to  increase  the  second  line  pressure  PI  2.  The  pilot  pressure  PsolL  is  also  applied 
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to  the  chamber  136  of  the  valve  102,  from  the  port  382c  of  the  first  relay  valve  380.  In  the  present 
embodiment,  the  second  line  pressure  PI  2  is  lowered  by  the  pilot  pressure  PsolL  generated  by  the  linear 
solenoid-operated  valve  500,  according  to  the  following  equation  (20): 

5  PI2  =  [A4«  Pth  +  W  -  A1  •  Pr  -  (A2  -  A1)«  PsolL]/(A3  -  A2)  (20) 

The  linear  solenoid-operated  valve  500  is  adapted  such  that  the  pilot  pressure  PsolL  is  continuously 
changed  with  a  change  in  the  drive  signal  (voltage  or  current)  applied  thereto  from  the  electronic  control 
apparatus  460.  The  valve  500  is  a  pressure  reducing  valve  which,  as  shown  in  detail  in  Fig.  39,  has  a  spool 

io  502  operated  to  regulate  the  fourth  line  pressure  PI  4  into  the  pilot  pressure  PsolL,  a  linear  solenoid  coil  504 
which  is  energized  by  the  drive  signal  received  from  the  control  device  460,  a  core  506  for  biasing  the 
spool  502  toward  a  pressure-increase  position  upon  energization  of  the  coil  504,  a  spring  508  for  biasing 
the  spool  502  toward  a  pressure-decrease  position,  and  a  feedback  chamber  510  adapted  to  receive  the 
output  pressure  PsolL  for  biasing  the  spool  502  toward  the  pressure-decrease  position.  The  spool  502  is 

is  positioned  for  equilibrium  of  forces  acting  in  the  opposite  directions,  namely,  moved  to  a  position  at  which 
the  force  produced  by  the  core  506  to  bias  the  spool  502  toward  the  pressure-increase  position  is  equal  to 
a  sum  of  the  biasing  force  of  the  spring  508  and  the  force  produced  by  the  pilot  pressure  PsolL  in  the 
feedback  chamber  510  to  bias  the  spool  502  toward  the  pressure-decrease  position.  As  a  result,  the  output 
pilot  pressure  PsolL  is  changed  in  relation  to  the  drive  signal,  for  example,  drive  current  IsolL  applied  to  the 

20  coil  504  from  the  control  device  460,  as  indicated  by  a  characteristic  curve  shown  in  Fig.  40.  The  fourth  line 
pressure  PI  4  received  by  an  input  port  512  of  the  valve  500  is  reduced  to  the  output  pilot  pressure  PsolL  at 
an  output  port  514,  which  is  connected  to  the  port  382b  of  the  first  relay  valve  380.  Therefore,  when  the 
fourth  solenoid-operated  valve  346  is  ON,  namely,  when  the  first  relay  valve  380  is  ON,  the  pilot  pressure 
PsolL  is  applied  to  the  chamber  133  of  the  second  pressure  regulating  valve  102  through  the  second  relay 

25  valve  440,  whereby  the  second  line  pressure  PI  2  is  increased  depending  upon  the  pilot  pressure  PsolL. 
When  the  fourth  solenoid-operated  valve  346  is  OFF,  namely,  when  the  first  relay  valve  380  is  OFF,  the 
pilot  pressure  PsolL  is  applied  to  the  chamber  136  of  the  valve  102,  whereby  second  line  pressure  PI  2  is 
lowered  depending  upon  the  pilot  pressure  PsolL.  In  the  present  embodiment,  the  fourth  line  pressure  PI  4 
or  the  second  line  pressure  PI  2  is  regulated  according  to  the  pilot  pressure  PsolL  generated  by  the  linear 

30  solenoid-operated  valve  500,  when  the  back  pressures  of  the  accumulators  340,  342  are  controlled  in  the 
back-pressure  control  mode  F,  when  the  second  line  pressure  PI  2  is  lowered  in  the  high-speed  running 
mode  D  or  in  the  neutral  shifting  mode  B,  or  when  the  second  line  pressure  PI  2  is  increased  in  the  rapid 
shift-down  mode  H.  In  the  table  of  Fig.  37,  "ON"  state  of  the  linear  solenoid-valve  500  is  a  state  in  which 
the  pilot  pressure  PsolL  is  present. 

35  Referring  to  Fig.  41,  there  will  be  described  an  operation  of  the  electronic  control  device  460  when  the 
vehicle  is  running  in  the  lock-up  clutch  engagement  mode  C  of  Fig.  37. 

Initially,  step  SS1  is  implemented  to  read  the  speeds  Nin  and  Nout  of  the  input  and  output  shafts  30, 
38,  speed  Ne  of  the  engine  10,  throttle  opening  angle  0th,  and  vehicle  running  speed  V.  Step  SS1  is 
followed  by  step  SS2  to  determine  the  speed  ratio  "r"  of  the  CVT  14.  Then,  the  control  flow  goes  to  step 

40  SS3  to  calculate  the  output  torque  of  the  engine  10,  i.e.,  the  input  torque  Tin  of  the  CVT  14,  based  on  the 
engine  speed  Ne  and  throttle  opening  angle  0th,  according  to  a  predetermined  stored  relationship  as 
represented  by  curves  of  Fig.  42.  Step  SS3  is  followed  by  step  SS4  to  control  the  speed  ratio  "r"  of  the 
CVT  14  based  on  the  calculated  input  torque  Tin  and  the  detected  vehicle  speed  V,  so  as  to  operate  the 
engine  10  with  minimum  fuel  consumption  and  maximum  drivability  of  the  vehicle.  In  step  SS4,  the  control 

45  device  460  selects  the  lock-up  clutch  engagement  control  mode  C  of  Fig.  37  if  a  predetermined  condition 
for  engaging  the  lock-up  clutch  36  is  satisfied.  The  determination  as  to  whether  the  condition  is  satisfied  or 
not  is  effected  based  on  a  selected  parameter  or  parameters  such  as  the  vehicle  speed  V. 

Then,  the  control  flow  goes  to  step  SS5  and  subsequent  steps  for  regulating  the  second  line  pressure 
PI  2  while  the  fourth  solenoid-operated  valve  346  is  OFF.  Namely,  step  SS5  is  implemented  to  calculate  an 

50  effective  diameter  Din  of  the  pulley  40  of  the  first  hydraulic  cylinder  54,  i.e.,  the  diameter  Din  of  the  pulley 
40  engaging  the  belt  44,  based  on  the  speed  ratio  "r",  according  to  a  predetermined  stored  relation  as 
represented  by  a  curve  indicated  in  Fig.  43.  Step  SS5  is  followed  by  step  SS6  to  calculate  the  optimum 
value  of  the  second  line  pressure  PI  2,  based  on  the  calculated  diameter  Din  and  the  speed  Nout  of  the 
output  shaft  38,  according  to  a  predetermined  stored  relation  as  represented  by  the  following  equation  (21): 

55 
Popt  =  C1  •Tin/Din  -  C2«Nout2  +  AP  (21) 

where,  C1  and  C2  are  constants. 
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The  second  term  of  the  right  member  of  the  above  equation  (21)  is  provided  for  compensating  the 
optimum  value  Popt  for  an  increase  in  the  pressure  in  the  second  hydraulic  cylinder  56  due  to  a  centrifugal 
force  produced  by  rotation  of  that  cylinder,  and  the  third  term  is  for  adding  an  extra  amount  to  the 
theoretically  optimum  value. 

5  Then,  the  control  flow  goes  to  step  SS7  to  calculate  the  SPEED-RATIO  pressure  Pr,  based  on  the 
calculated  diameter  Din,  according  to  the  following  equation  (22): 

Pr  =  C3«Din  -  C4  (22) 

io  where,  C3  and  C4  are  constants. 
Step  SS7  is  followed  by  step  SS8  to  determine  whether  the  optimum  value  Popt  calculated  in  step  SS6 

is  equal  to  or  higher  than  the  SPEED-RATIO  pressure  Pr  calculated  in  step  SS7,  or  not,  that  is,  to 
determine  whether  the  optimum  value  Popt  is  above  the  solid  line  Pr  indicated  in  Figs.  44,  45  and  46,  or 
not. 

is  If  an  affirmative  decision  (YES)  is  obtained  in  step  SS8,  the  control  flow  goes  to  step  SS9  in  which  the 
pressure  Pr  calculated  in  step  SS7  is  used  for  a  variable  Pr'  included  in  an  equation  (24)  described  later 
with  respect  to  step  SS12.  If  a  negative  decision  (NO)  is  obtained  in  step  SS8,  then  the  control  flow  goes  to 
step  SS10  in  which  the  optimum  value  Popt  calculated  in  step  SS6  is  used  for  the  variable  Pr'  of  the 
equation  (24). 

20  Steps  SS9  and  SS10  are  followed  by  step  SS11  to  calculate  the  THROTTLE  pressure  Pth,  based  on 
the  currently  detected  throttle  opening  angle  0th,  according  to  a  predetermined  stored  relationship  or  data 
map  as  represented  by  the  following  equation  (23).  Step  SS11  is  followed  by  step  SS12  to  calculate  a 
modified  basic  output  pressure  Pmec'  of  the  second  pressure  regulating  valve  102,  based  on  the  variable 
Pr'  and  the  THROTTLE  pressure  Pth,  according  to  a  predetermined  stored  relationship  as  represented  by 

25  the  equation  (24). 

Pth  =  Map  (0th)  (23) 

Pmec'  =  C5  +  C6«Pth  -  C7«Pr'  (24) 
30 

where,  C5,  C6  and  C7  are  constants. 
Then,  the  control  flow  goes  to  step  SS13  to  determine  the  pilot  pressure  PsolL  of  the  linear  solenoid- 

operated  valve  500,  based  on  the  modified  basic  output  pressure  Pmec'  calculated  in  step  SS12  and  the 
optimum  value  Popt  calculated  in  step  SS6,  according  to  a  predetermined  stored  relationship  as  repre- 

35  sented  by  the  following  equation  (25): 

PsolL  =  C8(Pmec'  -  Popt)  (25) 

where,  C8  is  a  constant. 
40  Step  SS13  is  followed  by  step  SS14  to  determine  an  analog  drive  signal  in  the  form  of  the  drive  current 

IsolL  to  be  applied  to  the  solenoid  coil  504  of  the  valve  500  for  generating  the  determined  pilot  pressure 
PsolL.  This  determination  is  effected  according  to  a  predetermined  stored  relationship  as  represented  by 
the  curve  of  Fig.  40.  In  the  following  step  SS15,  the  determined  drive  current  IsolL  is  applied  to  the  solenoid 
coil  504  of  the  linear  solenoid-operated  valve  500. 

45  The  above-indicated  step  SS8  is  provided  to  determine  whether  the  optimum  value  Popt  calculated  in 
step  SS6  is  above  the  inclined  straight  line  of  Figs.  44-46  indicative  of  the  SPEED-RATIO  pressure  Pr,  or 
not.  If  the  optimum  value  Popt  is  above  the  inclined  straight  line  Pr,  the  variable  Pr'  of  the  right  member  of 
the  equation  (24)  is  replaced  by  the  value  Pr,  whereby  the  modified  basic  output  pressure  Pmec'  is 
obtained  as  indicated  in  Fig.  44.  This  value  Pmec'  is  equal  to  the  second  line  pressure  PI  2  (Pmec)  which  is 

50  regulated  by  the  second  pressure  regulating  valve  102  according  to  the  above  equation  (2)  when  the  pilot 
pressure  PsolL  is  not  applied  to  the  chamber  136  of  the  valve  102.  Since  the  pilot  pressure  PsolL  is 
determined  in  step  SS13  so  that  the  pilot  pressure  PsolL  corresponds  to  a  difference  (Pmec'  -  Popt),  the 
second  line  pressure  PI  2  is  lowered  from  the  value  Pmec'  down  to  the  optimum  value  Popt,  when  the  pilot 
pressure  PsolL  is  applied  to  the  chamber  136  of  the  valve  500. 

55  If  the  optimum  value  Popt  is  below  the  inclined  straight  line  Pr,  the  variable  Pr'  of  the  right  member  of 
the  equation  (24)  is  replaced  by  the  value  Popt,  whereby  the  modified  basic  output  pressure  Pmec'  is 
obtained  as  indicated  in  Figs.  45  and  46.  Unlike  the  optimum  value  Popt,  this  value  Pmec'  does  not 
correspond  to  the  current  speed  ratio  "r".  That  is,  the  value  Pmec'  is  not  found  on  a  straight  line  which 
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passes  the  current  speed  ratio  "r"  and  which  is  parallel  to  the  axis  of  the  pressure  (PI  2).  Instead,  the  value 
Pmec'  lies  on  a  straight  line  which  is  parallel  to  the  axis  of  the  pressure  and  which  passes  an  intersection 
between  the  straight  line  Pr  and  a  straight  line  which  is  parallel  to  the  axis  of  the  speed  ratio  "r"  and  which 
passes  the  optimum  value  Popt,  as  indicated  in  Figs.  45  and  46.  With  the  pilot  pressure  PsolL  determined 

5  based  on  the  thus  determined  value  Pmec'  and  the  optimum  value  Popt  in  step  SS13,  the  second  line 
pressure  PI  2  is  lowered  to  the  optimum  value  Popt. 

The  pilot  pressure  PsolL  thus  determined  also  reflects  an  amount  by  which  the  basic  output  pressure 
Pmec  is  lowered  to  the  optimum  value  Popt  along  a  straight  line  which  passes  the  current  speed  ratio  "r". 
In  the  present  embodiment,  the  amount  of  reduction  of  the  basic  output  pressure  Pmec  of  the  valve  102  to 

io  the  optimum  value  Popt  lower  than  the  SPEED-RATIO  pressure  Pr  is  converted  by  the  amount  of  reduction 
of  the  modified  basic  output  pressure  Pmec'  to  the  optimum  value  Popt  as  if  the  value  Popt  were  higher 
than  the  value  Pr.  According  to  this  arrangement,  the  required  pilot  pressure  PsolL  can  be  readily  obtained 
even  for  the  region  above  the  straight  line  Pr,  by  simply  calculating  the  difference  (Pmec'  -  Popt),  rather 
than  using  the  rather  complicated,  different  equations  (15),  (16)  and  (17)  in  the  respective  three  cases  in  the 

is  first  embodiment.  The  simplified  calculation  leads  to  reduction  in  the  calculating  error  by  the  electronic 
device  460,  and  improved  accuracy  of  regulation  of  the  second  line  pressure  PI  2. 

In  the  present  embodiment,  the  linear  solenoid-operated  valve  500  generates  the  pilot  pressure  PsolL 
which  varies  with  a  change  in  the  analog  drive  signal  applied  thereto,  for  regulating  the  second  and  fourth 
line  pressures  PI  2,  PI  4.  This  arrangement  permits  improved  durability  of  the  valve  500,  reduced  fuel 

20  consumption  of  the  engine  10  and  reduced  operating  noise  of  the  CVT  14,  and  enhanced  smoothness  of 
shifting  of  the  CVT,  while  at  the  same  time  eliminating  the  accumulator  372  which  is  used  in  the  first 
embodiment  for  the  purpose  of  preventing  a  pulsation  which  corresponds  to  the  duty  cycling  frequency  of 
the  solenoid-operated  value  346  used  for  generating  the  pilot  pressure  Psol4.  Further,  the  present 
embodiment  permits  improved  accuracy  and  response  in  regulating  the  fourth  line  pressure  PI  4  used  for 

25  controlling  the  back  pressures  of  the  accumulators  340,  342,  as  compared  with  the  first  embodiment  using 
the  solenoid-operated  valve  346  which  is  turned  on  and  off  with  a  controlled  duty  cycle. 

Further,  the  present  embodiment  is  adapted  such  that  a  failure  of  the  linear  solenoid-operated  valve  500 
due  to  an  electrical  defect  simply  causes  the  second  line  pressure  PI  2  to  be  equal  to  the  value  Pmec, 
permitting  a  normal  continuing  run  of  the  vehicle  with  the  CVT  14  operating  without  slipping  of  the  belt  44. 

30  Referring  to  the  flow  chart  of  Fig.  47,  there  is  illustrated  a  modification  of  step  S13  of  Fig.  41  of  the 
preceding  embodiment.  Namely,  the  embodiment  of  Fig.  47  is  adapted  to  execute  steps  SS13-1  and  SS13- 
2.  In  step  SS13-2,  the  pilot  pressure  PsolL  is  calculated  according  to  the  following  equation  (26): 

PsolL  =  K1  «C8  (Pmec'  -  Popt)  (26) 
35 

The  above  equation  (26)  is  different  from  the  above  equation  (25)  used  in  step  SS13  of  Fig.  41,  in  that 
the  pressure  PsolL  according  to  the  equation  (26)  is  obtained  by  multiplying  the  right  member  of  the 
equation  (25)  by  a  negative-torque  compensation  constant  or  factor  K1  . 

Step  SS13-2  is  preceded  by  step  SS13-1  to  calculate  the  negative-torque  compensation  factor  K1, 
40  based  on  the  calculated  input  torque  Tin,  according  to  a  predetermined  stored  relationship  as  indicated  in 

the  block  of  the  step.  According  to  this  relationship,  the  factor  K1  is  "0"  when  the  input  torque  Tin  is 
negative,  and  "1  "  when  the  input  torque  Tin  is  larger  than  a  predetermined  positive  value  Ta.  The  factor  K1 
increases  from  "0"  to  "1  "  as  the  input  torque  Tin  increases  from  "0"  to  the  predetermined  positive  value 
Ta.  Accordingly,  the  pilot  pressure  PsolL  for  reducing  the  second  line  pressure  PI  2  is  the  same  as 

45  calculated  in  step  SS13  of  the  preceding  embodiment  of  Fig.  41  if  the  input  torque  Tin  is  equal  to  or  larger 
than  the  predetermined  value  Ta.  If  the  input  torque  Tin  is  a  negative  value,  the  pilot  pressure  PsolL  is  zero 
whereby  the  second  line  pressure  PI  2  is  not  lowered  from  and  the  same  as  the  basic  output  torque  Pmec 
indicated  in  solid  lines  in  Fig.  21.  If  the  input  torque  Tin  is  between  "0"  and  the  predetermined  positive 
value  Ta,  the  pilot  pressure  PsolL  increases  from  zero  with  an  increase  in  the  input  torque  Tin. 

50  In  the  present  embodiment  of  Fig.  47,  the  second  line  pressure  PI  2  is  raised  from  the  relatively  low 
optimum  value  Popt  to  the  relatively  high  basic  output  pressure  Pmec,  when  the  input  torque  Tin  is  a 
negative  value,  for  example,  when  the  vehicle  is  running  with  engine  brake  applied  to  the  vehicle. 
Consequently,  the  present  arrangement  is  effective  to  prevent  slipping  of  the  belt  44  which  would  otherwise 
tend  to  occur  more  easily  during  a  negative-torque  running  of  the  vehicle.  In  this  respect,  it  is  noted  that  the 

55  thrust  force  W  (Tin)  necessary  to  prevent  slipping  of  the  belt  44  is  constant  irrespective  of  the  positive  or 
negative  value  of  the  input  torque  Tin,  while  the  thrust  ratio  Wout/Win  of  the  hydraulic  cylinders  54,  56  to 
maintain  the  speed  ratio  "r"  during  the  negative-torque  running  of  the  vehicle  should  be  larger  than  in  the 
positive-torque  running  and  larger  than  "1  ".  Accordingly,  the  thrust  force  Win  of  the  first  hydraulic  cylinder 
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54  should  be  larger  than  the  thrust  force  Wout  of  the  second  hydraulic  cylinder  56  during  the  negative- 
torque  running.  Consequently,  the  thrust  force  Wout  tends  to  be  smaller  than  the  above-indicated  thrust 
force  W  (Tin)  during  the  negative-torque  running.  This  phenomenon  requires  the  second  line  pressure  PI  2 
to  be  higher  as  indicated  in  solid  lines  in  Fig.  48  when  the  input  torque  Tin  is  negative  than  when  the  input 

5  torque  Tin  is  positive.  However,  the  absolute  value  |Tin|  tends  to  fluctuate  as  indicated  in  dashed  lines  in 
Fig.  48.  To  absorb  this  fluctuation,  the  second  line  pressure  PI  2  (=  Pmec)  is  regulated  as  indicated  in  one- 
dot  chain  lines  in  Fig.  48  according  to  the  present  arrangement.  The  minimum  or  lowest  value  indicated  in 
the  one-dot  chain  line  corresponds  to  the  predetermined  positive  value  Ta  of  the  input  torque  Tin.  After  the 
input  torque  Tin  has  been  lowered  to  the  predetermined  positive  value  Ta,  the  negative-torque  compensa- 

io  tion  factor  K1  is  reduced  from  "1"  toward  "0",  to  raise  the  second  line  pressure  PI2  from  the  optimum 
value  Popt  toward  the  basic  output  pressure  Pmec. 

Referring  to  Fig.  49,  there  are  shown  steps  SS6-1  through  SS6-4  which  are  executed  in  place  of  step 
SS6  in  the  embodiment  of  Fig.  41.  In  this  modified  embodiment  of  Fig.  49,  step  SS6-1  is  initially  executed 
to  calculate  a  modified  torque  value  Tc  (y-axis  intercept  torque  value  Tc)  of  the  CVT  14  when  the  input 

is  torque  value  Tin  is  zero.  This  calculation  of  the  modified  torque  value  Tc  is  effected  based  on  the  throttle 
opening  angle  0th,  according  to  a  predetermined  stored  relationship  as  represented  by  a  curve  shown  in 
Fig.  50.  Step  SS6-1  is  followed  by  step  SS6-2  to  calculate  a  positive  torque  value  TA  corresponding  to  a 
minimum  modified  input  torque  Tins,  based  on  the  engine  speed  Ne,  according  to  a  predetermined  stored 
relationship  as  represented  by  a  curve  shown  in  Fig.  51.  While  the  positive  torque  value  TA  may  be  a 

20  constant  value,  it  is  desirable  to  calculate  this  value  according  to  the  curve  of  Fig.  51  so  that  the  modified 
input  torque  value  Tins  to  be  obtained  corresponds  to  the  characteristic  of  the  engine  10.  Then,  the  control 
flow  goes  to  step  SS6-3  to  determine  a  relationship  as  indicated  in  the  block  of  the  step,  based  on  the 
calculated  modified  torque  value  or  y-axis  intercept  torque  value  Tc  and  the  calculated  positive  torque  value 
TA,and  determine  the  modified  input  torque  Tins  based  on  the  currently  calculated  input  torque  Tin.  Step 

25  SS6-3  is  followed  by  step  SS6-4  to  calculate  the  optimum  value  Popt  according  to  the  following  equation 
(27),  which  includes  the  modified  input  torque  Tins  in  place  of  the  value  Tin  of  the  above  equation  (21). 

Popt  =  C1^Tins/Din  -  C2«Nout2  +  AP  (27) 

30  In  the  present  modified  embodiment  of  Fig.  49,  the  optimum  value  Popt  approaches  the  basic  output 
pressure  Pmec  of  the  second  pressure  regulating  valve  102  as  the  input  torque  Tin  decreases  toward  zero, 
whereby  the  slipping  of  the  belt  44  may  be  effectively  prevented  during  the  negative-torque  running  of  the 
vehicle,  as  in  the  embodiment  of  Fig.  47. 

The  embodiment  of  Fig.  49  is  also  advantageous  because  it  permits  compensation  of  the  second  line 
35  pressure  PI  2  for  an  increase  in  the  pressure  of  the  hydraulic  cylinder  56  due  to  the  centrifugal  force  even 

during  the  negative-torque  running.  In  the  embodiment  of  Fig.  47,  the  pilot  pressure  PsolL  is  zero  according 
to  the  equation  (26)  when  the  negative-torque  compensating  factor  K1  is  "0"  during  the  negative-torque 
running,  whereby  the  compensation  for  the  centrifugal  pressure  increase  cannot  be  effected,  although  it  is 
necessary  during  a  high-speed  running  of  the  vehicle  with  an  engine  brake  applied  thereto. 

40  Referring  next  to  Fig.  52,  there  are  illustrated  steps  SS13-11  and  SS13-12  which  are  executed  in  place 
of  step  SS13  of  Fig.  41.  In  this  embodiment,  step  SS13-11  is  implemented  to  determine  a  factor  based  on 
the  duty  cycle  of  the  second  solenoid-operated  valve  268,  according  to  a  predetermined  stored  relationship 
as  indicated  in  solid  line  in  the  block  of  the  step  in  Fig.  52.  Then,  the  control  flow  goes  to  step  SS13-12  to 
calculate  the  pilot  pressure  PsolL  of  the  linear  solenoid-valve  500  according  to  the  following  equation  (28): 

45 
PsolL  =  K2.C8.(Pmec'  -  Popt)  (28) 

where,  C8  is  a  constant. 
Since  the  duty  cycle  of  the  second  solenoid-operated  valve  268  determines  the  position  of  the  valve 

50  spool  of  the  flow  control  valve  264  between  the  fully  open  and  fully  closed  positions,  that  is,  the  rate  of  flow 
of  the  fluid  through  the  flow  control  valve  264,  the  above  relationship  used  to  determine  the  factor  K2 
changes  the  factor  K2  with  a  change  in  the  speed  of  shifting  of  the  CVT  14.  When  the  CVT  14  is  shifted 
down  or  up  at  a  relatively  low  rate,  the  factor  K2  is  determined  to  be  "1  ".  The  factor  K2  decreases  from  "1  " 
toward  "0"  as  the  shifting  speed  of  the  CVT  14  increases. 

55  In  the  present  embodiment  of  Fig.  52,  the  factor  K2  is  determined  in  step  SS13-1  so  that  the  factor  K2 
decreases  with  an  increase  in  the  shift-up  or  shift-down  speed  of  the  CVT  14.  As  a  result,  the  pilot  pressure 
PsolL  (equivalent  to  an  amount  by  which  the  basic  output  pressure  Pmec  is  lowered  to  obtain  the  second 
line  pressure  PI  2)  to  be  generated  by  the  linear  solenoid-operated  valve  500  according  to  the  above 
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equation  (28)  is  reduced  as  the  shifting  speed  of  the  CVT  14  increases.  Accordingly,  the  second  line 
pressure  PI  2  increases  with  an  increase  in  the  CVT  shifting  speed.  If  the  factor  K2  is  "0",  for  example,  the 
pilot  pressure  PsolL  is  zero,  and  the  second  line  pressure  PI  2  is  equal  to  the  basic  output  pressure  Pmec 
and  is  not  lowered  to  the  optimum  value  Popt.  In  this  respect,  it  is  noted  that  during  a  shifting  action  of  the 

5  CVT  14,  the  equilibrium  of  the  thrust  forces  of  the  first  and  second  hydraulic  cylinders  54,  56  tends  to  be 
lost,  making  it  difficult  to  suitably  regulate  the  tension  of  the  belt  44,  whereby  the  regulation  of  the;  second 
line  pressure  PI  2  so  as  to  coincide  with  the  calculated  optimum  pressure  Popt  is  not  significant.  Rather,  it 
is  desirable  to  reduce  the  pilot  pressure  PsolL  to  increase  the  second  line  pressure  PI  2  with  respect  to  the 
optimum  value  Popt,  so  that  the  difference  between  the  basic  output  pressure  Pmec  and  the  optimum  value 

io  Popt  is  effectively  utilized  as  an  extra  pressure  for  adding  an  extra  tension  to  the  belt  44  of  the  CVT  14 
prior  to  the  initiation  of  a  shifting  action  of  the  CVT,  for  preventing  slipping  of  the  belt  44.  The  timing  chart 
of  Fig.  53  shows  that  the  second  line  pressure  PI  2  is  increased  prior  to  the  shifting  action  of  the  CVT  14. 
Namely,  the  duty  cycle  of  the  second  solenoid-operated  valve  268  is  initially  determined  to  command  the 
CVT  14  to  be  shifted  and  at  the  same  time  determine  the  factor  K2  and  calculate  the  pilot  pressure  PsolL  of 

is  the  linear  solenoid-operated  valve  500  (steps  SS13-11  and  SS13-12).  The  second  pressure  regulating  valve 
102  is  operated  according  to  the  calculated  PsolL  so  that  the  second  line  pressure  PI  2  has  been  increased 
before  the  CVT  14  is  shifted  with  a  change  in  the  rate  of  flow  of  the  fluid  through  the  flow  control  valve  264. 
According  to  this  arrangement,  the  second  line  pressure  PI  2  is  increased  above  the  optimum  value  Popt 
suitable  for  the  input  torque  Tin,  as  indicated  in  Fig.  54,  even  when  the  input  torque  Tin  rapidly  increases. 

20  The  timing  chart  of  Fig.  55  shows  a  conventional  manner  of  regulating  the  second  line  pressure  PI  when 
the  CVT  14  is  shifted.  Described  more  specifically,  the  input  torque  Tin  and  the  desired  or  optimum 
pressure  Popt  are  successively  calculated  based  on  a  change  in  the  engine  speed  Ne  which  arises  from  an 
actual  shifting  action  of  the  CVT  14.  The  second  line  pressure  PI  2  is  regulated  by  the  second  pressure 
regulating  valve  102  so  that  the  pressure  PI  2  coincides  with  the  optimum  value  Popt.  This  conventional 

25  arrangement  inevitably  suffers  from  a  time  delay  between  the  change  in  the  input  torque  Tin  and  the  actual 
change  or  increase  in  the  second  line  pressure  PI  2,  whereby  the  belt  44  tends  to  be  slip  due  to  an  inertial 
torque.  To  solve  this  drawback,  a  relatively  large  extra  pressure  should  be  added  to  the  second  line 
pressure  PI  2,  as  indicated  in  Fig.  56,  leading  to  a  power  loss  of  the  hydraulic  power  source. 

Referring  to  Fig.  57,  there  are  shown  steps  SS6-11  through  SS6-14  which  are  executed  in  place  of  step 
30  SS6  of  the  embodiment  of  Fig.  41.  In  this  embodiment,  step  SS6-11  is  implemented  to  determine  an  inertial 

torque  value  Tc  of  the  CVT  14,  based  on  the  throttle  opening  angle  0th,  according  to  a  predetermined 
relationship.  This  inertial  torque  value  Tc  is  a  sum  of  the  nominal  input  torque  Tin  and  an  extra  value  due  to 
the  inertia  upon  rapid  shifting  of  the  CVT  14.  Then,  step  SS6-12  is  executed  to  determine  a  factor  K2, 
based  on  the  duty  cycle  of  the  second  solenoid-operated  valve  268,  according  to  a  predetermined  stored 

35  relationship  as  indicated  in  solid  line  in  the  block  of  the  step  in  Fig.  57.  Then,  the  control  flow  goes  to  step 
SS6-13  to  calculate  a  modified  torque  value  Tins  for  calculating  the  optimum  pressure  Popt,  according  to 
the  following  equation  (29): 

Tins  =  Tc  -  K2«(Tc  -  Tin)  (29) 
40 

Since  the  duty  cycle  of  the  second  solenoid-operated  valve  268  determines  the  position  of  the  valve 
spool  of  the  flow  control  valve  264  between  the  fully  open  and  fully  closed  positions,  that  is,  the  rate  of  flow 
of  the  fluid  through  the  flow  control  valve  264,  the  above  relationship  used  to  determine  the  factor  K2  in 
step  SS6-12  is  formulated  to  change  the  factor  K2  with  a  change  in  the  speed  of  shifting  of  the  CVT  14,  like 

45  the  factor  K2  in  step  SS13-11  of  the  preceding  embodiment.  When  the  CVT  14  is  shifted  down  or  up  at  a 
relatively  low  rate,  the  factor  K2  is  determined  to  be  "1  ".  The  factor  K2  decreases  from  "1  "  toward  "0"  as 
the  shifting  speed  of  the  CVT  14  increases. 

The  inertial  torque  value  Tc  is  a  tentatively  determined  input  torque  value  corresponding  to  the  second 
line  pressure  PI  2  suitable  for  tensioning  the  belt  44  when  the  input  torque  Tin  rapidly  changes.  The  right 

50  member  of  the  above  equation  (29)  is  equal  to  the  nominal  input  torque  Tin  when  the  factor  K2  is  "1  "  (when 
the  shifting  speed  of  the  CVT  14  is  relatively  low),  and  is  equal  to  the  inertial  torque  value  Tc  when  the 
factor  K2  is  "0"  (when  the  shifting  speed  of  the  CVT  14  is  relatively  high).  Step  SS6-13  is  followed  by  step 
SS6-14  to  calculate  the  optimum  pressure  Popt  according  to  the  following  equation  (30): 

55  Popt  =  C1  'Tins/Din  -  C2«Nout2  +  AP  (30) 

In  the  present  embodiment  of  Fig.  57,  the  optimum  value  Popt  is  adjusted  depending  upon  the  duty 
cycle  of  the  second  solenoid-operated  valve  268  which  controls  the  shifting  speed  of  the  CVT  14.  As  in  the 
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embodiment  of  Fig.  52,  the  second  line  pressure  PI  2  is  increased  before  the  input  torque  of  the  CVT  14  is 
changed.  It  is  also  noted  that  only  the  first  term  of  the  right  member  of  the  above  equation  (30)  is  changed 
with  the  factor  K2,  while  the  second  term  is  not  changed  with  the  factor  K2.  This  arrangement  permits 
suitable  compensation  of  the  second  line  pressure  PI  2  for  a  centrifugal  increase  in  the  pressure  in  the 

5  hydraulic  cylinder  56  during  a  running  of  the  vehicle  at  a  relatively  high  speed. 
Referring  to  Fig.  58,  there  are  shown  steps  SS6-21  and  SS6-22  which  are  executed  in  place  of  steps 

SS6-11,  SS6-12  and  SS6-13  of  the  preceding  embodiment  of  Fig.  57.  In  this  embodiment,  step  SS6-21  is 
implemented  to  determine  an  extra  torque  value  Tina  based  on  the  duty  cycle  of  the  second  solenoid- 
operated  valve  268,  according  to  a  predetermined  stored  relationship  as  indicated  in  the  block  of  the  step  in 

io  Fig.  58.  Then,  step  SS6-22  is  implemented  to  calculate  a  modified  torque  value  Tins,  according  to  the 
following  equation  (31): 

Tins  =  Tin  +  Tina  (31) 

is  The  relationship  used  in  step  SS6-21  is  determined  such  that  the  extra  torque  value  Tina  changes  with 
the  shifting  speed  of  the  CVT  14  which  is  determined  by  the  duty  cycle  of  the  second  solenoid-operated 
valve  268.  More  particularly,  the  extra  torque  value  Tina  is  equal  to  "0"  when  the  shifting  speed  is  lower 
than  a  predetermined  value,  and  increases  from  "0"  to  a  predetermined  maximum  with  an  increase  in  the 
shifting  speed  of  the  CVT  14  to  the  maximum  value.  The  maximum  of  the  extra  torque  value  Tina  is 

20  determined  such  that  the  optimum  pressure  Popt  calculated  according  to  the  above  equation  (30)  is  equal 
to  the  basic  output  pressure  Pmec  when  the  maximum  Tina  is  added  to  the  calculated  nominal  input  torque 
Tin  according  to  the  above  equation  (31).  The  determined  extra  torque  value  Tina  is  used  in  step  SS6-22 
for  calculating  the  modified  torque  value  Tins  according  to  the  equation  (31).  Step  SS6-14  is  then  executed 
to  calculate  the  optimum  pressure  Popt  according  to  the  equation  (30). 

25  In  the  present  embodiment  of  Fig.  58,  too,  the  optimum  pressure  Popt  is  adjusted  depending  upon  the 
duty  cycle  of  the  second  solenoid-operated  value  268  which  determines  the  shifting  speed  of  the  CVT  14. 
In  the  above  equation  (30),  only  the  first  term  of  the  right  member  is  changed  with  the  determined  extra 
torque  value  Tina.  Thus,  the  present  embodiment  provides  the  same  effect  as  the  preceding  embodiment  of 
Fig.  57. 

30  Steps  SS13-11  and  SS13-12  may  be  replaced  by  steps  SS13-21  and  SS13-22  as  shown  in  Fig.  59.  In 
this  modified  embodiment  of  Fig.  59,  step  SS13-21  is  executed  to  determine  a  factor  K3  based  on  a 
deceleration  value  G  of  the  vehicle,  according  to  a  predetermined  stored  relationship  as  indicated  in  the 
block  of  the  step  in  Fig.  59.  Step  SS13-21  is  followed  by  step  SS13-22  to  calculate  the  pilot  pressure  PsolL 
of  the  linear  solenoid-operated  valve  500  according  to  the  following  equation  (32): 

35 
PsolL  =  K3«C8  (Pmec'  -  Popt)  (32) 

The  above  relationship  used  in  step  SS13-21  is  determined  to  change  the  factor  K3  depending  upon 
the  currently  determined  deceleration  value  G  of  the  vehicle.  More  specifically,  the  factor  K3  is  "1  "  when 

40  the  deceleration  value  G  is  lower  than  a  predetermined  value,  and  linearly  decreases  from  "1  "  toward  "0" 
as  the  deceleration  value  G  increases. 

In  the  present  embodiment  of  Fig.  59,  the  factor  K3  decreases  with  an  increase  in  the  vehicle 
deceleration  value  G,  so  that  the  pilot  pressure  PsolL  (amount  of  reduction  of  the  second  line  pressure  PI  2 
from  the  basic  output  pressure  Pmec)  of  the  linear  solenoid-operated  valve  500,  whereby  the  second  line 

45  pressure  PI  2  is  increased  with  an  increase  in  the  deceleration  value  G.  This  manner  of  increasing  the 
second  line  pressure  PI  2  is  also  effective  in  preventing  slipping  of  the  belt  44  even  when  the  input  torque 
Tin  of  the  CVT  14  is  rapidly  increased  due  to  an  inertial  torque  in  the  event  of  an  abrupt  stop  of  the  vehicle 
or  locking  of  the  vehicle  wheels  (24)  on  the  road  surface.  It  is  noted  that  steps  SS13-21  and  SS13-22  may 
be  executed  in  addition  to  steps  SS13-11  and  SS13-12.  In  this  case,  the  pilot  pressure  PsolL  is  calculated 

50  according  to  the  following  equation  (33): 

PsolL  =  K2.K3«C8  (Pmec'  -  Popt)  (33) 

Referring  to  Fig.  60,  there  are  shown  steps  SS6-32  and  SS6-33  which  are  executed  in  place  of  steps 
55  SS6-12  and  SS6-13  of  the  embodiment  of  Fig.  57.  In  this  embodiment,  step  SS6-32  is  implemented  to 

determine  a  factor  K3  based  on  a  currently  detected  deceleration  value  G  of  the  vehicle,  according  to  a 
predetermined  relationship.  Then,  step  SS6-33  is  executed  to  calculate  a  modified  torque  value  Tins  for 
calculating  the  optimum  pressure  Popt,  according  to  the  following  equation  (34): 
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Tins  =  Tc  -  K3«(Tc  -  Tin)  (34) 

The  relationship  used  in  step  S6-32  is  similar  to  that  used  in  step  SS13-21  of  the  embodiment  of  Fig. 
5  59. 

In  the  present  embodiment  of  Fig.  60,  the  modified  torque  value  Tins  calculated  in  step  SS6-33  and  the 
optimum  value  Popt  calculated  in  step  SS6-14  are  increased  depending  upon  the  deceleration  value  G  of 
the  vehicle.  This  arrangement  provides  the  same  advantage  as  the  embodiment  of  Fig.  59.  It  is  noted  that 
steps  SS6-32  and  SS6-33  may  be  implemented  in  addition  to  steps  SS6-12  and  SS6-13  of  Fig.  57.  In  this 

io  case,  the  modified  torque  value  Tins  is  calculated  according  to  the  following  equation  (35): 

Tins  =  Tc  -  K2«K3«(Tc  -  Tin)  (35) 

Referring  to  Fig.  61,  there  are  shown  steps  SS6-41  and  SS6-42  which  are  executed  in  place  of  steps 
is  SS6-21  and  SS6-22  of  the  embodiment  of  Fig.  58.  In  this  embodiment,  step  SS6-41  is  implemented  to 

determine  an  extra  torque  value  Tinb  based  on  the  currently  detected  deceleration  value  G  of  the  vehicle, 
according  to  a  predetermined  stored  relationship  as  indicated  in  the  block  of  the  step  in  Fig.  61.  Then,  step 
SS6-42  is  implemented  to  calculate  a  modified  torque  value  Tins,  according  to  the  following  equation  (36): 

20  Tins  =  Tin  +  Tinb  (36) 

The  relationship  used  in  step  SS6-41  is  determined  such  that  the  extra  torque  value  Tinb  changes  with 
the  shifting  speed  of  the  CVT  14  which  is  determined  by  the  deceleration  value  G  of  the  vehicle.  More 
particularly,  the  extra  torque  value  Tinb  is  equal  to  "0"  when  the  deceleration  value  G  is  lower  than  a 

25  predetermined  value,  and  increases  from  "0"  to  a  predetermined  maximum  with  an  increase  in  the 
deceleration  value  G  to  the  maximum  value.  The  maximum  of  the  extra  torque  value  Tinb  is  determined 
such  that  the  optimum  pressure  Popt  calculated  according  to  the  above  equation  (30)  is  equal  to  the  basic 
output  pressure  Pmec  when  the  maximum  Tinb  is  added  to  the  calculated  nominal  input  torque  Tin 
according  to  the  above  equation  (36).  The  determined  extra  torque  value  Tinb  is  used  in  step  SS6-42  for 

30  calculating  the  modified  torque  value  Tins  according  to  the  equation  (36).  Step  SS6-14  is  then  executed  to 
calculate  the  optimum  pressure  Popt  according  to  the  equation  (30). 

Like  the  embodiments  of  Figs.  59  and  60,  the  present  embodiment  of  Fig.  61  is  adapted  to  adjust  the 
optimum  pressure  Popt  depending  upon  the  deceleration  value  G  of  the  vehicle.  It  is  noted  that  steps  SS6- 
41  and  SS6-42  may  be  implemented  in  addition  to  steps  SS6-21  and  SS6-22  of  Fig.  58.  In  this  case,  the 

35  modified  torque  value  Tins  is  calculated  according  to  the  following  equation  (37): 

Tins  =  Tin  +  Tina  +  Tinb  (37) 

While  the  present  invention  has  been  described  in  its  presently  preferred  embodiments  by  reference  to 
40  the  accompanying  drawings,  it  is  to  be  understood  that  the  invention  may  be  otherwise  embodied,  without 

departing  from  the  spirit  of  the  invention. 
For  example,  the  routine  for  determining  the  drive  signal  lsol4  applied  to  the  fourth  solenoid-operated 

valve  346  of  Fig.  2  may  be  replaced  by  a  routine  as  illustrated  in  Fig.  62.  In  this  modified  routine,  step  S7- 
10  is  initially  implemented  to  determine  whether  the  BRAKE  switch  472  is  ON  or  not.  If  the  switch  472  is 

45  not  ON,  step  S7-11  is  executed  to  implement  steps  S7-1  through  S7-6  of  the  routine  of  Fig.  28  for 
determining  the  drive  signal  lsol4.  Step  S7-11  is  followed  by  step  S7-13  to  apply  the  determined  drive 
signal  lsol4  to  the  solenoid-operated  valve  346.  If  the  BRAKE  switch  472  is  ON,  step  S7-10  is  followed  by 
step  S7-12  to  turn  off  the  drive  signal  lsol4,  namely,  to  zero  the  level  of  the  drive  signal  lsol4,  so  that  the 
duty  cycle  Ds4  of  the  valve  346  is  zero.  According  to  this  arrangement,  the  pilot  pressure  Psol4  is  zeroed 

50  with  the  drive  signal  lsol4  turned  off,  to  regulate  the  second  line  pressure  PI  2  to  be  equal  to  the  basic 
output  pressure  Pmec,  when  the  BRAKE  switch  472  is  turned  ON,  viz.,  when  brake  is  applied  to  the  vehicle. 
Accordingly,  the  second  line  pressure  PI  2  is  increased  to  prevent  slipping  of  the  belt  44  when  the  vehicle 
is  abruptly  braked  or  when  the  wheels  (24)  of  the  vehicle  are  locked  on  the  road  surface. 

In  step  S5-1  of  the  embodiment  of  Fig.  22,  the  speed  ratio  "r"  of  the  CVT  14  is  calculated  based  on  the 
55  speeds  Nin  and  Nout  of  the  input  and  output  shafts  30,  38  detected  by  the  sensors  464,  466,  the  speed 

ratio  "r"  may  be  determined  based  on  output  signals  from  sensors  for  detecting  the  axial  position  of  the 
axially  movable  rotor  50  or  52. 
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In  the  illustrated  embodiments,  the  THROTTLE  pressure  Pth  produced  by  the  throttle  sensing  valve  180 
which  detects  the  throttle  opening  angle  0th  is  used  as  a  pressure  representative  of  the  currently  required 
output  of  the  engine  10.  Where  the  hydraulic  control  apparatus  of  the  invention  is  used  for  a  vehicle  having 
a  diesel  engine  without  a  throttle  valve,  the  pressure  Pth  may  be  replaced  by  a  pressure  which  represents 

5  an  amount  corresponding  to  an  amount  of  operation  of  the  accelerator  pedal  478  of  the  vehicle.  In  this  case, 
the  cam  184  is  mechanically  linked  with  the  accelerator  pedal  478,  so  that  the  cam  184  is  rotated  as  the 
pedal  is  depressed. 

While  the  illustrated  embodiments  use  the  THROTTLE  sensor  468  to  detect  the  throttle  opening  angle 
0th  as  the  output  of  the  engine  10  currently  required  by  the  vehicle  operator,  the  currently  required  output 

io  of  the  engine  10  may  be  represented  by  other  variables  such  as  the  amount  of  operation  of  the  accelerator 
pedal  478  and  an  amount  of  fuel  injection  into  the  engine  10,  which  replace  the  throttle  opening  angle  0th. 

Although  the  first  embodiment  of  Fig.  1  uses  the  fourth  solenoid-operated  valve  346  and  the  flow 
restrictor  344  as  means  for  generating  the  pilot  pressure  Psol4,  this  embodiment  may  also  use  a  linear 
solenoid-operated  valve  like  the  valve  500  used  in  the  embodiment  of  Fig.  36,  which  is  controlled  by  the 

is  electronic  control  device  460  such  that  the  pilot  pressure  is  continuously  changed  by  changing  the 
magnitude  of  an  analog  drive  signal  applied  to  the  solenoid  coil. 

In  the  embodiment  of  Fig.  18,  step  S3  is  provided  to  compensate  the  second  line  pressure  PI  2  for  an 
increase  in  the  pressure  of  the  second  hydraulic  cylinder  56  due  to  the  centrifugal  force  during  rotation  of 
the  cylinder.  However,  this  step  S3  may  be  eliminated,  particularly  for  the  power  transmitting  system  for  a 

20  vehicle  which  is  not  designed  for  running  at  an  extremely  high  speed. 
Step  S4  of  the  embodiment  of  Fig.  18  may  be  modified  such  that  a  suitable  extra  value  is  added  to  the 

optimum  pressure  Popt. 
While  the  illustrated  embodiments  are  adapted  such  that  the  speed  ratio  "r"  of  the  CVT  14  is  controlled 

so  that  the  actually  detected  speed  Nin  of  the  input  shaft  30  coincides  with  a  determined  desired  or  target 
25  speed  Nin*,  it  is  possible  to  control  the  speed  ratio  "r"  so  that  the  actually  detected  speed  ratio  "r" 

coincides  with  a  determined  desired  ratio  "r*",  since  the  speed  ratio  "r"  is  equal  to  Nin/Nout. 

Claims 

30  1.  A  hydraulic  control  apparatus  for  controlling  a  hydraulically  operated  continuously  variable  transmission 
(14)  of  a  motor  vehicle  having  an  engine  (10),  said  transmission  including  a  first  and  a  second  shaft 
(30,38),  a  pair  of  variable-diameter  pulleys  (40,42)  provided  on  said  first  and  second  shafts,  respec- 
tively,  a  transmission  belt  (44)  connecting  the  pair  of  pulleys,  and  a  pair  of  hydraulic  actuators  (54,56) 
for  changing  effective  diameters  of  said  pulleys  for  continuously  variably  changing  a  speed  ratio  (r)  of 

35  the  transmission,  said  hydraulic  control  apparatus  comprising: 
(a)  speed-ratio  determining  means  (460,464,466)  for  determining  a  current  speed  ratio  (r)  of  said 
transmission, 
(b)  engine-output  detecting  means  (468)  for  detecting  a  currently  required  output  value  of  said 
engine  (10), 

40  (c)  a  pressure  regulating  valve  (102)  including  a  valve  spool  (110)  which  operates  depending  upon 
said  current  speed  ratio  and  said  currently  required  output  value,  said  pressure  regulating  valve 
generating  a  belt  tensioning  pressure  (PI  2)  for  controlling  a  tension  of  said  transmission  belt  (44)  at 
a  required  minimum  level  according  to  an  operation  of  said  valve  spool, 
d)  an  electronic  control  device  (460)  including  a  memory  (ROM)  storing  predetermined  values  and 

45  processing  signals  so  as  to  control  elements  of  the  apparatus,  characterized  by  further  comprising: 
(e)  pilot-pressure  generating  means  (344,346;500)  responsive  to  an  electric  signal  (lsol4),  for 
generating  a  pilot  pressure  (Psol4),  PsolL)  to  be  applied  to  said  pressure  regulating  valve  to  modify 
the  position  of  said  valve  spool  (110)  so  as  to  regulate  said  belt  tensioning  pressure;  and 
(f)  said  electronic  control  device  (460)  including  said  memory  (ROM)  storing  a  predetermined 

50  relationship  (Pmec  =  map  (r,  0th))  among  said  current  speed  ratio,  said  currently  required  output 
value  and  a  basic  output  pressure  (Pmec)  of  said  pressure  regulating  valve,  said  electronic  control 
device  including  means  (S5)  for  calculating  said  basic  output  pressure,  based  on  said  current  speed 
ratio  and  said  currently  required  output  value,  according  to  said  predetermined  relationship,  and 
means  (S7)  for  determining  said  electric  signal  to  be  applied  to  said  pilot-pressure  regulating  means 

55  to  thereby  regulate  said  belt  tensioning  pressure,  based  on  the  calculated  basic  output  pressure  and 
an  optimum  value  (Popt)  of  said  belt  tensioning  pressure  (PI  2)  such  that  said  belt  tensioning 
pressure  coincides  with  said  optimum  value. 
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2.  A  hydraulic  control  apparatus  according  to  Claim  1  ,  wherein  said  engine-output  detecting  means  (468) 
detects  said  currently  required  output  value  of  said  engine  (10)  by  detecting  an  amount  of  opening  (0th) 
of  a  throttle  valve  of  said  engine. 

5  3.  A  hydraulic  control  apparatus  according  to  Claim  1,  wherein  said  pilot-pressure  generating  means 
(344,346)  comprises  a  solenoid-operated  valve  (346)  which  is  turned  on  and  off  with  a  controlled  duty 
cycle,  said  electronic  control  device  (460)  determining  said  electric  signal  (lsol4)  such  that  the  pilot 
pressure  (Psol4)  changes  with  the  duty  cycle  (Ds4)  of  said  solenoid-operated  valve. 

io  4.  A  hydraulic  control  apparatus  according  to  any  one  of  claims  1-3,  wherein  said  pressure  regulating 
valve  (102)  has  a  chamber  (136)  which  receives  said  pilot  pressure  (Psol,  PsolL)  and  which  is 
positioned  such  that  said  valve  spool  (110)  receives  said  pilot  pressure  so  that  said  belt  tensioning 
pressure  (PI  2)  decreases  with  an  increase  in  said  pilot  pressure. 

is  5.  A  hydraulic  control  apparatus  according  to  any  one  of  claims  1-4,  further  comprising  means  (182,  196) 
for  generating  a  speed-ratio  pressure  (Pr)  indicative  of  the  speed  ratio  (r)  of  said  transmission  (14),  and 
means  (180)  for  generating  an  engine-output  pressure  (Pth)  indicative  of  the  currently  required  output 
value  of  the  engine  (10),  said  valve  spool  (110)  of  said  pressure  regulating  valve  (102)  receiving  said 
speed-ratio  pressure  and  said  engine-output  pressure  such  that  said  belt  tensioning  pressure  (PI  2) 

20  increases  with  an  increase  in  said  engine-output  pressure  and  decreases  with  an  increase  in  said 
speed-ratio  pressure. 

6.  A  hydraulic  control  apparatus  according  to  claim  5,  wherein  said  electronic  control  device  (460)  further 
includes  means  (464,  468,  S1)  for  determining  an  output  torque  (Te)  of  said  engine  (10)  based  on  a 

25  speed  (Ne)  of  said  engine  and  said  currently  required  output  value,  and  means  (S2-S4)  for  calculating 
said  optimum  value  (Popt)  of  said  belt  tensioning  pressure  (PI  2)  based  on  the  determined  engine 
output  torque  and  said  speed  ratio  (r)  determined  by  said  speed-ratio  determining  means  (460,  464, 
466). 

30  7.  A  hydraulic  control  apparatus  according  to  claim  6,  wherein  said  means  (S2-S4)  for  calculating  said 
optimum  value  (Popt)  includes  means  (S3)  for  calculating  an  amount  of  centrifugal  increase  (Pcfg)  in 
the  pressure  (Pout)  in  one  of  said  pair  of  hydraulic  actuators  (54,  56)  to  which  said  output  torque  (Te)  is 
transmitted  from  the  other  hydraulic  actuator,  said  centrifugal  increase  occurring  due  to  a  centrifugal 
force  produced  during  rotation  of  said  one  hydraulic  actuator,  said  means  (S2-S4)  for  calculating  said 

35  optimum  value  further  based  on  the  calculated  amount  of  centrifugal  increase. 

8.  A  hydraulic  control  apparatus  according  to  claim  6  or  7,  wherein  said  electronic  control  device  (460) 
further  includes  means  (S6)  for  calculating  an  amount  of  reduction  (Pdown)  by  which  said  basic  output 
pressure  (Pmec)  is  lowered  to  said  optimum  value  (Popt)  of  said  belt  tensioning  pressure  (PI  2),  by 

40  subtracting  said  optimum  value  from  said  basic  output  pressure,  said  means  (S7)  for  determining  said 
electric  signal  (Psol4)  determining  said  electric  signal  based  on  said  amount  of  reduction  (Pdown). 

9.  A  hydraulic  control  apparatus  according  to  claim  8,  wherein  said  means  (182,  196)  for  generating  said 
speed-ratio  pressure  (Pr)  includes  a  speed-ratio  sensing  valve  (182)  which  releases  said  belt  tensioning 

45  pressure  (PI  2)  as  said  speed  ratio  (r)  of  said  transmission  (14)  varies. 

10.  A  hydraulic  control  apparatus  according  to  claim  9,  wherein  said  means  (S7)  for  determining  said 
electric  signal  (lsol4)  comprises  means  (S7-1  through  S7-5)  for  selecting  one  of  a  plurality  of  equations 
depending  upon  a  relationship  of  said  speed-ratio  pressure  (Pr)  with  said  basic  output  pressure  (Pmec) 

50  and  said  optimum  value  (Popt),  each  of  said  plurality  of  equations  including  said  amount  of  reduction 
(Pdown)  as  a  term,  said  means  for  determining  said  electric  signal  determining  said  electric  signal 
according  to  the  selected  equation. 

11.  A  hydraulic  control  apparatus  according  to  any  one  of  claims  6-10,  wherein  said  means  (S2-S4)  for 
55  calculating  said  optimum  value  (Popt)  includes  means  (S2-1)  for  determining  whether  the  determined 

engine  output  torque  (Te)  is  negative  or  not,  and  selecting  one  of  two  equations  depending  upon 
whether  the  determined  engine  output  torque  is  negative  or  not,  said  means  for  calculating  said 
optimum  value  calculating  said  optimum  value  according  to  the  selected  equation. 
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12.  A  hydraulic  control  apparatus  according  to  any  one  of  claims  6-11,  wherein  said  electronic  control 
device  (460)  further  includes  means  (S9-1  through  S9-7)  for  adding  a  predetermined  compensation 
value  (AP)  to  said  optimum  value  (Popt)  calculated  by  said  means  (S2-S4)  for  calculating  said  optimum 
value,  when  the  vehicle  is  in  the  process  of  starting. 

5 
13.  A  hydraulic  control  apparatus  according  to  claim  12,  further  comprising  means  (462)  for  detecting  a 

running  speed  (V)  of  the  vehicle,  and  wherein  said  means  (S9-1  through  S9-6)  for  adding  said 
predetermined  compensation  value  (AP)  determines  whether  said  running  speed  is  between  zero  to  a 
predetermined  positive  reference  value  (Vo),  or  not,  to  determine  whether  the  vehicle  is  in  the  process 

io  of  starting. 

14.  A  hydraulic  control  apparatus  according  to  claim  12,  wherein  said  means  (S9-1  and  S9-3  through  S9-7) 
for  adding  said  predetermined  compensation  value  (AP)  determines  whether  said  speed  ratio  (r) 
determined  by  said  speed-ratio  determining  means  (460,  464,  466)  is  between  a  maximum  value  to  a 

is  predetermined  reference  value  (ro),  or  not,  to  determine  whether  the  vehicle  is  in  the  process  of 
starting. 

15.  A  hydraulic  control  apparatus  according  to  claim  1,  wherein  said  pilot-pressure  generating  means 
comprises  a  linear  solenoid-operated  valve  (500)  which  is  activated  with  an  analog  drive  signal  (IsolL) 

20  as  said  electric  signal,  said  electronic  control  device  (460)  determining  said  analog  drive  signal  such 
that  said  pilot  pressure  (PsolL)  changes  with  a  magnitude  of  said  analog  drive  signal. 

16.  A  hydraulic  control  apparatus  according  to  claim  1  or  15,  wherein  said  pressure  regulating  valve  (102) 
has  a  chamber  (136)  which  receives  said  pilot  pressure  (PsolL)  and  which  is  positioned  such  that  said 

25  valve  spool  (110)  receives  said  pilot  pressure  so  that  said  belt  tensioning  pressure  (PI  2)  decreases 
with  an  increase  in  said  pilot  pressure. 

17.  A  hydraulic  control  apparatus  according  to  claim  5,  wherein  said  electronic  control  device  (460)  further 
includes  means  (464,  468,  SS3)  for  determining  an  input  torque  (Tin)  of  said  transmission  (14)  based 

30  on  a  speed  (Ne)  of  said  engine  (10)  and  said  currently  required  output  value,  and  means  (SS5,  SS6)  for 
calculating  said  optimum  value  (Popt)  of  said  belt  tensioning  pressure  (PI  2)  based  on  the  determined 
input  torque  (Tin)  and  said  speed  ratio  (r)  determined  by  said  speed-ratio  determining  means  (460,  464, 
466). 

35  18.  A  hydraulic  control  apparatus  according  to  claim  17,  wherein  said  means  (SS5,  SS6)  for  calculating 
said  optimum  value  (Popt)  comprises  means  (SS6-1)  for  calculating  based  on  said  currently  required 
output  value  an  intercept  torque  value  (Tc)  when  said  currently  determined  input  torque  (Tin)  is  zero, 
means  (SS6-2)  for  calculating  a  positive  torque  value  (TA)  corresponding  to  a  minimum  value  of  a 
modified  input  torque  (Tins),  based  on  said  speed  (Ne)  of  said  engine  (10),  means  (SS6-3)  for 

40  calculating  said  modified  input  torque  (Tins)  based  on  the  currently  determined  input  torque  (Tin), 
according  to  a  predetermined  relationship  between  said  intercept  torque  value  (Tc)  and  said  positive 
torque  value  (TA),  and  means  (SS6-4)  for  calculating  said  optimum  value  (Popt)  of  said  belt  tensioning 
pressure  (PI  2)  by  using  on  the  calculated  modified  input  torque  (Tins)  as  said  currently  determined 
input  torque(Tin). 

45 
19.  A  hydraulic  control  apparatus  according  to  claim  17,  wherein  said  means  (SS5,  SS6)  for  calculating 

said  optimum  value  (Popt)  comprises  means  (SS6-12)  for  determining  a  factor  (K2)  based  on  a  shifting 
speed  of  said  transmission  (14)  such  that  said  factor  is  equal  to  "0"  when  said  shifting  speed  is  higher 
than  a  predetermined  value,  and  is  equal  to  a  positive  value  not  larger  than  "1  "  when  said  shifting 

50  speed  is  equal  to  or  lower  than  said  predetermined  value,  and  further  comprises  means  (SS6-13,  SS6- 
14)  for  determining  said  optimum  value  based  on  the  determined  factor  (K2)  as  well  as  said  determined 
input  torque  (Tin)  and  said  determined  speed  ratio  (r). 

20.  A  hydraulic  control  apparatus  according  to  claim  19,  wherein  said  means  (SS6-13,  SS6-14)  for 
55  determining  a  factor  (K2)  determines  said  factor  such  that  said  factor  increases  from  "0"  to  "1  "  as  said 

shifting  speed  decreases  from  said  predetermined  value  toward  "0". 
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21.  A  hydraulic  control  apparatus  according  to  claim  17,  wherein  said  means  (SS5,  SS6)  for  calculating 
said  optimum  value  (Popt)  comprises  means  (SS6-21)  for  determining  an  extra  torque  value  (Tina) 
based  on  a  shifting  speed  of  said  transmission  (14)  such  that  said  extra  torque  value  increases  from 
"0"  to  a  predetermined  maximum  with  an  increase  in  said  shifting  speed  from  a  predetermined  value, 

5  and  is  equal  to  "0"  when  said  shifting  speed  is  equal  to  or  lower  than  said  predetermined  value,  and 
further  comprises  means  (SS6-22,  SS6-14)  for  determining  said  optimum  value  based  on  the  deter- 
mined  extra  torque  value  (Tina)  as  well  as  said  determined  input  torque  (Tin)  and  said  determined 
speed  ratio  (r). 

io  22.  A  hydraulic  control  apparatus  according  to  claim  21,  wherein  said  predetermined  maximum  of  said 
extra  torque  value  (Tina)  is  determined  such  that  said  extra  optimum  value  (Popt)  is  equal  to  said  basic 
output  pressure  (Pmec). 

23.  A  hydraulic  control  apparatus  according  to  claim  17,  wherein  said  means  (SS5,  SS6)  for  calculating 
is  said  optimum  value  (Popt)  comprises  means  (SS6-32)  for  determining  a  factor  (K3)  based  on  a 

deceleration  value  (G)  of  the  vehicle  such  that  said  factor  is  equal  to  "1  "  when  said  shifting  speed  is 
lower  than  a  predetermined  value,  and  decreases  with  an  increase  in  said  deceleration  value,  and 
further  comprises  means  (SS6-33,  SS6-34)  for  determining  said  optimum  value  based  on  the  deter- 
mined  factor  (K3)  as  well  as  said  determined  input  torque  (Tin)  and  said  determined  speed  ratio  (r). 

20 
24.  A  hydraulic  control  apparatus  according  to  claim  17,  wherein  said  means  (SS5,  SS6)  for  calculating 

said  optimum  value  (Popt)  comprises  means  (SS6-41)  for  determining  an  extra  torque  value  (Tinb) 
based  on  a  deceleration  value  of  the  vehicle  such  that  said  extra  torque  value  is  equal  to  "0"  when  said 
deceleration  value  is  lower  than  a  predetermined  value,  and  increases  from  "0"  to  a  predetermined 

25  maximum  with  an  increase  in  said  deceleration  value  from  said  predetermined  value,  and  further 
comprises  means  (SS6-42,  SS6-14)  for  determining  said  optimum  value  based  on  the  determined  extra 
torque  value  (Tinb)  as  well  as  said  determined  input  torque  (Tin)  and  said  determined  speed  ratio  (r). 

25.  A  hydraulic  control  apparatus  according  to  claim  24,  wherein  said  predetermined  maximum  of  said 
30  extra  torque  value  (Tinb)  is  determined  such  that  said  extra  optimum  value  (Popt)  is  equal  to  said  basic 

output  pressure  (Pmec). 

26.  A  hydraulic  control  apparatus  according  to  claim  10,  wherein  said  means  (S7)  for  determining  said 
electric  signal  (lsol4)  further  comprises  means  (S7-1010)  for  determining  whether  a  brake  is  applied  to 

35  the  vehicle  or  not,  and  means  (S7-12)  for  turning  off  said  electric  signal  when  the  brake  is  applied  to 
the  vehicle. 

27.  A  hydraulic  control  apparatus  according  to  any  one  of  claims  15-18,  wherein  said  means  (182,  196)  for 
generating  said  speed-ratio  pressure  (Pr)  includes  a  speed-ratio  sensing  valve  (18)  which  releases  said 

40  belt  tensioning  pressure  (PI  2)  as  said  speed  ratio  (r)  of  said  transmission  (14)  varies. 

28.  A  hydraulic  control  apparatus  according  to  claim  17,  wherein  said  electronic  control  device  (460)  further 
includes  means  (SS8-SS12)  for  determining  a  modified  basic  output  pressure  (Pmec')  of  said  pressure 
regulating  valve  (102)  as  a  function  of  a  variable  (Pr')  which  is  determined  such  that  said  variable  is 

45  equal  to  said  optimum  value  (Popt)  if  said  optimum  value  is  lower  than  said  speed-ratio  pressure  (Pr), 
and  such  that  said  variable  is  equal  to  said  speed-ratio  pressure  if  said  optimum  value  is  equal  to  or 
higher  than  said  speed-ratio  pressure. 

29.  A  hydraulic  control  apparatus  according  to  claim  28,  wherein  said  electronic  control  device  (460)  further 
50  includes  means  (SS13,  SS14)  for  determining  said  analog  drive  signal  (IsolL)  based  on  a  difference 

(Pmec'  -  Popt)  between  said  modified  basic  output  pressure  (Pmec')  and  said  optimum  value  (Popt). 

30.  A  hydraulic  control  apparatus  according  to  claim  29,  wherein  said  means  (SS13,  SS14)  for  determining 
said  analog  drive  signal  (PsolL)  comprises  means  (SS13)  for  calculating  said  pilot  pressure  (PsolL) 

55  based  on  said  difference  (Pmec'  -  Popt),  and  means  (SS14)  for  calculating  said  analog  drive  signal 
(IsolL)  based  on  the  calculated  pilot  pressure. 
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31.  A  hydraulic  control  apparatus  according  to  claim  30,  wherein  said  means  (SS13)  for  calculating  said 
pilot  pressure  (PsolL)  comprises  means  (SS13-1)  for  determining  a  negative-torque  compensation 
factor  (K1)  depending  upon  said  input  torque  (Tin)  such  that  said  compensation  factor  (K1)  is  equal  to 
"0"  when  said  input  torque  is  a  negative  value,  and  is  equal  to  a  positive  value  not  larger  than  "1  " 

5  when  said  input  torque  is  a  positive  value,  and  further  comprises  means  (SS13-2)  for  determining  said 
pilot  pressure  (PsolL)  based  on  the  determined  compensation  factor  as  well  as  said  difference  (Pmec'  - 
Popt). 

32.  A  hydraulic  control  apparatus  according  to  claim  31,  wherein  said  means  (SS13-1)  for  determining  a 
io  negative-torque  compensation  factor  (K1)  determines  said  compensation  factor  such  that  said  com- 

pensation  factor  increases  from  "0"  to  "1  "  with  an  increase  in  said  input  torque  (Tin)  from  "0"  to  a 
predetermined  positive  value  (Ta). 

33.  A  hydraulic  control  apparatus  according  to  claim  31,  wherein  said  means  (SS13)  for  calculating  said 
is  pilot  pressure  (PsolL)  comprises  means  (SS13-11)  for  determining  a  factor  (K2)  based  on  a  shifting 

speed  of  said  transmission  (14)  such  that  said  factor  is  equal  to  "0"  when  said  shifting  speed  is  higher 
than  a  predetermined  value,  and  is  equal  to  a  positive  value  not  larger  than  "1  "  when  said  shifting 
speed  is  equal  to  or  lower  than  said  predetermined  value,  and  further  comprises  means  (SS13-12)  for 
determining  said  pilot  pressure  (PsolL)  based  on  the  determined  factor  (K2)  as  well  as  said  difference 

20  (Pmec'  -  Popt). 

34.  A  hydraulic  control  apparatus  according  to  claim  33,  wherein  said  means  (SS13-11)  for  determining  a 
factor  (K2)  determines  said  factor  such  that  said  factor  increases  from  "0"  to  "1  "  as  said  shifting  speed 
decreases  from  said  predetermined  value  toward  "0". 

25 
35.  A  hydraulic  control  apparatus  according  to  claim  31,  wherein  said  means  (SS13)  for  calculating  said 

pilot  pressure  (PsolL)  comprises  means  for  determining  a  factor  (K3)  depending  upon  a  deceleration 
value  (G)  of  the  vehicle  such  that  said  factor  (K3)  is  equal  to  "1  "  when  said  deceleration  value  is  lower 
than  a  predetermined  value,  and  decreases  from  "1  "  to  "0"  with  an  increase  in  said  deceleration  value. 

30 
Patentanspruche 

1.  Eine  hydraulische  Steuervorrichtung  zur  Steuerung  eines  hydraulisch  betatigten,  stufenlos  regelbaren 
Getriebes  (14)  eines  einen  Motor  (10)  besitzenden  Kraftfahrzeugs,  wobei  das  besagte  Getriebe  eine 

35  erste  sowie  eine  zweite  Welle  (30,  38),  ein  Paar  von  an  der  genannten  ersten  beziehungsweise  zweiten 
Welle  vorgesehenen  Riemenscheiben  (40,  42)  mit  veranderlichem  Durchmesser,  einen  das  Paar  von 
Riemenscheiben  verbindenden  Ubertragungsriemen  (44)  und  ein  Paar  von  hydraulischen  Stellzylindern 
(54,  56)  zur  Anderung  der  effektiven  Durchmesser  der  erwahnten  Riemenscheiben,  urn  ein  Uberset- 
zungsverhaltnis  (r)  des  Getriebes  stufenlos  regelbar  zu  andern,  enthalt,  die  besagte  hydraulische 

40  Steuervorrichtung  umfaBt: 
(a)  Ubersetzungsverhaltnis-Bestimmungseinrichtungen  (460,  464,  466)  zur  Bestimmung  eines  Ist- 
Ubersetzungsverhaltnisses  (r)  des  besagten  Getriebes, 
(b)  eine  Motorausgangsleistung-Erfassungseinrichtung  (468),  urn  einen  gegenwartig  geforderten 
Ausgangsleistungswert  des  genannten  Motors  (10)  zu  erfassen, 

45  (c)  ein  Druckregelventil  (102),  das  einen  Steuerkolben  (110)  enthalt,  der  in  Abhangigkeit  von  dem 
erwahnten  Ubersetzungsverhaltnis  sowie  von  dem  erwahnten  gegenwartig  geforderten  Ausgangslei- 
stungswert  arbeitet,  wobei  das  genannte  Druckregelventil  einen  Riemenspanndruck  (PI2)  zur  Rege- 
lung  einer  Spannung  des  besagten  Ubertragungsriemens  (44)  mit  einer  geforderten  minimalen  Hohe 
gemaB  einem  Arbeiten  des  genannten  Steuerkolbens  erzeugt, 

50  (d)  ein  elektronisches  Steuergerat  (460),  das  einen  vorbestimmte  Werte  sowie  Verarbeitungssignale 
speichernden  Speicher  (ROM)  enthalt,  urn  Elemente  der  Vorrichtung  zu  steuern, 
(e)  Vorsteuerdruck-Erzeugungseinrichtungen  (344,  346;  500),  die  auf  ein  elektrisches  Signal  (lsol4) 
ansprechen,  urn  einen  an  das  genannte  Druckregelventil  zu  legenden  Vorsteuerdruck  (Psol4)  zum 
Modifizieren  der  Position  des  genannten  Steuerkolbens  (110)  zur  Regelung  der  besagten  Riemen- 

55  spannung  zu  erzeugen;  und  wobei 
(f)  das  erwahnte  elektronische  Steuergerat  (460)  den  genannten  Speicher  (ROM)  enthalt,  der  eine 
vorbestimmte  Beziehung  (Pmec  =  map(r,  0th))  aus  dem  besagten  lst-Ubersetzungsverhaltnis,aus 
dem  erwahnten  gegenwartig  geforderten  Ausgangsleistungswert  und  aus  einem  Basis-Ausgangs- 
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druck  (Pmec)  des  genannten  Druckregelventils  speichert,  wobei  das  erwahnte  elektronische  Steuer- 
gerat  Mittel  (S5)  fur  eine  Berechnung  des  genannten  Basis-Ausgangsdrucks  auf  der  Grundlage  des 
besagten  Ist-Ubersetzungsverhaltnisses  sowie  des  erwahnten  gegenwartig  geforderten  Ausgangslei- 
stungswerts  gemaB  der  besagten  vorbestimmten  Beziehung  und  Mittel  (S7)  fur  eine  Bestimmung 

5  des  besagten,  an  die  erwahnten  Vorsteuerdruck-Regeleinrichtungen  zu  legenden  elektrischen  Si- 
gnals,  urn  dadurch  auf  der  Grundlage  des  berechneten  Basis-Ausgangsdrucks  sowie  eines  optimalen 
Werts  (Popt)  des  besagten  Riemenspanndrucks  (PI2)  den  besagten  Riemenspanndruck  so  zu  regeln, 
dal3  der  besagte  Riemenspanndruck  mit  dem  genannten  optimalen  Wert  ubereinstimmt,  enthalt. 

io  2.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  1  ,  in  welcher  die  genannte  Motorausgangsleistung- 
Erfassungseinrichtung  (468)  den  erwahnten  gegenwartig  geforderten  Ausgangsleistungswert  des  ge- 
nannten  Motors  (10)  erfaBt,  indem  ein  Offnungswert  (0th)  der  Drosselklappe  des  genannten  Motors 
ermittelt  wird. 

is  3.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  1,  in  welcher  die  besagten  Vorsteuerdruck- 
Erzeugungseinrichtungen  (344,  346)  ein  Magnetventil  (346),  das  mit  einem  geregelten  Arbeitszyklus 
ein-  und  ausgeschaltet  wird,  umfassen,  wobei  das  erwahnte  elektronische  Steuergerat  (460)  das 
besagte  elektrische  Signal  (lsol4)  so  bestimmt,  dal3  sich  der  Vorsteuerdruck  (Psol4)  mit  dem  Arbeitszy- 
klus  (Ds4)  des  genannten  Magnetventils  andert. 

20 
4.  Eine  hydraulische  Steuervorrichtung  nach  einem  der  Anspruche  1  -  3,  in  welcher  das  genannte 

Druckregelventil  (102)  eine  Kammer  (136)  besitzt,  die  den  erwahnten  Vorsteuerdruck  (Psol4,  PsolL) 
empfangt  sowie  derart  angeordnet  ist,  dal3  der  genannte  Steuerkolben  (110)  den  erwahnten  Vorsteuer- 
druck  so  empfangt,  damit  der  besagte  Riemenspanndruck  (PI2)  mit  einem  Anstieg  in  dem  erwahnten 

25  Vorsteuerdruck  abnimmt. 

5.  Eine  hydraulische  Steuervorrichtung  nach  einem  der  Anspruche  1  -  4,  die  ferner  Einrichtungen  (182, 
196)  zur  Erzeugung  eines  das  Ubersetzungsverhaltnis  (r)  des  besagten  Getriebes  (14)  kennzeichnen- 
den  Ubersetzungsverhaltnisdrucks  (Pr)  und  Mittel  (180)  zur  Erzeugung  eines  den  gegenwartig  geforder- 

30  ten  Ausgangsleistungswert  des  Motors  (10)  kennzeichnenden  Motorausgangsleistungsdrucks  (Pth) 
umfaBt,  wobei  der  genannte  Steuerkolben  (110)  des  genannten  Druckregelventils  (102)  den  besagten 
Ubersetzungsverhaltnisdruck  sowie  den  besagten  Motorausgangsleistungsdruck  so  empfangt,  dal3  der 
besagte  Riemenspanndruck  (PI2)  mit  einem  Anstieg  in  dem  besagten  Motorausgangsleistungsdruck 
zunimmt  und  mit  einem  Anstieg  im  besagten  Ubersetzungsverhaltnisdruck  abnimmt. 

35 
6.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  5,  in  welcher  das  erwahnte  elektronische  Steuerge- 

rat  (460)  ferner  Einrichtungen  (464,  468,  S1)  zur  Bestimmung  eines  Ausgangsdrehmoments  (Te)  des 
genannten  Motors  (10)  auf  der  Grundlage  einer  Drehzahl  (Ne)  des  genannten  Motors  (10)  sowie  des 
erwahnten  gegenwartig  geforderten  Ausgangsleistungswerts  und  Mittel  (S2  -  S4)  zur  Berechnung  des 

40  genannten  optimalen  Werts  (Popt)  des  besagten  Riemenspanndrucks  (PI2)  auf  der  Grundlage  des 
bestimmten  Motorausgangsdrehmoments  sowie  des  erwahnten,  durch  die  genannten  Ubersetzungsver- 
haltnis-Bestimmungseinrichtungen  (460,  464,  466)  bestimmten  Ubersetzungsverhaltnisses  (r)  umfaBt. 

7.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  6,  in  welcher  die  erwahnten  Mittel  (S2  -  S4)  zur 
45  Berechnung  des  genannten  optimalen  Werts  (Popt)  ein  Mittel  (S3)  zur  Berechnung  eines  zentrifugalen 

Erhohungswerts  (Pcfg)  im  Druck  (Pout)  im  einen  aus  dem  erwahnten  Paar  von  Hydraulikzylindern  (54, 
56),  dem  das  genannte  Ausgangsdrehmoment  (Te)  vom  anderen  Hydraulikzylinder  ubertragen  wird, 
wobei  diese  zentrifugale  Erhohung  aufgrund  einer  wahrend  einer  Drehung  des  genannten  einen 
Hydraulikzylinders  erzeugten  Zentrifugalkraft  auftritt,  enthalt,  wobei  die  erwahnten  Mittel  (S2  -  S4)  zur 

50  Berechnung  des  genannten  optimalen  Werts  auf  dem  berechneten  Wert  einer  zentrifugalen  Erhohung 
basieren. 

8.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  6  oder  7,  in  welcher  das  erwahnte  elektronische 
Steuergerat  (460)  ferner  ein  Mittel  (S6)  zur  Berechnung  eines  Verminderungswerts  (Pdown)  enthalt,  urn 

55  welchen  der  genannte  Basis-Ausgangsdruck  (Pmec)  auf  den  genannten  optimalen  Wert  (Popt)  des 
besagten  Riemenspanndrucks  (PI2)  abgesenkt  wird,  indem  der  genannte  optimale  Wert  von  dem 
genannten  Basis-Ausgangsdruck  subtrahiert  wird,  wobei  das  erwahnte  Mittel  (S7)  zur  Bestimmung  des 
erwahnten  elektrischen  Signals  (Psol4)  auf  dem  besagten  Verminderungswert  (Pdown)  basiert. 
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9.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  8,  in  welcher  die  genannten  Einrichtungen  (182, 
196)  zur  Erzeugung  des  besagten  Ubersetzungsverhaltnisdrucks  (Pr)  ein  Ubersetzungsverhaltnis- 
Sensorventil  (182)  enthalten,  das  den  besagten  Riemenspanndruck  (PI2)  entspannt,  wenn  sich  das 
erwahnte  Ubersetzungsverhaltnis  (r)  des  besagten  Getriebes  (14)  andert. 

5 
10.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  9,  in  welcher  das  erwahnte  Mittel  (S7)  zur 

Bestimmung  des  besagten  elektrischen  Signals  (lsol4)  Mittel  (S7-1  bis  S7-5)  zur  Wahl  von  einer  aus 
einer  Mehrzahl  von  Gleichungen  in  Abhangigkeit  von  einer  Beziehung  des  besagten  Ubersetzungsver- 
haltnisdrucks  (Pr)  mit  dem  genannten  Basis-Ausgangsdruck  (Pmec)  sowie  dem  genannten  optimalen 

io  Wert  (Popt)  umfaBt,  wobei  jede  aus  der  erwahnten  Mehrzahl  von  Gleichungen  den  besagten  Verminde- 
rungswert  (Pdown)  als  ein  Glied  enthalt  und  das  erwahnte  Mittel  zur  Bestimmung  des  besagten 
elektrischen  Signals  dieses  elektrische  Signal  nach  der  gewahlten  Gleichung  bestimmt. 

11.  Eine  hydraulische  Steuervorrichtung  nach  einem  der  Anspruche  6  -  10,  in  welcher  die  erwahnten  Mittel 
is  (S2  -  S4)  zur  Berechnung  des  genannten  optimalen  Werts  (Popt)  Einrichtungen  (S2-1)  zur  Bestimmung, 

ob  das  bestimmte  Motorausgangsdrehmoment  (Te)  negativ  ist  oder  nicht,  enthalten  und  eine  von  zwei 
Gleichungen  in  Abhangigkeit  davon  wahlen,  ob  das  bestimmte  Motorausgangsdrehmoment  negativ  ist 
oder  nicht,  wobei  die  erwahnten  Mittel  zur  Berechnung  des  genannten  optimalen  Werts  diesen 
optimalen  Wert  nach  der  gewahlten  Gleichung  berechnen. 

20 
12.  Eine  hydraulische  Steuervorrichtung  nach  einem  der  Anspruche  6  -  11,  in  welcher  das  erwahnte 

elektronische  Steuergerat  (460)  ferner  Mittel  (S9-1  bis  S9-7)  enthalt,  urn  einen  vorbestimmten  Kompen- 
sationswert  (AP)  zu  dem  genannten,  durch  die  erwahnten  Mittel  (S2  -  S4)  berechneten  optimalen  Wert 
(Popt)  zu  addieren,  wenn  sich  das  Fahrzeug  im  Startvorgang  befindet. 

25 
13.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  12,  die  ferner  eine  Einrichtung  (462)  zur  Ermittlung 

einer  Fahrgeschwindigkeit  (V)  des  Fahrzeugs  umfaBt  und  in  welcher  die  erwahnten  Mittel  (S1  bis  S9) 
zum  Addieren  des  genannten  vorbestimmten  Kompensationswerts  (AP)  bestimmen,  ob  die  besagte 
Fahrgeschwindigkeit  zwischen  Null  bis  zu  einem  vorbestimmten  positiven  Bezugswert  (Vo)  liegt  oder 

30  nicht,  urn  zu  bestimmen,  ob  sich  das  Fahrzeug  im  Startvorgang  befindet. 

14.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  12,  in  welcher  die  erwahnten  Mittel  (S9-1  und  S9-3 
bis  S9-7)  zum  Addieren  des  genannten  vorbestimmten  Kompensationswerts  (AP)  bestimmen,  ob  das 
erwahnte,  durch  die  genannten  Ubersetzungsverhaltnis-Bestimmungseinrichtungen  (460,  464,  466) 

35  bestimmte  Ubersetzungsverhaltnis  (r)  zwischen  einem  Maximalwert  bis  zu  einem  vorbestimmten 
Bezugswert  (ro)  liegt  oder  nicht,  urn  festzulegen,  ob  sich  das  Fahrzeug  im  Startvorgang  befindet. 

15.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  1,  in  welcher  die  besagten  Vorsteuerdruck- 
Erzeugungseinrichtungen  ein  lineares  Magnetventil  (500)  enthalten,  das  mit  einem  analogen  Treibersi- 

40  gnal  (IsolL)  als  dem  besagten  elektrischen  Signal  betrieben  wird,  wobei  das  erwahnte  elektronische 
Steuergerat  (460)  dieses  analoge  Treibersignal  so  bestimmt,  dal3  sich  der  erwahnte  Vorsteuerdruck 
(PsolL)  mit  einem  GroBenwert  dieses  analogen  Antriebssignals  andert. 

16.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  1  oder  15,  in  welcher  das  genannte  Druckregelven- 
45  til  (102)  eine  Kammer  (136)  besitzt,  die  den  erwahnten  Vorsteuerdruck  (PsolL)  empfangt  sowie  so 

angeordnet  ist,  dal3  der  erwahnte  Steuerkolben  (110)  den  erwahnten  Vorsteuerdruck  derart  empfangt, 
damit  sich  der  besagte  Riemenspanndruck  (PI2)  mit  einem  Anstieg  in  dem  erwahnten  Vorsteuerdruck 
vermindert. 

50  17.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  5,  in  welcher  das  erwahnte  elektronische  Steuerge- 
rat  (460)  ferner  Einrichtungen  (464,  468,  SS3)  zur  Bestimmung  eines  Eingangsdrehmoments  (Tin)  des 
besagten  Getriebes  (14)  auf  der  Grundlage  einer  Drehzahl  (Ne)  des  genannten  Motors  (10)  sowie  des 
erwahnten  gegenwartig  geforderten  Ausgangsleistungswerts  und  Mittel  (SS5,  SS6)  zur  Berechnung  des 
genannten  optimalen  Werts  (Popt)  des  besagten  Riemenspanndrucks  (PI2)  auf  der  Grundlage  des 

55  bestimmten  Eingangsdrehmoments  (Tin)  sowie  des  erwahnten,  durch  die  genannten  Ubersetzungsver- 
haltnis-Bestimmungseinrichtungen  (460,  464,  466)  bestimmten  Ubersetzungsverhaltnisses  (r)  enthalt. 
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18.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  17,  in  welcher  die  erwahnten  Mittel  (SS5,  SS6)  zur 
Berechnung  des  genannten  optimalen  Werts  (Popt)  Mittel  (SS6-1),  urn  auf  der  Grundlage  des  erwahn- 
ten  gegenwartig  geforderten  Ausgangsleistungswerts  einen  Schnittpunkt-Drehmomentwert  (Tc)  zu  be- 
rechnen,  wenn  das  erwahnte  bestimmte  Ist-Eingangsdrehmoment  (Tin)  Null  ist,  Mittel  (SS6-2),  urn 

5  einen  einem  minimalen  Wert  eines  modifizierten  Eingangsdrehmoments  (Tins)  entsprechenden  positi- 
ven  Drehmomentwert  (TA)  auf  der  Grundlage  der  besagten  Drehzahl  (Ne)  des  genannten  Motors  (10)  zu 
berechnen,  Mittel  (SS6-3),  urn  das  genannte  modifizierte  Eingangsdrehmoment  (Tins)  auf  der  Grundla- 
ge  des  bestimmten  Ist-Eingangsdrehmoments  (Tin)  gemaB  einer  vorbestimmten  Beziehung  zwischen 
dem  besagten  Schnittpunkt-Drehmomentwert  (Tc)  sowie  dem  genannten  positiven  Drehmomentwert 

io  (TA)  zu  berechnen,  und  Mittel  (SS6-4),  urn  den  genannten  optimalen  Wert  (Popt)  des  besagten 
Riemenspanndrucks  (PI2)  unter  Verwendung  des  berechneten  modifizierten  Eingangsdrehmoments 
(Tins)  als  das  erwahnte  bestimmte  Ist-Eingangsdrehmoment  (Tin)  zu  berechnen,  umfaBt. 

19.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  17,  in  welcher  die  erwahnten  Mittel  (SS5,  SS6)  zur 
is  Berechnung  des  genannten  optimalen  Werts  (Popt)  Mittel  (SS6-12),  urn  auf  der  Grundlage  einer 

Verstellgeschwindigkeit  des  besagten  Getriebes  (14)  einen  Faktor  (K2)  so  zu  bestimmen,  dal3  dieser 
Faktor  gleich  "0"  ist,  wenn  die  genannte  Verstellgeschwindigkeit  hoher  als  ein  vorbestimmter  Wert  ist, 
sowie  gleich  einem  positiven  Wert  nicht  groBer  als  "1  "  ist,  wenn  die  genannte  Verstellgeschwindigkeit 
gleich  dem  oder  geringer  als  der  besagte  vorbestimmte  Wert  ist,  enthalt  und  ferner  Mittel  (SS6-13, 

20  SS6-14),  urn  den  genannten  optimalen  Wert  auf  der  Grundlage  des  bestimmten  Faktors  (K2)  wie  auch 
des  erwahnten  Eingangsdrehmoments  (Tin)  sowie  des  erwahnten  Ubersetzungsverhaltnisses  (r)  festzu- 
setzen,  umfaBt. 

20.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  19,  in  welcher  die  erwahnten  Mittel  (SS6-13,  SS6- 
25  14)  zur  Bestimmung  eines  Faktors  (K2)  diesen  Faktor  so  festsetzen,  dal3  dieser  Faktor  von  "0"  bis  "1" 

anwachst,  wenn  die  genannte  Verstellgeschwindigkeit  von  dem  besagten  vorbestimmten  Wert  zu  "0" 
hin  abnimmt. 

21.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  17,  in  welcher  die  erwahnten  Mittel  (SS5,  SS6)  zur 
30  Berechnung  des  genannten  optimalen  Werts  (Popt)  Mittel  (SS6-21),  urn  einen  Extra-Drehmomentwert 

(Tina)  auf  der  Grundlage  einer  Verstellgeschwindigkeit  des  besagten  Getriebes  (14)  derart  zu  bestimm- 
ten,  dal3  dieser  Extra-Drehmomentwert  von  "0"  zu  einem  vorgegebenen  Maximum  mit  einem  Anstieg  in 
der  genannten  Verstellgeschwindigkeit  von  einem  vorbestimmten  Wert  aus  zunimmt  sowie  gleich  "0" 
ist,  wenn  die  genannte  Verstellgeschwindigkeit  gleich  dem  oder  niedriger  als  der  besagte  vorbestimmte 

35  Wert  ist,  enthalten  sowie  ferner  Mittel  (SS6-22,  SS6-14)  zur  Bestimmung  des  genannten  optimalen 
Werts  auf  der  Grundlage  des  bestimmten  Extra-Drehmomentwerts  (Tina)  wie  auch  des  erwahnten 
Eingangsdrehmoments  (Tin)  und  des  erwahnten  vorbestimmten  Ubersetzungsverhaltnisses  (r)  umfas- 
sen. 

40  22.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  21,  in  welcher  das  genannte  vorgegebene  Maxi- 
mum  des  besagten  Extra-Drehmomentwerts  (Tina)  derart  festgesetzt  wird,  dal3  der  genannte  besondere 
optimale  Wert  (Popt)  gleich  dem  genannten  Basis-Ausgangsdruck  (Pmec)  ist. 

23.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  17,  in  welcher  die  erwahnten  Mittel  (SS5,  SS6)  zur 
45  Berechnung  des  genannten  optimalen  Werts  (Popt)  Mittel  (SS6-32)  zur  Bestimmung  eines  Faktors  (K3) 

auf  der  Grundlage  eines  Verlangsamungsfaktors  (G)  des  Fahrzeugs  derart,  dal3  dieser  Faktor  gleich  "1  " 
ist,  wenn  die  genannte  Verstellgeschwindigkeit  niedriger  als  ein  vorbestimmter  Wert  ist,  und  mit  einem 
Anstieg  in  dem  genannten  Verlangsamungswert  abnimmt,  enthalten  und  ferner  Mittel  (SS6-33,  SS6-34) 
umfassen,  urn  den  genannten  optimalen  Wert  auf  der  Grundlage  des  bestimmten  Faktors  (K3)  wie  auch 

50  des  erwahnten  Eingangsdrehmoments  (Tin)  sowie  des  erwahnten  bestimmten  Ubersetzungsverhaltnis- 
ses  (r)  zu  bestimmen. 

24.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  17,  in  welcher  die  erwahnten  Mittel  (SS5,  SS6)  zur 
Berechnung  des  genannten  optimalen  Werts  (Popt)  Mittel  (SS6-41)  zur  Bestimmung  eines  Extra- 

55  Drehmomentwerts  (Tinb)  auf  der  Grundlage  eines  Verzogerungswerts  des  Fahrzeugs  derart,  dal3  dieser 
Extra-Drehmomentwert  gleich  "0"  ist,  wenn  der  genannte  Verzogerungswert  niedriger  als  ein  vorbe- 
stimmter  Wert  ist,  und  von  "0"  auf  ein  vorbestimmtes  Maximum  mit  einem  Anwachsen  in  dem 
genannten  Verzogerungswert  vom  erwahnten  vorbestimmten  Wert  ansteigt,  enthalten  und  ferner  Mittel 
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(SS6-42,  SS6-14)  umfassen,  um  den  genannten  optimalen  Wert  auf  der  Grundlage  des  bestimmten 
Extra-Drehmomentwerts  (Tinb)  wie  auch  des  erwahnten  bestimmten  Eingangsdrehmoments  (Tin)  sowie 
des  erwahnten  bestimmten  Ubersetzungsverbaltnisses  (r)  festzusetzen. 

5  25.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  24,  in  welcher  das  erwahnte  vorbestimmte  Maxi- 
mum  des  genannten  Extra-Drehmomentwerts  (Tinb)  so  bestimmt  wird,  daB  der  genannte  besondere 
optimale  Wert  (Popt)  gleich  dem  erwahnten  Basis-Ausgangswert  (Pmec)  ist. 

26.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  10,  in  welcher  das  erwahnte  Mittel  (S7)  zur 
io  Bestimmung  des  besagten  elektrischen  Signals  (lsol4)  ferner  Mittel  (S7-10)  zur  Bestimmung,  ob  eine 

Bremse  am  Fahrzeug  angelegt  ist  oder  nicht,  und  Mittel  (S7-12),  um  das  besagte  elektrische  Signal 
abzuschalten,  wenn  die  Bremse  am  Fahrzeug  angelegt  ist,  umfassen. 

27.  Eine  hydraulische  Steuervorrichtung  nach  einem  der  Anspruche  15  -  18,  in  welcher  die  genannten 
is  Einrichtungen  (182,  196)  zur  Erzeugung  des  besagten  Ubersetzungsverhaltnisdrucks  (Pr)  ein  Uberset- 

zungsverhaltnis-Sensorventil  (182)  enthalten,  das  den  besagten  Riemenspanndruck  (PI2)  entspannt, 
wenn  das  erwahnte  Ubersetzungsverhaltnis  (r)  des  genannten  Getriebes  (14)  sich  andert. 

28.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  17,  in  welcher  das  erwahnte  elektronische  Steuer- 
20  gerat  (460)  ferner  Mittel  (SS8  bis  SS12)  enthalt,  um  einen  modifizierten  Basis-Ausgangsdruck  (Pmec') 

des  genannten  Druckregelventils  (102)  als  eine  Funktion  einer  Variablen  (Pr')  zu  bestimmen,  welche  so 
festgesetzt  wird,  daB  die  genannte  Variable  gleich  dem  genannten  optimalen  Wert  (Popt)  ist,  wenn 
dieser  optimale  Wert  niedriger  als  der  besagte  Ubersetzungsverhaltnisdruck  (Pr)  ist,  und  so  festgesetzt 
wird,  daB  diese  Variable  gleich  dem  besagten  Ubersetzungsverhaltnisdruck  ist,  wenn  der  genannte 

25  optimale  Wert  gleich  dem  oder  hoher  als  der  besagte  Ubersetzungsverhaltnisdruck  ist. 

29.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  28,  in  welcher  das  erwahnte  elektronische  Steuer- 
gerat  (460)  ferner  Mittel  (SS13,  SS14)  zur  Bestimmung  des  besagten  analogen  Treibersignals  (IsolL) 
auf  der  Grundlage  einer  Differenz  (Pmec'  -  Popt)  zwischen  dem  genannten  Basis-Ausgangsdruck 

30  (Pmec')  und  dem  genannten  optimalen  Wert  (Popt)  enthalt. 

30.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  29,  in  welcher  die  erwahnten  Mittel  (SS13,  SS14) 
zur  Bestimmung  des  besagten  analogen  Treibersignals  (IsolL)  Mittel  (SS13)  umfassen,  um  den 
erwahnten  Vorsteuerdruck  (PsolL)  auf  der  Grundlage  der  genannten  Differenz  (Pmec'  -  Popt)  zu 

35  berechnen,  und  Mittel  (SS14),  um  das  besagte  analoge  Treibersignal  (IsolL)  auf  der  Grundlage  des 
berechneten  Vorsteuerdrucks  zu  berechnen,  enthalten. 

31.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  30,  in  welcher  die  erwahnten  Mittel  (SS13)  zur 
Berechnung  des  erwahnten  Vorsteuerdrucks  (PsolL)  Mittel  (SS13-1)  zur  Bestimmung  eines  Negativ- 

40  Drehmoment-Kompensationsfaktors  (K1)  in  Abhangigkeit  von  dem  erwahnten  Eingangsdrehmoment 
(Tin)  derart,  daB  dieser  Kompensationsfaktor  (K1)  gleich  "0"  ist,  wenn  das  erwahnte  Eingangsdrehmo- 
ment  ein  negativer  Wert  ist,  und  gleich  einem  positiven  Wert  nicht  groBer  als  "1  "  ist,  wenn  das 
erwahnte  Eingangsdrehmoment  ein  positiver  Wert  ist,  und  ferner  Mittel  (SS13-2),  um  den  erwahnten 
Vorsteuerdruck  (PsolL)  auf  der  Grundlage  des  bestimmten  Kompensationsfaktors  wie  auch  der  genann- 

45  ten  Differenz  (Pmec'  -  Popt)  festzusetzen,  umfassen. 

32.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  31,  in  welcher  die  erwahnten  Mittel  (SS13-1)  zur 
Bestimmung  eines  Negativ-Drehmoment-Kompensationsfaktors  (K1)  diesen  Kompensationsfaktor  so 
bestimmen,  daB  dieser  Kompensationsfaktor  mit  einem  Anstieg  in  dem  erwahnten  Eingangsdrehmo- 

50  ment  (Tin)  von  "0"  zu  einem  vorbestimmten  positiven  Wert  (Ta)  von  "0"  auf  "1  "  anwachst. 

33.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  31,  in  welcher  die  erwahnten  Mittel  (SS13)  zur 
Berechnung  des  erwahnten  Vorsteuerdrucks  (PsolL)  Mittel  (SS13-11)  umfassen,  um  einen  Faktor  (K2) 
auf  der  Grundlage  einer  Verstellgeschwindigkeit  des  besagten  Getriebes  (14)  derart  zu  bestimmen,  daB 

55  dieser  Faktor  gleich  "0"  ist,  wenn  die  genannte  Verstellgeschwindigkeit  hoher  als  ein  vorbestimmter 
Wert  ist,  sowie  gleich  einem  positiven  Wert  nicht  groBer  als  "1  "  ist,  wenn  die  genannte  Verstellge- 
schwindigkeit  gleich  dem  oder  niedriger  als  der  vorbestimmte  Wert  ist,  und  ferner  Mittel  (SS13-12) 
enthalten,  um  den  erwahnten  Vorsteuerdruck  (PsolL)  auf  der  Grundlage  des  bestimmten  Faktors  (K2) 
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wie  auch  der  genannten  Differenz  (Pmec'  -  Popt)  zu  bestimmen. 

34.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  33,  in  welcher  die  erwahnten  Mittel  (SS13-11)  zur 
Bestimmung  eines  Faktors  (K2)  diesen  Faktor  derart  bestimmen,  daB  dieser  Faktor  von  "0"  zu  "1  " 

5  anwachst,  wenn  die  genannte  Verstellgeschwindigkeit  von  dem  erwahnten  vorbestimmten  Wert  zu  "0" 
hin  abnimmt. 

35.  Eine  hydraulische  Steuervorrichtung  nach  Anspruch  31,  in  welcher  die  erwahnten  Mittel  (SS13)  zur 
Berechnung  des  erwahnten  Vorsteuerdrucks  (PsolL)  Mittel  umfassen,  um  einen  Faktor  (K3)  in  Abhan- 

io  gigkeit  von  einem  Verlangsamungswert  (G)  des  Fahrzeugs  derart  zu  bestimmen,  daB  dieser  Faktor  (K3) 
gleich  "1  "  ist,  wenn  der  genannte  Verlangsamungswert  kleiner  als  ein  vorbestimmter  Wert  ist,  und  von 
"1  "  zu  "0"  mit  einem  Anstieg  in  dem  genannten  Verlangsamungswert  abnimmt. 

Revendicatlons 
15 

1.  Un  dispositif  de  commande  hydraulique  pour  commander  une  transmission  a  variation  continue  et  a 
actionnement  hydraulique  (14)  d'un  vehicule  automobile  equipe  d'un  moteur  (10),  ladite  transmission 
comprenant  un  premier  et  un  deuxieme  arbres  (30,  38),  une  paire  de  poulies  a  diametre  variable  (40, 
42)  montees  respectivement  sur  le  premier  et  le  deuxieme  arbres,  une  courroie  de  transmission  (44) 

20  reliant  la  paire  de  poulies  et  une  paire  d'organes  d'actionnement  hydraulique  (54,  56)  pour  faire  varier 
les  diametres  efficaces  desdites  poulies,  pour  faire  varier,  de  fagon  continuellement  variable,  un  rapport 
de  vitesse  (r)  de  la  transmission,  ledit  dispositif  de  commande  hydraulique  comprenant: 

(a)  des  moyens  de  determination  d'un  rapport  de  vitesse  (460,  464,  466)  pour  determiner  un  rapport 
de  vitesse  instantane  (r)  de  ladite  transmission; 

25  (b)  des  moyens  de  detection  de  la  puissance  de  sortie  du  moteur  (468)  pour  detecter  une  valeur  de 
puissance  de  sortie  instantanee  demandee  dudit  moteur  (10); 
(c)  une  valve  de  reglage  de  pression  (102)  comportant  un  tiroir  de  valve  (110)  dont  le  fonctionne- 
ment  depend  dudit  rapport  instantane  de  vitesse  et  de  ladite  valeur  instantanement  demandee,  ladite 
valve  de  reglage  de  pression  generant  une  pression  de  tension  de  courroie  (PI2)  pour  la  commande 

30  de  la  tension  de  ladite  courroie  de  transmission  (44)  a  un  niveau  minimal  exige  en  correspondance 
au  fonctionnement  dudit  tiroir  de  valve; 
(d)  un  dispositif  de  commande  electronique  (460)  comprenant  une  memoire  morte  (ROM)  mettant  en 
memoire  des  valeurs  predetermines  et  traitant  des  signaux  afin  de  commander  des  elements  dudit 
dispositif; 

35  caracterise  en  ce  qu'il  comprend  en  outre: 
(e)  des  moyens  de  generation  de  pression  de  pilotage  (344,  346;  500)  sensibles  a  un  signal 
electrique  (lsol4)  pour  la  generation  d'une  pression  de  pilotage  (Psol4,  PsolL)  a  appliquer  a  ladite 
valve  de  reglage  de  pression  afin  de  modifier  la  position  dudit  tiroir  de  valve  (110)  pour  regler  ladite 
pression  de  tension  de  courroie;  et 

40  (f)  ledit  dispositif  de  commande  electronique  (460)  comprenant  ladite  memoire  morte  (ROM)  mettant 
en  memoire  un  rapport  predetermine  (Pmec  =  carte  (r,  0th))  entre  ledit  rapport  de  vitesse 
instantane,  ladite  valeur  de  sortie  instantanement  demandee  et  une  pression  de  sortie  de  base 
(Pmec)  de  ladite  valve  de  reglage  de  pression,  ledit  dispositif  de  commande  electronique  compor- 
tant  des  moyens  (S5)  pour  calculer  ladite  pression  de  sortie  de  base,  sur  la  base  dudit  rapport  de 

45  vitesse  instantane  et  de  ladite  valeur  de  puissance  de  sortie  instantanee  demandee  en  correspon- 
dance  avec  ledit  rapport  predetermine  et  des  moyens  (S7)  pour  determiner  ledit  signal  electrique  a 
appliquer  auxdits  moyens  de  reglage  de  la  pression  pilote  de  maniere  a  reguler  ladite  pression  de 
tension  de  courroie,  sur  la  base  de  la  pression  de  sortie  de  base  calculee  et  d'une  valeur  optimale 
(Popt)  de  ladite  pression  de  tension  de  courroie  (PI2),  de  telle  sorte  que  ladite  pression  de  tension 

50  de  la  courroie  coincide  avec  ledite  valeur  optimale. 

2.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  1,  dans  lequel  lesdits  moyens  de 
mesure  de  la  puissance  de  sortie  du  moteur  (468)  mesurent  ladite  valeur  de  sortie  instantanee 
demandee  dudit  moteur  (10)  en  mesurant  le  degre  d'ouverture  (0th)  d'une  valve  de  papillon  des  gaz 

55  dudit  moteur. 

3.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  1,  dans  lequel  lesdits  moyens  de 
generation  d'une  pression  de  pilotage  (344,  346)  comprennent  une  electrovalve  (346)  qui  est  excitee  et 
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desexcitee  selon  un  rapport  cyclique  controle,  ledit  dispositif  de  commande  electronique  (460) 
determinant  ledit  signal  electrique  (lsol4)  de  telle  sorte  que  la  pression  de  pilotage  (Psol4)  varie  avec  le 
rapport  cyclique  (Ds4)  de  ladite  electrovalve. 

5  4.  Un  dispositif  de  commande  hydraulique  selon  I'une  quelconque  des  revendications  1  a  3,  dans  lequel 
ladite  valve  de  reglage  de  pression  (102)  comporte  une  chambre  (136)  qui  regoit  ladite  pression  de 
pilotage  (Psol,  PsolL)  et  qui  est  positionnee  de  telle  fagon  que  ledit  tiroir  de  valve  (110)  regoive  ladite 
pression  de  pilotage,  de  sorte  que  ladite  pression  de  tension  de  courroie  (PI2)  diminue  lorsque  ladite 
pression  de  pilotage  augmente. 

10 
5.  Un  dispositif  de  commande  hydraulique  selon  I'une  quelconque  des  revendications  1  a  4,  comprenant 

en  outre  des  moyens  (182,  196)  pour  generer  une  pression  de  rapport  de  vitesse  (Pr)  indicative  du 
rapport  de  vitesse  (r)  de  ladite  transmission  (14)  et  des  moyens  (180)  pour  generer  une  pression  de 
puissance  de  sortie  de  moteur  (Pth)  qui  indique  la  valeur  de  la  puissance  de  sortie  instantanee 

is  demandee  du  moteur  (10),  ledit  tiroir  de  valve  (110)  de  ladite  valve  de  reglage  de  pression  (102) 
recevant  ladite  pression  de  rapport  de  vitesse  et  ladite  pression  de  puissance  de  sortie  de  moteur  de 
telle  fagon  que  ladite  pression  de  tension  de  courroie  (Plz)  augmente  lorsque  ladite  pression  de 
puissance  de  sortie  de  moteur  augmente  et  diminue  lorsque  ladite  pression  de  rapport  de  vitesse 
diminue. 

20 
6.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  5,  dans  lequel  ledit  dispositif  de 

commande  electronique  (460)  comprend  en  outre  des  moyens  (464,  468,  S1)  pour  determiner  un 
couple  de  sortie  (Te)  dudit  moteur  (10)  sur  la  base  d'une  vitesse  (Ne)  dudit  moteur  et  de  ladite  valeur 
de  puissance  de  sortie  instantanee  demandee,  et  des  moyens  (S2  a  S4)  pour  calculer  ladite  valeur 

25  optimale  (Popt)  de  ladite  pression  de  tension  de  courroie  (PI2)  sur  la  base  du  couple  de  sortie  de 
moteur  determine  et  dudit  rapport  de  vitesse  (r)  determine  par  lesdits  moyens  de  determination  de 
rapport  de  vitesse  (460,  464,  466). 

7.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  6,  dans  lequel  lesdits  moyens  (S2  a  S4) 
30  pour  calculer  ladite  valeur  optimale  (Popt)  comprennent  des  moyens  (S3)  pour  calculer  une  grandeur 

d'augmentation  centrifuge  (Pcfg)  de  la  pression  (Pout)  dans  I'un  des  organes  de  ladite  paire  d'organes 
d'actionnement  hydrauliques  (54,  56)  auquel  est  transmis  ledit  couple  de  sortie  (Te)  de  I'autre  organe 
d'actionnement  hydraulique,  ladite  augmentation  centrifuge  se  produisant  du  fait  d'une  force  centrifuge 
generee  lors  de  la  rotation  dudit  organe  d'actionnement  hydraulique,  et  des  moyens  (S2  a  S4)  pour 

35  calculer  ladite  valeur  optimale  basee,  en  outre,  sur  la  valeur  calculee  de  I'augmentation  centrifuge. 

8.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  6  ou  la  revendication  7,  dans  lequel  ledit 
dispositif  de  commande  electronique  (460)  comprend  en  outre  des  moyens  (S6)  pour  calculer  une 
valeur  de  reduction  (Pdown)  grace  a  laquelle  ladite  pression  de  sortie  de  base  (Pmec)  est  reduite  vers 

40  ladite  valeur  optimale  (Popt)  de  ladite  pression  de  tension  de  courroie,  (PI2),  en  soustrayant  ladite 
valeur  optimale  de  ladite  pression  de  sortie  de  base,  lesdits  moyens  (F7)  pour  determiner  ledit  signal 
electrique  (Psol4)  determinant  ledit  signal  electrique  sur  la  base  de  ladite  grandeur  de  reduction 
(Pdown). 

45  9.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  8,  dans  lequel  lesdits  moyens  (182, 
196)  pour  generer  ladite  pression  de  rapport  de  vitesse  (Pr)  comprennent  une  valve  de  detection  de 
rapport  de  vitesse  (182)  qui  fait  diminuer  ladite  pression  de  tension  de  courroie  quand  ledit  rapport  de 
vitesse  (r)  de  ladite  transmission  (14)  varie. 

50  10.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  9,  dans  lequel  lesdits  moyens  (S7)  pour 
determiner  ledit  signal  electrique  (lsol4)  comprennent  des  moyens  (S7-1  a  S7-5)  pour  choisir  I'une 
parmi  une  pluralite  d'equations  en  fonction  de  la  relation  de  ladite  pression  de  rapport  de  vitesse  (Pr) 
avec  ladite  pression  de  sortie  de  base  (Pmec)  et  avec  ladite  valeur  optimale  (Popt),  chacune  parmi 
ladite  pluralite  d'equations  comprenant  ladite  quantite  de  reduction  (Pdown)  comme  I'un  de  ses  termes, 

55  lesdits  moyens  de  determination  dudit  signal  electrique  determinant  ledit  signal  electrique  en  fonction 
de  I'equation  choisie. 
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11.  Un  dispositif  de  commande  hydraulique  selon  I'une  quelconque  des  revendications  6  a  10,  dans  lequel 
lesdits  moyens  (S2-S4)  pour  calculer  ladite  valeur  optimale  (Popt)  comprennent  des  moyens  (S2-1) 
pour  determiner  si  le  couple  determine  de  sortie  du  moteur  (Te)  est  negatif  ou  pas,  et  pour  choisir  I'une 
des  deux  equations  selon  que  le  couple  de  sortie  determine  du  moteur  est  negatif  ou  non,  lesdits 

5  moyens  de  calcul  de  ladite  valeur  optimale  calculant  ladite  valeur  optimale  au  moyen  de  I'equation 
choisie. 

12.  Un  dispositif  de  commande  hydraulique  selon  I'une  quelconque  des  revendications  6  a  11,  dans  lequel 
ledit  dispositif  de  commande  electronique  (460)  comprend  en  outre  des  moyens  (S9-1  a  S9-7)  pour 

io  ajouter  une  valeur  de  compensation  predeterminee  (AP)  a  ladite  valeur  optimale  (Popt)  calculee  par 
lesdits  moyens  (S2  a  S4)  pour  calculer  ladite  valeur  optimale  quand  le  vehicule  est  au  cours  du 
processus  de  demarrage. 

13.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  12,  comprenant  en  outre  des  moyens 
is  (462)  pour  mesurer  une  vitesse  de  roulage  (V)  du  vehicule  et  dans  lequel  lesdits  moyens  (S9-1  a  S9-6) 

pour  ajouter  ladite  valeur  de  compensation  predeterminee  (AP),  determinent  si  ladite  vitesse  de  roulage 
est  comprise  ou  non  entre  zero  et  une  valeur  positive  predeterminee  de  reference  (Vo),  afin  de 
determiner  si  le  vehicule  est  au  cours  du  processus  de  demarrage. 

20  14.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  12,  dans  lequel  lesdits  moyens  (S9-1  et 
S9-3  a  S9-7)  pour  ajouter  ladite  valeur  predeterminee  de  compensation  (AP)  determinent  si  ledit 
rapport  de  vitesse  (r)  determine  par  lesdits  moyens  de  determination  de  rapport  de  vitesse  (460,  464, 
466)  est  compris  ou  non  entre  une  valeur  maximale  et  une  valeur  predeterminee  de  reference  (ro)  pour 
determiner  si  le  vehicule  se  trouve  au  cours  du  processus  de  demarrage. 

25 
15.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  1,  dans  lequel  lesdits  moyens  de 

generation  d'une  pression  de  pilotage  comprennent  une  electrovalve  lineaire  (500)  qui  est  excitee  au 
moyen  d'un  signal  de  pilotage  analogique  (IsolL)  en  tant  que  ledit  signal  electrique,  ledit  dispositif  de 
commande  electronique  (460)  determinant  ledit  signal  analogique  de  pilotage  de  sorte  que  ladite 

30  pression  de  pilotage  PsolL  se  modifie  en  fonction  de  I'amplitude  dudit  signal  de  pilotage  analogique. 

16.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  1  ou  la  revendication  15,  dans  lequel 
ladite  valve  de  reglage  de  pression  (102)  presente  une  chambre  (136)  qui  regoit  ladite  pression  de 
pilotage  (PsolL)  et  qui  est  positionnee  de  telle  fagon  que  ledit  tiroir  de  valve  (110)  regoive  ladite 

35  pression  de  pilotage,  de  sorte  que  ladite  pression  de  tension  de  courroie  (PI2)  diminue  lorsque  ladite 
pression  de  pilotage  augmente. 

17.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  5,  dans  lequel  ledit  dispositif  de 
commande  electronique  (460)  comprend  en  outre  des  moyens  (464,  468,  SS3)  pour  determiner  un 

40  couple  d'entree  (Tin)  de  ladite  transmission  (14)  sur  la  base  d'une  vitesse  (Ne)  dudit  moteur  (10)  et  de 
ladite  valeur  de  puissance  de  sortie  instantanee  demandee,  et  des  moyens  (SS5,  SS6)  pour  calculer 
ladite  valeur  optimale  (Popt)  de  ladite  pression  de  tension  de  courroie  (PI2)  sur  la  base  du  couple 
d'entree  determine  (Tin)  et  dudit  rapport  de  vitesse  (r)  determine  par  lesdits  moyens  de  determination 
de  rapport  de  vitesse  (460,  464,  466). 

45 
18.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  17,  dans  lequel  lesdits  moyens  (SS5, 

SS6)  pour  calculer  ladite  valeur  optimale  (Popt)  comprennent  des  moyens  (SS6-1)  pour  calculer,  sur  la 
base  de  ladite  valeur  de  puissance  de  sortie  instantanee  demandee,  une  valeur  de  couple  d'intercep- 
tion  (Tc)  quand  ledit  couple  d'entree  determine  instantane  (Tin)  est  nul,  des  moyens  (SS6-2)  pour 

50  calculer  une  valeur  positive  de  couple  (TA)  correspondant  a  une  valeur  minimale  d'un  couple  d'entree 
modifie  (Tins),  sur  la  base  de  ladite  vitesse  (Ne)  dudit  moteur  (10),  des  moyens  (SS6-3)  pour  calculer 
ladite  valeur  modifiee  de  couple  d'entree  (Tins)  sur  la  base  du  couple  d'entree  instantane  determine 
(Tin)  selon  un  rapport  predetermine  entre  ladite  valeur  de  couple  d'interception  (Tc)  et  ladite  valeur  de 
couple  positive  (Ta),  ainsi  que  des  moyens  (SS6-4)  pour  calculer  ladite  valeur  optimale  (Popt)  de  ladite 

55  pression  de  tension  de  courroie  (PI2)  en  utilisant  ledit  couple  d'entree  modifie  calcule  (Tins)  en  tant  que 
ladite  valeur  de  couple  d'entree  instantane  determinee  (Tin). 
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19.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  17,  dans  lequel  lesdits  moyens  (SS5, 
SS6)  pour  calculer  ladite  valeur  optimale  (Popt)  comprennent  des  moyens  (SS6-12)  pour  determiner  un 
facteur  (K2)  base  sur  une  vitesse  de  commutation  de  ladite  transmission  (14)  de  telle  fagon  que  ledit 
facteur  soit  egal  a  "0"  quand  ladite  vitesse  de  commutation  est  superieure  a  une  valeur  predeterminee, 

5  et  soit  egale  a  une  valeur  positive,  pas  superieure  a  1  ,  quand  ladite  vitesse  de  commutation  est  egale 
a,  ou  inferieure  a,  ladite  valeur  predeterminee,  et  comprennent  en  outre  des  moyens  (SS6-13,  SS6-14) 
pour  determiner  ladite  valeur  optimale  sur  la  base  du  facteur  determine  (K2)  ainsi  que  ledit  couple 
d'entree  determine  (Tin)  et  ledit  rapport  de  vitesse  determine  (r). 

io  20.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  19,  dans  lequel  lesdits  moyens  (SS6-13, 
SS6-14)  pour  determiner  un  facteur  (K2)  determinent  ledit  facteur  de  telle  sorte  que  ledit  facteur 
augmente  de  0  a  1  lorsque  ladite  vitesse  de  commutation  diminue  de  ladite  valeur  pre-determinee  vers 
"0". 

is  21.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  17,  dans  lequel  lesdits  moyens  (SS5, 
SS6)  pour  calculer  ladite  valeur  optimale  (Popt)  comprennent  des  moyens  (SS6-21)  pour  determiner 
une  valeur  de  couple  supplementaire  (Tina)  basee  sur  une  vitesse  de  commutation  de  ladite  transmis- 
sion  (14)  de  telle  fagon  que  ladite  valeur  de  couple  supplementaire  augmente  de  "0"  a  une  valeur 
maximale  predeterminee  pour  une  augmentation  de  ladite  vitesse  de  commutation  depuis  une  valeur 

20  predeterminee,  et  soit  egale  a  zero  quand  ladite  vitesse  de  commutation  est  egale  ou  inferieure  a  ladite 
valeur  predeterminee,  et  comprennent  en  outre  des  moyens  (SS6-22,  SS6-14)  pour  determiner  ladite 
valeur  optimale  sur  la  base  de  ladite  valeur  de  couple  supplementaire  determinee  (Tina)  ainsi  que  de 
ladite  valeur  de  couple  determinee  (Tin)  et  dudit  rapport  de  vitesse  determine  (r). 

25  22.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  21  ,  dans  lequel  ladite  valeur  maximale 
de  ladite  valeur  de  couple  supplementaire  (Tina)  est  determinee  de  telle  fagon  que  ladite  valeur 
optimale  supplementaire  (Popt)  soit  egale  a  ladite  pression  de  sortie  de  base  (Pmec). 

23.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  17,  dans  lequel  lesdits  moyens  (SS5, 
30  SS6)  pour  calculer  ladite  valeur  optimale  (Popt)  comprennent  des  moyens  (SS6-32)  pour  determiner  un 

facteur  (K3)  base  sur  une  valeur  de  deceleration  (G)  du  vehicule  de  telle  fagon  que  ledit  facteur  soit 
egal  a  1  quand  ladite  vitesse  de  commutation  est  inferieure  a  une  valeur  predeterminee,  et  diminue 
lorsque  ladite  valeur  de  deceleration  augmente,  et  comprend  en  outre  des  moyens  (SS6-33,  SS6-34) 
pour  determiner  ladite  valeur  optimale  sur  la  base  du  facteur  determine  (K3)  ainsi  que  dudit  couple 

35  d'entree  determine  (Tin)  et  dudit  rapport  de  vitesse  determine  (r). 

24.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  17,  dans  lequel  lesdits  moyens  (SS5, 
SS6)  pour  calculer  ladite  valeur  optimale  (Popt)  comprennent  des  moyens  (SS6-41)  pour  determiner 
une  valeur  de  couple  supplementaire  (Tinb)  basee  sur  une  valeur  de  deceleration  du  vehicule  de  telle 

40  fagon  que  ladite  valeur  de  couple  supplementaire  soit  egale  a  "0"  quand  ladite  valeur  de  deceleration 
est  inferieure  a  une  valeur  predeterminee,  et  augmente  de  zero  a  une  valeur  maximale  predeterminee 
lorsque  ladite  valeur  de  deceleration  a  partir  de  ladite  valeur  predeterminee  augmente,  et  comprend  en 
outre  des  moyens  (SS6-42,  SS6-14)  pour  la  determination  de  ladite  valeur  optimale  sur  la  base  de  la 
valeur  de  couple  supplementaire  determinee  (Tinb)  ainsi  que  dudit  couple  d'entree  determine  (Tin)  et 

45  dudit  rapport  de  vitesse  determine  (r). 

25.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  24,  dans  lequel  ledit  maximum 
predetermine  de  ladite  valeur  de  couple  supplementaire  (Tinb)  est  determine  de  telle  fagon  que  ladite 
valeur  optimale  supplementaire  (Popt)  soit  egale  a  ladite  pression  de  sortie  de  base  (Pmec). 

50 
26.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  10,  dans  lequel  lesdits  moyens  (S7)  de 

determination  dudit  signal  electrique  (lsol4)  comprennent  en  outre  des  moyens  (S7-1010)  pour 
determiner  si  un  frein  est  applique  ou  non  au  vehicule,  ainsi  que  des  moyens  (S7-12)  pour  couper  ledit 
signal  electrique  quand  le  frein  est  applique  au  vehicule. 

55 
27.  Un  dispositif  de  commande  hydraulique  selon  I'une  quelconque  des  revendications  15  a  18,  dans 

lequel  lesdits  moyens  (182,  196)  pour  generer  ladite  pression  correspondant  au  rapport  de  vitesse  (Pr) 
comprennent  une  valve  de  detection  de  rapport  de  vitesse  (18)  qui  diminue  ladite  pression  de  tension 

41 
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de  courroie  (PI2)  lorsque  ledit  rapport  de  vitesse  (r)  de  ladite  transmission  (14)  varie. 

28.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  17,  dans  lequel  ledit  dispositif  de 
commande  electronique  (460)  comprend  en  outre  des  moyens  (SS8-SS12)  pour  determiner  une 

5  pression  de  sortie  de  base  modifiee  (Pmec')  de  ladite  valve  de  reglage  de  pression  (102)  en  fonction 
d'une  variable  (Pr')  qui  est  determinee  de  telle  fagon  que  ladite  variable  soit  egale  a  ladite  valeur 
optimale  (Popt)  si  ladite  valeur  optimale  est  inferieure  a  ladite  pression  de  rapport  de  vitesse  (Pr)  et  de 
telle  fagon  que  ladite  variable  soit  egale  a  ladite  pression  de  rapport  de  vitesse  si  ladite  valeur  optimale 
est  egale  a,  ou  superieure  a  ladite  pression  de  rapport  de  vitesse  . 

10 
29.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  28,  dans  lequel  ledit  dispositif  de 

commande  electronique  (460)  comprend  en  outre  des  moyens  (SS13,  SS14)  pour  determiner  ledit 
signal  de  pilotage  analogique  (IsolL)  sur  la  base  d'une  difference  (Pmec'-Popt)  entre  ladite  pression  de 
sortie  de  base  modifiee  (Pmec')  et  ladite  valeur  optimale  (Popt). 

15 
30.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  29,  dans  lequel  lesdits  moyens  (SS13, 

SS14)  pour  determiner  ledit  signal  de  pilotage  analogique  (PsolL)  comprennent  des  moyens  (SS13) 
pour  calculer  ladite  pression  de  pilotage  (PsolL)  sur  la  base  de  ladite  difference  (Pmec'-Popt),  ainsi  que 
des  moyens  (SS14)  pour  calculer  ledit  signal  de  pilotage  analogique  (IsolL)  sur  la  base  de  la  pression 

20  de  pilotage  calculee. 

31.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  30,  dans  lequel  lesdits  moyens  (SS13) 
pour  calculer  ladite  pression  de  pilotage  (PsolL)  comprennent  des  moyens  (SS13-1)  pour  determiner  un 
facteur  de  compensation  de  couple  negatif  (K1)  en  fonction  dudit  couple  d'entree  (Tin)  de  telle  fagon 

25  que  ledit  facteur  de  compensation  (K1)  soit  egal  a  "0"  quand  ledit  couple  d'entree  presente  une  valeur 
negative,  et  soit  egal  a  une  valeur  positive  non  superieure  a  "1  "  quand  ledit  couple  d'entree  presente 
une  valeur  positive,  et  comprenant  en  outre  des  moyens  (SS13-2)  pour  determiner  ladite  pression  de 
pilotage  (PsolL)  sur  la  base  du  facteur  de  compensation  determine  ainsi  que  de  ladite  difference 
(Pmec'-Popt). 

30 
32.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  31,  dans  lequel  lesdits  moyens  (SS13- 

I)  pour  determiner  un  facteur  de  compensation  de  couple  negatif  (K1)  determinent  ledit  facteur  de 
compensation  de  telle  sorte  que  ledit  facteur  de  compensation  augmente  de  "0"  a  "1  "  lorsque  ledit 
couple  d'entree  (Tin)  augmente  de  "0"  a  une  valeur  positive  predeterminee  (Ta). 

35 
33.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  31,  dans  lequel  lesdits  moyens  (SS13) 

pour  calculer  ladite  pression  de  pilotage  (PsolL)  comprennent  des  moyens  (SS13-11)  pour  determiner 
un  facteur  (K2)  sur  la  base  d'une  vitesse  de  commutation  de  ladite  transmission  (14)  de  telle  fagon  que 
ledit  facteur  soit  egal  a  "0"  quand  ladite  vitesse  de  commutation  est  superieure  a  une  valeur 

40  predeterminee,  et  soit  egale  a  une  valeur  positive  non  superieure  a  "1  "  quand  ladite  vitesse  de 
commutation  est  egale  ou  inferieure  a  ladite  valeur  predeterminee,  et  comprenant  en  outre  des  moyens 
(SS13-12)  pour  determiner  ladite  pression  de  pilotage  (PsolL)  sur  la  base  du  facteur  determine  (K2) 
ainsi  que  ladite  difference  (Pmec'-Popt). 

45  34.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  33,  dans  lequel  lesdits  moyens  (SS13- 
II)  pour  determiner  un  facteur  (K2)  determinent  ledit  facteur  de  telle  sorte  que  ledit  facteur  augmente 
de  "0"  a  "1  "  quand  ladite  vitesse  de  commutation  diminue  de  ladite  valeur  predeterminee  vers  "0". 

35.  Un  dispositif  de  commande  hydraulique  selon  la  revendication  31,  dans  lequel  lesdits  moyens  (SS13) 
50  pour  calculer  ladite  pression  de  pilotage  (PsolL)  comprennent  des  moyens  pour  determiner  un  facteur 

(K3)  en  fonction  d'une  valeur  de  deceleration  (G)  du  vehicule  de  telle  fagon  que  ledit  facteur  (K3)  soit 
egal  a  "1  "  quand  ladite  valeur  de  deceleration  est  inferieure  a  une  valeur  predeterminee  et  diminue  de 
"1  "  a  "0"  lorsque  ladite  valeur  de  deceleration  augmente. 

55 

42 



EP  0  440  422  B1 

43 



EP  0  440  422  B1 

4 



EP  0  440  422  B1 

1 2 8   f  '  
. 130  1 1 8  

3 8 4  

( P s o U )  

45 



EP  0  440  422  B1 

F I G .   4  

46 



EP  0  440  422  B1 

T h t o T T L E   O P E N I N G   A N G L E   6 t k  

F I G . €  

P E c Z E A S E  

47 



EP  0  440  422  B1 

48 



^ ^ ^ ^ ^ ^  

g   °   
1  

—   '  p l ^ l   —   —  

O  \ \ \ \  
<x  \ \ v  

u : q >   u_  >-  z  ti.  >-  2  
_J=o  U_  t - l —   Z  Ci.  ?-  1  —  2  

z : o o < i o   o  o  o  rr>-_}  o  

1  to 
u : q >   lu  lu 

- _   3—  —3  to  2  Z  2  Lx. 
/ ) 0 0 < c o   O  O  O  O  O  O  
- 0 0 Z > o j  

1 2   1  1  1 2   1  1 
f-  Q r   rDr-  E—  E-  3 t -   D h  
Cj-'jO  ——2  —  l^z:  ^U-Z  $:U-  —  U-  —  U- 

E  Q  a.—  5  —  —  >  o—  5  o—  o—  a.— 
> i o   < : r o   : ^ : r o   — n o   j i o .   u n   < z : ^  
OOOZS  SCOO  CO00Q  SOCZD  cc-jzzd 

49 



EP  0  440  422  B1 

F I G .   1 0  

S?E£T>  M T I   0  h  

( T <   o  ) 

m n  

$ ? E E P £ 4 T i o   h  
D E C R E A S E  

F ' G  

S F E B P   R A T I O   r  
D E C R E A S E  

50 



EP  0  440  422  B1 

a t  

I  

I N C R E A S E  

&1U  D E C R E A S E  

P R E S S U R E   ? m   o r   f i Z  

o  

a :  

51 



EP  0  440  422  B1 

to 

>  

D u J Y   C T c L Z   2 > s f  

100  ( 7 . )  

S i  

i  

• a  

F i t .   1 6  

J  L A R G E   d i U  

\  R E L A T I V E L Y  

}  S M A L L   & f t  

S f E E P   R a T / o   i t  

52 



EP  0  440  422  B1 

r  . . . .  

^   ^   j>  ^  v;  ^   ^   ^   ^  

^   A<:  kj  
<N  A.  AC 

5   ^   i   §  

^   rn 

$   ^   ^   ^  

fla  O  A  

53 



EP  0  440  422  B1 

p a .   u  

Te  =  mdpihJe   ,  6th) 

P r W , =   KiO  +  D T e  

Pcfy  =  K?  - N o . c 2  

P  opC  =  PtJuo;-/  -  P c / j  

$ E 6 0 > L A T l H $  

R o v U N E  

Pmec  =  map  ( r ,   a c O  

P  down  —  P  mcc  "  P  opt 

I  so  1  4  —  §  (  P  down)  

A R R L Y / N G   D R I V E   S I G N A L  

f   I s o l t   To  S o L E U o l D -   O P E R A T E D  
J  

V A L V E   H ( >  

i 

54 



EP  0  440  422  B1 

F ' G .   7 9  

E N G I N E   S P E E P   N e  

F I G .   2 0  

d t k =   loo%  f ? m t  

Otk  - 3 0   % 

d t h - 0   % 

I 

—  X  ~  m'<\ 

100  2 0 0  

V E H I C L E   S P E E D   C k ^ / k )  

55 



EP  0  440  422  B1 

f i g .   2 1  

L 0 6 A H I T H H   o f   S f £ £ D   £ A T l O  

t y 1 -   < - * < > & ■   t b 0 )  

56 



EP  0  440  422  B1 

F / &   2 2  

5 5 - 1  

S 5 - 2  

S 5 - 3  

S 5 - 4  

S 5 - 5  

S 5 - 6  

5 5 - 7  

S 5 - 8  

$AS>)C  O u T P o T   ? R £ s s u k £  
C a l c u l a t i n g   R o u t i n e  

«  ~  / N o u t  

J  /  +  r  

Pr  =  d/  / o j T   +  b  I 

P1  =  a?  / o ? r + b ?  

P2  =  map,  ( < 9 a )  

P m e c = P ?  

—  ̂  

P m . C = P 2  
5 5 - 9  

57 



EP  0  440  422  B1 

58 



EP  0  440  422  B1 

F / &   2 4  

T H R O T T L E   O P E N / N 6   A ^ 6 L E   6 ^  

F i l l s '  



EP  0  440  422  B1 

5" 

D R I V E   S I G N A L   I s o L f  

(ov.)   
W c Y c l £ )   

(100V0 

1  I 
0.5  l.O  1.5  2.0 

S P E E P   R A T f O   r  

60 



EP  0  440  422  B1 

F I G . 2 8  

a -   J  so  £ 4   D e t e r m i n i n g  
J   R o u t i n e  

5 7 - 5  

A.  

D E T E R M I N I N G ,  

61 



EP  0  440  422  B1 

A: 

07.  1007 .  
S I G N A L   X i o L i -  

( D u T Y   c Y c L E )  

S 2 - 2  

P ^ o r ^ K l O   +  O T e  P  theory  =K(  1  + r y c \ T e \  

S 3  

62 



EP  0  440  422  B1 

J o R Q u E  

{ P 0 $ I T I \ J E  

/ o k a u E  

S P E E D   & A T I D   r  

63 



EP  0  440  422  B1 

F / &   3 2  

34 



EP  0  440  422  B1 

F / 6 .   ? 3  

S 9 - 3  

5 9 - 6  

65 



EP  0  440  422  B1 

F t G M  

T I M E   ( S E C . )  

66 



EP  0  440  422  B1 

F I G .  

S A  

S 9 - 1  

YES 

S 9 - 7  

< 

) - 3   S 9  

A  P  =  0 

S 9 - 6  
Po 

S 5  

67 



EP  0  440  422  B1 

68 



EP  0  440  422  B1 

a   ki  o  c»  r   >  

3  W  L.  
^   ^> 

-<  HJ  vj  7>  -~  .  !  , 

Y]  5  
>  -   ^   ^   £   -  

q  ^  v  ^   ^   , q  
^  k   ^   V  >  

^  ^  <o  ^   <k3:  ^  
-   £   §  £   |   ^   5   *  

£   ^   ^   ^   5   ^   d   ?  

1  ^   £   ^  5   « ^   *  
' ~  

2 ?   £   2  | ^   $  
^   vj  ^  ^   f c ^   2  S  

Ac^   1  K  £   I  ?  

rv  o  ^   ^  o  o  <n  u 
S £   S   2   ^ 3   ^  

§  ^   1  §   -j  -o  ^  
i^  S-  r  —  I  —  £l  ^   ST 

^  w  ^   £   v7  ^:  y   s:  u j  

^   ^ £   £   ^   ^   t   ^  

x ^   &  H  1  \  ^   W  ^   %  

5.  3   S f c S   5 l §   ^   ^  

< * S g   P   5   i  

5 ^   ^   ^ f e   ? |   I §   ^   S   ^   I  

^   8  v§  8  

I I   l i b  

69 



EP  0  440  422  B1 

70 



EP  0  440  422  B1 

71 



EP  0  440  422  B1 

F t   6 . 4 0  

0 

T ? £ / V E   C O G E N T   I s o L L   ( A )  

72 



EP  0  440  422  B1 

(A 
(A 

A  

CD 

o  

ST 
k i  
Ac 

on 

u 

00 
(A 

CD 

c 

k j  

r— 

i 

o  
CO 
c o  

a .  

/i 

5  

«o 
CO 

a .  

IS 

sr 

If 

o  

Or- 
<0 
CO 

V  — 

i 

ft .  

xO 

+- 

C  

u 
CO 

5 a  

o 

73 



EP  0  440  422  B1 

F t   G   A S  

0.5  1.0  2.0 

S f E E P   Z A T i o   r  

74 



EP  0  440  422  B1 

F / 4 . 4 S  

CM 

75 



EP  0  440  422  B1 

0.5  1.0  2.0 

S P E E D   P A T I O   r  

76 



EP  0  440  422  B1 

5 5 1 2  

5 5 1 3 - 1  

S S 1 3 - 2  

F A c J o k   £ 1   i  —  
/   1 

/   i 
/   1 

o  /  1 
C k ) E 6 A T ( V E )   0  Ta  ( P O S I T I V E )  

I H P u T   T o f t & u E   ? / >  

Psot l   =  Kl  '  C,   (  Pmec  -  P o P r )  

F t   £ 4 4  

2 N D   L I M E   P R E S S   ( / R E   p j ? 2  

( - )  0  Ta   ( + )  

/ N ? u T   J o k a u B   T ) m  

77 



EP  0  440  422  B1 

in M a p   ( n  

5 5 6 - 1  
Tc  =  Map  ( d r h )  

Ta  =  Map   ( N e )  

0  Ta  -Ta  (+)  

/ A / P c / T   T v £ & l s E   Tim 

5 S 6 - 4  

Popr  =  C;  •  Tins  /   Din  -  C?  •  Nout7  +  AP 

78 



EP  0  440  422  B1 

T h r o t t l e   o p e h i n q   a n c l e   & k  

E N G I N E   S R E E D   N e  



EP  0  440  422  B1 

S S 1 2  

S S 1 3 - 1 1  

Pmec  =  Cs  +  Q - P - J K - C r - P r 7  

*2 

,  

i   

0 
W .   (shift   "?)  oy.  ( w F T D o k A f X  

VuTYercLE  of  VALVE  zt& 

f t o u r \   ( F u l l y   \  /  f v u Y \  

S S 1 3 - 1 2  

fsoil=  ^2 '^8  '  (Pmec'-   Pop*) 

S S K  

80 



EP  0  440  422  B1 

5  

rx  $  A  c  ^  
1-  £  x  -J  >G 

n o  
£   - J  

^  v .  

<0  A  

81 



EP  0  440  422  B1 

p o p t   i u l ' i ' A ' B L v :  

T I M E  

EYTZA  P R E S S U R E  

.Pffjf t   S U I T A B L E  

f=i?£  l N ? u T   T o m u E  

^. 

T i m e  

82 



EP  0  440  422  B1 

f t  

O  

)  , 

" ■ a t  

fA 

83 



EP  0  440  422  B1 

F t   a .   B 7  

5 S 5  

S S 6 - 1 1  

D\rx  =  M a p O )  

-12 

Kz  t  

/   o  \  
j  i  1  i  —  i 

100  ^  (Shif t   u?  )  oy°  ( s h i f t   Vow)  I00°/= 

DuTY  c Y c L E   Of  l/ALVE  i(>& 
ffuLLY  \  /FuLi   Y  }  ^ F ^ L l T \  

5 S 6 - 1 3  

T i r \ S = T c - K 2 -   ( T c - T i r O  

S S 6 - U  

Popt  =  Ci  ■  Tirxs/Oirx  -  C2'  Mouf+AP 

84 



EP  0  440  422  B1 

F I G   * *  

5 5 5  

5 5 6 - 2 1  

Tin.  a, 

ioo*  pHi f t   up)   ox  ( s h u t p o w ) 0 0 7 - ]  

DoJX  C Y d E   Of-  VALVE  2 6 8  
/fULLY)  ffULLY  *\  / f u L L Y y  

S 5 6 - 2 2  

5 S 6 - 1 4  

Tins  =Tirv  +  Tin.a. 

fopt  =  •  T i n s / D i n   -  Cz  ■  Nout2+ 

85 



EP  0  440  422  B1 

5 S 1 2  
Pmec '=  C 5 + C 6 - P t h - C 7 .   Pi- 

5 5   1 3 - 2 1  
A 

7  v 

°  
t t t E   L E G A T I O N   $  

S S   1 3 - 2 2  
PsolL-  Kg  -CV(  Pmec  - P o p t )  

86 



EP  0  440  422  B1 

F I G .   G o  

5 5   5  
Din  -  M a p ( r )  

5 S 6 - 1 1  
Tc  =  M a p ( 0 t / i )  

S S 6 - 3 2  A 
1  \  

0  D E C E L E R A T I O N   <$ 

S S 6 - 3 3  

S S 6 - K I  

Tins  "  Tc  -  «3  •  (Tc  -  Tin  ) 

Popt  -  Ci  -  T i n s /   Din  - C 2 - N o u t 2 + A p  

87 



EP  0  440  422  B1 

F / &   € 1  

S S 5 [  
Pin  -  m a p   (  f )  

S S 6 - 4 1  — 
f  

Tinb 

0  V E C B L E m V o H   &  
*  

S 5   6 - 4 2  
Tins  =  Tin  +  Tin  J> 

5 5   6 - 1 4  
Popt  =  Cf  •  T i n s /   Din-  C i - i W + a p  

38 



EP  0  440  422  B1 

89 


	bibliography
	description
	claims
	drawings

