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©  HYDRAULICALLY  DRIVING  SYSTEM. 

<  

a t  

©  An  unloading  valve  adapted  to  open  when  a 
pressure  difference  between  a  discharge  pressure 
and  a  maximum  load  pressure  in  a  hydraulic  pump 
exceeds  a  predetermined  value  and  to  make  a  flow 
quantity  discharged  from  the  hydraulic  pump  flow 
into  a  tank  is  connected  to  the  hydraulic  pump,  a 
fixed  throttle  for  producing  control  pressure  corre- 
sponding  to  a  flow  quantity  flowing  out  from  the 
unloading  valve  is  connected  to  the  downstream  side 
of  the  unloading  valve,  and  a  control  device  of  the 
hydraulic  pump  is  constructed  such  that,  when  the 
control  pressure  is  high,  the  discharge  flow  rate  of 
the  hydraulic  pump  is  decreased  and,  when  the 
control  pressure  is  low,  the  discharge  flow  rate  is 
increased.  Furthermore,  in  parallel  to  the  unloading 
valve,  and  on  the  upstream  side  of  the  fixed  throttle, 
a  change-over  valve  is  connected  to  the  hydraulic 
pump,  and  this  change-over  valve  is  controlled  such 
that,  when  the  control  input  of  a  control  lever  is 
small,  the  opening  area  of  the  change-over  valve  is 
large,  and,  as  the  control  input  of  the  control  lever  is 
large,  the  opening  area  becomes  small.  With  this 

arrangement,  according  to  the  control  input  of  an 
operating  means,  either  LS  control  by  the  unloading 
valve  or  bleed-off  control  by  the  change-over  valve 
is  performed  selectively,  so  that  a  flow  rate  control 
utilizing  the  characteristics  of  the  both  controls  can 
be  performed. 

FIG.1  
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TECHNICAL  FIELD 

The  present  invention  relates  to  a  hydraulic 
drive  system  equipped  on  hydraulic  machines  such 
as  hydraulic  excavators,  and  more  particularly  to  a 
hydraulic  drive  system  which  includes  a  variable 
displacement  hydraulic  pump  and  controls  a  deliv- 
ery  rate  of  the  hydraulic  pump  depending  on  a 
demanded  flow  rate. 

BACKGROUND  ART 

As  a  hydraulic  drive  system  for  controlling  a 
delivery  rate  of  a  hydraulic  pump  depending  on  a 
demanded  flow  rate,  there  is  known  so-called  load 
sensing  control  (hereinafter  referred  to  as  LS  con- 
trol)  in  which  the  delivery  rate  of  the  hydraulic 
pump  is  controlled  in  response  to  a  differential 
pressure  between  a  delivery  pressure  of  the  hy- 
draulic  pump  and  a  maximum  load  pressure 
among  a  plurality  of  actuators,  as  disclosed  in  JP, 
B,  60-11706  and  JP,  A,  1-312201,  for  example. 
Such  an  LS  system  comprises  a  variable  displace- 
ment  hydraulic  pump,  a  plurality  of  actuators  con- 
nected  to  the  hydraulic  pump  in  parallel  and  driven 
by  a  hydraulic  fluid  delivered  from  the  hydraulic 
pump,  a  plurality  of  flow  control  valves  provided 
respectively  between  the  hydraulic  pump  and  the 
plurality  of  actuators  for  controlling  respective  flow 
rates  of  the  hydraulic  fluid  supplied  to  the  ac- 
tuators,  a  control  lever  unit  having  a  plurality  of 
control  levers  for  respectively  controlling  operation 
of  the  plurality  of  actuators,  a  pressure  sensor  for 
detecting  a  maximum  load  pressure  among  the 
plurality  of  actuators,  and  a  pump  controller  for 
controlling  a  delivery  pressure  of  the  hydraulic 
pump  to  be  held  higher  than  the  maximum  load 
pressure  by  a  fixed  value  (i.e.,  a  target  LS  differen- 
tial  pressure). 

When  any  one  of  the  control  levers  is  operated, 
the  associated  flow  control  valve  is  opened  at  an 
opening  corresponding  to  its  input  amount  or 
stroke  (i.e.,  a  demanded  flow  rate),  whereupon  the 
hydraulic  fluid  from  the  hydraulic  pump  is  supplied 
to  the  associated  hydraulic  actuator  through  that 
flow  control  valve.  Simultaneously,  a  load  pressure 
of  that  hydraulic  actuator  is  detected  as  the  maxi- 
mum  load  pressure  by  the  pressure  sensor,  and 
the  detected  maximum  load  pressure  acts  on  the 
pump  controller  which  controls  a  delivery  rate  of 
the  hydraulic  pump  so  that  the  pump  delivery 
pressure  is  held  higher  than  the  maximum  load 
pressure  by  the  fixed  value.  In  the  above  process, 
when  the  input  amount  of  the  control  lever  (i.e.,  the 
demanded  flow  rate)  is  small,  the  opening  of  the 
flow  control  valve  is  also  small  and  so  is  the  flow 
rate  of  the  hydraulic  fluid  passing  through  the  flow 
control  valve.  Therefore,  the  pump  delivery  pres- 

sure  can  be  held  higher  than  the  maximum  load 
pressure  by  the  fixed  value  with  the  small  pump 
delivery  rate.  When  the  input  amount  of  the  control 
lever  (i.e.,  the  demanded  flow  rate)  is  increased, 

5  the  opening  of  the  flow  control  valve  is  also  in- 
creased  and  so  is  the  flow  rate  of  the  hydraulic 
fluid  passing  through  the  flow  control  valve.  There- 
fore,  the  larger  pump  delivery  rate  is  required  to 
hold  the  pump  delivery  pressure  higher  than  the 

io  maximum  load  pressure  by  the  fixed  value.  As  a 
result,  the  pump  delivery  rate  is  increased  to  main- 
tain  the  fixed  value. 

Thus,  in  the  LS  control  system,  the  pump  con- 
troller  is  operated  in  response  to  a  differential  pres- 

75  sure  between  the  pump  delivery  pressure  and  the 
maximum  load  pressure  (i.e.,  an  LS  differential 
pressure),  and  the  pump  delivery  rate  is  controlled 
depending  on  the  demanded  flow  rate.  Also,  be- 
cause  the  LS  differential  pressure  is  kept  constant 

20  even  with  the  load  pressure  of  any  actuator  fluc- 
tuating,  the  differential  pressure  across  the  asso- 
ciated  flow  control  valve  is  also  kept  constant, 
whereby  the  flow  rate  supplied  to  that  actuator  is 
held  at  a  fixed  value  corresponding  to  an  opening 

25  area  of  the  flow  control  valve  (i.e.,  the  input  amount 
of  the  control  lever).  In  other  words,  the  actuator  is 
driven  at  a  speed  corresponding  to  the  input 
amount  of  the  control  lever  without  being  affected 
by  fluctuations  in  the  load  pressure. 

30  The  pump  controller  for  the  LS  control  system 
has  been  designed  with  various  constructions.  Gen- 
erally,  as  disclosed  in  JP,  B,  60-11706,  the  pump 
controller  comprises  an  adjusting  valve  operated  in 
response  to  the  LS  differential  pressure,  and  an 

35  actuator  driven  by  the  hydraulic  fluid  supplied 
through  the  adjusting  valve  for  operating  a  swash 
plate  of  the  hydraulic  pump. 

Also,  the  prior  art  disclosed  in  JP,  A,  1-312201 
adopts  a  pump  controller  comprising  an  unloading 

40  valve  operated  in  response  to  the  differential  pres- 
sure  between  the  delivery  pressure  of  the  hydraulic 
pump  and  the  maximum  load  pressure  such  that  it 
is  opened  when  the  differential  pressure  exceeds  a 
predetermined  value  for  discharging  a  part  of  the 

45  delivery  rate  supplied  from  the  hydraulic  pump  to  a 
reservoir,  a  resisting  device  provided  downstream 
of  the  unloading  valve  for  generating  a  control 
pressure  corresponding  to  the  flow  rate  of  the 
hydraulic  fluid  discharged  from  the  unloading  valve, 

50  and  a  negative  regulator  for  reducing  the  delivery 
rate  of  the  hydraulic  pump  as  the  control  pressure 
generated  by  the  resisting  device  becomes  higher, 
and  increasing  the  pump  delivery  rate  as  the  gen- 
erated  control  pressure  becomes  lower.  In  this 

55  pump  controller,  when  the  delivery  rate  of  the  hy- 
draulic  pump  is  smaller  than  the  demanded  flow 
rate,  the  pump  delivery  pressure  does  not  rise  so 
that  the  differential  pressure  between  the  pump 
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delivery  pressure  and  the  maximum  load  pressure, 
i.e.,  the  LS  differential  pressure,  becomes  smaller 
than  the  predetermined  value,  thereby  closing  the 
unloading  valve.  Accordingly,  the  control  pressure 
generated  by  the  resisting  device  is  lowered  and 
the  pump  delivery  rate  is  controlled  to  increase. 
When  the  delivery  rate  of  the  hydraulic  pump  is 
increased  above  the  demanded  flow  rate,  the  pump 
delivery  pressure  rises  so  that  the  LS  differential 
pressure  becomes  larger  than  the  predetermined 
value,  thereby  opening  the  unloading  valve.  Ac- 
cordingly,  the  control  pressure  generated  by  the 
resisting  device  is  raised  and  the  pump  delivery 
rate  is  controlled  to  decrease.  Thus,  with  this  prior 
art,  the  pump  delivery  rate  is  controlled  so  that  the 
pump  delivery  pressure  is  held  higher  than  the 
maximum  load  pressure  by  a  fixed  value. 

Meanwhile,  as  another  type  hydraulic  drive 
system  for  controlling  a  delivery  rate  of  a  hydraulic 
pump  depending  on  a  demanded  flow  rate,  there  is 
known  a  control  system  in  which  the  opening  area 
of  a  center  bypass  of  a  center-open  flow  control 
valve  is  reduced  depending  on  an  input  amount  of 
the  control  lever  to  thereby  control  the  pump  deliv- 
ery  rate  and  the  flow  rate  supplied  to  the  actuator, 
as  disclosed  in  JP,  A,  1-25921,  for  example.  In  this 
case,  the  actuator  is  supplied  via  the  flow  control 
valve  with  the  hydraulic  fluid  at  a  flow  rate  resulted 
by  subtracting  a  bleed  rate  through  the  center 
bypass  from  the  delivery  rate  of  the  hydraulic 
pump.  The  control  effected  by  this  system  is  called 
bleed-off  control. 

DISCLOSURE  OF  THE  INVENTION 

However,  the  above  conventional  systems  ac- 
company  the  following  problems. 

In  the  LS  control  system,  when  the  associated 
control  level  is  operated  for  driving  any  actuator, 
the  delivery  pressure  of  the  hydraulic  pump  is 
momentarily  raised  up  to  a  pressure  higher  than 
the  load  pressure  of  the  actuator  by  a  fixed  value 
regardless  of  the  input  amount  of  the  control  lever, 
causing  the  flow  control  valve  to  produce  the  dif- 
ferential  pressure  across  it  corresponding  to  the 
fixed  value.  As  soon  as  the  control  lever  is  op- 
erated,  therefore,  the  hydraulic  fluid  is  supplied  to 
the  flow  control  valve  at  a  flow  rate  depending  on 
the  opening  area  of  the  flow  control  valve  and  the 
differential  pressure  across  the  same.  On  the  other 
hand,  since  a  working  member  to  be  driven  by  the 
actuator  has  inertia,  the  actuator  cannot  start  mov- 
ing  at  once.  Accordingly,  the  drive  pressure  of  the 
actuator  is  momentarily  raised  up  to  or  near  a 
maximum  pressure  set  by  a  relief  valve,  and  the 
actuator  is  forced  to  abruptly  speed  up  with  the 
resulting  higher  pressure.  Also,  even  while  the  ac- 
tuator  is  being  driven,  an  increase  in  the  load 

momentarily  raises  both  the  pump  delivery  pres- 
sure  and  the  actuator  drive  pressure,  whereupon  a 
large  drive  force  is  produced  on  the  actuator. 

Meanwhile,  in  construction  machines  such  as 
5  hydraulic  excavators,  when  an  operator  manipu- 

lates  the  control  lever  through  a  half  stroke  or 
finely,  it  is  often  desired  to  perform  control  of  the 
type  that  not  only  an  actuator  speed,  but  also  an 
acceleration  and  a  drive  force  of  the  actuator  at  the 

io  start-up  can  be  made  small.  With  the  foregoing 
conventional  systems,  however,  because  the  ac- 
tuator  drive  pressure  cannot  be  controlled  as  men- 
tioned  above,  a  large  acceleration  and  drive  force 
are  produced  on  the  actuator  even  when  the  con- 

15  trol  lever  is  operated  through  a  half  stroke  or  finely. 
Accordingly,  it  is  advantageous  in  such  a  case  that 
the  acceleration  and  the  drive  force  of  the  actuator 
can  be  controlled  depending  on  the  input  amount 
of  the  control  lever. 

20  In  general,  when  the  control  lever  is  quickly 
operated  through  a  half  stroke  for  starting  up  the 
actuator,  or  when  it  is  quickly  returned  from  the 
full-stroke  position  to  the  half-stroke  position,  the 
actuator  generates  vibration  due  to  abrupt  change 

25  in  the  actuator  speed.  Studies  conducted  by  the 
inventors  indicate  that  if  the  flow  rate  supplied  to 
the  actuator  is  constant  regardless  of  an  actuator 
pressure,  the  vibration  once  generated  on  the  ac- 
tuator  will  not  damp.  To  damp  the  vibration  once 

30  generated,  the  system  is  required  to  have  such  a 
characteristic  that  the  flow  rate  supplied  to  the 
actuator  is  reduced  when  the  actuator  pressure 
increases.  In  the  foregoing  conventional  LS  control 
system,  however,  even  when  the  circuit  pressure  is 

35  raised  upon  the  vibration  occurred  in  the  actuator, 
the  delivery  rate  of  the  hydraulic  pump  is  kept 
constant  under  the  LS  control  to  continue  supplying 
the  hydraulic  fluid  to  the  actuator  at  a  constant  flow 
rate,  resulting  in  that  the  vibration  once  generated 

40  in  the  actuator  is  hard  to  damp. 
On  the  other  hand,  in  the  bleed-off  control 

system,  because  of  the  actuator  being  supplied 
with  the  hydraulic  fluid  at  a  flow  rate  resulted  by 
subtracting  the  bleed  rate  through  the  center  by- 

45  pass  from  the  delivery  rate  of  the  hydraulic  pump, 
if  the  load  pressure  of  the  actuator  is  fluctuated,  the 
bleed  rate  through  the  center  bypass  is  also  fluc- 
tuated  and  so  is  the  flow  rate  supplied  to  the 
actuator.  Therefore,  even  with  the  same  input 

50  amount  of  the  control  lever,  fluctuations  in  the  load 
pressure  fluctuate  the  flow  rate  supplied  to  the 
actuator  and  hence  change  the  actuator  drive 
speed.  Thus,  the  bleed-off  control  has  a  drawback 
that  the  drive  speed  cannot  be  controlled  precisely 

55  depending  on  the  input  amount  of  the  control  lever. 
A  main  object  of  the  present  invention  is  to 

provide  a  hydraulic  drive  system  in  which  the  LS 
control  and  the  bleed-off  control  are  selectively 
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performed  depending  on  an  input  amount  of  ma- 
nipulator  means,  so  that  flow  rate  control  can  be 
implemented  by  utilizing  characteristics  of  both  the 
control  modes. 

Another  object  of  the  present  invention  is  to 
provide  a  hydraulic  drive  system  in  which  when  an 
input  amount  of  manipulator  means  is  in  a  particu- 
lar  range,  an  acceleration  and  a  drive  force  of  an 
actuator  can  be  controlled  depending  on  the  input 
amount  of  the  manipulator  means  and  an  ability  of 
damping  vibration  of  the  actuator  is  improved,  and 
when  the  input  amount  of  the  manipulator  means  is 
in  another  range,  an  actuator  speed  can  be  con- 
trolled  precisely  depending  on  the  input  amount  of 
the  manipulator  means. 

To  achieve  the  above  objects,  according  to  the 
present  invention,  there  is  provided  a  hydraulic 
drive  system  comprising  a  variable  displacement 
hydraulic  pump,  a  plurality  of  actuators  driven  by  a 
hydraulic  fluid  delivered  from  said  hydraulic  pump, 
manipulator  means  manipulated  by  an  operator  for 
commanding  operation  of  said  plurality  of  actu- 
ators,  a  plurality  of  flow  control  valves  for  control- 
ling  respective  flow  rates  of  the  hydraulic  fluid 
supplied  to  said  plurality  of  actuators,  pressure 
sensor  means  for  detecting  a  maximum  load  pres- 
sure  among  said  plurality  of  actuators,  an  unload- 
ing  valve  opened  when  a  differential  pressure  be- 
tween  a  delivery  pressure  of  said  hydraulic  pump 
and  said  maximum  load  pressure  exceeds  a  pre- 
determined  value,  for  discharging  a  part  of  a  flow 
rate  of  the  hydraulic  fluid  delivered  from  said  hy- 
draulic  pump  to  a  reservoir,  resisting  means  pro- 
vided  downstream  of  said  unloading  valve  for  gen- 
erating  a  control  pressure  corresponding  to  the  flow 
rate  of  the  hydraulic  fluid  discharged  through  said 
unloading  valve,  and  pump  control  means  for  re- 
ducing  the  delivery  rate  of  said  hydraulic  pump  as 
the  control  pressure  generated  by  said  resisting 
means  is  raised,  and  increasing  the  pump  delivery 
rate  as  the  control  pressure  is  lowered,  further 
comprising  adjusting  valve  means  connected  to 
said  hydraulic  pump  in  parallel  to  said  unloading 
valve  at  a  position  upstream  of  said  resisting 
means,  and  control  means  for  controlling  said  ad- 
justing  valve  means  such  that  an  opening  area  of 
said  adjusting  valve  means  is  large  when  an  input 
amount  of  said  manipulator  means  is  small,  and  the 
opening  area  of  said  adjusting  valve  means  is 
reduced  as  the  input  amount  of  said  manipulator 
means  increases. 

In  the  present  invention  thus  constituted,  the 
adjusting  valve  means  of  which  opening  area  is 
controlled  depending  on  the  input  amount  of  the 
manipulator  means  as  stated  above  is  provided  in 
parallel  to  the  unloading  valve  at  a  position  up- 
stream  of  the  resisting  means.  Therefore,  when  the 
differential  pressure  between  the  delivery  pressure 

of  the  hydraulic  pump  and  the  maximum  load  pres- 
sure  (i.e.,  the  LS  differential  pressure)  is  not  larger 
than  the  predetermined  value,  the  unloading  valve 
is  closed  so  that  a  part  of  the  delivery  rate  of  the 

5  hydraulic  pump  is  discharged  to  the  reservoir 
through  the  adjusting  valve  means  only.  When  the 
LS  differential  pressure  exceeds  the  predetermined 
value,  a  part  of  the  delivery  rate  of  the  hydraulic 
pump  is  primarily  discharged  to  the  reservoir 

io  through  the  unloading  valve. 
In  the  mode  where  a  part  of  the  delivery  rate  of 

the  hydraulic  pump  is  discharged  to  the  reservoir 
through  the  adjusting  valve  means  only,  since  the 
discharging  flow  rate  is  reduced  and  the  control 

is  pressure  generated  by  the  resisting  means  is 
lowered  as  the  input  amount  of  the  manipulator 
means  increases,  the  delivery  rate  of  the  hydraulic 
pump  1  is  controlled  to  become  larger  as  the  input 
amount  of  the  manipulator  means  increases.  Thus, 

20  bleed-off  control  similar  to  that  in  a  conventional 
system  including  a  center-open  flow  control  valve 
is  performed  through  the  adjusting  valve  means. 

Meanwhile,  in  the  mode  where  a  part  of  the 
delivery  rate  of  the  hydraulic  pump  is  primarily 

25  discharged  to  the  reservoir  through  the  unloading 
valve,  the  LS  differential  pressure  is  controlled  to 
be  held  at  a  predetermined  value  set  by  the  un- 
loading  valve  and,  therefore,  LS  control  is  per- 
formed  through  the  unloading  valve. 

30  In  that  way,  the  LS  control  and  the  bleed-off 
control  are  selectively  performed  whether  the  LS 
differential  pressure  is  less  than  the  predetermined 
value  or  not.  The  LS  differential  pressure  is 
changed  depending  on  the  delivery  rate  of  the 

35  hydraulic  pump,  the  opening  area  of  the  adjusting 
valve  means,  and  the  maximum  load  pressure.  The 
delivery  rate  of  the  hydraulic  pump  and  the  open- 
ing  area  of  the  adjusting  valve  means  are  changed 
depending  on  the  input  amount  of  the  manipulator 

40  means.  Accordingly,  depending  on  the  input 
amount  of  the  manipulator  means,  the  LS  control 
through  the  unloading  valve  and  the  bleed-off  con- 
trol  through  the  adjusting  valve  means  are  selec- 
tively  performed  to  enable  flow  rate  control  by 

45  utilizing  characteristics  of  both  the  control  modes. 
In  the  bleed-off  control,  a  part  of  the  pump 

delivery  rate  is  discharged  to  the  reservoir  through 
the  adjusting  valve  means,  and  the  opening  area  of 
the  adjusting  valve  means  is  controlled  depending 

50  on  the  input  amount  of  the  manipulator  means  such 
that  the  flow  rate  discharging  to  the  reservoir 
through  the  adjusting  valve  means  is  reduced  with 
the  larger  input  amount  of  the  manipulator  means. 
As  a  result,  an  acceleration  and  a  drive  force  of  the 

55  actuator  can  be  controlled  depending  on  the  input 
amount  of  the  manipulator  means,  enabling  work  to 
be  smoothly  carried  out  with  a  less  shock. 

4 
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Also,  in  the  bleed-off  control,  as  the  load  pres- 
sure  of  the  actuator  becomes  higher,  a  part  of  the 
pump  delivery  rate  which  is  discharged  to  the 
reservoir  through  the  adjusting  valve  means  is  in- 
creased,  while  the  flow  rate  distributed  for  supply 
to  the  actuator  is  reduced,  whereby  the  control 
pressure  generated  by  the  resisting  means  rises 
and  the  pump  delivery  rate  itself  reduces.  Thus, 
the  system  under  the  bleed-off  control  has  such  a 
characteristic  that  the  flow  rate  supplied  to  the 
actuator  is  reduced  when  the  load  pressure  of  the 
actuator  increases.  Therefore,  the  vibration  gen- 
erated  on  the  actuator  is  easily  damped  and  the 
flow  rate  control  can  be  performed  in  a  stable 
manner  without  causing  hunting. 

On  the  other  hand,  in  the  LS  control  through 
the  unloading  valve,  since  the  LS  differential  pres- 
sure  is  kept  constant,  it  is  possible  to  control  an 
actuator  speed  precisely  depending  on  the  input 
amount  of  the  manipulator  means  without  being 
affected  by  the  load  pressure. 

Consequently,  when  the  input  amount  of  the 
manipulator  means  is  in  a  particular  range  and  the 
bleed-off  control  is  selected,  an  acceleration  and  a 
drive  force  of  the  actuator  can  be  controlled  de- 
pending  on  the  input  amount  of  the  manipulator 
means  and  an  ability  of  damping  vibration  of  the 
actuator  is  improved,  and  when  the  input  amount  of 
the  manipulator  means  is  in  another  range  and  the 
LS  control  is  selected,  the  actuator  speed  can  be 
controlled  precisely  depending  on  the  input  amount 
of  the  manipulator  means. 

In  the  above  hydraulic  drive  system,  prefer- 
ably,  said  adjusting  valve  means  has  an  opening 
characteristic  that  the  opening  area  is  large  when  a 
valve  stroke  thereof  is  small,  and  the  opening  area 
is  reduced  as  the  valve  stroke  increases. 

Also  preferably,  said  manipulator  means  is  of 
electric  type  outputting  an  electric  command  signal 
depending  on  the  input  amount  thereof,  said  con- 
trol  means  comprises  a  controller  for  producing  an 
electric  drive  signal  corresponding  to  the  electric 
command  signal  from  said  manipulator  means  and 
a  proportional  solenoid  valve  driven  by  the  electric 
drive  signal  from  said  controller  for  generating  a 
corresponding  pilot  pressure,  whereby  said  adjust- 
ing  valve  means  is  driven  by  the  pilot  pressure 
from  said  proportional  solenoid  valve  to  change  the 
opening  area  thereof. 

Said  manipulator  means  may  be  of  hydraulic 
type  generating  a  pilot  pressure  depending  on  the 
input  amount  thereof.  In  this  case,  said  control 
means  comprises  a  check  valve  for  taking  out  the 
pilot  pressure,  whereby  said  adjusting  valve  means 
is  driven  by  the  pilot  pressure  taken  out  by  said 
check  valve  to  change  the  opening  area  thereof. 

Preferably,  said  adjusting  valve  means  com- 
prises  a  single  adjusting  valve,  and  said  control 

means  controls  said  adjusting  valve  depending  on 
the  input  amount  of  said  manipulator  means. 

Said  adjusting  valve  means  may  comprise  a 
plurality  of  adjusting  valves  respectively  associated 

5  with  said  plurality  of  actuators.  In  this  case,  said 
plurality  of  adjusting  valves  are  directly  connected 
to  upstream  of  said  resisting  means,  and  said  con- 
trol  means  controls,  depending  on  the  input 
amounts  of  said  manipulator  means,  said  adjusting 

io  valves  associated  with  said  actuators  which  are 
commanded  in  operation  from  said  manipulator 
means,  respectively. 

Preferably,  said  resisting  means  is  a  fixed  re- 
strictor.  Said  resisting  means  may  be  a  combina- 

15  tion  of  a  fixed  restrictor  and  a  relief  valve. 
Furthermore,  preferably,  said  pump  control 

means  comprises  a  pressure  sensor  for  detecting 
the  control  pressure  generated  by  said  resisting 
means,  a  controller  for  receiving  a  signal  from  said 

20  pressure  sensor,  calculating  a  smaller  target  dis- 
placement  volume  as  said  control  pressure  is 
raised  while  calculating  a  larger  target  displace- 
ment  volume  as  said  control  pressure  is  lowered, 
and  outputting  an  electric  drive  signal  correspond- 

25  ing  to  the  calculated  target  displacement  volume, 
and  a  regulator  for  controlling  a  displacement  vol- 
ume  of  said  hydraulic  pump  in  accordance  with 
said  electric  drive  signal. 

30  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  diagram  showing  a  hy- 
draulic  drive  system  according  to  a  first  embodi- 
ment  of  the  present  invention. 

35  Fig.  2  is  a  diagram  showing  the  detailed  con- 
struction  of  a  regulator  shown  in  Fig.  1. 

Fig.  3  is  a  block  diagram  showing  control  func- 
tions  of  a  controller  shown  in  Fig.  1. 

Fig.  4  is  a  graph  showing  the  relationship  of  an 
40  opening  area  of  a  flow  control  valve  shown  in  Fig.  1 

versus  an  input  amount  of  an  associated  control 
lever. 

Fig.  5  is  a  block  diagram  showing  details  of  a 
pump  control  processing  function  shown  in  Fig.  3. 

45  Fig.  6  is  a  block  diagram  showing  details  of  an 
adjusting  valve  control  processing  function  shown 
in  Fig.  3. 

Fig.  7  is  a  graph  showing  the  relationship  of  an 
opening  area  versus  a  stroke  of  an  adjusting  valve 

50  shown  in  Fig.  1  . 
Fig.  8  is  a  graph  showing  the  relationship  of 

the  opening  area  of  the  adjusting  valve  versus  the 
input  amount  of  the  control  lever. 

Fig.  9  is  a  graph  showing  a  flow  rate  char- 
55  acteristic  of  LS  control  through  an  unloading  valve 

and  flow  rate  characteristics  of  bleed-off  control 
through  the  adjusting  valve  in  the  hydraulic  drive 
system  of  Fig.  1  . 

5 
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Fig.  10  is  a  graph  showing  a  flow  rate  char- 
acteristic  in  this  embodiment  resulted  from  combin- 
ing  the  flow  rate  characteristic  of  LS  control  and 
the  flow  rate  characteristic  of  bleed-off  control 
shown  in  Fig.  9;  i.e.,  Fig.  10(A)  shows  the  flow  rate 
characteristic  when  the  load  pressure  is  medium, 
Fig.  10(B)  shows  the  flow  rate  characteristic  when  it 
is  low,  and  Fig.  10(C)  shows  the  flow  rate  char- 
acteristic  when  it  is  high. 

Fig.  11  is  a  graph  similar  to  Fig.  9,  showing 
flow  rate  characteristics  in  a  modification. 

Fig.  12  is  a  graph  similar  to  Fig.  10,  showing  a 
combined  flow  rate  characteristic  of  the  two-type 
flow  rate  characteristics  shown  in  Fig.  11;  i.e.,  Fig. 
12(A)  shows  the  flow  rate  characteristic  when  the 
load  pressure  is  medium,  Fig.  12(B)  shows  the  flow 
rate  characteristic  when  it  is  low,  and  Fig.  12(C) 
shows  the  flow  rate  characteristic  when  it  is  high. 

Fig.  13  is  a  representation  showing  another 
example  of  a  resisting  device. 

Fig.  14  is  a  schematic  diagram  showing  a 
hydraulic  drive  system  according  to  a  second  em- 
bodiment  of  the  present  invention. 

Fig.  15  is  a  schematic  diagram  showing  a 
hydraulic  drive  system  according  to  a  third  em- 
bodiment  of  the  present  invention. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVEN- 
TION 

Embodiments  of  the  present  invention  will  be 
described  hereinafter  with  reference  to  the  draw- 
ings. 

At  the  outset,  a  description  will  be  given  of  a 
first  embodiment  of  the  present  invention  by  refer- 
ring  to  Figs.  1  to  13. 

In  Fig.  1,  a  hydraulic  drive  system  according  to 
the  first  embodiment  of  the  present  invention  com- 
prises  a  variable  displacement  hydraulic  pump  1,  a 
plurality  of  actuators  2a,  2b  connected  to  the  hy- 
draulic  pump  1  in  parallel  through  a  supply  line 
100,  supply  lines  101a,  101b  and  actuator  lines 
102a  or  103a  and  102b  or  103b,  respectively,  and 
driven  by  a  hydraulic  fluid  delivered  from  the  hy- 
draulic  pump  1  ,  a  plurality  of  flow  control  valves  3a, 
3b  disposed  respectively  between  the  hydraulic 
pump  1  and  the  actuators  2a,  2b  for  connection  to 
the  supply  lines  101a  and  the  actuator  lines  102a, 
103a  and  the  supply  lines  101b  and  the  actuator 
lines  102b,  103b  for  controlling  respective  flow 
rates  of  the  hydraulic  fluid  supplied  to  the  actuators 
2a,  2b,  a  control  lever  unit  5  having  a  control  lever 
4  for  operating  the  flow  control  valves  3a,  3b  to 
control  driving  of  the  actuators  2a,  2b,  a  pressure 
sensor,  e.g.,  a  shuttle  valve  6,  connected  to  the 
flow  control  valves  3a,  3b  for  detecting  a  maximum 
load  pressure  between  the  actuators  2a  and  2b,  an 
unloading  valve  7  connected  between  a  bleed  line 

104  branched  from  the  supply  line  100  and  a  bleed 
line  104  connected  to  a  reservoir,  the  unloading 
valve  7  being  also  connected  to  the  bleed  line  104 
and  the  shuttle  valve  6  through  respective  pilot 

5  lines  106,  107  such  that  it  is  operated  in  response 
to  a  differential  pressure  between  a  delivery  pres- 
sure  of  the  hydraulic  pump  1  and  the  maximum 
load  pressure  to  be  opened  when  the  differential 
pressure  exceeds  a  predetermined  value  set  by  a 

io  spring  7a,  for  thereby  discharging  a  part  of  the 
delivery  rate  of  the  hydraulic  fluid  from  the  hydrau- 
lic  pump  1  to  the  reservoir,  a  resisting  device,  e.g., 
a  fixed  restrictor  8,  provided  in  the  bleed  line  105 
downstream  of  the  unloading  valve  7  for  generating 

is  a  control  pressure  corresponding  to  the  flow  rate  of 
the  hydraulic  fluid  discharged  through  the  unload- 
ing  valve  7,  and  a  regulator  9  for  reducing  the 
delivery  rate  of  the  hydraulic  pump  1  as  the  control 
pressure  generated  by  the  fixed  restrictor  8  is 

20  raised,  and  increasing  the  pump  delivery  rate  as 
the  control  pressure  is  lowered. 

When  the  hydraulic  drive  system  of  this  em- 
bodiment  is  mounted  on  a  hydraulic  excavator,  the 
actuators  2a,  2b  are  used  as  actuators  for  driving 

25  working  members  such  as  a  boom  and  an  arm,  for 
example. 

The  control  lever  unit  5  is  of  an  electric  control 
unit  for  outputting  an  electric  command  signal  cor- 
responding  to  an  input  amount  of  the  control  lever 

30  4.  For  example,  when  the  control  lever  4  is  op- 
erated  in  a  direction  of  X  as  indicated,  there  pro- 
duces  an  electric  command  signal  for  driving  the 
actuator  2a  in  a  direction  corresponding  to  whether 
the  control  lever  is  operated  in  the  positive  (  +  )  or 

35  negative  (-)  direction.  When  the  control  lever  4  is 
operated  in  a  direction  of  Y  perpendicular  to  the  X- 
direction,  there  produces  an  electric  command  sig- 
nal  for  driving  the  actuator  2b  in  a  direction  cor- 
responding  to  whether  the  control  lever  is  operated 

40  in  the  positive  (  +  )  or  negative  (-)  direction.  The 
electric  command  signal  produced  by  the  control 
lever  unit  5  is  input  to  a  controller  10  comprising 
input  and  output  sections  and  a  processing  section. 
The  flow  control  valves  3a,  3b  are  of  solenoid- 

45  operated  valves  driven  by  electric  drive  signals 
which  are  output  from  the  controller  10.  These 
electric  drive  signals  are  respectively  applied  to 
solenoid  drive  sectors  on  both  sides  of  the  flow 
control  valve  3a  through  lines  11,  12,  and  to  sole- 

50  noid  drive  sectors  on  both  sides  of  the  flow  control 
valve  3b  through  lines  13,  14.  Thus,  when  the 
control  lever  4  is  operated  in  the  X-direction,  the 
flow  control  valve  3a  is  shifted  depending  on  both 
whether  the  control  lever  is  operated  in  the  positive 

55  or  negative  direction  and  the  input  amount,  i.e.,  the 
stroke  through  which  the  control  lever  is  operated. 
Also,  when  the  control  lever  4  is  operated  in  the  Y- 
direction,  the  flow  control  valve  3b  is  shifted  de- 

6 
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pending  on  both  whether  the  control  lever  is  op- 
erated  in  the  positive  or  negative  direction  and  the 
input  amount,  i.e.,  the  stroke  through  which  the 
control  lever  is  operated. 

The  regulator  9  comprises,  as  shown  in  Fig.  2, 
an  actuator  20  for  driving  a  swash  plate  of  the 
hydraulic  pump  1  to  control  its  tilting  angle  (dis- 
placement  volume),  a  pilot  hydraulic  source  21  in 
communication  with  a  pressure  receiving  chamber 
on  the  small-diameter  side  of  the  actuator  20,  a 
high-speed  solenoid  valve  22a  disposed  between 
the  pressure  receiving  chamber  on  the  small-diam- 
eter  side  and  a  pressure  receiving  chamber  on  the 
large-diameter  side  of  the  actuator  20,  and  a  high- 
speed  solenoid  valve  22b  disposed  between  the 
pressure  receiving  chamber  on  the  large-diameter 
side  of  the  actuator  20  and  the  reservoir.  The  high- 
speed  solenoid  valves  22a,  22b  are  subjected  to 
on/off  control  by  respective  electric  drive  signals 
output  from  the  controller  10  to  their  solenoid  drive 
sectors.  More  specifically,  each  of  the  high-speed 
solenoid  valves  is  in  its  closed  position,  as  shown, 
when  the  electric  drive  signal  is  turned  on,  and 
shifted  to  its  open  position  when  the  electric  drive 
signal  is  turned  off.  With  such  valve  shifting,  when 
the  high-speed  solenoid  valve  22a  is  open  and  the 
high-speed  solenoid  valves  22b  is  closed,  a  hy- 
draulic  fluid  from  the  hydraulic  source  21  flows  into 
both  the  pressure  receiving  chambers  on  the  large- 
diameter  and  small-diameter  sides  of  the  actuator 
20,  so  that  the  actuator  20  is  moved  to  the  left  in 
the  drawing  due  to  an  area  difference  between  both 
the  pressure  receiving  chambers.  The  tilting  angle 
of  the  hydraulic  pump  1  is  thereby  enlarged  to 
increase  the  pump  delivery  rate.  Conversely,  when 
the  high-speed  solenoid  valve  22a  is  closed  and 
the  high-speed  solenoid  valve  22b  is  open,  the 
hydraulic  fluid  from  the  hydraulic  source  21  flows 
into  both  the  pressure  receiving  chamber  on  the 
small-diameter  side,  while  the  hydraulic  fluid  in  the 
pressure  receiving  chamber  on  the  large-diameter 
side  is  discharged  into  the  reservoir,  so  that  the 
actuator  20  is  moved  to  the  right  in  the  drawing. 
The  tilting  angle  of  the  hydraulic  pump  1  is  thereby 
diminished  to  reduce  the  pump  delivery  rate.  When 
the  high-speed  solenoid  valves  22a,  22b  are  both 
closed,  no  hydraulic  fluid  flows  into  and  out  of  both 
the  pressure  receiving  chamber  on  the  large-diam- 
eter  and  small-diameter  sides,  the  tilting  angle  of 
the  hydraulic  pump  1  remains  as  it  is.  In  other 
words,  the  pump  delivery  rate  is  kept  constant. 

Returning  to  Fig.  1,  a  pressure  sensor  15  is 
connected  to  the  bleed  line  105  at  a  position  be- 
tween  the  unloading  valve  7  and  the  fixed  restrictor 
8  for  detecting  the  control  pressure  generated  up- 
stream  of  the  fixed  restrictor  8,  and  a  displacement 
sensor  16  is  associated  with  the  hydraulic  pump  1 
for  detecting  the  tilting  angle  of  the  swash  plate, 

signals  from  these  sensors  15,  16  being  input  to 
the  controller  10. 

Further,  an  adjusting  valve  30  is  disposed  in 
parallel  to  the  unloading  valve  7  and  upstream  of 

5  the  fixed  restrictor  8.  More  specifically,  the  adjust- 
ing  valve  30  is  connected  between  a  bleed  line  108 
connected  to  the  bleed  line  104  and  a  bleed  line 
109  connected  to  the  bleed  line  105.  The  adjusting 
valve  30  is  of  a  hydraulic  pilot-operated  valve  and 

io  its  opening  area  is  changed  depending  on  the  input 
amount  of  the  control  lever  4.  To  this  end,  a 
proportional  solenoid  valve  31  is  disposed  between 
the  aforesaid  hydraulic  source  21  and  a  hydraulic 
pilot-drive  sector  of  the  adjusting  valve  30,  and  an 

is  electric  drive  signal  from  the  controller  10  is  ap- 
plied  to  a  solenoid  drive  sector  of  the  proportional 
solenoid  valve  31.  The  proportional  solenoid  valve 
31  is  driven  by  the  electric  drive  signal  from  the 
controller  10  and  produces  a  pilot  pressure  propor- 

20  tional  to  the  electric  drive  signal,  the  pilot  pressure 
being  output  to  the  hydraulic  pilot-drive  sector  of 
the  adjusting  valve  30. 

Control  functions  of  the  controller  10  are  shown 
in  a  block  diagram  of  Fig.  3.  The  controller  10  has 

25  a  control  processing  function  35  for  producing  the 
electric  drive  signal  applied  to  the  flow  control 
valves  3a,  3b,  a  control  processing  function  36  for 
producing  the  electric  drive  signal  applied  to  the 
adjusting  valve  30,  and  a  control  processing  func- 

30  tion  37  for  producing  the  electric  drive  signal  ap- 
plied  to  the  regulator  9  for  the  hydraulic  pump  1  . 

The  control  processing  function  35  for  the  flow 
control  valves  3a,  3b  has  been  described  above. 
Fig.  4  shows  the  relationship  of  an  opening  area  A 

35  of  a  meter-in  variable  restrictor  of  each  flow  control 
valve  3a,  3b  versus  an  input  amount  L  of  the 
control  lever  4  in  the  electric  lever  unit  5.  In  the 
graph  of  Fig.  4,  the  input  amount  L  of  the  control 
lever  4  represents  the  amount  or  stroke  through 

40  which  the  control  lever  is  operated  in  the  positive 
or  negative  X-direction  and  in  the  positive  or  nega- 
tive  Y-direction.  Also,  Lmax  represents  a  maximum 
input  amount  resulted  when  the  control  lever  4  is 
operated  through  its  full  stroke. 

45  Details  of  the  control  processing  function  37  for 
the  hydraulic  pump  1  is  shown  in  Fig.  5.  Referring 
to  Fig.  5,  in  a  block  37a,  the  signal  from  the 
pressure  sensor  15  is  input  to  calculate  a  target 
tilting  angle  0o  corresponding  to  the  control  pres- 

50  sure  Pc  generated  upstream  of  the  fixed  restrictor 
8.  This  calculation  is  performed  by  previously  set- 
ting  the  relationship  between  the  control  pressure 
Pc  and  the  target  tilting  angle  0o,  and  storing  the 
relationship  in  the  form  of  a  function  table.  The 

55  stored  relationship  is,  as  seen  from  Fig.  5,  such 
that  the  target  tilting  angle  0o  becomes  smaller  as 
the  control  pressure  Pc  generated  upstream  of  the 
fixed  restrictor  8  is  raised,  and  larger  as  the  control 
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pressure  Pc  is  lowered.  The  target  tilting  angle  0o 
calculated  by  the  block  37a  is  applied  to  an  adder 
37b  which  outputs  a  deviation  Z  of  the  target  tilting 
angle  0o  from  a  tilting  angle  0  of  the  swash  plate  of 
the  hydraulic  pump  1  which  is  detected  by  the 
displacement  sensor  16  and  fed  back  thereto.  The 
deviation  Z  is  converted  into  an  on  or  off  electric 
drive  signal  in  blocks  37c,  37d.  More  specifically, 
when  the  deviation  Z  is  positive,  the  on  electric 
drive  signal  is  output  to  the  solenoid  valve  22a  and 
the  off  electric  drive  signal  is  output  to  the  solenoid 
valve  22b.  When  the  deviation  Z  is  negative,  the  on 
electric  drive  signal  is  output  to  the  solenoid  valve 
22b  and  the  off  electric  drive  signal  is  output  to  the 
solenoid  valve  22a.  The  tilting  angle  of  the  hydrau- 
lic  pump  1  is  controlled,  as  mentioned  above,  by 
the  on  and  off  electric  drive  signals  applied  to  the 
solenoid  valves  22a,  22b.  Thus,  the  actual  tilting 
angle  0  detected  by  the  displacement  sensor  16  is 
fed  back  to  make  control  such  that  the  actual  target 
tilting  angle  0  coincides  with  the  target  tilting  angle 
00. 

The  control  processing  function  37  for  the  hy- 
draulic  pump  1  and  the  regulator  9  cooperatively 
constitute  pump  control  means  for  reducing  the 
delivery  rate  of  the  hydraulic  pump  1  as  the  control 
pressure  generated  by  the  fixed  restrictor  8  is 
raised,  and  increasing  the  pump  delivery  rate  as 
the  control  pressure  is  lowered. 

Details  of  the  control  processing  function  36  for 
the  adjusting  valve  30  is  shown  in  Fig.  6.  Referring 
to  Fig.  6,  in  a  block  36a,  the  electric  signal  from  the 
electric  lever  unit  5  is  input  to  calculate  a  target 
signal  value  Eo  corresponding  to  the  input  amount 
L  of  the  control  lever  4.  This  calculation  is  per- 
formed  by  previously  setting  the  relationship  be- 
tween  the  input  amount  L  and  the  target  signal 
value  Eo,  and  storing  the  relationship  in  the  form  of 
a  function  table.  The  stored  relationship  is,  as  seen 
from  Fig.  6,  such  that  as  the  input  amount  L  of  the 
control  lever  increases,  the  target  signal  value  Eo  is 
also  increased.  Also,  an  increase  rate  of  the  target 
signal  value  Eo  is  reduced  at  and  beyond  a  certain 
value  La  of  the  input  amount  L.  The  target  signal 
value  Eo  calculated  by  the  block  36a  is  amplified 
by  an  amplifier  36b  and  output  as  the  electric  drive 
signal  to  the  proportional  solenoid  valve  31  . 

The  proportional  solenoid  valve  31  generates 
the  pilot  pressure  proportional  to  the  electric  drive 
signal  from  the  controller  10  and  outputs  it  to  the 
hydraulic  pilot-drive  sector  of  the  adjusting  valve 
30.  On  the  other  hand,  the  relationship  of  an  open- 
ing  area  A  versus  a  stroke  S  of  the  adjusting  valve 
30  is  shown  in  Fig.  7.  Thus,  as  the  valve  stroke  S 
increases,  the  opening  area  A  is  reduced.  Accord- 
ingly,  the  relationship  of  the  opening  area  A  versus 
the  input  amount  L  of  the  control  lever  4  in  the 
adjusting  valve  30,  which  is  driven  by  the  pilot 

pressure  from  the  proportional  solenoid  valve  31, 
becomes  as  shown  in  Fig.  8.  In  other  words,  the 
adjusting  valve  30  is  controlled  such  that  the  open- 
ing  area  A  is  large  when  the  input  amount  L  of  the 

5  control  lever  4  is  small,  and  it  reduces  as  the  input 
amount  L  is  increased.  Also,  the  opening  area  A  of 
the  adjusting  valve  30A  becomes  zero  at  Lb  before 
the  input  amount  L  reaches  its  maximum  Lmax. 
Thus,  the  adjusting  valve  30  is  fully  closed  prior  to 

io  reaching  the  maximum  input  amount  Lmax. 
As  explained  above,  the  control  processing 

function  36  for  the  adjusting  valve  30  and  the 
proportional  solenoid  valve  31  cooperatively  con- 
stitute  control  means  for  controlling  the  adjusting 

is  valve  30  in  such  a  manner  as  provide  the  large 
opening  area  of  the  adjusting  valve  30  at  the  small 
input  amount  of  the  control  lever  4  and  reduce  the 
opening  area  of  the  adjusting  valve  30  as  the  input 
amount  of  the  control  lever  4  is  increased. 

20  The  operating  principles  of  this  embodiment 
will  now  be  described.  Consider  first  the  system  in 
which  the  adjusting  valve  30  is  not  provided.  The 
system  not  including  the  adjusting  valve  30  is 
equivalent  to  a  conventional  LS  control  system. 

25  More  specifically,  when  the  control  lever  4  is  not 
operated  and  held  in  its  neutral  position,  the  flow 
control  valves  3a,  3b  are  also  in  their  neutral  posi- 
tions  and  the  pilot  line  107  is  communicated  with 
the  reservoir  through  the  shuttle  valve  6  and  the 

30  flow  control  valves  3a,  3b.  At  this  time,  since  the 
delivery  pressure  of  the  hydraulic  pump  1  acts  on 
the  unloading  valve  7  through  the  pilot  line  106,  the 
unloading  valve  107  is  shifted  to  its  closed  position 
against  the  urging  force  of  the  spring  7a.  Therefore, 

35  the  control  pressure  generated  upstream  of  the 
fixed  restrictor  8  is  raised,  whereupon  the  pump 
control  means  constituted  by  the  control  process- 
ing  function  37  of  the  controller  10  and  the  regula- 
tor  9  makes  control  of  diminishing  the  tilting  angle 

40  of  the  swash  plate  of  the  hydraulic  pump  1  and 
reducing  the  pump  delivery  rate.  As  a  result,  the 
system  is  controlled  such  that  the  tilting  angle  of 
the  hydraulic  pump  1  is  kept  at  minimum  and  the 
hydraulic  pump  1  provides  a  minimum  delivery 

45  rate. 
When  the  control  lever  4  is  operated  in  the 

positive  X-direction,  for  example,  from  the  neutral 
position,  the  flow  control  valve  3a  is  opened  to 
have  an  opening  area  corresponding  to  the  input 

50  amount  (demanded  flow  rate)  L,  whereupon  the 
hydraulic  fluid  from  the  hydraulic  pump  1  is  sup- 
plied  to  the  hydraulic  actuator  2a  through  the  flow 
control  valve  3a.  Simultaneously,  a  load  pressure  of 
the  hydraulic  actuator  2a  is  detected  as  the  maxi- 

55  mum  load  pressure  by  the  shuttle  valve  6,  and  the 
detected  maximum  load  pressure  acts  on  the  un- 
loading  valve  7  along  with  the  delivery  pressure  of 
the  hydraulic  pump  1.  At  this  time,  when  the  deliv- 

8 
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ery  rate  of  the  hydraulic  pump  1  is  smaller  than  the 
demanded  flow  rate,  the  pump  delivery  pressure 
does  not  rise  so  that  the  differential  pressure  be- 
tween  the  pump  delivery  pressure  and  the  maxi- 
mum  load  pressure,  i.e.,  the  LS  differential  pres- 
sure,  becomes  smaller  than  a  predetermined  value 
set  by  the  spring  7a  (hereinafter  referred  to  as  a 
set  differential  pressure  of  the  unloading  valve  7), 
thereby  closing  the  unloading  valve  7.  Accordingly, 
the  control  pressure  generated  upstream  of  the 
fixed  resistor  8  is  lowered  and  the  pump  delivery 
rate  is  controlled  to  increase  by  the  pump  control 
means  constituted  by  the  control  processing  func- 
tion  37  of  the  controller  10  and  the  regulator  9. 
When  the  delivery  rate  of  the  hydraulic  pump  1  is 
increased  above  the  demanded  flow  rate,  the  pump 
delivery  pressure  rises  so  that  the  LS  differential 
pressure  becomes  larger  than  the  set  differential 
pressure  of  the  unloading  valve  7,  thereby  opening 
the  unloading  valve  7.  Accordingly,  the  control 
pressure  generated  upstream  of  the  fixed  restrictor 
8  is  raised  and  the  pump  delivery  rate  is  controlled 
to  decrease  by  the  pump  control  means.  Thus,  the 
pump  delivery  rate  is  controlled  so  that  the  pump 
delivery  pressure  is  held  higher  than  the  maximum 
load  pressure  by  a  fixed  value. 

The  relationship  of  a  flow  rate  Q  through  the 
flow  control  valve  3a  versus  the  input  amount  L  of 
the  control  lever  4  resulted  when  the  delivery  rate 
of  the  hydraulic  pump  1  is  controlled,  as  mentioned 
above,  is  given  by  a  characteristic  FLS  in  Fig.  9  in 
conformity  with  the  relationship  between  the  input 
amount  L  and  the  opening  area  A  shown  in  Fig.  4. 
More  specifically,  since  the  pump  delivery  rate  is 
controlled  so  that  the  pump  delivery  pressure  is 
held  higher  than  the  maximum  load  pressure  by 
the  fixed  value,  the  differential  pressure  between 
the  pump  delivery  pressure  and  the  maximum  load 
pressure,  i.e.,  the  LS  differential  pressure,  is  kept 
constant  the  differential  pressure  across  the  flow 
control  valve  3a  is  held  at  a  fixed  value  corre- 
sponding  to  the  LS  differential  pressure,  whereby 
the  flow  rate  characteristic  FLS  conforms  with  the 
characteristic  of  the  opening  area  A  of  the  flow 
control  valve  3a.  Further,  since  the  LS  differential 
pressure  is  kept  constant  even  with  change  in  the 
load  pressure  of  the  actuator  2a,  the  flow  rate 
characteristic  FLS  is  also  constant  regardless  of  the 
load  pressure.  In  the  LS  control,  therefore,  even  if 
the  load  pressure  of  the  actuator  2a  is  fluctuated, 
the  flow  rate  supplied  to  the  actuator  2a  becomes  a 
predetermined  value  corresponding  to  the  opening 
area  of  the  flow  control  valve  3a  (i.e.,  the  input 
amount  of  the  control  lever)  and  the  drive  speed  of 
the  actuator  2a  is  not  affected  by  fluctuations  in  the 
load  pressure,  making  it  possible  to  provide  the 
actuator  speed  precisely  depending  on  the  input 
amount  of  the  control  lever. 

Consider  now  the  system  of  this  embodiment 
in  which  the  unloading  valve  7  is  not  provided.  In 
the  system  not  provided  with  the  unloading  valve  7, 
flow  rate  control  is  performed  under  the  bleed-off 

5  control  through  the  adjusting  valve  30.  More  spe- 
cifically,  when  the  control  lever  4  is  initially  in  the 
neutral  position,  the  adjusting  valve  30  is  opened 
with  its  maximum  opening  area  in  accordance  with 
the  characteristic  shown  in  Fig.  8,  whereby  the 

io  hydraulic  fluid  delivered  from  the  hydraulic  pump  1 
is  discharged  to  the  bleed  line  105  through  the 
adjusting  valve  30.  Therefore,  since  the  control 
pressure  generated  upstream  of  the  fixed  restrictor 
8  is  raised,  the  tilting  angle  of  the  hydraulic  pump  1 

is  is  kept  at  minimum  and  the  hydraulic  pump  1 
provides  a  minimum  delivery  rate  as  with  the  fore- 
going  operation  in  the  case  of  including  the  un- 
loading  valve  7  only. 

When  the  control  lever  4  is  operated  in  the 
20  positive  X-direction,  for  example,  from  the  neutral 

position,  the  flow  control  valve  3a  is  opened  to 
have  an  opening  area  corresponding  to  the  input 
amount  (demanded  flow  rate)  L  and,  simultaneous- 
ly,  the  opening  area  of  the  adjusting  valve  30  is 

25  diminished  depending  on  the  input  amount  L  in 
accordance  with  the  characteristic  shown  in  Fig.  8, 
thereby  reducing  the  bleed  rate  that  is  discharged 
to  the  bleed  line  105  through  the  adjusting  valve 
30.  Therefore,  the  control  pressure  generated  up- 

30  stream  of  the  fixed  restrictor  8  is  lowered  and  the 
pump  delivery  rate  is  controlled  to  increase  by  the 
pump  control  means  constituted  by  the  control 
processing  function  37  of  the  controller  10  and  the 
regulator  9.  When  the  delivery  rate  of  the  hydraulic 

35  pump  1  is  increased  to  make  the  pump  delivery 
pressure  higher  than  the  load  pressure  of  the  ac- 
tuator  2a,  the  hydraulic  fluid  from  the  hydraulic 
pump  1  starts  to  be  supplied  to  the  hydraulic 
actuator  2a  through  the  flow  control  valve  3a.  On 

40  the  other  hand,  as  the  delivery  rate  of  the  hydraulic 
pump  1  is  increased  and  the  pump  delivery  pres- 
sure  becomes  higher,  the  bleed  rate  discharging 
through  the  adjusting  valve  30  increases  and  the 
control  pressure  generated  upstream  of  the  fixed 

45  restrictor  8  rises.  When  the  pump  delivery  rate 
determined  by  the  generated  control  pressure  is 
balanced  with  the  total  of  the  flow  rate  supplied  to 
the  actuator  2a  and  the  bleed  rate  discharging 
through  the  adjusting  valve  30,  the  control  pressure 

50  is  stabilized  and  the  delivery  rate  of  the  hydraulic 
pump  1  is  kept  constant.  As  this  time,  on  condition 
that  the  load  pressure  of  the  actuator  2a  is  con- 
stant,  since  the  flow  rate  discharging  through  the 
adjusting  valve  30  is  smaller  at  the  larger  input 

55  amount  L  of  the  control  lever  4  in  accordance  with 
the  characteristic  shown  in  Fig.  8,  the  control  pres- 
sure  is  stabilized  at  a  lower  value  and  the  delivery 
rate  of  the  hydraulic  pump  1  established  when  the 

9 
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control  pressure  is  stabilized  becomes  larger,  as 
the  input  amount  of  the  control  lever  4  increases. 
Thus,  the  delivery  rate  of  the  hydraulic  pump  1  is 
controlled  depending  on  the  input  amount  L  of  the 
control  lever  4. 

On  the  other  hand,  the  actuator  2a  is  supplied 
through  the  flow  control  valve  3a  with  the  hydraulic 
fluid  at  a  flow  rate  resulted  by  subtracting  the  bleed 
rate  through  the  adjusting  valve  30  from  the  deliv- 
ery  rate  of  the  hydraulic  pump  1.  The  relationship 
of  the  flow  rate  Q  through  the  flow  control  valve  3a 
versus  the  input  amount  L  of  the  control  lever  4  in 
this  case  is  given  by  characteristics  FB0L,  FBoM, 
FBoH  in  Fig.  9  in  conformity  with  the  relationship 
between  the  input  amount  L  and  the  opening  area 
A  shown  in  Fig.  8.  Specifically,  the  flow  rate  is 
affected  by  the  load  pressure  in  this  case  such  that 
the  bleed  rate  through  the  adjusting  valve  30  is 
increased  at  the  larger  load  pressure  and  the  flow 
rate  through  the  flow  control  valve  3a  is  reduced 
even  with  the  same  pump  delivery  rate.  With  an 
increase  in  the  load  pressure,  therefore,  the  char- 
acteristic  of  the  flow  rate  Q  through  the  flow  control 
valve  3a  changes  as  indicated  by  FB0L,  FBoM, 
FBoH  in  the  direction  the  flow  rate  Q  reduces. 

It  should  be  noted  that  the  flow  rate  control 
through  the  adjusting  valve  30  in  this  embodiment 
is  similar  to  bleed-off  control  in  the  conventional 
system  provided  with  a  center-open  flow  control 
valve  and,  in  this  sense,  the  flow  rate  control 
through  the  adjusting  valve  30  is  called  bleed-off 
control  in  this  description. 

This  embodiment  includes  both  the  unloading 
valve  7  and  the  adjusting  valve  30,  the  adjusting 
valve  30  being  disposed  in  parallel  to  the  unloading 
valve  7  and  upstream  of  the  fixed  restrictor  8. 
Therefore,  when  the  differential  pressure  between 
the  delivery  pressure  of  the  hydraulic  pump  1  and 
the  maximum  load  pressure  (i.e.,  the  LS  differential 
pressure)  is  not  larger  than  the  set  differential  pres- 
sure  of  the  unloading  valve  7,  the  unloading  valve  7 
is  closed,  resulting  in  the  system  which  is  equiv- 
alent  to  the  system  absent  from  the  unloading 
valve  7  and  in  which  the  bleed-off  control  through 
the  adjusting  valve  30  is  performed.  When  the  LS 
differential  pressure  is  larger  than  the  set  differen- 
tial  pressure  of  the  unloading  valve  7,  the  hydraulic 
fluid  is  discharged  through  the  unloading  valve  7, 
resulting  in  the  system  which  is  equivalent  to  the 
system  absent  from  the  adjusting  valve  30  and  in 
which  the  LS  control  through  the  unloading  valve  7 
is  performed. 

Additionally,  when  the  control  lever  4  is  in  the 
neutral  position,  the  adjusting  valve  30  is  opened 
with  the  maximum  opening  area  and  the  hydraulic 
pump  1  is  controlled  so  as  to  keep  the  tilting  angle 
at  minimum,  thereby  providing  the  minimum  deliv- 
ery  rate. 

Fig.  10  shows  the  relationship  between  the  flow 
rate  Q  through  the  flow  control  valve  3a  and  the 
input  amount  L  of  the  control  lever  4  in  this  em- 
bodiment.  In  the  graph  of  Fig.  10,  the  same  char- 

5  acteristic  curves  as  those  shown  in  Fig.  9  are 
denoted  by  the  same  reference  characters.  Fig.  10- 
(A)  shows  the  relationship  resulted  when  the  load 
pressure  of  the  actuator  2a  is  medium,  Fig.  10(B) 
shows  the  relationship  resulted  when  the  load  pres- 

io  sure  of  the  actuator  2a  is  low,  and  Fig.  10(C)  shows 
the  relationship  resulted  when  the  load  pressure  of 
the  actuator  2a  is  high. 

On  condition  that  the  load  pressure  is  medium, 
when  the  input  amount  L  of  the  control  lever  4  is 

is  not  larger  than  Lb  in  a  metering  region,  the  LS 
differential  pressure  is  smaller  than  the  set  differen- 
tial  pressure  of  the  unloading  valve  7  and  the 
unloading  valve  7  is  closed.  Therefore,  the  bleed- 
off  control  through  the  adjusting  valve  30  is  se- 

20  lected.  When  the  input  amount  L  of  the  control 
lever  4  is  increased  above  Lb,  the  LS  differential 
pressure  becomes  larger  than  the  set  differential 
pressure  of  the  unloading  valve  7  and  the  un- 
loading  valve  7  is  opened.  Therefore,  the  LS  con- 

25  trol  through  the  unloading  valve  7  is  selected.  As  a 
result,  the  flow  rate  characteristic  in  this  case  is 
provided  by  a  solid  line,  shown  in  Fig.  10(A),  repre- 
senting  the  characteristic  curve  FLS  or  FBoM  which 
exhibits  the  smaller  flow  rate  in  respective  ranges 

30  on  both  sides  of  Lb. 
On  condition  that  the  load  pressure  is  low,  the 

LS  differential  pressure  is  larger  than  the  set  dif- 
ferential  pressure  of  the  unloading  valve  7  all  over 
the  range  of  the  input  amount  L  of  the  control  lever 

35  4  and,  therefore,  the  LS  control  through  the  un- 
loading  valve  7  is  selected.  As  a  result,  the  flow 
rate  characteristic  in  this  case  is  provided  by  a 
solid  line,  shown  in  Fig.  10(B),  which  is  the  same 
as  the  characteristic  curve  FLS. 

40  On  condition  that  the  load  pressure  is  high, 
when  the  input  amount  L  of  the  control  lever  4  is 
not  larger  than  Lc  beyond  the  metering  region,  the 
LS  differential  pressure  is  smaller  than  the  set 
differential  pressure  of  the  unloading  valve  7  and 

45  the  bleed-off  control  through  the  adjusting  valve  30 
is  selected.  When  the  input  amount  L  of  the  control 
lever  4  is  increased  above  Lc,  the  LS  differential 
pressure  becomes  larger  than  the  set  differential 
pressure  of  the  unloading  valve  7  and  the  LS 

50  control  through  the  unloading  valve  7  is  selected. 
As  a  result,  the  flow  rate  characteristic  in  this  case 
is  provided  by  a  solid  line  representing  the  char- 
acteristic  curve  FLS  or  FBoH  which  exhibits  the 
smaller  flow  rate  in  respective  ranges  on  both  sides 

55  of  Lc. 
In  this  embodiment  with  the  operating  princi- 

ples  as  explained  above,  when  the  control  lever  4 
is  finely  operated  in  the  range  not  larger  than  the 

10 
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input  amount  Lb  in  the  characteristic  of  Fig.  10(A) 
representing  the  medium  load  pressure  as  exper- 
ienced,  for  example,  in  ground  leveling  work  by  a 
hydraulic  excavator,  the  bleed-off  control  through 
the  adjusting  valve  30  is  selected.  Also,  when  the 
control  lever  4  is  operated  within  the  metering 
region  in  the  characteristic  of  Fig.  10(C)  represent- 
ing  the  high  load  pressure  as  experienced,  for 
example,  in  loading  work  by  a  hydraulic  excavator, 
the  bleed-off  control  through  the  adjusting  valve  30 
is  selected.  In  these  cases,  when  the  control  lever 
4  is  operated  in  the  positive  X-direction,  the  deliv- 
ery  rate  of  the  hydraulic  pump  1  is  increased 
depending  on  the  input  amount  of  the  control  lever 
4  and  the  flow  rate  corresponding  to  the  input 
amount  of  the  control  lever  4  is  supplied  to  the 
actuator  2a,  as  described  above. 

Meanwhile,  in  the  bleed-off  control,  when  the 
delivery  pressure  of  the  hydraulic  pump  1  starts 
rising  at  start-up  of  the  actuator  or  upon  fluc- 
tuations  in  the  load,  a  part  of  the  pump  delivery 
rate  is  discharged  to  the  reservoir  through  the 
adjusting  valve  30  and  the  bleed  line  105.  There- 
fore,  an  abrupt  rise  in  the  pump  delivery  pressure 
is  suppressed.  The  flow  rate  discharging  to  the 
reservoir  is  reduced  with  the  larger  input  amount  of 
the  control  lever  4.  As  a  result,  an  acceleration  and 
a  drive  force  of  the  actuator  2a  are  controlled 
depending  on  the  input  amount  of  the  control  lever 
4,  enabling  work  to  be  smoothly  carried  out  with  a 
less  shock. 

Further,  in  the  characteristic  of  Fig.  10(C)  re- 
presenting  the  high  load  pressure,  when  the  control 
lever  4  is  quickly  operated  through  a  half  stroke  for 
starting  up  the  actuator  2a,  or  when  it  is  quickly 
returned  from  the  full-stroke  position  to  the  half- 
stroke  position,  the  actuator  2a  generates  vibration 
due  to  abrupt  change  in  the  actuator  speed.  Stud- 
ies  conducted  by  the  inventors  indicate  that  if  the 
flow  rate  supplied  to  an  actuator  is  constant  regard- 
less  of  an  actuator  pressure,  the  vibration  once 
generated  on  the  actuator  will  not  damp.  To  damp 
the  vibration  once  generated,  the  system  is  re- 
quired  to  have  such  a  characteristic  that  the  flow 
rate  supplied  to  the  actuator  is  reduced  when  the 
actuator  pressure  increases. 

In  the  bleed-off  control,  as  the  load  pressure  of 
the  actuator  becomes  higher,  a  part  of  the  pump 
delivery  rate  which  is  discharged  to  the  reservoir 
through  the  adjusting  valve  30  and  the  bleed  line 
105  is  increased,  while  the  flow  rate  distributed  for 
supply  to  the  actuator  is  reduced,  whereby  the 
control  pressure  upstream  of  the  fixed  restrictor  8 
rises  and  the  pump  delivery  rate  itself  reduces. 
Thus,  the  system  under  the  bleed-off  control  has 
such  a  characteristic  that  the  flow  rate  supplied  to 
the  actuator  is  reduced  when  the  load  pressure  of 
the  actuator  increases.  Therefore,  the  vibration 

generated  on  the  actuator  2a  is  easily  damped  and 
the  flow  rate  control  can  be  performed  in  a  stable 
manner  without  causing  hunting. 

On  the  other  hand,  when  the  control  lever  4  is 
5  operated  in  the  range  not  less  than  the  input 

amount  Lb  in  the  characteristic  of  Fig.  10(A)  repre- 
senting  the  medium  load  pressure  as  experienced, 
for  example,  in  medium  digging  work  by  a  hydrau- 
lic  excavator,  or  when  the  control  lever  4  is  op- 

io  erated  within  a  full-stroke  region  in  the  characteris- 
tic  of  Fig.  10(C)  representing  the  high  load  pres- 
sure  as  experienced,  for  example,  in  heavy  digging 
work  by  a  hydraulic  excavator,  the  LS  control 
through  the  unloading  valve  7  is  selected.  In  this 

is  case,  when  the  control  lever  4  is  operated  in  the 
positive  X-direction,  the  delivery  rate  of  the  hydrau- 
lic  pump  1  is  increased  depending  on  the  input 
amount  of  the  control  lever  4  and  the  flow  rate 
corresponding  to  the  input  amount  of  the  control 

20  lever  4  is  supplied  to  the  actuator  2a,  as  mentioned 
above.  At  this  time,  since  the  LS  differential  pres- 
sure  is  kept  constant,  the  flow  rate  supplied  to  the 
actuator  2a  becomes  a  predetermined  value  cor- 
responding  to  the  opening  area  of  the  flow  control 

25  valve  3a  (i.e.,  the  input  amount  of  the  control  lever) 
even  with  the  load  pressure  of  the  actuator  2a 
fluctuated.  Accordingly,  the  drive  speed  of  the  ac- 
tuator  2a  is  not  affected  by  fluctuations  in  the  load 
pressure,  making  it  possible  to  provide  the  actuator 

30  speed  precisely  depending  on  the  input  amount  of 
the  control  lever  4. 

Further,  when  the  control  lever  4  is  operated 
following  the  characteristic  of  Fig.  10(B)  represent- 
ing  the  low  load  pressure,  the  LS  control  through 

35  the  unloading  valve  7  is  selected  all  over  the  range 
of  the  input  amount  of  the  control  lever  4.  As  a 
result,  the  actuator  speed  can  be  controlled  pre- 
cisely  depending  on  the  input  amount  of  the  control 
lever  without  being  affected  by  fluctuations  in  the 

40  load  pressure. 
While  the  above  description  is  made  as  operat- 

ing  the  control  lever  4  in  the  positive  X-direction,  it 
also  equally  applies  to  the  case  of  operating  the 
control  lever  4  in  the  negative  X-direction,  and  the 

45  case  of  operating  control  lever  4  in  the  positive  or 
negative  Y-direction  to  drive  the  actuator  2b. 

Consequently,  with  this  embodiment,  the  LS 
control  through  the  unloading  valve  7  and  the 
bleed-off  control  through  the  adjusting  valve  10  are 

50  selectively  performed  depending  on  the  input 
amount  of  the  control  lever  4,  so  that  the  flow  rate 
control  can  be  implemented  by  utilizing  character- 
istics  of  both  the  control  modes. 

Also,  when  the  input  amount  of  the  control 
55  lever  4  is  in  a  particular  range  and  the  bleed-off 

control  through  the  adjusting  valve  30  is  selected, 
an  acceleration  and  a  drive  force  of  each  actuator 
2a,  2b  can  be  controlled  depending  on  the  input 

11 
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amount  of  the  control  lever  4  and  an  ability  of 
damping  vibration  of  each  actuator  2a,  2b  is  im- 
proved,  and  when  the  input  amount  of  the  control 
lever  4  is  in  another  range  and  the  LS  control 
through  the  unloading  valve  7  is  selected,  the  drive 
speed  of  each  actuator  2a,  2b  can  be  controlled 
precisely  depending  on  the  input  amount  of  the 
control  lever. 

In  the  above  embodiment,  the  characteristics 
Fls.  FBoU  FboM,  FboH  of  the  flow  rate  Q  versus  the 
input  amount  L  of  the  control  lever  shown  in  Fig.  9 
can  be  variously  modified  by  changing  the  char- 
acteristic  of  the  opening  area  of  each  flow  control 
valve  3a,  3b  shown  in  Fig.  4  and/or  the  characteris- 
tic  of  the  opening  area  of  the  adjusting  valve  30 
shown  in  Fig.  8.  By  modifying  the  flow  rate  char- 
acteristics  FLS,  FBoU  FboM,  FBoH,  the  respective 
combined  flow  rate  characteristics  shown  in  Fig.  10 
can  be  changed.  Figs.  11  and  12  show  one  exam- 
ple  of  such  a  change  in  which  the  flow  rate  char- 
acteristic  FLS  for  the  LS  control  is  the  same  as  that 
in  the  above  embodiment,  but  the  flow  rate  char- 
acteristics  for  the  bleed-off  control  are  modified  as 
indicated  by  FBoLA,  FBoMA,  FBoHA.  In  this  case, 
the  combined  flow  rate  characteristics  are  as  in- 
dicated  in  Figs.  12(A)  to  12(C)  depending  on  the 
load  pressure.  As  seen  from  Fig.  12(A),  in  the  flow 
rate  characteristic  representing  the  medium  load 
pressure,  the  LS  control  is  selected  when  the  input 
amount  L  is  not  larger  than  Ld  within  a  metering 
region,  the  bleed-off  control  is  selected  when  the 
input  amount  L  is  in  the  range  from  Ld  to  Le 
beyond  the  metering  region,  and  the  LS  control  is 
selected  again  when  the  input  amount  L  is  not  less 
than  Le.  By  so  changing  the  flow  rate  characteris- 
tic,  it  is  possible  to  set  the  characteristic  advanta- 
geous  for  a  specific  purpose  and  hence  improve 
operability  remarkably. 

In  the  above  embodiment,  the  fixed  restrictor  8 
is  provided  as  a  resisting  device  for  generating  a 
pressure  corresponding  to  the  flow  rate  of  the 
hydraulic  fluid  discharging  through  the  unloading 
valve  7.  As  shown  in  Fig.  13,  the  resisting  device 
may  be  a  combination  of  a  fixed  restrictor  40  and  a 
relief  valve  41  . 

A  second  embodiment  of  the  present  invention 
will  be  described  with  reference  to  Fig.  14.  In  Fig. 
14,  those  members  which  are  identical  to  those 
shown  in  Fig.  1  are  denoted  by  the  same  reference 
numerals. 

In  this  second  embodiment,  the  control  lever 
unit  for  operating  the  actuators  2a,  2b  comprises 
two  hydraulic  pilot-operated  control  lever  units  50a, 
50b.  Pilot  pressures  generated  upon  control  levers 
51a,  51b  of  the  control  lever  units  50a,  50b  being 
operated  are  applied  to  corresponding  pressure 
receiving  chambers  of  the  flow  control  valves  3a, 
3b  through  a  pilot  line  52  or  53  and  a  pilot  line  54 

or  55,  respectively,  thereby  shifting  the  flow  control 
valves  3a,  3b. 

Also,  the  regulator  for  controlling  the  tilting 
angle  of  the  hydraulic  pump  1  is  constituted  by  a 

5  servo  control  valve  56  directly  subjected  to  the 
control  pressure  generated  upstream  of  the  fixed 
restrictor  8  and  operated  depending  on  the  gen- 
erated  control  pressure,  and  a  control  actuator  57 
in  communication  with  the  servo  control  valve  56 

io  for  controlling  the  tilting  angle  of  the  hydraulic 
pump  1  .  The  servo  control  valve  56  and  the  control 
actuator  57  cooperatively  make  control  such  that 
the  delivery  rate  of  the  hydraulic  pump  1  reduces 
as  the  control  pressure  generated  by  the  fixed 

is  restrictor  8  is  raised,  and  the  pump  delivery  rate 
increases  as  the  control  pressure  is  lowered. 

Further,  in  this  second  embodiment,  control 
means  for  the  adjusting  valve  30  is  hydraulically 
constructed.  More  specifically,  the  control  means 

20  for  the  adjusting  valve  30  comprises  a  first  shuttle 
valve  58  for  selectively  taking  out  the  pilot  pressure 
generated  in  the  pilot  line  52  or  53,  a  second 
shuttle  valve  59  for  selectively  taking  out  the  pilot 
pressure  generated  in  the  pilot  line  54  or  55,  and  a 

25  third  shuttle  valve  60  for  selectively  taking  out 
higher  one  of  the  pilot  pressures  taken  out  by  the 
first  and  second  shuttle  valves  58,  59.  In  this  case, 
the  adjusting  valve  30  is  controlled  by  the  pilot 
pressure  taken  out  by  the  third  shuttle  valve  60  to 

30  provide  the  relationship  of  the  opening  area  A 
versus  the  input  amount  L  of  the  control  lever  51a 
or  51b,  for  example,  as  shown  in  Fig.  8.  Thus,  the 
adjusting  valve  30  is  controlled  to  have  the  large 
opening  area  A  when  the  input  amount  L  of  the 

35  control  lever  51a  or  51b  is  small,  and  to  have  the 
smaller  opening  area  A  when  the  input  amount  L  is 
increased. 

This  second  embodiment  thus  arranged  can 
also  provide  the  similar  advantages  to  those  in  the 

40  above  first  embodiment,  because  the  adjusting 
valve  30  is  opened  depending  on  the  input 
amounts  of  the  control  levers  51a,  51b  to  selec- 
tively  carry  out  the  LS  control  and  the  bleed-off 
control. 

45  A  third  embodiment  of  the  present  invention 
will  be  described  with  reference  to  Fig.  15.  In  Fig. 
15,  those  members  which  are  identical  to  those 
shown  in  Figs.  1  and  14  are  denoted  by  the  same 
reference  numerals. 

50  In  this  third  embodiment,  instead  of  the  adjust- 
ing  valve  30  in  the  above  second  embodiment, 
there  are  provided  two  adjusting  valves  30a,  30b 
arranged  in  parallel  and  corresponding  to  the  two 
actuators  2a,  2b,  respectively.  The  pilot  pressure 

55  taken  out  by  the  first  shuttle  valve  58  is  applied  to 
a  hydraulic  drive  sector  of  the  adjusting  valve  30a, 
and  the  pilot  pressure  taken  out  by  the  second 
shuttle  valve  59  is  applied  to  a  hydraulic  drive 
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sector  of  the  adjusting  valve  30b.  Also,  the  relation- 
ships  of  opening  areas  of  the  adjusting  valves  30a, 
30b  versus  input  amounts  of  the  control  levers  51a, 
51b  are  made  different  between  the  adjusting 
valves  30a  and  30b  to  be  set  for  providing  respec- 
tive  flow  rate  characteristics  suitable  for  the  asso- 
ciated  actuators  2a,  2b. 

In  addition  to  providing  the  similar  advantages 
to  those  in  the  above  second  embodiment,  the 
third  embodiment  thus  arranged  is  further  advanta- 
geous  in  that  since  the  adjusting  valves  30a,  30b 
can  be  separately  shifted  depending  on  the  respec- 
tive  input  amounts  of  the  control  levers  51a,  51b,  it 
is  possible  to  modify  the  flow  rate  characteristic  for 
each  of  the  actuators  2a,  2b  and  to  realize  high- 
accurate  actuator  control. 

INDUSTRIAL  APPLICABILITY 

According  to  the  present  invention,  LS  control 
through  an  unloading  valve  and  bleed-off  control 
through  adjusting  valve  means  are  selectively  per- 
formed  depending  on  an  input  amount  of  manipula- 
tor  means,  so  that  flow  rate  control  can  be  imple- 
mented  by  utilizing  characteristics  of  both  the  con- 
trol  modes. 

Also,  when  the  input  amount  of  the  manipulator 
means  is  in  a  particular  range  and  the  bleed-off 
control  is  selected,  an  acceleration  and  a  drive 
force  of  an  actuator  can  be  controlled  depending 
on  the  input  amount  of  the  manipulator  means  and 
an  ability  of  damping  vibration  of  the  actuator  is 
improved,  and  when  the  input  amount  of  the  ma- 
nipulator  means  is  in  another  range  and  the  LS 
control  is  selected,  an  actuator  speed  can  be  con- 
trolled  precisely  depending  on  the  input  amount  of 
the  manipulator  means. 

Claims 

1.  A  hydraulic  drive  system  comprising  a  variable 
displacement  hydraulic  pump  (1),  a  plurality  of 
actuators  (2a,  2b)  driven  by  a  hydraulic  fluid 
delivered  from  said  hydraulic  pump,  manipula- 
tor  means  (5)  manipulated  by  an  operator  for 
commanding  operation  of  said  plurality  of  ac- 
tuators,  a  plurality  of  flow  control  valves  (3a, 
3b)  for  controlling  respective  flow  rates  of  the 
hydraulic  fluid  supplied  to  said  plurality  of  ac- 
tuators,  pressure  sensor  means  (6)  for  detect- 
ing  a  maximum  load  pressure  among  said  plu- 
rality  of  actuators,  an  unloading  valve  (7) 
opened  when  a  differential  pressure  between  a 
delivery  pressure  of  said  hydraulic  pump  and 
said  maximum  load  pressure  exceeds  a  pre- 
determined  value,  for  discharging  a  part  of  a 
flow  rate  of  the  hydraulic  fluid  delivered  from 
said  hydraulic  pump  to  a  reservoir,  resisting 

means  (8)  provided  downstream  of  said  un- 
loading  valve  for  generating  a  control  pressure 
corresponding  to  the  flow  rate  of  the  hydraulic 
fluid  discharged  through  said  unloading  valve, 

5  and  pump  control  means  (9)  for  reducing  the 
delivery  rate  of  said  hydraulic  pump  as  the 
control  pressure  generated  by  said  resisting 
means  is  raised,  and  increasing  the  pump  de- 
livery  rate  as  the  control  pressure  is  lowered, 

io  further  comprising: 
adjusting  valve  means  (30)  connected  to 

said  hydraulic  pump  (1)  in  parallel  to  said 
unloading  valve  (7)  at  a  position  upstream  of 
said  resisting  means  (8),  and 

is  control  means  (10,  36,  31)  for  controlling 
said  adjusting  valve  means  such  that  an  open- 
ing  area  of  said  adjusting  valve  means  is  large 
when  an  input  amount  of  said  manipulator 
means  (5)  is  small,  and  the  opening  area  of 

20  said  adjusting  valve  means  is  reduced  as  the 
input  amount  of  said  manipulator  means  in- 
creases. 

2.  A  hydraulic  drive  system  according  to  claim  1  , 
25  wherein  said  adjusting  valve  means  (30)  has 

an  opening  characteristic  that  the  opening  area 
is  large  when  a  valve  stroke  thereof  is  small, 
and  the  opening  area  is  reduced  as  the  valve 
stroke  increases. 

30 
3.  A  hydraulic  drive  system  according  to  claim  1  , 

wherein  said  manipulator  means  (5)  is  of  elec- 
tric  type  outputting  an  electric  command  signal 
depending  on  the  input  amount  thereof,  said 

35  control  means  comprises  a  controller  (10,  36) 
for  producing  an  electric  drive  signal  corre- 
sponding  to  the  electric  command  signal  from 
said  manipulator  means  and  a  proportional  so- 
lenoid  valve  (31)  driven  by  the  electric  drive 

40  signal  from  said  controller  for  generating  a 
corresponding  pilot  pressure,  whereby  said  ad- 
justing  valve  means  (30)  is  driven  by  the  pilot 
pressure  from  said  proportional  solenoid  valve 
to  change  the  opening  area  thereof. 

45 
4.  A  hydraulic  drive  system  according  to  claim  1  , 

wherein  said  manipulator  means  (50a,  50b)  is 
of  hydraulic  type  generating  a  pilot  pressure 
depending  on  the  input  amount  thereof,  said 

50  control  means  comprises  a  check  valve  (58, 
59,  60)  for  taking  out  the  pilot  pressure,  where- 
by  said  adjusting  valve  means  (30)  is  driven  by 
the  pilot  pressure  taken  out  by  said  check 
valve  to  change  the  opening  area  thereof. 

55 
5.  A  hydraulic  drive  system  according  to  claim  1  , 

wherein  said  adjusting  valve  means  comprises 
a  single  adjusting  valve  (30),  and  said  control 
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means  (10,  36)  controls  said  adjusting  valve 
depending  on  the  input  amount  of  said  ma- 
nipulator  means  (5). 

6.  A  hydraulic  drive  system  according  to  claim  1  ,  5 
wherein  said  adjusting  valve  means  comprises 
a  plurality  of  adjusting  valves  (30a,  30b)  re- 
spectively  associated  with  said  plurality  of  ac- 
tuators  (2a,  2b),  said  plurality  of  adjusting 
valves  being  directly  connected  to  upstream  of  10 
said  resisting  means  (8),  and  said  control 
means  (58,  59)  controls,  depending  on  the 
input  amounts  of  said  manipulator  means  (50a, 
50b),  said  adjusting  valves  associated  with  said 
actuators  which  are  commanded  in  operation  is 
from  said  manipulator  means,  respectively. 

7.  A  hydraulic  drive  system  according  to  claim  1  , 
wherein  said  resisting  means  is  a  fixed  restric- 
tor  (8).  20 

8.  A  hydraulic  drive  system  according  to  claim  1  , 
wherein  said  resisting  means  is  a  combination 
of  a  fixed  restrictor  (40)  and  a  relief  valve  (41). 

25 
9.  A  hydraulic  drive  system  according  to  claim  1  , 

wherein  said  pump  control  means  comprises  a 
pressure  sensor  (15)  for  detecting  the  control 
pressure  generated  by  said  resisting  means 
(8)  ,  a  controller  (10,  37)  for  receiving  a  signal  30 
from  said  pressure  sensor,  calculating  a  small- 
er  target  displacement  volume  as  said  control 
pressure  is  raised  while  calculating  a  larger 
target  displacement  volume  as  said  control 
pressure  is  lowered,  and  outputting  an  electric  35 
drive  signal  corresponding  to  the  calculated 
target  displacement  volume,  and  a  regulator 
(9)  for  controlling  a  displacement  volume  of 
said  hydraulic  pump  (1)  in  accordance  with 
said  electric  drive  signal.  40 

45 

50 

55 
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