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Description 

TECHNICAL  FIELD 

5  The  present  invention  relates  to  a  hydraulic  driving  circuit  for  a  hydraulic  machine  equipped  with  a  plurality 
of  hydraulic  actuators,  such  as  a  hydraulic  excavator,  a  hydraulic  crane  or  the  like  and,  more  particularly,  to  a 
hydraulic  driving  apparatus  for  controlling  flow  rate  of  hydraulic  fluid  supplied  to  a  plurality  of  hydraulic  actuators 
respectively  by  pressure  compensated-f  low  control  valves,  while  controlling  discharge  rate  of  a  hydraulic  pump 
in  such  a  manner  that  discharge  pressure  of  the  hydraulic  pump  is  raised  more  than  maximum  load  pressure 

w  of  the  hydraulic  actuators  by  a  predetermined  value. 

BACKGROUND  ART 

In  recent  years,  in  a  hydraulic  driving  apparatus  for  a  hydraulic  machine  equipped  with  a  plurality  of  hyd- 
15  raulic  actuators,  such  as  a  hydraulic  excavator,  a  hydraulic  crane  or  the  like,  a  variable  displacement  type  hyd- 

raulic  pump  is  used  as  a  hydraulic  pump  and  it  is  carried  out  to  load-sensing-control  the  hydraulic  pump,  as 
disclosed  in  DE-A1  -34221  65  (corres.  to  JP-A-60-11706).  What  the  load  sensing  control  is  dose  mean  to  control 
discharge  rate  of  the  hydraulic  pump  in  such  a  manner  that  discharge  pressure  of  the  hydraulic  pump  is  raised 
more  than  maximum  load  pressure  of  the  plurality  of  hydraulic  actuators  by  a  predetermined  value.  In  this  case, 

20  pressure  compensating  valves  are  arranged  respectively  in  meterin  circuits  for  the  hydraulic  actuators,  and  flow 
rate  of  hydraulic  fluid  supplied  to  the  hydraulic  actuators  is  controlled  by  flow  control  valves  equipped  respect- 
ively  with  the  pressure  compensating  valves.  By  doing  so,  the  discharge  rate  of  the  hydraulic  pump  increases 
and  decreases  depending  upon  requisite  flow  rate  for  the  hydraulic  actuators,  so  that  economical  running  is 
made  possible.  In  addition,  by  the  pressure  compensating  valves,  in  sole  operation,  precise  flow  control  is  made 

25  possible  without  being  influenced  by  load  pressure  of  the  operated  actuator,  while,  in  combined  operation, 
smooth  combined  operation  is  made  possible  without  being  influenced  by  the  mutual  load  pressures,  in  spite 
of  the  fact  that  the  hydraulic  actuators  are  connected  in  parallel  relation  to  each  other. 

By  the  way,  in  this  hydraulic  driving  apparatus,  there  is  the  following  problem  peculiar  to  the  load  sensing 
control. 

30  The  discharge  rate  of  the  hydraulic  pump  is  determined  by  the  displacement  volume  or,  in  case  of  swash 
plate  type,  by  the  product  of  an  amount  of  inclination  and  rotational  speed  of  the  swash  plate  such  that  the  dis- 
charge  rate  increases  in  proportion  to  an  increase  in  the  amount  of  inclination.  In  this  amount  of  inclination  of 
the  swash  plate,  there  is  a  maximum  amount  of  inclination  as  a  limit  value  which  is  determined  from  the  con- 
structional  point  of  view.  The  discharge  rate  of  the  hydraulic  pump  is  maximized  at  the  maximum  amount  of 

35  inclination.  Further,  driving  of  the  hydraulic  pump  is  effected  by  a  prime  mover.  When  input  torque  to  the  hyd- 
raulic  pump  exceeds  output  torque  from  the  prime  mover,  rotational  speed  of  the  prime  mover  starts  to  decrease 
and,  in  the  worst  case,  the  prime  mover  reaches  stall.  In  order  to  avoid  this,  input-torque  limiting  control  is  car- 
ried  out  in  which  a  maximum  value  of  the  amount  of  inclination  of  the  swash  plate  is  so  limited  that  the  input 
torque  to  the  hydraulic  pump  does  not  exceed  the  output  torque  from  the  prime  mover,  to  control  the  discharge 

40  rate. 
As  described  above,  there  is  the  maximum-limit  discharge  flow  rate  in  the  hydraulic  pump.  Accordingly,  at 

the  combined  operation  of  the  plurality  of  hydraulic  actuators,  when  the  sum  of  the  requisite  flow  rates  for  the 
plurality  of  hydraulic  actuators  commanded  by  their  respective  operating  levers  is  brought  to  a  value  higher 
than  the  maximum-limit  discharge  flow  rate  of  the  hydraulic  pump,  it  is  made  impossible  to  increase  the  dis- 

45  charge  rate  of  the  hydraulic  pump  to  the  requisite  flow  rate  by  the  load  sensing  control,  so  that  an  insufficient 
state  of  the  discharge  rate  with  respect  to  the  requisite  flow  rate  occurs.  In  the  present  specification,  this  is 
called  "a  hydraulic  pump  is  saturated"  or  "saturation  of  a  hydraulic  pump".  When  the  hydraulic  pump  is  saturated 
in  this  manner,  a  major  part  of  the  flow  rate  discharged  from  the  hydraulic  pump  flows  to  the  hydraulic  actuator 
on  the  low  pressure  side,  but  the  hydraulic  fluid  is  not  supplied  to  the  hydraulic  actuator  on  the  high  pressure 

so  side,  so  that  smooth  combined  operation  is  made  impossible. 
In  order  to  solve  this  problem,  in  the  hydraulic  driving  apparatus  disclosed  in  the  above-mentioned  DE-A1- 

3422165  (corres.  to  JP-A-60-11706),  the  arrangement  is  such  that  two  pressure  receiving  sections  acting  re- 
spectively  in  the  valve  opening  and  closing  directions  are  additionally  provided  to  each  of  the  pressure 
compensating  valves,  arranged  in  the  meter-in  circuits  for  the  respective  hydraulic  actuators,  wherein  the  pump 

55  discharge  pressure  is  introduced  to  the  pressure  receiving  section  acting  in  the  valve  opening  direction,  and 
the  maximum  load  pressure  of  the  plurality  of  actuators  is  introduced  to  the  pressure  receiving  section  acting 
in  the  valve  closing  direction.  With  the  arrangement,  when  the  sum  of  the  respective  requisite  flow  rates  for 
the  plurality  of  hydraulic  actuators  commanded  by  their  respective  operating  levers  is  brought  to  a  value  higher 
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than  the  maximum-limit  discharge  flow  rate  of  the  hydraulic  pump,  the  pressure  compensating  valve  for  the 
actuator  on  the  low  pressure  side  is  restricted  in  response  to  a  drop  of  the  differential  pressure  between  the 
discharge  pressure  of  the  hydraulic  pump  and  the  maximum  load  pressure.  Thus,  the  flow  rate  flowing  through 
the  actuator  on  the  low  pressure  side  is  restricted  and,  therefore,  it  is  ensured  that  the  hydraulic  fluid  is  supplied 

5  also  to  the  hydraulic  actuator  on  the  high  pressure  side.  As  a  result,  the  discharge  flow  rate  of  the  hydraulic 
pump  is  divided  to  the  plurality  of  actuators,  so  that  the  combined  operation  is  made  possible. 

Furthermore,  DE-A1  -2906670  discloses  a  hydraulic  driving  apparatus  in  which  pressure  compensating  val- 
ves  different  in  operation  principle  from  the  general  pressure  compensating  valves  described  above  are  incor- 
porated  respectively  in  a  meter-in  circuit  and  a  meter-out  circuit  for  flow  control  valves.  The  function  of  the 

w  pressure  compensating  valve  incorporated  in  the  meter-in  circuit  is  substantially  the  same  as  that  disclosed  in 
DE-A1  -34221  65.  That  is,  the  pressure  compensating  valve  usually  makes  possible  smooth  combined  operation 
and  flow-rate  control  not  influenced  by  load  pressure.  On  the  other  hand,  when  the  hydraulic  pump  is  saturated, 
the  pressure  compensating  valve  senses  the  saturation,  to  restrict  the  pressure  compensating  valve  in  the  me- 
ter-in  circuit  for  the  actuator  on  the  low  pressure  side,  thereby  making  it  possible  also  to  supply  the  hydraulic 

15  fluid  to  the  actuator  on  the  high  pressure  side.  Moreover,  the  pressure  compensating  valve  incorporated  in  the 
meter-out  circuit  functions  in  the  following  manner. 

When  a  hydraulic  cylinder  is  driven  by  hydraulic  fluid  supplied  from  the  meter-in  circuit,  the  driving  speed 
of  the  hydraulic  cylinder  is  controlled  by  flow-rate  control  in  the  meter-in  circuit.  In  contradistinction  thereto, 
when  a  negative  load  such  as  an  inertia  load  or  the  like  acts  upon  the  hydraulic  cylinder,  the  hydraulic  actuator 

20  is  forcedly  driven  so  that  the  pressure  of  the  return  fluid  from  the  hydraulic  cylinder  tends  to  increase.  In  this 
case,  for  the  arrangement  provided  with  no  pressure  compensating  valve  in  the  meter-out  circuit,  disclosed  in 
DE-A1-3422165  or  the  like,  it  is  impossible  to  pressure-compensating-control  the  flow  rate  passing  through  the 
flow  control  valve  in  the  meter-out  circuit  so  that  the  flow  rate  of  the  return  fluid  increases.  As  a  result,  a  balance 
in  ratio  is  lost  between  the  flow  rate  of  the  hydraulic  fluid  supplied  to  the  hydraulic  cylinder  and  the  flow  rate 

25  of  the  return  fluid  discharged  from  the  hydraulic  cylinder,  so  that  cavitation  occurs  in  the  meter-in  circuit.  In  DE- 
A1  -2906670,  the  pressure  compensating  valve  is  incorporated  also  in  the  meter-out  circuit,  whereby,  when  the 
negative  load  acts  upon  the  hydraulic  cylinder,  the  flow  rate  passing  through  the  flow  control  valve  is  press- 
ure-compensating-controlled  with  respect  to  pressure  fluctuation  in  the  meter-out  circuit,  thereby  preventing 
an  increase  in  the  flow  rate  of  the  return  fluid  discharged  from  the  hydraulic  cylinder  to  prevent  occurrence  of 

30  cavitation  in  the  meter-in  circuit. 
In  DE-A1  -2906670,  however,  the  pressure  compensating  valve  incorporated  in  the  meter-out  circuit  is  not 

so  arranged  as  to  sense  saturation  of  the  hydraulic  pump.  Therefore,  there  arises  the  following  problem. 
When  the  hydraulic  pump  is  saturated,  that  is,  when  the  discharge  flow  rate  of  the  hydraulic  pump  reaches 

a  maximum-limit  flow  rate  so  that  the  discharge  flow  rate  falls  into  an  insufficient  state,  the  pressure  compen- 
35  sating  valve  for  the  actuator  on  the  low  pressure  side  is  restricted  in  the  meter-in  circuit  as  described  previously, 

to  divide  the  discharge  flow  rate  of  the  hydraulic  pump  to  the  plurality  of  hydraulic  actuators.  At  this  time,  how- 
ever,  it  is  needless  to  say  that  the  flow  rate  supplied  to  each  actuator  is  decreased  more  than  that  prior  to  the 
saturation.  Under  the  circumstances,  if  negative  load  acts  upon  the  hydraulic  actuators,  the  pressure  compen- 
sating  valve  in  the  meter-out  circuit  attempts  to  pressure-compensating-control  the  flow  rate  passing  through 

40  the  flow  control  valve  in  a  manner  like  that  prior  to  the  saturation.  For  this  reason,  the  flow  rate  of  the  return 
fluid  from  the  hydraulic  actuators  attempts  to  be  brought  to  flow  rate  identical  with  that  prior  to  the  saturation. 
Thus,  the  balance  in  ratio  is  lost  between  the  hydraulic  fluid  supplied  to  the  hydraulic  cylinder  and  the  flow  rate 
of  the  return  fluid  discharged  from  the  hydraulic  cylinder,  so  that  cavitation  occurs  in  the  meter-in  circuit. 

It  is  an  object  of  the  invention  to  provide  a  hydraulic  driving  apparatus  capable  of  preventing  occurrence 
45  of  cavitation  in  either  case  prior  to  saturation  of  a  hydraulic  pump  and  during  saturation  thereof,  so  that  stable 

operation  can  be  effected. 

DISCLOSURE  OF  THE  INVENTION 

so  In  order  to  achieve  the  above  object,  a  hydraulic  driving  apparatus  comprising  at  least  one  hydraulic  pump 
(1)of  the  variable  displacement  type,  a  plurality  of  hydraulic  actuators  (2,  3)  driven  by  hydraulic  fluid  discharged 
from  said  pump  (1),  a  tank  (4)  to  which  return  fluid  from  said  plurality  of  hydraulic  actuators  (2,  3)  is  discharged, 
flow  control  valve  means  (14,  18)  for  each  of  the  hydraulic  actuators  (2,  3)  controlling  the  flow  of  the  hydraulic 
fluid  supplied  by  said  hydraulic  pump  (1)  to  said  hydraulic  actuators  (2,  3),  the  flow  control  valve  means  (14, 

55  18)  having  first  main  variable  restrictor  means  (23A,  23B)  controlling  the  flow  rate  of  the  hydraulic  pump  (1)  to 
the  hydraulic  actuators  (2,  3),  and  second  main  variable  restrictor  means  (24A,  24B)  controlling  the  flow  rate 
of  the  return  fluid  discharged  from  the  hydraulic  actuator  (2,  3)  to  said  tank  (4),  pump  control  means  (22)  opera- 
tive  in  response  to  the  differential  pressure  between  the  discharge  pressure  of  said  hydraulic  pump  (1)  and  the 

3 
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maximum  load  pressure  of  said  plurality  of  hydraulic  actuators  (2,  3),  for  normally  controlling  the  discharge  rate 
of  said  hydraulic  pump  (1)  in  such  a  mannerthatthe  pump  discharge  pressure  is  raised  more  than  the  maximum 
load  pressure  by  a  predetermined  value,  and  first  pressure  compensating  control  means,  comprising  first 
auxiliary  variable  restrictor  means  for  pressure-compensating  controlling  flow  rate  flowing  through  said  first 

5  main  variable  restrictor  means  (23A,  23B)  to  said  actuator  (2,  3),  and  first  control  means  (40-43,  44-47)  for  con- 
trolling  said  first  auxiliary  variable  restrictor  means  (15,  19)  in  such  a  manner  that  said  first  auxiliary  variable 
restrictor  means  (1  5,  1  9)  is  operated  in  valve  opening  direction  in  response  to  the  differential  pressure  between 
the  pump  discharge  pressure  and  the  maximum  load  pressure  and  that  said  first  auxiliary  variable  restrictor 
means  (15,  19)  is  operated  in  a  valve  closing  direction  in  response  to  the  differential  pressure  across  said  first 

w  main  variable  restrictor  means  (23A,  23B),  and  second  pressure-compensating  means,  comprising  second 
auxiliary  variable  restrictor  means  (16,  20)  for  pressure-compensating-controlling  the  flow  rate  flowing  from 
said  actuator  (2,  3)  through  said  second  main  variable  restrictor  means  (24A,  24B),  and  second  control  means 
(48-51,  52-54,  28)  for  controlling  said  second  auxiliary  variable  restrictor  means  (16,  20)  in  such  a  manner  that 
said  second  auxiliary  variable  restrictor  means  (16,  20)  is  operated  in  a  valve  opening  direction  in  response  to 

15  the  differential  pressure  between  said  pump  discharge  pressure  and  the  maximum  load  pressure  and  that  said 
second  auxiliary  variable  restrictor  means  (16,  20)  is  operated  in  a  valve  closing  direction  in  response  to  the 
differential  pressure  across  said  second  main  variable  restrictor  means  (24A,  24B). 

With  the  invention  constructed  as  above,  by  load  sensing  control  by  the  pump  control  means  controlling 
the  pump  discharge  rate  in  such  a  manner  that  the  pump  discharge  pressure  is  increased  more  than  the 

20  maximum  load  pressure  by  the  predetermined  value,  the  differential  pressure  between  the  pump  discharge 
pressure  and  the  maximum  load  pressure  is  maintained  at  said  predetermined  value  normally,  that  is,  prior  to 
saturation  of  the  hydraulic  pump,  while,  after  the  saturation,  the  pump  discharge  flow  rate  falls  into  an  insuffi- 
cient  state  so  that  the  differential  pressure  also  decreases  in  accordance  with  the  insufficient  flow  rate.  For 
this  reason,  the  first  pressure  compensating  control  means  is  operative  with  a  value  determined  by  the  diffe- 

25  rential  pressure  as  the  compensating  differential  pressure  target  value,  to  pressure-compensating-control  the 
first  main  variable  restrictor  means  of  the  flow  control  valve  means.  By  doing  so,  prior  to  saturation  of  the  hyd- 
raulic  pump,  a  fixed  value  can  be  set  as  the  compensating  differential-pressure  target  value,  while,  after  the 
saturation,  a  value  varying  depending  upon  the  insufficient  flow  rate  of  the  pump  discharge  rate  can  be  set  as 
the  compensating  differential-pressure  target  value. 

30  With  the  arrangement,  prior  to  the  saturation  of  the  hydraulic  pump,  the  first  main  variable  restrictor  means 
are  pressure-compensating-controlled  with  the  fixed  value  as  a  common  compensating  differential-pressure 
target  value,  so  that,  in  the  sole  operation  of  each  hydraulic  actuator,  usual  pressure  compensating  control  can 
be  effected,  while  in  the  combined  operation  of  the  hydraulic  actuators,  it  is  possible  to  prevent  a  major  part 
of  the  hydraulic  fluid  from  flowing  into  the  lower  pressure  side,  so  that  smooth  combined  operation  can  be  effec- 

35  ted.  On  the  other  hand,  after  the  saturation,  the  first  main  variable  restrictor  means  are  pressure-compensating- 
controlled  with  a  value  decreased  in  accordance  with  the  insufficient  flow  rate  of  the  pump  discharge  rate  as 
a  common  compensating  differential-pressure  target  value.  Accordingly,  it  is  ensured  that,  in  the  combined 
operation  of  the  hydraulic  actuators,  the  hydraulic  fluid  can  be  distributed  to  the  plurality  of  actuators,  so  that 
smooth  combined  operation  can  likewise  be  effected. 

40  Furthermore,  the  arrangement  is  such  that  the  second  pressure  compensating  control  means  is  operative 
with  a  value  determined  by  the  differential  pressure  across  the  first  main  variable  restrictor  means  pressure- 
compensating-controlled  in  the  manner  described  above  being  as  a  compensating-differential-pressure  target 
value,  to  control  the  second  main  variable  restrictor  means  of  the  flow  control  valve  means.  With  such  arrange- 
ment,  regardless  of  the  cases  prior  to  the  saturation  of  the  hydraulic  pump  and  after  the  saturation,  the  flow 

45  rate  flowing  through  the  second  main  variable  restrictor  means  is  so  controlled  as  to  be  brought  to  a  fixed  rela- 
tionship  with  respect  to  the  flow  rate  flowing  through  the  first  main  variable  restrictor  means.  For  this  reason, 
in  either  case  prior  to  the  saturation  of  the  hydraulic  pump  or  after  the  saturation,  when  a  negative  load  such 
as  an  inertia  load  or  the  like  acts  upon  the  hydraulic  actuator,  the  flow  rate  of  the  return  fluid  flowing  through 
the  second  main  variable  restrictor  means  can  be  brought  into  coincidence  with  the  flow  rate  discharged  under 

so  driving  of  the  hydraulic  actuator  by  the  first  main  variable  restrictor  means.  Thus,  it  is  possible  to  control  the 
pressure  in  the  meter-out  circuit  in  a  stable  manner,  and  to  prevent  occurrence  of  cavitation  in  the  meter-in 
circuit. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
55 

Fig.  1  is  a  circuit  diagram  of  a  hydraulic  driving  apparatus  according  to  a  first  embodiment  of  the  invention; 
Fig.  2  is  a  circuit  diagram  showing  the  details  of  a  pump  regulator  of  the  hydraulic  driving  apparatus; 
Fig.  3  is  a  circuit  diagram  of  a  hydraulic  driving  apparatus  according  to  a  second  embodiment  of  the  inven- 
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tion; 
Fig.  4  is  a  circuit  diagram  of  a  hydraulic  driving  apparatus  according  to  a  third  embodiment  of  the  invention; 
Fig.  5  is  a  detailed  view  of  a  first  seat  valve  assembly  of  the  hydraulic  driving  apparatus; 
Fig.  6  is  a  detailed  view  of  a  third  seat  valve  assembly  of  the  hydraulic  driving  apparatus; 

5  Fig.  7  is  a  circuit  diagram  showing  a  third  seat  valve  assembly  portion  of  a  hydraulic  driving  apparatus 
according  to  another  embodiment  of  the  invention; 
Fig.  8  is  a  detailed  view  of  the  third  seat  valve  assembly; 
Fig.  9  is  a  circuit  diagram  showing  a  third  seat  valve  assembly  portion  of  a  hydraulic  driving  apparatus 
according  to  still  another  embodiment  of  the  invention; 

w  Fig.  10  is  a  detailed  view  of  the  third  seat  valve  assembly; 
Fig.  11  is  a  circuit  diagram  showing  a  third  seat  valve  assembly  portion  of  a  hydraulic  driving  apparatus 
according  to  another  embodiment  of  the  invention;  and 
Fig.  12  is  a  detailed  view  of  the  third  seat  valve  assembly. 

15  BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

Preferred  embodiments  of  the  invention  will  be  described  below  with  reference  to  the  drawings. 

First  Embodiment 
20 

A  hydraulic  driving  apparatus  according  to  a  first  embodiment  of  the  invention  will  first  be  described  with 
reference  to  Fig.  1. 

(Construction) 
25 

In  Fig.  1,  a  hydraulic  driving  apparatus  according  to  the  embodiment  comprises  a  variable  displacement 
hydraulic  pump  1  of,  for  example,  swash  plate  type,  firstand  second  hydraulic  actuators  2,  3  driven  by  hydraulic 
fluid  from  the  hydraulic  pump  1  ,  a  tank  4  to  which  return  fluid  from  the  hydraulic  actuators  2,  3  is  discharged, 
main  lines  5,  6  serving  as  a  hydraulic-fluid  supply  line,  main  lines  7,  8  serving  as  an  actuator  line  and  a  main 

30  line  9  serving  as  a  return  line,  which  constitute  a  main  circuit  for  the  hydraulic  actuator  2,  similar  main  lines  10 
~  1  3  constituting  a  main  circuit  for  the  hydraulic  actuator  3,  a  first  flow  control  valve  14  arranged  between  the 
main  lines  6,  9  and  the  main  lines  7,  8  in  the  main  circuit  for  the  hydraulic  actuator  2  and  pressure-compen- 
sating-auxiliary  valves  1  5,  16  for  the  flow  control  valve  14  arranged  respectively  in  the  main  lines  6,  9,  a  check 
valve  17  arranged  in  the  main  line  6  at  a  location  between  the  auxiliary  valve  15  and  the  flow  control  valve  14, 

35  a  similar  second  flow  control  valve  1  8,  pressure-compensating  auxiliary  valves  1  9,  20  for  the  flow  control  valve 
18  and  a  check  valve  21  arranged  in  the  main  circuit  for  the  hydraulic  actuator  3,  and  a  pump  regulator  22  for 
controlling  discharge  rate  of  the  hydraulic  pump  1. 

The  first  flow  control  valve  14  has  a  neutral  position  N  and  two  switching  positions  A,  B  on  the  left-  and 
right-hand  sides  as  viewed  in  the  figure.  When  the  first  flow  control  valve  14  is  switched  to  the  right-hand  posi- 

40  tion  A,  the  main  lines  6,  9  are  brought  into  communication  respectively  with  the  main  lines  7,  8,  to  cause  a  first 
main  variable  restrictor  section  23A  and  a  second  main  variable  restrictor  section  24A  to  respectively  control 
flow  rate  of  the  hydraulic  fluid  supplied  from  the  hydraulic  pump  1  to  the  hydraulic  actuator  2  and  flow  rate  of 
the  return  fluid  discharged  from  the  hydraulic  actuator  2  to  the  tank  4.  On  the  other  hand,  when  the  first  flow 
control  valve  14  is  switched  to  the  left-hand  position  B,  the  main  lines  6,  9  are  brought  into  communication  re- 

45  spectively  with  the  main  lines  8,  7,  to  cause  a  first  main  variable  restrictor  section  23B  and  a  second  main  vari- 
able  restrictor  section  24B  to  respectively  control  the  flow  rate  of  the  hydraulic  fluid  supplied  from  the  hydraulic 
pump  1  to  the  hydraulic  actuator  2  and  the  flow  rate  of  the  return  fluid  discharged  from  the  hydraulic  actuator 
2  to  the  tank  4.  That  is,  when  the  flow  control  valve  14  is  in  the  right-hand  position  A,  the  main  lines  6,  7  and 
the  first  main  variable  restrictor  section  23A  cooperate  with  each  other  to  form  a  meter-in  circuit,  while  the  main 

so  lines  8,  9  and  the  second  main  variable  restrictor  section  24A  cooperate  with  each  other  to  form  a  meter-out 
circuit.  On  the  other  hand,  when  the  flow  control  valve  14  is  in  the  left-hand  position  B,  the  main  lines  6,  8  and 
the  first  main  variable  restrictor  section  23B  cooperate  with  each  other  to  form  a  meter-in  circuit,  while  the  main 
lines  7,  9  and  the  second  main  variable  restrictor  section  24B  cooperate  with  each  other  to  form  a  meter-out 
circuit. 

55  Further,  the  flow  control  valve  14  is  provided  with  a  load  port  25  communicating  with  downstream  sides 
of  the  respective  first  main  variable  restrictor  sections  23A,  23B  in  the  switching  positions  A  and  B,  for  detecting 
load  pressure  on  the  side  of  the  mater-in  circuit  for  the  hydraulic  actuator  2,  and  a  load  port  26  communicating 
with  upstream  sides  of  the  respective  second  main  variable  restrictor  sections  24A,  24B  in  the  switching  posi- 
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tions  A  and  B,  for  detecting  load  pressure  on  the  side  of  the  meter-out  circuit  for  the  hydraulic  actuator  2.  Load 
lines  27,  28  are  connected  respectively  to  the  load  ports  25,  26. 

The  second  flow  control  valve  18  is  likewise  constructed.  In  connection  with  the  second  flow  control  valve 
18,  only  a  load  line,  which  detects  load  pressure  on  the  side  of  the  meter-in  circuit  for  the  hydraulic  actuator  3, 

5  is  designated  by  the  reference  numeral  29. 
The  load  lines  27,  29  are  connected  to  a  shuttle  valve  30  in  such  a  manner  that  load  pressure  on  the  higher 

pressure  side  of  the  load  lines  27,  29  is  detected  by  the  shuttle  valve  30  and  is  taken  out  to  a  maximum  load 
line  31. 

The  pressure-compensating  auxiliary  valve  15  has  two  pressure  receiving  sections  40,  41  biasing  the 
w  auxiliary  valve  15  in  a  valve  opening  direction,  and  two  pressure  receiving  sections  42,  43  biasing  the  auxiliary 

valve  15  in  a  valve  closing  direction.  The  discharge  pressure  of  the  hydraulic  pump  1  is  introduced  to  one  of 
the  pressure  receiving  sections  40  biasing  in  the  valve  opening  direction  through  a  hydraulic  line  44,  while  the 
load  pressure  of  the  meter-in  circuit  for  the  hydraulic  actuator  2,  that  is,  outlet  pressure  of  the  flow  control  valve 
14  in  the  meter-in  circuit  is  introduced  to  the  other  pressure  receiving  section  41  through  a  hydraulic  line  45. 

15  On  the  other  hand,  maximum  load  pressure  is  introduced  to  one  of  the  pressure  receiving  sections  42  biasing 
in  the  valve  closing  direction  through  a  hydraulic  line  46,  while  inlet  pressure  of  the  flow  control  valve  14  in  the 
meter-in  circuit  is  introduced  to  the  other  pressure  receiving  section  43  through  a  hydraulic  line  47.  The  pressure 
receiving  sections  40  ~  43  are  all  set  to  have  their  respective  pressure  receiving  areas  which  are  identical  with 
each  other. 

20  Likewise,  the  pressure-compensating  auxiliary  valve  16  has  two  pressure  receiving  sections  48,  49  biasing 
the  auxiliary  valve  16  in  a  valve  opening  direction,  and  two  pressure  receiving  sections  50,  51  biasing  the 
auxiliary  valve  16  in  a  valve  closing  direction.  The  inlet  pressure  of  the  flow  control  valve  14  in  the  meter-in 
circuit  for  the  hydraulic  actuator  2  is  introduced  to  one  of  the  pressure  receiving  sections  48  biasing  in  the  valve 
opening  direction  through  a  hydraulic  line  52,  while  the  outlet  pressure  of  the  flow  control  valve  14  in  the  me- 

25  ter-out  circuit  is  introduced  to  the  other  pressure  receiving  section  49  through  a  hydraulic  line  53.  Further,  the 
outlet  pressure  of  the  flow  control  valve  14  in  the  meter-in  circuit  is  introduced  to  one  of  the  pressure  receiving 
sections  50  operating  in  the  closing  direction  through  a  hydraulic  line  54,  while  the  inlet  pressure  of  the  flow 
control  valve  14  in  the  meter-out  circuit  is  introduced  to  the  other  pressure  receiving  section  51  through  the 
hydraulic  line  28.  The  pressure  receiving  sections  48  ~  51  are  all  set  to  have  their  respective  pressure  receiving 

30  areas  which  are  identical  with  each  other. 
The  pressure-regulating  auxiliary  valves  19,  20  on  the  side  of  the  second  hydraulic  actuator  3  are  likewise 

constructed. 
The  pump  regulator  22  controls  a  displacement  volume  of  the  hydraulic  pump  1  ,  that  is,  an  angle  of  incli- 

nation  of  the  swash  plate  thereof  in  such  a  manner  that  the  discharge  pressure  of  the  hydraulic  pump  1  is  raised 
35  more  than  the  maximum  load  pressure  by  a  predetermined  value  in  response  to  differential  pressure  between 

the  pump  discharge  pressure  and  the  load  pressure  on  the  high  pressure  side  of  the  first  and  second  hydraulic 
actuators  2,  3,  that  is,  the  maximum  load  pressure.  Further,  the  pump  regulator  22  restricts  the  angle  of  incli- 
nation  of  the  swash  plate  of  the  hydraulic  pump  1  in  such  a  manner  that  input  torque  to  the  hydraulic  pump  1 
does  not  exceed  a  predetermined  limit  value.  As  an  example,  the  pump  regulator  22  is  constructed  as  shown 

40  in  Fig.  2. 
Specifically,  the  pump  regulator  22  comprises  a  servo  cylinder  59  for  driving  the  swash  plate  1a  of  the  hyd- 

raulic  pump  1  ,  a  first  control  valve  60  for  load-sensing-controlling  operation  of  the  servo  cylinder  59,  and  a  sec- 
ond  control  valve  61  for  restricting  the  input  torque.  The  first  control  valve  60  is  constituted  as  a  servo  valve 
arranged  between  a  hydraulic  line  62  connected  to  the  discharge  line  5  for  the  hydraulic  pump  1  and  a  hydraulic 

45  line  64  connected  to  the  second  control  valve  61  ,  and  a  hydraulic  line  65  connected  to  the  serve  cylinder  60. 
The  pump  discharge  pressure  introduced  through  the  hydraulic  line  63  acts  upon  one  end  of  the  servo  valve, 
while  a  spring  67  and  the  maximum  load  pressure  introduced  through  a  load  line  66  act  upon  the  other  end  of 
the  servo  valve.  The  second  control  valve  61  is  constituted  as  a  servo  valve  arranged  between  the  aforesaid 
hydraulic  line  64,  and  a  hydraulic  line  68  leading  to  the  tank  4  and  a  hydraulic  line  69  connected  to  the  hydraulic 

so  line  63.  Forces  of  respective  springs  70a,  70b  act,  in  a  stepwise  manner,  upon  one  end  of  the  servo  valve,  while 
the  discharge  pressure  of  the  hydraulic  pump  1  introduced  through  the  hydraulic  line  69  acts  upon  the  other 
end  of  the  servo  valve.  The  springs  70a,  70b  are  engaged  with  a  control  rod  72  united  with  a  piston  rod  71  of 
the  servo  cylinder  59,  to  enable  an  initial  setting  value  to  be  varied  depending  upon  the  position  of  the  piston 
rod  71,  that  is,  the  angle  of  inclination  of  the  swash  plate  1a. 

55 
(Operation) 

The  operation  of  the  embodiment  constructed  as  above  will  next  be  described.  The  respective  operations 
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of  the  pump  regulator  22  and  the  pressure-compensating  auxiliary  valves  15,  16  will  first  be  described  in  order 
mentioned  above. 

Pump  Regulator  22 
5 

First,  the  construction  of  the  pump  regulator  22  illustrated  in  Fig.  2  is  known.  Accordingly,  only  the  outline 
of  the  operation  of  the  pump  regulator  22  will  be  described  here. 

In  a  state  in  which  operating  levers  14a,  1  8a  of  the  respective  flow  control  valves  14,18  are  not  operated 
so  that  no  load  pressure  is  generated  in  the  maximum  load  line  66,  the  swash  plate  1a  of  the  hydraulic  pump 

w  1  is  retained  at  its  minimum  angle  of  inclination  corresponding  to  a  maximum  extending  position  of  the  servo 
cylinder,  by  the  own  discharge  pressure  of  the  hydraulic  pump  1,  so  that  the  pump  discharge  rate  is  also  retained 
at  minimum. 

When  the  operating  lever  14a  and/or  18a  of  the  flow  control  valve  14  and/or  18  is  operated  so  that  the  load 
pressure  (maximum  load  pressure)  is  detected  at  the  maximum  load  pressure  line  66,  the  first  control  valve 

15  60  is  operated  on  the  basis  of  the  balance  between  the  differential  pressure  (hereinafter  suitably  referred  to 
as  "LS  differential  pressure")  between  the  pump  discharge  pressure  and  the  maximum  load  pressure,  and  the 
force  of  the  spring  67,  during  a  period  for  which  the  second  control  valve  61  is  in  the  illustrated  position,  so  that 
the  position  of  the  servo  cylinder  59  is  adjusted.  Thus,  the  angle  of  inclination  of  the  swash  plate  of  the  hydraulic 
pump  1  is  so  controlled  that  the  LS  differential  pressure  coincides  with  a  value  set  by  the  spring  67.  That  is, 

20  the  load  sensing  control  is  effected  in  such  a  manner  that  the  discharge  pressure  from  the  hydraulic  pump  1 
is  retained  higher  than  the  maximum  load  pressure  by  the  setting  value  of  the  spring  64. 

When  the  springs  70a,  70b  are  extended  in  response  to  contraction  of  the  servo  cylinder  59  so  that  their 
respective  initial  setting  values  decrease  whereby  the  second  control  valve  61  is  operated,  the  pressure  in  the 
line  64  is  raised  more  than  the  tank  pressure,  and  the  lower  limit  of  the  contracting  position  of  the  servo  cylinder 

25  59,  that  is,  the  maximum  value  of  the  angle  of  inclination  of  the  swash  plate  is  restricted  in  response  to  the  rise 
in  the  pressure.  Thus,  the  input  torque  to  the  hydraulic  pump  1  is  restricted,  and  horse-power  limit  control  is 
effected  with  respect  to  a  prime  mover  (not  shown)  for  driving  the  hydraulic  pump  1  .  An  input-torque  limit  control 
characteristic  at  this  time  is  determined  depending  upon  the  setting  values  of  the  respective  springs  70a,  70b. 
In  this  manner,  during  the  period  for  which  the  hydraulic  pump  1  is  input-torque-limit  controlled,  the  pump  dis- 

30  charge  rate  is  in  an  insufficient  state  with  respect  to  the  requisite  flow  rate.  The  LS  differential  pressure  at  this 
time  is  brought  to  a  value  lower  than  the  setting  value  of  the  spring  67.  That  is,  the  hydraulic  pump  1  is  saturated, 
and  the  LS  differential  pressure  is  reduced  to  a  value  in  accordance  with  the  level  of  the  saturation. 

Pressure-Compensating  Auxiliary  Valves  15,  19 
35 

In  the  pressure-compensating  auxiliary  valve  15,  the  pump  discharge  pressure  and  the  maximum  load 
pressure  are  introduced  respectively  to  the  pressure  receiving  sections  40,  42,  while  the  inlet  pressure  and  the 
outlet  pressure  (<  inlet  pressure)  of  the  flow  control  valve  14  in  the  meter-in  circuit  are  introduced  respectively 
to  the  pressure  receiving  sections  43,  41.  For  this  reason,  the  auxiliary  valve  15  is  biased  in  the  valve  opening 

40  direction  by  the  differential  pressure  between  the  pump  discharge  pressure  and  the  maximum  load  pressure 
introduced  respectively  to  the  pressure  receiving  sections  40,  42,  and  is  biased  in  the  valve  closing  direction 
by  the  differential  pressure  between  the  inlet  pressure  and  the  outlet  pressure  of  the  flow  control  valve  14  in 
the  meter-in  circuit  introduced  respectively  to  the  pressure  receiving  sections  43,  41  ,  that  is,  by  the  differential 
pressure  (hereinafter  suitably  referred  to  as  "VI  differential  pressure")  across  the  flow  control  valve  in  the  me- 

45  ter-in  circuit,  so  that  the  auxiliary  valve  15  is  operated  on  the  basis  of  the  balance  between  the  LC  differential 
pressure  and  the  VI  differential  pressure.  That  is,  the  auxiliary  valve  15  is  adjusted  in  its  opening  degree  so 
as  to  control  the  VI  differential  pressure,  with  the  LS  differential  pressure  as  a  compensating  differential-pres- 
sure  target  value.  As  a  result,  the  auxiliary  valve  16  pressure-compensating-controls  the  flow  control  valve  14 
in  the  meter-in  circuit,  that  is,  the  first  variable  restrictor  sections  23A,  23B  of  the  flow  control  valve  14  in  such 

so  a  manner  that  the  VI  differential  pressure  substantially  coincides  with  the  LS  differential  pressure. 
It  is  to  be  noted  here  that  the  LS  differential  pressure  is  constant  before  the  hydraulic  pump  1  is  saturated, 

as  described  previously.  Accordingly,  the  compensating  differential-pressure  target  value  of  the  auxiliary  valve 
15  is  also  made  constant  correspondingly  to  the  LS  differential  pressure.  Thus,  the  first  variable  restrictor  sec- 
tions  23A,  23Bare  pressure-compensating-controlled  in  such  a  manner  that  the  VI  differential  pressure  is  made 

55  constant. 
Further,  when  the  hydraulic  pump  1  is  saturated,  the  LS  differential  pressure  is  brought  to  a  smaller  value 

decreased  in  accordance  with  the  level  of  the  saturation,  as  described  previously.  Accordingly,  the  compensat- 
ing  differential-pressure  target  value  of  the  auxiliary  valve  1  5  likewise  decreases,  so  that  the  first  variable  res- 
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trictor  sections  23A,  23B  are  pressure-compensating-controlled  such  that  the  VI  differential  pressure  substan- 
tially  coincides  with  the  decreased  LS  differential  pressure. 

The  operation  of  the  auxiliary  valve  19  is  the  same  as  that  of  the  auxiliary  valve  15. 

5  Pressure-Compensating  Auxiliary  Valves  16,  20 

In  the  pressure-compensating  auxiliary  valve  16,  the  inlet  pressure  and  the  outlet  pressure  (<  inlet  press- 
ure)  of  the  flow  control  valve  14  in  the  meter-in  circuit  are  introduced  respectively  to  the  pressure  receiving 
sections  48,  50,  while  the  outlet  pressure  and  the  inlet  pressure  (>  outlet  pressure)  of  the  flow  control  valve  14 

w  in  the  meter-out  circuit  are  introduced  respectively  to  the  pressure  receiving  sections  49,  51.  For  this  reason, 
the  auxiliary  valve  1  6  is  biased  in  the  valve  opening  direction  by  the  differential  pressure  across  the  flow  control 
valve  14  in  the  meter-in  circuit,  introduced  to  the  pressure  receiving  sections  48,  50,  that  is,  by  the  VI  differential 
pressure,  and  is  biased  in  the  valve  closing  direction  by  the  differential  pressure  between  the  inlet  pressure 
and  the  outlet  pressure  of  the  flow  control  valve  14  in  the  meter-out  circuit,  introduced  to  the  pressure  receiving 

15  sections  51,  43,  that  is,  by  the  differential  pressure  (hereinafter  suitably  referred  to  as  "VO  differential  press- 
ure")  across  the  flow  control  valve  in  the  meter-out  circuit,  so  that  the  auxiliary  valve  1  6  is  operated  on  the  basis 
of  the  balance  between  the  VI  differential  pressure  and  the  VO  differential  pressure.  That  is,  the  auxiliary  valve 
16  is  adjusted  in  its  opening  degree  so  as  to  control  the  VO  differential  pressure,  with  the  VI  differential  pressure 
as  a  compensating  differential-pressure  target  value.  As  a  result,  the  auxiliary  valve  16  pressure-compen- 

20  sating-controls  the  flow  control  valve  14  in  the  meter-out  circuit,  that  is,  the  second  variable  restrictor  sections 
24A,  24B  of  the  flow  control  valve  14  in  such  a  manner  that  the  VO  differential  pressure  coincides  with  the  VI 
differential  pressure. 

In  the  manner  described  above,  as  a  result  that  the  VO  differential  pressure  of  the  flow  control  valve  14  is 
so  controlled  as  to  coincide  with  the  VI  differential  pressure,  the  flow  rate  passing  through  the  flow  control  valve 

25  14  in  the  meter-out  circuit  (flow  rate  passing  through  the  second  variable  restrictor  sections  24A,  24B)  is  so 
controlled  as  to  be  brought  to  a  fixed  relationship  with  respect  to  the  flow  rate  passing  through  the  flow  control 
valve  14  in  the  meter-in  circuit  (flow  rate  passing  through  the  first  variable  restrictor  sections  23A,  23B).  Further, 
as  a  result  of  the  control  with  the  VI  differential  pressure  as  the  compensating  differential-pressure  target  value, 
the  fixed  relationship  is  maintained  even  if  the  VI  differential  pressure  varies  as  described  previously  prior  to 

30  the  saturation  of  the  hydraulic  pump  1  and  after  the  saturation. 
The  operation  of  the  auxiliary  valve  20  is  the  same  as  that  of  the  auxiliary  valve  16. 

Operation  as  Entire  System 

35  The  operation  of  the  entire  hydraulic  driving  apparatus  based  on  the  pump  regulator  22  and  the  pressure- 
compensating  auxiliary  valves  15,  16  and  19,  20,  which  are  operated  in  the  manner  described  above,  will  next 
be  described. 

In  the  sole  operation  of  the  hydraulic  actuator  2  or  3,  the  VI  differential  pressure  of  the  flow  control  valve 
14  or  18  in  the  meter-in  circuit  is  so  controlled  as  to  coincide  with  the  LS  differential  pressure  by  the  previously 

40  mentioned  operation  of  the  auxiliary  valve  15  or  19.  At  this  time,  there  are  many  cases  where  the  discharge 
rate  of  the  hydraulic  pump  1  is  enough  sufficiently,  and  the  hydraulic  pump  1  is  load-sensing-controlled  such 
that  the  LS  differential  pressure  is  made  constant,  without  being  saturated.  For  this  reason,  the  VI  differential 
pressure  is  also  controlled  constant  so  that,  even  if  the  load  pressure  in  the  meter-in  circuit  for  the  hydraulic 
actuator  2  or  3  fluctuates,  the  flow  rate  passing  through  the  first  variable  restrictor  sections  23A,  23B  is  con- 

45  trolled  to  a  value  in  accordance  with  the  amount  of  operation  (requisite  flow  rate)  of  the  operating  lever  14a  or 
1  8a.  Thus,  precise  flow-rate  control  is  made  possible  which  is  not  influenced  by  fluctuation  in  the  load  pressure. 

Further,  in  the  combined  operation  in  which  the  hydraulic  actuators  2,  3  are  driven  simultaneously,  the  abo- 
ve-described  operation  is  carried  out  in  the  individual  auxiliary  valves  15,  19  before  the  hydraulic  pump  1  is 
saturated,  so  that  the  VI  differential  pressure  at  the  flow  control  valve  14  and  the  VI  differential  pressure  at  the 

so  flow  control  valve  1  8  are  so  controlled  as  to  be  brought  into  coincidence  with  the  constant  LS  differential  press- 
ure.  For  this  reason,  in  spite  of  the  fact  that  the  hydraulic  actuators  2,  3  are  connected  in  parallel  relation  to 
each  other,  it  is  possible  to  effect  smooth  combined  operation  without  the  hydraulic  fluid  flowing  preferentially 
into  the  actuator  on  the  low  pressure  side. 

When  the  hydraulic  pump  1  is  input-torque-limit-controlled  and  is  saturated  upon  the  combined  operation 
55  of  the  hydraulic  actuators  2,  3,  the  LS  differential  pressure  decreases  in  accordance  with  the  level  of  the  satu- 

ration.  Also  in  this  case,  however,  the  auxiliary  valves  1  5,  29  pressure-compensating-control  the  VI  differential 
pressure  of  the  flow  control  valve  14  and  the  VI  differential  pressure  of  the  flow  control  valve  1  8,  with  the  dec- 
reased  LS  differential  pressure  as  the  compensating  differential-pressure  target  value.  Accordingly,  the 
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auxiliary  valve  14  or  18  corresponding  to  the  actuator  on  the  low  pressure  side  is  restricted,  so  that  both  the 
VI  differential  pressures  of  the  respective  flow  control  valves  14,  18  are  so  controlled  as  to  be  brought  into  coin- 
cidence  with  the  decreased  LS  differential  pressure.  For  this  reason,  the  discharge  flow  rate  is  distributed  in 
accordance  with  the  requisite  flow  rates  even  in  a  state  in  which  the  pump  discharge  flow  rate  is  insufficient. 

5  Thus,  it  is  ensured  that  the  hydraulic  fluid  is  supplied  to  the  actuator  on  the  higher  pressure  side,  so  that  smooth 
combined  operation  is  made  possible. 

Further,  when  a  negative  load  such  as  an  inertia  load  or  the  like  acts  upon  the  hydraulic  actuator  2  or  3, 
regardless  of  the  sole  operation  and  the  combined  operation  of  the  hydraulic  actuators  2,  3,  the  hydraulic  fluid 
in  the  hydraulic  actuator,  on  the  side  of  the  meter-out  circuit  is  not  discharged  under  driving  of  the  hydraulic 

w  actuator  due  to  the  flow  control  in  the  meter-in  circuit,  but  tends  to  be  forcedly  discharged  by  the  negative  load. 
In  this  case,  prior  to  saturation  of  the  hydraulic  pump  1  ,  the  flow  rate  passing  through  the  flow  control  valves 
14,  18  in  the  meter-out  circuit  is  so  controlled  as  to  be  brought  to  a  fixed  relationship  with  respect  to  the  flow 
rate  passing  through  the  flow  control  valves  14,  18  in  the  meter-in  circuit,  by  the  previously  mentioned  operation 
of  the  auxiliary  valves  16,  20  for  the  meter-out  circuit.  As  a  result,  the  flow  rate  of  the  return  fluid  flowing  through 

15  the  meter-out  circuit  can  be  brought  into  coincidence  with  the  flow  rate  discharged  by  driving  of  the  hydraulic 
actuator  due  to  the  flow  control  in  the  meter-in  circuit,  so  that  the  pressure  in  the  meter-out  circuit  can  be  con- 
trolled  in  a  stable  manner.  In  addition,  it  is  possible  to  prevent  occurrence  of  cavitation  in  the  meter-in  circuit 
due  to  breakage  of  the  balance  between  the  flow  rate  of  the  hydraulic  fluid  supplied  to  the  hydraulic  actuator 
and  the  flow  rate  of  the  hydraulic  fluid  discharged  from  the  hydraulic  actuator. 

20  Furthermore,  also  in  case  where  a  negative  load  acts  after  saturation  of  the  hydraulic  pump  1  ,  the  auxiliary 
valves  16,  20  with  the  VI  differential  pressure  as  the  compensating  differential-pressure  target  value  likewise 
control  the  flow  control  valves  14,  18  such  that  the  flow  rate  of  the  return  fluid  flowing  through  the  meter-out 
circuit  coincides  with  the  flow  rate  discharged  by  driving  of  the  hydraulic  actuator  due  to  the  flow-rate  control 
in  the  meter-in  circuit.  Thus,  it  is  possible  to  control  the  pressure  in  the  meter-out  circuit  in  a  stable  manner, 

25  and  it  is  possible  to  prevent  occurrence  of  cavitation  in  the  meter-in  circuit. 
As  described  above,  according  to  the  embodiment,  even  if  the  hydraulic  pump  1  is  saturated  during  the 

combined  operation  of  the  hydraulic  actuators  2,  3,  it  is  ensured  that  the  discharge  flow  rate  is  distributed  to 
the  hydraulic  actuators  2,  3  under  the  actin  of  the  pressure-compensating  auxiliary  valves  1  5,  19,  so  that  smooth 
combined  operation  is  made  possible.  In  addition,  regardless  of  the  cases  prior  to  saturation  of  the  hydraulic 

30  pump  1  and  after  the  saturation,  the  discharge  flow  rate  in  the  meter-out  circuit  is  pressure-compensating-con- 
trolled  when  a  negative  load  acts  upon  the  hydraulic  actuators.  Thus,  pressure  fluctuation  in  the  meter-out  cir- 
cuit  can  be  reduced,  and  it  is  possible  to  prevent  occurrence  of  cavitation  in  the  meter-in  circuit. 

Second  Embodiment 
35 

A  second  embodiment  of  the  invention  will  be  described  with  reference  to  Fig.  3.  In  the  figure,  the  compo- 
nent  parts  the  same  as  those  illustrated  in  Fig.  1  are  designated  by  the  same  reference  numerals.  The  embo- 
diment  differs  from  the  first  embodiment  in  that  the  LS  differential  pressure,  not  the  VI  differential  pressure, 
acts  upon  the  pressure-compensating  auxiliary  valve  on  the  side  of  the  meter-out  circuit. 

40  Specifically,  in  Fig.  3,  the  arrangement  is  such  that  discharge  pressure  from  the  hydraulic  pump  1  and  the 
maximum  load  pressure  detected  at  the  load  line  31  are  introduced  respectively  into  the  pressure  receiving 
chambers  48,  50  of  the  pressure-compensating  auxiliary  valve  16  through  hydraulic  lines  80,  81,  and  that  the 
auxiliary  valve  16  is  biased  in  the  valve  opening  direction  by  differential  pressure  between  the  pump  discharge 
pressure  and  the  maximum  load  pressure,  that  is,  the  LS  differential  pressure.  The  pressure-compensating 

45  auxiliary  valve  20  is  likewise  arranged. 
The  auxiliary  valves  16,  20  constructed  as  above  are  operated  on  the  basis  of  the  balance  between  the 

LS  differential  pressure  in  substitution  for  the  VI  differential  pressure,  and  the  VO  differential  pressure,  to  con- 
trol  the  VO  differential  pressure  with  the  LS  differential  pressure  as  a  compensating  differential-pressure  target 
value.  The  reason  why  the  VI  differential  pressure  is  brought  to  the  compensating  differential-pressure  target 

so  value  in  the  first  embodiment  is  that,  regardless  of  the  cases  prior  to  saturation  of  the  hydraulic  pump  1  and 
after  the  saturation,  the  flow  rate  passing  through  the  flow  control  valve  14  in  the  meter-out  circuit  (flow  rate 
passing  through  the  second  variable  restrictor  sections  24A,  24B)  is  controlled  in  a  fixed  relationship  with  res- 
pect  to  the  flow  rate  passing  through  the  flow  control  valve  in  the  meter-in  circuit  (flow  rate  passing  through 
the  first  variable  restrictor  section  23A,  23B).  It  is  to  be  noted  here  that  the  VI  differential  pressure  is  pressure- 

55  compensating-controlled  by  the  pressure  compensating  valves  15,  19  in  the  meter-in  circuit,  with  the  LS  diffe- 
rential  pressure  as  the  compensating  differential-pressure  target  value.  Accordingly,  the  similar  result  can  be 
obtained  even  if  the  LS  differential  pressure  is  substituted  for  the  VI  differential  pressure.  That  is,  like  the  first 
embodiment,  regardless  of  the  cases  prior  to  saturation  of  the  hydraulic  pump  1  and  after  the  saturation,  press- 
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ure  fluctuation  in  the  meter-out  circuit  is  reduced  when  a  negative  load  acts  upon  the  hydraulic  actuator,  and 
it  is  possible  to  prevent  occurrence  of  cavitation  in  the  meter-in  circuit. 

In  connection  with  the  present  embodiment,  the  resultant  arrangement  is  such  that  the  LS  differential  press- 
ure  acts  upon  both  the  auxiliary  valves  15,  19  on  the  side  of  the  meter-in  circuit  and  the  auxiliary  valves  16, 

5  20  on  the  side  of  the  meter-out  circuit.  In  such  case,  a  common  differential-pressure  meter  for  detecting  the 
LS  differential  pressure  is  arranged,  and  a  detecting  signal  from  the  differential-pressure  meter  can  be  used 
for  causing  the  LS  differential  pressure  to  act,  without  individual  introduction  of  the  pump  discharge  pressure 
and  the  maximum  load  pressure.  For  instance,  an  electromagnetic  proportional  valve  for  converting  a  detecting 
signal  from  the  differential-pressure  meter  into  a  hydraulic  signal  is  arranged,  while  each  auxiliary  valve  is  pro- 

w  vided  as  usual  with  a  spring  acting  in  the  valve  opening  direction  and,  in  addition,  with  a  pressure  receiving 
section  acting  in  the  valve  closing  direction,  and  a  hydraulic  signal  from  the  electromagnetic  proportional  valve 
is  applied  to  the  pressure  receiving  section.  In  this  case,  a  single  valve  may  be  used  in  common  as  the  elec- 
tromagnetic  proportional  valve.  It  is  preferable,  however,  that  electromagnetic  proportional  valves  different  in 
gain  from  each  other  are  arranged  respectively  with  respect  to  the  hydraulic  actuators  2,  3,  the  detecting  signals 

15  from  the  differential-pressure  meter  are  converted  respectively  into  hydraulic  signals  of  levels  suited  for  the 
working  characteristics  in  the  combined  operation  of  the  respective  actuators,  and  the  hydraulic  signals  are 
applied  respectively  to  the  pressure  receiving  sections.  By  doing  so,  pressure  compensating  characteristics 
suitable  respectively  to  the  actuators  in  the  combined  operation  of  the  hydraulic  actuators  2,  3  are  set,  making 
it  possible  to  improve  the  combined  operability.  This  is  likewise  applicable  to  the  auxiliary  valve  on  the  side  of 

20  the  meter-in  circuit  upon  which  the  LS  differential  pressure  acts,  in  the  previously  described  first  embodiment 
and  embodiments  to  be  described  later. 

Third  Embodiment 

25  A  third  embodiment  of  the  invention  will  be  described  with  reference  to  Figs.  4  through  6.  In  the  figures, 
the  same  component  parts  as  those  illustrated  in  Fig.  1  are  designated  by  the  same  reference  numerals.  The 
previously  mentioned  embodiments  are  examples  in  which  usual  spool-type  flow  control  valves  14,  18  are 
employed  as  flow  control  valves.  However,  the  present  embodiment  is  such  that  each  of  the  flow  control  valves 
is  constructed  by  the  use  of  four  seat  valve  assemblies. 

30 
(Construction) 

In  Fig.  4,  first  and  second  flow  control  valves  100,  101  are  arranged  between  the  hydraulic  pump  1  and 
the  hydraulic  actuators  2,  3,  correspondingly  respectively  to  the  hydraulic  actuators  2,  3.  The  flow  control  valves 

35  100,  101  are  composed  respectively  of  first  through  fourth  seat  valve  assemblies  102  ~  105,  102A  ~  105A. 
In  the  first  flow  control  valve  1  00,  the  first  seat  valve  assembly  1  02  is  arranged  in  a  meter-in  circuit  1  06A 

~  1  06C  at  the  time  the  hydraulic  actuator  2  is  so  driven  as  to  extend.  The  second  seat  valve  assembly  1  03  is 
arranged  in  a  meter-in  circuit  107A  ~  107C  at  the  time  the  hydraulic  actuator  2  is  so  driven  as  to  contract.  The 
third  seat  valve  assembly  1  04  is  arranged  in  a  meter-out  circuit  1  07C,  1  08  at  the  time  the  hydraulic  actuator  2 

40  is  so  driven  as  to  extend,  at  a  location  between  the  hydraulic  actuator  2  and  the  second  seat  valve  assembly 
103.  The  fourth  seat  valve  assembly  105  is  arranged  in  a  meter-out  circuit  106C,  109  at  the  time  the  hydraulic 
actuator  2  is  so  driven  as  to  contract,  at  a  location  between  the  hydraulic  actuator  2  and  the  first  seat  valve 
assembly  102. 

Arranged  in  the  meter-in  circuit  line  106B  between  the  first  seat  valve  assembly  102  and  the  fourth  seat 
45  valve  assembly  1  05  is  a  check  valve  1  1  0  for  preventing  hydraulic  fluid  from  flowing  back  to  the  first  seat  valve 

assembly.  Arranged  in  the  meter-in  circuit  line  1  07B  between  the  second  seat  valve  assembly  1  03  and  the  third 
seat  valve  assembly  104  is  a  check  valve  111  for  preventing  the  hydraulic  fluid  from  flowing  back  to  the  second 
seat  valve  assembly.  Further,  load  lines  152,  153  are  connected  respectively  to  a  location  upstream  of  the  check 
valve  110  in  the  meter-in  circuit  line  106B  and  at  a  location  upstream  of  the  check  valve  111  in  the  meter-in 

so  circuit  line  107B.  Acommon  maximum  load  line  151  A  is  connected  to  the  load  lines  152,  153  through  respective 
check  valves  1  55,  1  56. 

The  second  flow  control  valve  101  also  comprises  the  first  through  fourth  seat  valve  assemblies  102A  ~ 
105A  which  are  likewise  arranged,  and  has  a  similar  maximum  load  line  151B. 

Further,  the  two  maximum  load  lines  151  A,  151B  are  connected  to  each  other  through  a  third  maximum 
55  load  line  1  51  C  which  corresponds  to  the  maximum  load  line  31  in  the  first  embodiment.  The  load  pressures  at 

the  two  hydraulic  actuators  2,  3  on  the  higher  pressure  sides  thereof,  that  is,  the  maximum  load  pressure  is 
detected  at  the  maximum  load  lines  151  A  ~  151C. 

Furthermore,  like  the  first  embodiment,  associated  with  the  hydraulic  pump  1  is  the  pump  regulator  22  in 
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which  the  maximum  load  pressure  and  the  discharge  pressure  of  the  hydraulic  pump  1  are  inputted  to  the  pump 
regulator  22  to  load-sensing-control  and  input-torque-limit-control  the  discharge  rate  of  the  hydraulic  pump  1. 

In  the  first  flow  control  valve  100,  generally  speaking,  the  first  through  fourth  seat  valve  assemblies  102 
-105  comprise  seat-type  main  valves  112  ~  115,  pilot  circuits  116  ~  119  for  the  main  valves,  pilot  valves  120 

5  -  123  arranged  in  the  pilot  circuits,  and  pressure-compensating  auxiliary  valves  124,  125  and  126,  127  arranged 
upstream  of  the  pilot  valves  in  the  pilot  circuits,  respectively. 

The  detailed  construction  of  the  first  seat  valve  assembly  1  02  will  be  described  with  reference  to  Fig.  5. 
In  the  first  seat  valve  assembly  102,  the  seat-type  main  valve  112  has  a  valve  element  132  for  opening 

and  closing  an  inlet  130  and  an  outlet  131.  The  valve  element  132  is  provided  with  a  plurality  of  si  its  functioning 
w  as  a  variable  restrictor  1  33  for  varying  an  opening  degree  in  proportion  to  a  position  of  the  valve  element  1  32, 

that  is,  an  opening  degree  of  the  main  valve.  Formed  on  the  opposite  side  from  the  outlet  1  31  of  the  valve  ele- 
ment  132  is  a  back-pressure  chamber  134  communicating  with  the  inlet  130  through  the  variable  restrictor  1  33. 
Further,  the  valve  element  132  is  provided  with  a  pressure  receiving  section  132A  receiving  inlet  pressure  at 
the  main  valve  112,  that  is,  the  discharge  pressure  Ps  from  the  hydraulic  pump  1  ,  a  pressure  receiving  section 

15  132B  receiving  the  pressure  in  the  back-pressure  chamber  134,  that  is,  back  pressure  Pc,  and  a  pressure 
receiving  section  132C  receiving  outlet  pressure  Pa  at  the  main  valve  112. 

The  pilot  circuit  116  is  composed  of  pilot  lines  135-  137  through  which  the  back-pressure  chamber  134 
communicates  with  the  outlet  131  of  the  main  valve  112.  The  pilot  valve  120  is  formed  by  a  valve  element  139 
which  is  driven  by  a  pilot  piston  1  38  and  which  constitutes  a  variable  restrictor  valve  for  opening  and  closing 

20  a  passage  between  the  pilot  line  136  and  the  pilot  line  137.  Pilot  pressure  generated  in  accordance  with  an 
amount  of  operation  of  an  operating  lever  (not  shown)  acts  upon  the  pilot  piston  139. 

The  seat  valve  assembly  composed  of  a  combination  of  the  main  valve  112  and  the  pilot  valve  120  as  des- 
cribed  above  (auxiliary  valve  124  not  included)  is  known  as  disclosed  in  U.S.  Patent  No.  4,535,809.  When  the 
pilot  valve  120  is  operated,  pilot  flow  rate  depending  on  the  opening  degree  of  the  pilot  valve  120  is  formed  in 

25  the  pilot  circuit  116.  The  main  valve  112  is  opened  to  an  opening  degree  in  proportion  to  the  pilot  flow  rate  under 
the  action  of  the  variable  restrictor  1  33  and  the  back-pressure  chamber  134.  Thus,  main  flow  rate  amplified  in 
proportion  to  the  pilot  flow  rate  flows  from  the  inlet  130  to  the  outlet  131  through  the  main  valve  112. 

The  pressure-compensating  auxiliary  valve  1  24  comprises  a  valve  element  140  constituting  a  variable  res- 
trictor  valve,  a  first  pressure  receiving  chamber  141  biasing  the  valve  element  140  in  a  valve  opening  direction, 

30  and  second,  third  and  fourth  pressure  receiving  chambers  142,  143,  144  arranged  in  opposed  relation  to  the 
first  pressure  receiving  chamber  141  for  biasing  the  valve  element  140  in  a  valve  closing  direction.  The  valve 
element  140  is  provided  with  first  through  fourth  pressure  receiving  sections  145  ~  148  correspondingly  re- 
spectively  to  the  first  through  fourth  pressure  receiving  chambers  141  ~  144.  The  first  pressure  receiving  cham- 
ber  141  communicates  with  the  back-pressure  chamber  134  of  the  main  valve  112  through  a  pilot  line  149.  The 

35  second  pressure  receiving  chamber  142  communicates  with  the  pilot  line  136  of  the  auxiliary  valve  124.  The 
third  pressure  receiving  chamber  143  communicates  with  the  maximum  load  line  151  A  through  a  pilot  line  150. 
The  fourth  pressure  receiving  chamber  144  communicates  with  the  inlet  130  of  the  main  valve  112  through  a 
pilot  line  152.  With  such  arrangement,  the  pressure  within  the  back-pressure  chamber  134,  that  is,  the  back 
pressure  Pc  is  introduced  to  the  first  pressure  receiving  section  145.  Inlet  pressure  Pz  at  the  pilot  valve  120  is 

40  introduced  to  the  second  pressure  receiving  section  146.  Maximum  load  pressure  Pamax  is  introduced  to  the 
third  pressure  receiving  section  147.  The  discharge  pressure  Ps  from  the  hydraulic  pump  1  is  introduced  to  the 
fourth  pressure  receiving  section  148. 

Let  it  be  supposed  here  that  a  pressure  receiving  area  of  the  first  pressure  receiving  section  145  is  ac,  a 
pressure  receiving  area  of  the  second  pressure  receiving  section  146  is  az,  a  pressure  receiving  area  of  the 

45  third  pressure  receiving  section  147  is  am,  and  a  pressure  receiving  area  of  the  fourth  pressure  receiving  sec- 
tion  148  is  as.  Further,  let  it  be  supposed  that,  assuming  that  a  pressure  receiving  area  of  the  pressure  receiving 
section  132A  in  the  valve  element  132  of  the  aforesaid  main  valve  112  is  As  and  a  pressure  receiving  area  of 
the  pressure  receiving  section  132B  is  Ac,  a  ratio  between  them  is  As/Ac  =  K.  Then,  the  pressure  receiving 
areas  ac,  az,  am  and  as  are  so  set  as  to  have  a  ratio  of  1  :  1  -  K  :  K  (1  -  K)  :  K2. 

so  The  detailed  construction  of  the  second  seat  valve  assembly  1  03  is  the  same  as  that  of  the  first  seat  valve 
assembly  102. 

The  detailed  construction  of  the  third  seat  valve  assembly  104  will  be  described  with  reference  to  Fig.  6. 
In  the  third  seat  valve  assembly  104,  the  construction  of  the  seat-type  main  valve  114  is  the  same  as  that 

of  the  main  valve  112  of  the  first  seat  valve  assembly  102.  Like  the  main  valve  112,  the  main  valve  114  has  an 
55  inlet  160,  an  outlet  161,  a  valve  element  162,  slits  or  a  variable  restrictor  163,  a  back-pressure  chamber  164, 

and  pressure  receiving  sections  162A,  162B  and  162C  of  the  valve  element  162. 
Further,  the  construction  of  each  of  the  pilot  circuit  118  and  the  pilot  valve  122  is  the  same  as  that  of  the 

first  seat  valve  assembly  102.  The  pilot  circuit  118  is  composed  of  pilot  lines  165  ~  167,  and  the  pilot  valve 
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122  is  composed  of  a  pilot  piston  168  and  a  valve  element  169. 
Also  in  the  seat  valve  assembly  composed  of  a  combination  of  the  main  valve  114  and  the  pilot  valve  122 

as  described  above  (auxiliary  valve  126  not  included),  main  flow  rate  amplified  in  proportion  to  the  pilot  flow 
rate  is  obtained  at  the  main  valve  114  like  the  case  of  the  first  seat  valve  assembly  102. 

5  The  pressure-compensating  auxiliary  valve  1  26  comprises  a  valve  element  170  constituting  a  variable  res- 
trictor  valve,  first  and  second  pressure  receiving  chambers  171,  172  for  biasing  the  valve  element  1  70  in  a  valve 
opening  direction,  and  third  and  fourth  pressure  receiving  chambers  173,  174  arranged  in  opposed  relation  to 
the  first  and  second  pressure  receiving  chambers  1  71  ,  1  72,  for  biasing  the  valve  element  1  70  in  a  valve  closing 
direction.  The  valve  element  170  is  provided  with  first  through  fourth  pressure  receiving  sections  1 7 5 - 1 7 8  

w  correspondingly  respectively  to  the  first  through  fourth  pressure  receiving  chambers  171  -  174.  The  first  press- 
ure  receiving  chamber  171  communicates  with  the  meter-in  circuit  line  107A  (refer  to  Fig.  4)  through  a  pilot  line 
179.  The  second  pressure  receiving  chamber  172  communicates  with  the  outlet  of  the  pilot  valve  132  through 
a  pilot  line  180.  The  third  pressure  receiving  chamber  173  communicates  with  the  maximum  load  line  151  A 
(refer  to  Fig.  4)  through  a  pilot  line  181.  The  fourth  pressure  receiving  chamber  174  communicates  with  the 

15  inlet  of  the  pilot  valve  132  through  a  pilot  line  182.  With  such  arrangement,  the  discharge  pressure  Ps  from  the 
hydraulic  pump  1  is  introduced  to  the  first  pressure  receiving  section  1  75.  Outlet  pressure  Pao  at  the  pilot  valve 
120  is  introduced  to  the  second  pressure  receiving  section  176.  The  maximum  load  pressure  Pamax  is  intro- 
duced  to  the  third  pressure  receiving  section  177.  Inlet  pressure  Pzo  at  the  pilot  valve  132  is  introduced  to  the 
fourth  pressure  receiving  section  178. 

20  Let  it  be  supposed  here  that  a  pressure  receiving  area  of  the  first  pressure  receiving  section  1  75  is  aso,  a 
pressure  receiving  area  of  the  second  pressure  receiving  section  176  is  aao,  a  pressure  receiving  area  of  the 
third  pressure  receiving  section  177  is  amo,  and  a  pressure  receiving  area  of  the  fourth  pressure  receiving  sec- 
tion  178  is  azo.  Further,  let  it  be  supposed  that,  assuming  that  a  pressure  receiving  area  of  the  pressure  receiv- 
ing  section  162A  in  the  valve  element  162  of  the  aforementioned  main  valve  114  is  As  and  a  pressure  receiving 

25  area  of  the  pressure  receiving  section  162B  is  Ac,  a  ratio  between  them  is  As/Ac  =  K,  and  a  multiple  of  second 
power  of  a  ratio  between  the  pressure  receiving  area  of  the  hydraulic  actuator  2  on  the  inlet  side  thereof,  that 
is,  on  the  head  side  thereof  and  the  pressure  receiving  area  on  the  outlet  side  thereof,  that  is,  on  the  rod  side 
thereof  is  <|>.  Then,  the  pressure  receiving  areas  aso  aao  amo  and  azo  are  so  set  as  to  have  a  ratio  of  <|>K  :  1  : 
<|>K:  1. 

30  The  detailed  construction  of  the  fourth  seat  valve  assembly  1  05  is  the  same  as  that  of  the  third  seat  valve 
assembly  104. 

The  first  and  second  seat  valve  assemblies  102A,  103Ainthe  second  flow  control  valve  101  are  arranged 
similarly  to  the  first  seat  valve  assembly  102  in  the  first  flow  control  valve  100.  The  third  and  fourth  seat  valve 
assemblies  104A,  105Aare  arranged  similarly  to  the  seat  valve  assembly  104. 

35 
(Operation) 

The  operation  of  the  present  embodiment  constructed  as  above  will  next  be  described.  The  operation  of 
the  first  and  second  seat  valve  assemblies  1  02,  1  03  and  1  02A,  1  03A  in  the  first  and  second  flow  control  valves 

40  1  00,  101,  and  the  operation  of  the  third  and  fourth  seat  valve  assemblies  104,  105  and  104A,  105A  will  first 
be  described  on  behalf  of  the  first  seat  valve  assembly  102  and  the  third  seat  valve  assembly  104. 

First  Seat  Valve  Assembly  1  02 

45  In  the  first  seat  valve  assembly  102,  a  combination  of  the  main  valve  112  and  the  pilot  valve  120  is  known, 
and  it  is  as  described  above  that  the  main  flow  rate  amplified  in  proportion  to  the  pilot  flow  rate  formed  in  the 
pilot  circuit  116  by  the  operation  of  the  pilot  valve  120  flows  through  the  main  valve  112.  When  the  main  valve 
112  is  operated  in  this  manner,  the  balance  of  forces  acting  upon  the  valve  element  132  can  be  expressed  by 
the  following  equation,  in  view  of  the  aforementioned  relationship  of  Ac/As  =  K: 

so  Pc  =  KPs  +  (1  -  K)Pa  (1) 
On  the  other  hand,  considering  the  balance  of  forces  acting  upon  the  valve  element  140  in  the  pressure- 

compensating  auxiliary  valve  124,  the  pressure  receiving  area  ac  of  the  pressure  receiving  section  145  is  1, 
the  pressure  receiving  area  az  of  the  pressure  receiving  section  146  is  1  -  K,  the  pressure  receiving  area  am 
of  the  pressure  receiving  section  147  is  K(1  -  K),  and  the  pressure  receiving  area  as  of  the  pressure  receiving 

55  section  148  is  K2,  as  mentioned  previously,  and  accordingly,  the  following  relationship  exists: 
Pc  =  (1  -  K)Pz  +  K(1  -  K)Pamax  +  K2Ps  (2) 

From  this  equation  (2)  and  the  above  equation  (1),  if  a  differential  pressure  Pz  -  Pa  between  the  inlet  press- 
ure  and  the  outlet  pressure  at  the  pilot  valve  120,  the  following  relationship  exists: 
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Pz  -  Pa  =  K(Ps  -  Pamax)  (3) 
It  is  to  be  noted  here  that  Ps  -  Pamax  is  a  differential  pressure  between  the  maximum  load  pressure  and 

the  discharge  pressure  of  the  hydraulic  pump  1,  and  that,  in  the  present  embodiment  provided  with  the  pump 
regulator  22  effecting  the  load  sensing  control,  the  differential  pressure  corresponds  to  the  LS  differential 

5  pressure  described  with  reference  to  the  first  embodiment.  Accordingly,  if  the  differential  pressure  Pz  -  Pa 
across  the  pilot  valve  120  is  called  VI  differential  pressure  correspondingly  to  the  first  embodiment,  the  auxiliary 
valve  124  is  adjusted  in  its  opening  degree  so  as  to  control  the  VI  differential  pressure,  with  a  value  obtained 
by  multiplication  of  the  LS  differential  pressure  by  K,  as  a  compensating  differential-pressure  target  value.  Thus, 
the  VI  differential  pressure  is  so  controlled  as  to  coincide  substantially  with  a  product  of  the  LS  differential  press- 

w  ure  and  K. 
Accordingly,  before  the  hydraulic  pump  1  is  saturated,  the  LS  differential  pressure  is  constant  and,  corres- 

pondingly,  the  compensating  differential-pressure  target  value  of  the  auxiliary  valve  124  is  made  constant. 
Thus,  the  pilot  valve  120  is  so  pressure-compensating-controlled  that  the  VI  differential  pressure  is  made  con- 
stant. 

15  Further,  when  the  hydraulic  pump  1  is  saturated,  the  LS  differential  pressure  is  brought  to  a  smaller  value 
reduced  in  accordance  with  the  level  of  the  saturation,  so  that  the  compensating  differential-pressure  target 
value  of  the  auxiliary  valve  124  likewise  decreases.  Thus,  the  pilot  valve  120  is  so  pressure-compensating- 
controlled  that  the  VI  differential  pressure  substantially  coincides  with  a  product  of  the  reduced  LS  differential 
pressure  and  K. 

20  As  a  result  that  the  VI  differential  pressure  across  the  pilot  valve  120  is  controlled  in  the  manner  described 
above,  the  flow  rate  in  accordance  with  the  amount  of  operation  of  the  pilot  valve  120  flows  through  the  pilot 
circuit  116,  before  the  hydraulic  pump  1  is  saturated,  and  the  main  flow  rate  multiplied  by  proportional  times 
the  former  flow  rate  flows  also  through  the  main  valve  112.  On  the  other  hand,  after  the  hydraulic  pump  1  has 
been  saturated,  the  flow  rate  reduced  correspondingly  to  a  decrease  in  the  VI  differential  pressure  less  than 

25  the  flow  rate  in  accordance  with  the  amount  of  operation  of  the  pilot  valve  120  flows  through  the  pilot  circuit 
116,  and  the  main  flow  rate  reduced  correspondingly  to  the  decrease  in  the  VI  differential  pressure  less  than 
the  flow  rate  amplified  by  proportional  times  the  flow  rate  in  accordance  with  the  amount  of  operation  of  the 
pilot  valve  120  flows  also  through  the  main  valve  112. 

Further,  if  the  aforementioned  equation  (2)  is  modified  to  obtain  the  differential  pressure  Pc  -  Pz  across 
30  the  auxiliary  valve  124,  the  following  relationship  exists: 

Pc  -  Pz  =  K(Pamax  -  Pa)  (4) 
That  is,  the  differential  pressure  across  the  auxiliary  valve  124  is  K  times  the  difference  between  the 

maximum  load  pressure  Pamax  and  the  load  pressure  of  the  hydraulic  actuator  2,  that  is,  the  own  load  pressure 
Pa  Accordingly,  in  the  sole  operation  of  the  hydraulic  actuator  2  or  the  combined  operation  in  which  the  hydraulic 

35  actuator  2  is  an  actuator  on  the  higher  pressure  side,  Pamax  =  Pa,  so  that  the  differential  pressure  across  the 
auxiliary  valve  124  is  0,  that  is,  the  auxiliary  valve  124  is  in  a  fully  open  state. 

Third  Seat  Valve  Assembly  104 

40  Also  in  the  third  seat  valve  assembly  104,  the  main  flow  rate  amplified  in  proportion  to  the  pilot  flow  rate 
flowing  through  the  pilot  circuit  116  flows  through  the  main  valve  114,  by  the  known  combination  of  the  main 
valve  114  and  the  pilot  valve  132. 

On  the  other  hand,  in  the  pressure-compensating  auxiliary  valve  126,  considering  the  balance  of  forces 
acting  upon  the  valve  element  103  in  the  auxiliary  valve  126,  the  pressure  receiving  area  aso  of  the  pressure 

45  receiving  section  175  is<|>K,  the  pressure  receiving  area  aao  of  the  pressure  receiving  section  176  is  1,  the  press- 
ure  receiving  area  amo  of  the  pressure  receiving  area  177  is  <|>K,  and  the  pressure  receiving  area  azo  of  the 
pressure  receiving  section  178  is  1,  as  mentioned  previously  and,  therefore,  the  following  relationship  exists: 

Pzo  -  Pao  =  <|>K(Ps  -  Pamax)  (5) 
Accordingly,  from  the  equations  (3)  and  (5),  the  following  equation  is  obtained: 

50  Pzo  -  Pao  =  <|>(Pz  -  Pa)  (6) 
It  is  to  be  noted  here  that  Pzo  -  Pao  is  the  differential  pressure  across  the  pilot  valve  132,  and  Pz  -  Pa  is 

the  differential  pressure  across  the  pilot  valve  1  20  in  the  first  seat  valve  assembly  1  02  on  the  side  of  the  meter-in 
circuit.  Accordingly,  if  the  differential  pressure  Pz  -  Pa  across  the  pilot  valve  120  and  the  differential  pressure 
Pzo  -  Pao  across  the  pilot  valve  132  are  called  respectively  as  VI  differential  pressure  and  VO  differential  press- 

55  ure  correspondingly  to  the  description  of  the  first  embodiment,  the  auxiliary  valve  126  controls  the  VO  diffe- 
rential  pressure,  with  a  value  of  a  product  of  the  VI  differential  pressure  and  I  as  a  compensating 
differential-pressure  target  value,  from  the  equation  (6).  For  this  reason,  the  pilot  flow  rate  passing  through  the 
pilot  valve  1  32  is  so  controlled  as  to  be  brought  to  a  fixed  relationship  with  respect  to  the  pilot  flow  rate  passing 
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through  the  pilot  valve  120  of  the  meter-in  circuit,  and  the  main  flow  rate  flowing  through  the  main  valve  114 
is  also  so  controlled  as  to  be  brought  to  a  fixed  relationship  with  respect  to  the  main  flow  rate  flowing  through 
the  main  valve  112  of  the  meter-in  circuit,  from  the  above-described  proportional  amplification  relationship  be- 
tween  the  pilot  flow  rate  and  the  main  flow  rate.  Further,  as  a  result  that  the  pilot  flow  rate  is  controlled  with  a 

5  value  of  a  product  of  the  VI  differential  pressure  and  <|>  as  a  compensating  differential-pressure  target  value, 
the  above  fixed  relationship  is  maintained  regardless  of  the  cases  prior  to  saturation  of  the  hydraulic  pump  1 
and  after  the  saturation  thereof. 

Accordingly,  like  the  first  embodiment,  it  is  possible  to  always  bring  the  flow  rate  of  the  return  fluid  flowing 
through  the  meter-out  circuit  into  coincidence  with  the  flow  rate  discharged  by  the  driving  of  the  hydraulic 

w  actuator  due  to  the  flow-rate  control  of  the  meter-in  circuit.  Hereunder,  this  will  further  be  described. 
In  the  first  seat  valve  assembly  102,  the  main  flow  rate  flowing  through  the  main  valve  112  on  the  basis 

of  the  aforesaid  operation  will  first  be  obtained.  Since,  as  described  previously,  the  main  flow  rate  is  flow  rate 
amplified  by  proportional  times  the  pilot  flow  rate,  if  it  is  supposed  that  the  main  flow  rate  is  g,  the  pilot  flow 
rate  ojd,  and  the  proportional  constant  of  the  amplification  is  g,  the  following  equation  exists: 

15  q  =  g  ■  qp  (7) 
In  addition,  the  pilot  flow  rate  g£  can  be  expressed  as  follows,  if  it  is  supposed  that  the  opening  area  of 

the  pilot  valve  120  is  Wp,  and  a  flow-rate  coefficient  is  Cp,  and  density  of  the  hydraulic  fluid  in  p,  because  the 
differential  pressure  across  the  pilot  valve  is  Pz  -  Pa: 

qp  =  Wp  ■  Cp  V(2/p)  (Pz-Pa)  (8) 
20 From  the  equations  (3),  (7)  and  (8),  the  following  relationship  exists: 

p  =  g  ■  Wp  ■  Cp  x  V(2/p)K(Ps  -  Pamax)  (9) 
This  main  flow  rate  g  is  flow  rate  flowing  through  the  meter-in  circuit  for  the  hydraulic  actuator  2,  and  this 

flow  rate  g  is  supplied  to  the  head  side  of  the  hydraulic  actuator  2. 
25  The  flow  rate  g  represented  by  the  above  equation  (9)  is  supplied  to  the  head  side  of  the  hydraulic  actuator 

2,  as  described  above.  However,  if  it  is  supposed  here  that  q  ■  Wp  ■  Cp  is  equal  to  gi,  the  following  relationship 
exists: 

q  =giV(2/p)K(Ps-  Pamax)  (10) 
Let  it  be  supposed  now  that  a  ratio  of  the  pressure  receiving  area  on  the  rod  side  of  the  hydraulic  actuator 

30  2  with  respect  to  the  head  side  thereof  is  X.  Then,  the  flow  rate  go  of  the  return  fluid  discharged  from  the  rod 
side  of  the  hydraulic  actuator  2  driven  by  supply  of  the  flow  rate  g  to  the  head  side  is  as  follows: 

qo  =  X  •  q 
35 

=  X  '  g i  

x  |/  ( 2 / p   )K(Ps  -  Pamax)  ( 1 1 )  

40  Further,  the  flow  rate  flowing  to  the  meter-out  circuit  line  1  08  through  the  third  seat  valve  assembly  1  04  is 
the  sum  of  the  flow  rate  qpo  flowing  through  the  pilot  circuit  118  following  the  operation  of  the  pilot  valve  132 
in  the  second  seat  valve  assembly  and  the  flow  rate  qpm  passing  through  the  main  valve  114.  If  it  is  supposed 
that  this  sum  is  equal  to  the  flow  rate  go  discharged  from  the  rod  side  of  the  hydraulic  actuator  2,  the  following 
relationship  exists: 

45  qo  =  qpo  +  qpm  (12) 
Let  it  be  supposed  here  that,  since  the  flow  rate  qpm  passing  through  the  main  valve  114  is  proportional 

times  the  pilot  flow  rate  qpo,  the  proportional  constant  is  N.  Then,  the  following  relationship  exists: 
qpm  =  N  qpo  (13) 

Accordingly,  the  following  relationship  exists: 
50 

qo  =  qpo  +  N  q p o  

=  (1  >  N)  qpo  ( 1 4 )  

55  Since,  further,  the  differential  pressure  across  the  pilot  valve  132  is  Pzo  -  Pao,  the  following  relationship 
exists,  similarly  to  the  above  equation  (8): 

qpo  =  Wp  ■  Cp  x  V(2/p)  (Pzo  -  Pao)  (1  5) 
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From  this  equation  (15)  and  the  equation  (14),  the  following  relationship  is  obtained: 

qo  =  (1  +  N)Wp  x  Cp  V(2/p)  (Pzo  -  Pao)  (16) 
Let  it  be  supposed  here  that  (1  +  N)Wp  ■  Cp  is  go.  Then,  from  the  equations  (11)  and  (16),  the  following 

relationship  exists: 

qo  =  X  •  g i  

x  i  ( 2 / p   )K(Ps  -  P a m a x )  

go^  ( 2 / p   )  (Pzo  -  Pao)  ( 1 7 )  

That  is,  the  following  relationship  exists: 
Pzo  -Pao  =  (X  ■  gi/go)  2K(Ps  -  Pamax)  (18) 

Here,  (X  ■  gi/go)  2is  a  multiple  of  second  power  of  the  ratio  X  of  the  area  on  the  rod  side  of  the  hydraulic 
actuator  2  with  respect  to  the  area  on  the  head  side,  and  can  be  replaced  by  the  previously  mentioned  <|>.  Accord- 
ingly,  the  equation  (18)  can  be  expressed  as  follows: 

Pzo  -  Pao  =  <|>K(Ps  -  Pamax)  (19) 
This  equation  coincides  with  the  previous  equation  (5).  That  is,  in  the  present  embodiment  in  which  the 

pressure  receiving  area  aso  of  the  pressure  receiving  section  175,  the  pressure  receiving  area  aao  of  the  press- 
ure  receiving  section  176,  the  pressure  receiving  area  amo  of  the  pressure  receiving  section  177  and  the  press- 
ure  receiving  area  azo  of  the  pressure  receiving  section  178  of  the  auxiliary  valve  126  are  set  to  the  aforesaid 
predetermined  relationship,  the  sum  of  the  flow  rate  qpo  passing  through  the  pilot  valve  132  and  the  main  flow 
rate  qpm  passing  through  the  main  valve  114  (the  total  flow  rate  flowing  through  the  third  seat  valve  assembly 
104)  is  made  equal  to  the  flow  rate  of  the  return  fluid  discharged  from  the  rod  side  of  the  hydraulic  actuator 
driven  by  supply  of  the  hydraulic  fluid  to  the  head  side. 

Operation  as  Entire  System 

As  will  be  clear  from  the  above  description,  the  first  and  second  seat  valve  assemblies  102,  103  and  102A, 
102B  arranged  in  the  meter-in  circuits  control  the  main  flow  rate  flowing  through  the  main  valves  112,  113  of 
the  meter-in  circuits,  while  effecting  the  pressure  compensating  control  on  the  basis  of  a  value  determined  by 
the  LS  differential  pressure  like  the  combination  of  the  flow  control  valve  14  and  the  pressure-compensating 
auxiliary  valve  15  in  the  first  embodiment,  by  the  previously  described  operation  of  the  pressure-compensating 
auxiliary  valves  124,  125  arranged  in  the  pilot  circuits. 

Accordingly,  like  the  first  embodiment,  in  the  sole  operation  of  the  hydraulic  actuator  2  or  3,  even  if  the 
load  pressure  in  the  meter-in  circuit  for  the  hydraulic  actuator  2  or  3  fluctuates,  the  main  flow  rate  is  controlled 
to  a  value  in  accordance  with  the  requisite  flow  rate,  so  that  precise  flow-rate  control  is  made  possible  without 
being  influenced  by  fluctuation  in  the  load  pressure.  Further,  in  the  combined  operation  of  the  hydraulic 
actuators  2,  3,  it  is  ensured  that  the  discharge  flow  rate  is  distributed  to  the  hydraulic  actuators  2,  3,  regardless 
of  the  cases  prior  to  saturation  of  the  hydraulic  pump  1  and  after  the  saturation  thereof,  so  that  smooth  combined 
operation  is  made  possible. 

Further,  the  third  and  fourth  seat  valve  assemblies  104,  105  and  104A,  105A  arranged  in  the  meter-out 
circuit  control  the  main  flow  rate  flowing  through  the  main  valves  114,  115  of  the  meter-out  circuits  so  as  to  be 
brought  to  a  fixed  relationship  with  respect  to  the  main  flow  rate  flowing  through  the  main  valves  112,  113  of 
the  meter-in  circuits,  by  the  aforesaid  operation  of  the  pressure-compensating  auxiliary  valves  126,  127 
arranged  in  the  pilot  circuits,  similarly  to  the  combination  of  the  flow  control  valve  14  and  the  pressure-com- 
pensating  auxiliary  valve  16  in  the  first  embodiment. 

Accordingly,  like  the  first  embodiment,  in  case  where  a  negative  load  such  as  an  inertia  load  or  the  like 
acts  upon  the  hydraulic  actuator  2  or  3,  regardless  of  the  sole  operation  of  the  hydraulic  actuators  2,  3  and  the 
combined  operation  thereof,  the  flow  rate  of  the  return  fluid  flowing  through  the  meter-out  circuit  is  so  controlled 
as  to  coincide  with  the  flow  rate  discharged  by  driving  of  the  hydraulic  actuator  due  to  the  flow-rate  control  of 
the  meter-in  circuit,  in  either  case  prior  to  saturation  of  the  hydraulic  pump  1  or  after  the  saturation  thereof,  so 
that  it  is  possible  to  prevent  fluctuation  in  pressure  in  the  meter-out  circuit.  Further,  it  is  possible  to  prevent 
occurrence  of  cavitation  in  the  meter-in  circuit  due  to  breakage  of  the  balance  between  the  flow  rate  of  the  hyd- 
raulic  fluid  supplied  to  the  hydraulic  actuator  and  the  flow  rate  of  the  hydraulic  fluid  discharged  from  the  hyd- 
raulic  actuator. 
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Furthermore,  since,  in  the  present  embodiment,  the  pressure-compensating  auxiliary  valves  124  ~  127 
are  arranged  not  in  the  main  circuits,  but  in  the  pilot  circuits,  it  is  possible  to  reduce  pressure  loss  of  the  hydraulic 
fluid  flowing  through  the  main  circuits.  Further,  as  described  with  reference  to  the  equation  (4),  upon  the  sole 
operation  of  the  hydraulic  actuator  or  in  the  hydraulic  actuator  on  the  higher  pressure  side  in  the  combined  oper- 

5  ation,  the  auxiliary  valve  124  is  in  a  fully  open  state.  Accordingly,  it  is  possible  to  restrict  pressure  loss  in  the 
pilot  circuit  to  the  minimum. 

Other  Embodiments 

w  Still  another  embodiment  of  the  invention  will  be  described  with  reference  to  Figs.  7  and  8.  In  the  figures, 
the  same  component  parts  as  those  illustrated  in  Figs.  4  and  6  are  designated  by  the  same  reference  numerals. 
The  present  embodiment  differs  from  the  previously  described  embodiments  in  the  arrangement  of  the  press- 
ure-compensating  auxiliary  valve  in  the  third  seat  valve  assembly. 

In  Figs.  7  and  8,  a  pressure-compensating  auxiliary  valve  201  included  in  a  third  seat  valve  assembly  200 
15  comprises  a  valve  element  202  constituting  a  variable  restrictor  valve,  first  and  second  pressure  receiving 

chambers  203,  204  biasing  the  valve  element  202  in  a  valve  opening  direction,  and  third,  fourth  and  fifth  press- 
ure  receiving  chambers  205  ~  207  biasing  the  valve  element  202  in  a  valve  closing  direction.  The  valve  element 
202  is  provided  with  first  through  fifth  pressure  receiving  sections  208  -212  correspondingly  respectively  to 
first  through  fifth  pressure  receiving  chambers  203  -  207.  The  first  pressure  receiving  chamber  203  communi- 

20  cates  with  the  meter-in  circuit  line  107A  (refer  to  Fig.  4)  through  a  pilot  line  213.  The  second  pressure  receiving 
chamber  204  communicates  with  the  back-pressure  chamber  164  of  the  main  valve  114  through  a  pilot  line 
214.  The  third  pressure  receiving  chamber  205  communicates  with  the  maximum  load  line  151  A  (refer  to  Fig. 
4)  through  a  pilot  line  21  5.  The  fourth  pressure  receiving  chamber  206  communicates  with  the  inlet  of  the  pilot 
valve  132  through  a  pilot  line  216.  The  fifth  pressure  receiving  chamber  207  communicates  with  the  inlet  160 

25  of  the  main  valve  114  through  a  pilot  line  217.  With  such  arrangement,  the  discharge  pressure  Ps  from  the  hyd- 
raulic  pump  1  is  introduced  to  the  first  pressure  receiving  section  208.  The  pressure  Pco  at  the  back-pressure 
chamber  164  is  introduced  to  the  second  pressure  receiving  section  209.  The  maximum  load  pressure  Pamax 
is  introduced  to  the  third  pressure  receiving  section  21  0.  The  inlet  pressure  Pzo  at  the  pilot  valve  1  32  is  intro- 
duced  to  the  fourth  pressure  receiving  section  211  .  The  inlet  pressure  Pso  at  the  main  valve  114  is  introduced 

30  to  the  fifth  pressure  receiving  section  212. 
Let  it  be  supposed  here  that  a  pressure  receiving  area  of  the  first  pressure  receiving  section  208  is  aso,  a 

pressure  receiving  area  of  the  second  pressure  receiving  section  209  is  aco,  a  pressure  receiving  area  of  the 
third  pressure  receiving  section  210  is  amo,  a  pressure  receiving  area  of  the  fourth  pressure  receiving  section 
211  is  azo,  and  a  pressure  receiving  area  of  the  fifth  pressure  receiving  section  212  is  apso.  Further,  let  it  be 

35  supposed  that,  assuming  that  a  pressure  receiving  area  of  the  pressure  receiving  section  162A  in  the  valve 
element  162  of  the  main  valve  114  is  As  and  a  pressure  receiving  area  of  the  pressure  receiving  section  162B 
is  Ac,  a  ratio  between  them  is  As/Ac  =  K,  and  a  multiple  of  second  power  of  a  ratio  between  the  pressure  receiv- 
ing  area  on  the  inlet  side  of  the  hydraulic  actuator  2,  that  is,  the  pressure  receiving  area  on  the  head  side  and 
the  pressure  receiving  area  on  the  outlet  side,  that  is,  on  the  rod  side  is  <|>.  Then,  the  pressure  receiving  areas 

40  aso,  aco,  amo,  azo  and  apso  are  so  set  to  have  a  ratio  of  <|>  K(1  -  K)  :  1  :  <|>K(1  -  K)  :  1  -  K  :  K. 
In  the  present  embodiment  constructed  as  above,  considering  the  balance  of  forces  acting  upon  the  valve 

element  132  of  the  main  valve  112,  the  following  equation  exists,  from  the  relationship  of  Ac/As  =  K,  similarly 
to  the  previously  mentioned  equation  (1): 

Pco  =  KPso  +  (1  -  K)Pao  (20) 
45  Further,  considering  the  balance  of  forces  acting  upon  the  valve  element  202  in  the  pressure-compensating 

auxiliary  valve  201,  the  pressure  receiving  area  aso  of  the  first  pressure  receiving  section  208  is  <|>K(1  -  K),  the 
pressure  receiving  area  aco  of  the  second  pressure  receiving  section  209  is  1  ,  the  pressure  receiving  area  amo 
of  the  third  pressure  receiving  section  21  0  is  <|>K(1  -  K),  the  pressure  receiving  area  azo  of  the  fourth  pressure 
receiving  section  211  is  1  -  K,  and  the  pressure  receiving  area  apso  of  the  fifth  pressure  receiving  section  212 

so  is  K,  as  mentioned  above  and,  therefore,  the  following  relationship  exists: 
Pzo(1  -  K)  +  PsoK  +  Pamax<|)K(1  -  K)  =  Pco  +  Ps<|>K(1  -  K)  (21) 

From  the  equations  (20)  and  (21),  the  following  relationship  exists: 
Pzo  -  Pao  =  <|>K(Ps  -  Pamax)  (22) 

This  equation  (22)  coincides  with  the  previously  mentioned  equation  (5). 
55  Accordingly,  the  present  embodiment  in  which  the  pressure  receiving  area  aso  of  the  first  pressure  receiv- 

ing  section  208,  the  pressure  receiving  area  aco  of  the  second  pressure  receiving  section  209,  the  pressure 
receiving  area  amo  of  the  third  pressure  receiving  section  210,  the  pressure  receiving  section  ayo  of  the  fourth 
pressure  receiving  section  211,  and  the  pressure  receiving  area  apso  of  the  fifth  pressure  receiving  section 
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212  are  set  to  the  ratio  of  <|>K(1  -  K)  :  1  :  <|>K(1  -  K)  :  1  -  K  :  K,  also  controls  the  main  flow  rate  flowing  through 
the  main  valve  114  so  as  to  be  brought  to  a  fixed  relationship  with  respect  to  the  main  flow  rate  flowing  through 
the  main  valve  112  (refer  to  Fig.  4)  of  the  meter-in  circuit,  similarly  to  the  third  embodiment,  so  that  it  is  possible 
to  always  bring  the  flow  rate  of  the  return  fluid  flowing  through  the  meter-out  circuit  into  coincidence  with  the 

5  flow  rate  discharged  by  driving  of  the  hydraulic  actuator  due  to  the  flow-rate  control  of  the  meter-in  circuit.  For 
this  reason,  it  is  possible  to  prevent  pressure  fluctuation  in  the  meter-out  circuit,  and  it  is  possible  to  prevent 
occurrence  of  cavitation  in  the  meter-in  circuit. 

Still  another  embodiment  of  the  invention  will  be  described  with  reference  to  Figs.  9  and  1  0.  In  the  figures, 
the  same  component  parts  as  those  illustrated  in  Figs.  4  and  6  are  designated  by  the  same  reference  numerals. 

w  The  present  embodiment  is  still  another  modification  of  the  pressure-compensating  auxiliary  valve  in  the  third 
seat  valve  assembly. 

In  Figs.  9  and  10,  a  pressure-compensating  auxiliary  valve  221  included  in  a  third  seat  valve  assembly 
220  is  arranged  in  the  pilot  circuit  1  1  8  on  the  side  downstream  of  the  pilot  valve  1  32,  unlike  the  previously  des- 
cribed  embodiments.  This  auxiliary  valve  221  comprises  a  valve  element  222  constituting  a  variable  restrictor 

15  valve,  first  and  second  pressure  receiving  chambers  223,  224  biasing  the  valve  element  222  in  a  valve  opening 
direction,  and  third  and  fourth  pressure  receiving  chambers  225,  226  biasing  the  valve  element  222  in  a  valve 
closing  direction.  The  valve  element  222  is  provided  with  first  through  fourth  pressure  receiving  sections  227 
~  230  correspondingly  respectively  to  the  first  through  fourth  pressure  receiving  chambers  223  ~  226.  The 
first  pressure  receiving  chamber  223  communicates  with  the  back-pressure  chamber  164  of  the  main  valve 

20  114  through  a  pilot  line  231.  The  second  pressure  receiving  chamber  224  communicates  with  the  maximum 
load  line  151A(referto  Fig.  4)  through  a  pilot  line  232.  The  third  pressure  receiving  chamber  225  communicates 
with  the  meter-in  circuit  line  107A  (refer  to  Fig.  4)  through  a  pilot  line  233.  The  fourth  pressure  receiving  chamber 
226  communicates  with  the  outlet  of  the  pilot  valve  132  through  a  pilot  line  234.  With  such  arrangement,  the 
pressure  Pco  at  the  back-pressure  chamber  164  is  introduced  to  the  first  pressure  receiving  section  227,  the 

25  maximum  load  pressure  Pamax  is  introduced  to  the  second  pressure  receiving  section  228,  the  discharge 
pressure  Ps  at  the  hydraulic  pump  1  is  introduced  to  the  third  pressure  receiving  section  229,  and  the  outlet 
pressure  Pyo  at  the  pilot  valve  132  is  introduced  to  the  fourth  pressure  receiving  section  230. 

Let  it  be  supposed  here  that  a  pressure  receiving  area  of  the  first  pressure  receiving  section  227  is  aco,  a 
pressure  receiving  area  of  the  second  pressure  receiving  section  228  is  amo,  a  pressure  receiving  area  of  the 

30  third  pressure  receiving  section  229  is  aso,  and  a  pressure  receiving  area  of  the  fourth  pressure  receiving  sec- 
tion  230  is  ayo.  Further,  let  it  be  supposed  that,  assuming  that  a  pressure  receiving  area  of  the  pressure  receiv- 
ing  section  162A  in  the  valve  element  162  of  the  main  valve  114  is  As  and  a  pressure  receiving  area  of  the 
pressure  receiving  section  162B  is  Ac,  a  ratio  between  them  is  As/Ac  =  K,  and  a  multiple  of  second  power  of 
a  ratio  between  the  pressure  receiving  area  on  the  inlet  side  of  the  hydraulic  actuator  2,  that  is,  on  the  head 

35  side  thereof  and  the  pressure  receiving  area  on  the  outlet  side  thereof,  that  is,  the  rod  side  thereof  is  <|>.  Then, 
the  pressure  receiving  areas  aco,  amo,  aso  and  ayo  are  so  set  to  have  a  ratio  of  1  :  <|>K  :  <|>K  :  1  . 

In  the  present  embodiment  constructed  as  above,  considering  the  balance  of  forces  acting  upon  the  valve 
element  222  in  the  pressure-compensating  auxiliary  valve  221,  the  pressure  receiving  area  aco  of  the  first 
pressure  receiving  section  227  is  1  ,  the  pressure  receiving  area  amo  of  the  second  pressure  receiving  section 

40  228  is  <|>K,  the  pressure  receiving  area  aso  of  the  third  pressure  receiving  section  229  is  <|>K,  and  the  pressure 
receiving  area  ayo  of  the  fourth  pressure  receiving  section  230  is  1,  as  described  above  and,  therefore,  the 
following  relationship  exists: 

Pco  +  <|>KPamax  =  Ps<|>  K  +  Pyo  (23) 
That  is, 

45  Pco  -  Pyo  =  <|>K(Ps  -  Pamax)  (24) 
Since,  here,  the  pressure  Pco  at  the  back-pressure  chamber  164  of  the  main  valve  114  coincides  with  the  inlet 
pressure  at  the  pilot  valve  132,  and  Pyo  is  the  outlet  pressure  at  the  pilot  valve  132,  the  above  equation  (24) 
coincides  with  the  previously  described  equation  (5). 

Accordingly,  the  present  embodiment  in  which  the  pressure  receiving  area  aco  of  the  first  pressure  receiv- 
50  ing  section  227,  the  pressure  receiving  area  amo  of  the  second  pressure  receiving  section  228,  the  pressure 

receiving  area  aso  of  the  third  pressure  receiving  section  229  and  the  pressure  receiving  area  ayo  of  the  fourth 
pressure  receiving  section  230  are  set  to  the  ratio  of  1  :  <|>K  :  <|>K  :  1,  also  controls  the  main  flow  rate  flowing 
through  the  main  valve  114  so  as  to  be  brought  to  a  fixed  relationship  with  respect  to  the  main  flow  rate  flowing 
through  the  main  valve  112  (refer  to  Fig.  4)  of  the  meter-in  circuit,  similarly  to  the  third  embodiment,  so  that  it 

55  is  possible  to  always  bring  the  flow  rate  of  the  return  fluid  flowing  through  the  meter-out  circuit  into  coincidence 
with  the  flow  rate  discharged  by  driving  f  the  hydraulic  actuator  due  to  the  flow-rate  control  of  the  meter-in  circuit. 
For  this  reason,  it  is  possible  to  prevent  pressure  fluctuation  in  the  meter-out  circuit,  and  it  is  possible  to  prevent 
occurrence  of  cavitation  in  the  meter-in  circuit. 
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Still  another  embodiment  of  the  invention  will  be  described  with  reference  to  Figs.  11  and  12.  In  the  figures, 
the  same  component  parts  as  those  illustrated  in  Figs.  4  and  6  are  designated  by  the  same  reference  numerals. 
The  present  embodiment  shows  still  another  modification  of  the  pressure-compensating  auxiliary  valve  in  the 
third  seat  valve  assembly. 

5  In  Figs.  11  and  12,  a  pressure-compensating  auxiliary  valve  241  included  in  a  third  seat  valve  assembly 
240  is  arranged  in  the  pilot  circuit  118  on  the  side  downstream  of  the  pilot  valve  132,  similarly  to  the  embodiment 
illustrated  in  Figs.  9  and  10.  This  auxiliary  valve  241  comprises  a  valve  element  242  constituting  a  variable 
restrictor  valve,  first  and  second  pressure  receiving  chambers  243,  244  biasing  the  valve  element  242  in  a  valve 
opening  direction,  and  third,  fourth  and  fifth  pressure  receiving  chambers  245  ~  247  biasing  the  valve  element 

w  242  in  a  valve  closing  direction.  The  valve  element  242  is  provided  with  first  through  fifth  pressure  receiving 
sections  248  ~  252  correspondingly  respectively  to  the  first  through  fifth  pressure  receiving  chambers  243  ~ 
247.  The  first  pressure  receiving  chamber  243  communicates  with  the  meter-in  circuit  line  107A  (refer  to  Fig. 
4)  through  a  pilot  line  253.  The  second  pressure  receiving  chamber  244  communicates  with  the  outlet  of  the 
pilot  valve  132  through  a  pilot  line  254.  The  third  pressure  receiving  chamber  245  communicates  with  the 

15  maximum  load  line  151  A  (refer  to  Fig.  4)  through  a  pilot  line  255.  The  fourth  pressure  receiving  chamber  246 
communicates  with  the  inlet  160  of  the  main  valve  114  through  a  pilot  line  256.  The  fifth  pressure  receiving 
chamber  247  communicates  with  the  outlet  161  of  the  main  valve  114  through  a  pilot  line  257.  With  such 
arrangement,  the  discharge  pressure  Ps  at  the  hydraulic  pump  1  is  introduced  to  the  first  pressure  receiving 
section  248.  The  outlet  pressure  Pyo  at  the  pilot  valve  1  32  is  introduced  to  the  second  pressure  receiving  section 

20  249.  The  maximum  load  pressure  Pamax  is  introduced  to  the  third  pressure  receiving  section  250.  The  inlet 
pressure  Pso  at  the  main  valve  1  14  is  introduced  to  the  fourth  pressure  receiving  section  251  .  The  outlet  press- 
ure  Pao  at  the  main  valve  114  is  introduced  to  the  fifth  pressure  receiving  section  252. 

Let  it  be  supposed  here  that  a  pressure  receiving  area  of  the  first  pressure  receiving  section  248  is  aso,  a 
pressure  receiving  area  of  the  second  pressure  receiving  section  249  is  ayo,  a  pressure  receiving  area  of  the 

25  third  pressure  receiving  section  250  is  amo,  a  pressure  receiving  area  of  the  fourth  pressure  receiving  section 
251  is  apso,  and  a  pressure  receiving  area  of  the  fifth  pressure  receiving  section  252  is  a  pao.  Further,  let  it 
be  supposed  that,  assuming  that  a  pressure  receiving  area  of  the  pressure  receiving  section  162A  in  the  valve 
element  162  of  the  main  valve  114  is  As  and  a  pressure  receiving  area  of  the  pressure  receiving  section  162B 
is  Ac,  a  ratio  between  them  is  As/Ac  =  K,  and  a  multiple  of  second  power  of  a  ratio  between  the  pressure  receiv- 

30  ing  area  on  the  inlet  side  of  the  hydraulic  actuator  2,  that  is,  on  the  head  side  thereof  and  the  pressure  receiving 
area  on  the  outlet  side  thereof,  that  is,  on  the  rod  side  thereof  is  <|>.  Then,  the  pressure  receiving  areas  aso, 
ago,  amo,  apso  and  apao  are  so  set  as  to  have  a  ratio  of  <|>K  :  1  :  <|>K  :  K  :  1  -  K. 

In  the  present  embodiment  constructed  as  above,  the  previously  mentioned  equation  (20),  that  is,  the  fol- 
lowing  equation  exists,  by  the  balance  of  forces  acting  upon  the  valve  element  132  of  the  main  valve  112: 

35  Pco  =  KPso  +  (1  -  K)Pao  (20) 
Further,  considering  the  balance  of  forces  acting  upon  the  valve  element  242  in  the  pressure-compensating 

auxiliary  valve  241,  the  pressure  receiving  area  aso  of  the  first  pressure  receiving  section  248  is  <|>K,  the  press- 
ure  receiving  area  ayo  of  the  second  pressure  receiving  section  249  is  1,  the  pressure  receiving  area  amo  of 
the  third  pressure  receiving  section  250  is  <|>K,  the  pressure  receiving  area  apso  of  the  fourth  pressure  receiving 

40  section  251  is  K,  and  the  pressure  receiving  area  apao  of  the  fifth  pressure  receiving  section  252  is  1  -  K,  as 
mentioned  above  and,  therefore,  the  following  relationship  exists: 

Pyo  +  Ps<|)K  =  KPso  +  (1  -  K)Pao  +  <|>KPamax  (25) 
From  the  equations  (20)  and  (25),  the  following  relationship  exists: 

Pco  -  Pyo  =  <|>K(Ps  -  Pamax)  (26) 
45  This  equation  (26)  coincides  with  the  previously  mentioned  equation  (24). 

Accordingly,  this  embodiment  in  which  the  pressure  receiving  area  aso  of  the  first  pressure  receiving  sec- 
tion  248,  the  pressure  receiving  area  ayo  of  the  second  pressure  receiving  section  249,  the  pressure  receiving 
area  amo  of  the  third  pressure  receiving  section  250,  the  pressure  receiving  area  apso  of  the  fourth  pressure 
receiving  section  251  and  the  pressure  receiving  section  apao  of  the  fifth  pressure  receiving  section  252  are 

so  set  to  the  ratio  of  <|>K  :  1  :  <|>K  :  K  :  1  -  K,  also  controls  the  main  flow  rate  flowing  through  the  main  valve  114  so 
as  to  be  brought  to  a  fixed  relationship  with  respect  to  the  main  flow  rate  flowing  through  the  main  valve  112 
(refer  to  Fig.  4)  of  the  meter-in  circuit,  similarly  to  the  third  embodiment,  so  that  it  is  possible  to  always  bring 
the  flow  rate  of  the  return  fluid  flowing  through  the  meter-out  circuit  into  coincidence  with  the  flow  rate  dis- 
charged  by  driving  of  the  hydraulic  actuator  due  to  the  flow-rate  control  of  the  meter-in  circuit.  For  this  reason, 

55  it  is  possible  to  prevent  pressure  fluctuation  in  the  meter-out  circuit,  and  it  is  possible  to  prevent  occurrence 
of  cavitation  in  the  meter-in  circuit. 
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Regarding  Modification  of  Embodiments 

The  arrangement  of  each  of  the  above  embodiments  illustrated  in  Figs.  4  through  12  is  such  that  the  press- 
ure-compensating  auxiliary  valves  124,  125  are  arranged  upstream  of  the  pilot  valves  120,  121,  as  the  seat 

5  valve  assemblies  102,  103  and  102A,  102Bon  the  side  of  the  meter-in  circuit,  that  the  auxiliary  valve  is  provided 
with  the  first  pressure  receiving  section  145  biasing  the  valve  element  140  in  the  valve  opening  direction,  and 
the  second,  third  and  fourth  pressure  receiving  sections  146  ~  148  biasing  the  valve  element  140  in  the  valve 
closing  direction,  that  the  back  pressure  Pc,  the  pilot-valve  inlet  pressure  Pz,  the  maximum  load  pressure 
Pamax  and  the  pump  discharge  pressure  Ps  are  introduced  respectively  to  these  pressure  receiving  sections 

w  145  ~  148,  and  that  the  pressure  receiving  areas  of  these  pressure  receiving  sections  are  so  set  as  to  be 
brought  to  the  ratio  of  1  :  1  -  K  :  K(1  -  K)  :  K2.  However,  the  applicant  of  this  application  has  filed  the  invention 
of  a  flow  control  valve  composed  of  a  seat  valve  assembly  having  a  special  pressure  compensating  function, 
as  Japanese  Patent  Application  No.  SHO  63-163646  on  June  30,  1988,  and  various  modifications  can  be  made 
to  the  seat  valve  assembly  on  the  side  of  the  meter-in  circuit,  on  the  basis  of  the  concept  of  the  invention  of 

15  the  prior  application.  This  will  be  described  below. 
In  the  seat  valve  assembly  102  illustrated  in  Fig.  5,  although  the  details  are  omitted,  the  following  equation 

generally  exists,  from  the  balance  of  the  pressure  acting  upon  the  valve  element  132  of  the  main  valve  112 
and  the  valve  element  140  of  the  pressure-compensating  auxiliary  valve  124: 

Pz  -  Pa  =  a(Ps  -  Pamax)  +  P(Pamax  -  Pa)  +  yPa  (27) 
20  Here,  Pz,  Pa,  Ps  and  Pamax  are  the  inlet  pressure  at  the  pilot  valve  120,  the  load  pressure  of  the  associated 

hydraulic  actuator,  the  discharge  pressure  of  the  hydraulic  pump  1,  and  the  maximum  load  pressure,  respect- 
ively.  Further,  Pz  -  Pa  on  the  left-hand  side  is  the  differential  pressure  across  the  pilot  valve  120,  and  can  be 
replaced  by  APz.  furthermore,  a,  p  and  y  are  values  expressed  by  the  pressure  receiving  areas  ac,  az,  am  and 
as  of  the  pressure  receiving  sections  145  ~  148  of  the  auxiliary  valve  124  and  the  pressure  receiving  areas 

25  As  and  Ac  of  the  pressure  receiving  sections  132A,  132B  of  the  main  valve  112,  and  are  constants  determined 
by  setting  of  these  pressure  receiving  areas.  However,  a  is  in  the  relationship  of  a   ̂ K  with  respect  to  the 
aforesaid  K  (=  As/Ac). 

In  this  manner,  generally,  in  the  pressure-compensating  auxiliary  valve  represented  by  the  equation  (27), 
setting  of  the  constants  a,  p  and  y,  that  is,  the  pressure  receiving  areas  to  optional  values  enables  the  differential 

30  pressure  APz  across  the  pilot  valve  120  to  be  controlled  in  proportion  respectively  to  three  elements  which 
include  the  differential  pressure  Pa  -  Pamax  between  the  discharge  pressure  Ps  of  the  hydraulic  pump  1  and 
the  maximum  load  pressure  Pamax,  the  differential  pressure  Pamax  -  Pa  between  the  maximum  load  pressure 
Pamax  and  the  own  load  pressure  Pa,  and  the  own  load  pressure  Pa.  Thus,  it  is  possible  to  obtain  a  pressure- 
compensating  and  distributing  function  (first  term  on  the  right  side),  and/or  a  harmonic  function  (second  term 

35  on  the  right  side)  in  the  combined  operation  on  the  basis  of  the  pressure-compensating  and  distributing  function, 
and/or  a  self-pressure  compensating  function  (third  term  on  the  right  side). 

If  replacement  is  made  in  the  equation  (27)  such  that  a  =  K,  p  =  0  and  y  =  0,  the  previously  mentioned 
equation  (3),  that  is,  the  following  equation  is  obtained: 

Pz  -  Pa  =  K(Ps  -  Pamax)  (3) 
40  In  other  words,  the  embodiment  illustrated  in  Figs.  4  and  5  is  an  embodiment  in  which  a  =  K,  p  =  0  and  y  =  0 

and  which  is  given  only  the  pressure-compensating  and  distributing  function  of  the  general  functions  of  the 
pressure-compensating  auxiliary  valve  124. 

As  described  above,  the  pressure-compensating  auxiliary  valve  124  illustrated  in  Figs.  4  and  5  is  not  gen- 
erally  required  to  be  limited  to  a  =  K  as  in  the  equation  (3),  but  can  have  an  optional  value  (optional  pressure 

45  receiving  area)  within  a  range  of  a   ̂ K.  Also  in  the  invention,  it  is  possible  to  employ  an  auxiliary  valve  in  which 
a  other  than  K  is  set.  Also  in  this  case,  by  modifying  the  pressure  receiving  area  of  the  pressure-compensating 
auxiliary  valve  correspondingly  to  this,  the  main  flow  rate  flowing  through  the  main  valve  is  so  controlled  as 
to  be  brought  to  a  fixed  relationship  with  respect  to  the  flow  rate  flowing  through  the  main  valve  of  the  meter-in 
circuit,  similarly  to  the  embodiment  in  which  a  =  K,  whereby  advantages  can  likewise  be  obtained.  In  this  con- 

50  nection,  in  the  above  embodiment  in  which  a  =  K,  in  case  of  the  sole  operation  of  the  hydraulic  actuators  or  in 
the  hydraulic  actuator  2  on  the  higher  pressure  side  in  the  combined  operation,  the  auxiliary  valve  can  be 
brought  substantially  to  the  fully  open  state,  as  described  previously  by  the  use  of  the  equation  (4),  making  it 
possible  to  provide  a  circuit  arrangement  lowest  in  pressure  loss. 

Further,  the  auxiliary  valve  124  can  generally  be  given  a  harmonic  function  (second  term  on  the  right  side) 
55  in  the  combined  operation  and/or  the  self-pressure-compensating  function  (third  term  on  the  right  side), 

depending  upon  the  manner  of  setting  of  the  pressure  receiving  area,  without  being  limited  to  the  pressure- 
compensating  and  distributing  function.  Also  the  invention  may  employ  an  auxiliary  valve  which  is  so  modified 
as  to  be  given  functions  other  than  the  pressure-compensating  and  distributing  function. 
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Furthermore,  the  above  is  an  example  of  the  arrangement  of  the  pressure  receiving  sections  and  the  pilot 
lines  illustrated  in  Figs.  4  and  5.  As  disclosed  in  Japanese  Patent  Application  No.  SHO  63-163646,  in  the 
arrangement  of  the  pressure  receiving  sections  and  the  pilot  lines,  there  are  various  forms  other  than  the  one 
mentioned  above.  The  arrangement  may  take  any  form  as  a  result  if  the  above  equation  (28)  holds. 

5  The  possibility  of  modification  of  the  seat  valve  assembly  on  the  side  of  the  meter-in  circuit  has  been  des- 
cribed  above.  However,  the  same  is  applicable  also  to  the  seat  valve  assembly  on  the  side  of  the  meter-out 
circuit.  That  is,  the  pressure-compensating  auxiliary  valve  described  with  reference  to  Figs.  4  through  12  should 
be  so  constructed  as  to  satisfy  substantially  the  previously  mentioned  equation  (5),  that  is,  the  following 
equation: 

w  Pzo  -  Pao  =  <|>K(Ps  -  Pamax)  (5) 
It  is  possible  to  variously  modify  the  arrangement  of  the  pressure  receiving  sections  of  the  auxiliary  valve  and 
the  pilot  lines  within  a  range  satisfying  the  above  relationship. 

Moreover,  in  all  the  above  embodiments,  the  flow  rate  of  the  return  fluid  flowing  through  the  meter-out  cir- 
cuit  is  so  controlled  as  to  coincide  with  the  flow  rate  discharged  by  driving  of  the  hydraulic  actuator  due  to  the 

15  flow-rate  control  of  the  meter-in  circuit.  Considering  the  practicality,  however,  the  arrangement  may  be  such 
that  the  relationship  between  them  is  slightly  modified  so  that  pressure  has  a  tendency  to  be  confined  within 
the  hydraulic  actuator  2,  or  a  slight  tendency  of  cavitation.  Such  modification  should  be  made  such  that  the 
area  ratio  of  the  pressure  receiving  sections  of  the  pressure-compensating  auxiliary  valve  on  the  side  of  the 
meter-out  circuit  is  varied  slightly,  or  springs  are  provided  which  bias  the  valve  element  in  addition  to  the  press- 

20  ure  receiving  sections,  thereby  regulating  the  level  of  the  pressure  compensation,  making  it  possible  to  adjust 
the  flow  rate  of  the  return  fluid  flowing  through  the  meter-out  circuit. 

Further,  the  differential  pressures  such  as  the  LS  differential  pressure,  the  VI  differential  pressure,  the  VO 
differential  pressure  and  the  like  acting  upon  the  auxiliary  valve  may  be  such  that  individual  hydraulic  pressures 
are  not  directly  introduced  hydraulically,  but  the  differential  pressures  are  detected  electrically  by  differential- 

25  pressure  meters  and  their  detecting  signals  are  used  to  control  the  auxiliary  valve. 

INDUSTRIAL  APPLICABILITY 

The  hydraulic  driving  apparatus  according  to  the  invention  is  constructed  as  described  above.  Accordingly, 
30  even  if  the  hydraulic  pump  is  saturated  during  combined  operation  of  the  hydraulic  actuators,  the  first  press- 

ure-compensating  control  means  ensures  that  the  discharged  flow  rate  is  distributed  to  the  hydraulic  actuators, 
making  it  possible  to  effect  the  combined  operation  smoothly.  Further,  regardless  of  the  cases  prior  to  saturation 
of  the  hydraulic  pump  1  and  after  the  saturation,  the  second  pressure-compensating  control  means  pressure- 
compensating-controls  the  discharged  flow  rate  in  the  meter-out  circuit  when  a  negative  load  acts  upon  the 

35  hydraulic  actuators,  making  it  possible  to  reduce  pressure  fluctuation  in  the  meter-out  circuit,  and  making  it 
possible  to  prevent  occurrence  of  cavitation  in  the  meter-in  circuit. 

Claims 
40 

1.  A  hydraulic  driving  apparatus  comprising  at  least  one  hydraulic  pump  (1)  of  the  variable  displacement 
type,  a  plurality  of  hydraulic  actuators  (2,  3)  driven  by  hydraulic  fluid  discharged  from  said  pump  (1),  a  tank  (4) 
to  which  return  fluid  from  said  plurality  of  hydraulic  actuators  (2,  3)  is  discharged,  flow  control  valve  means 
(14,  18)  for  each  of  the  hydraulic  actuators  (2,  3)  controlling  the  flow  of  the  hydraulic  fluid  supplied  by  said  hyd- 

45  raulic  pump  (1)  to  said  hydraulic  actuators  (2,  3),  the  flow  control  valve  means  (14,  18)  having  first  main  variable 
restrictor  means  (23A,  23B)  controlling  the  flow  rate  of  the  hydraulic  pump  (1)  to  the  hydraulic  actuators  (2,  3), 
and  second  main  variable  restrictor  means  (24A,  24B)  controlling  the  flow  rate  of  the  return  fluid  discharged 
from  the  hydraulic  actuator  (2,  3)  to  said  tank  (4),  pump  control  means  (22)  operative  in  response  to  the  diffe- 
rential  pressure  between  the  discharge  pressure  of  said  hydraulic  pump  (1)  and  the  maximum  load  pressure 

so  of  said  plurality  of  hydraulic  actuators  (2,  3),  for  normally  controlling  the  discharge  rate  of  said  hydraulic  pump 
(1)  in  such  a  manner  that  the  pump  discharge  pressure  is  raised  more  than  the  maximum  load  pressure  by  a 
predetermined  value,  and  first  pressure  compensating  control  means,  comprising  first  auxiliary  variable  res- 
trictor  means  for  pressure-compensating  controlling  flow  rate  flowing  through  said  first  main  variable  restrictor 
means  (23A,  23B)  to  said  actuator  (2,  3),  and  first  control  means  (40-43,  44-47)  for  controlling  said  first  auxiliary 

55  variable  restrictor  means  (15,  19)  in  such  a  manner  that  said  first  auxiliary  variable  restrictor  means  (15,  19) 
is  operated  in  valve  opening  direction  in  response  to  the  differential  pressure  between  the  pump  discharge 
pressure  and  the  maximum  load  pressure  and  that  said  first  auxiliary  variable  restrictor  means  (15,  19)  is  oper- 
ated  in  a  valve  closing  direction  in  response  to  the  differential  pressure  across  said  first  main  variable  restrictor 
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means  (23A,  23  B), 
characterized  in  that 
second  pressure-compensating  means,  comprising  second  auxiliary  variable  restrictor  means  (16,  20)  for 
pressure-compensating-controlling  the  flow  rate  flowing  from  said  actutator  (2,  3)  through  said  second  main 

5  variable  restrictor  means  (24A,  24B),  and  second  control  means  (48-51  ,  52-54,  28)  for  controlling  said  second 
auxiliary  variable  restrictor  means  (16,  20)  in  such  a  manner  that  said  second  auxiliary  variable  restrictor  means 
(16,  20)  is  operated  in  a  valve  opening  direction  in  response  to  the  differential  pressure  between  said  pump 
discharge  pressure  and  the  maximum  load  pressure  and  that  said  second  auxiliary  variable  restrictor  means 
(1  6,  20)  is  operated  in  a  valve  closing  direction  in  response  to  the  differential  pressure  across  said  second  main 

w  variable  restrictor  means  (24A,  24B). 
2.  A  hydraulic  driving  apparatus  according  to  claim  1, 

characterized  in  that 
each  of  said  flow  control  valve  means  (14,  18)  is  a  spool-type  flow  control  valve,  said  first  auxiliary  variable 
restrictor  means  (15,  19)  are  arranged  upstream  of  said  first  variable  restrictor  means  (23A,  23B),  and  said 

15  second  auxiliary  variable  restrictor  means  (16,  20)  are  arranged  downstream  of  said  second  main  variable  res- 
trictor  means  (24A,  24  B). 

3.  A  hydraulic  driving  apparatus  according  to  claim  2, 
characterized  in  that 
said  second  control  means  (48-51  ,  52-54,  28)  comprises  first  and  second  pressure  receiving  sections  (48,  49) 

20  biasing  said  second  auxiliary  variable  restrictor  means  (16,  20)  in  a  valve  opening  direction,  third  and  fourth 
pressure  receiving  sections  (50,  51)  biasing  said  second  auxiliary  variable  restrictor  means  (16,  20)  in  a  valve 
closing  direction,  a  first  hydraulic  line  (52)  for  introducing  inlet  pressure  of  said  first  main  variable  restrictor 
means  (23A,  23B)  to  said  first  main  pressure  receiving  section  (48),  a  second  hydraulic  line  (53)  for  introducing 
outlet  pressure  of  said  second  main  variable  restrictor  means  (24A,  24B)  to  said  second  pressure  receiving 

25  section  (49),  a  third  hydraulic  line  (54)  for  introducing  outlet  pressure  of  said  first  main  variable  restrictor  means 
(23A,  23B)  to  said  third  pressure  receiving  section  (50),  and  a  fourth  hydraulic  line  (28)  for  introducing  inlet 
pressure  of  said  second  main  variable  restrictor  means  (24A,  24B)  to  said  fourth  pressure  receiving  section 
(51). 

4.  A  hydraulic  driving  apparatus  according  to  claim  2, 
30  characterized  in  that 

said  second  control  means  comprises  fifth  and  sixth  pressure  receiving  sections  (48,  49)  biasing  said  second 
auxiliary  variable  restrictor  means  (16,  20)  in  a  valve  opening  direction,  seventh  and  eighth  pressure  receiving 
sections  (50,  51)  biasing  said  second  auxiliary  variable  restrictor  means  (16,  20)  in  a  valve  closing  direction, 
a  fifth  hydraulic  line  (52)  for  introducing  said  pump  discharge  pressure  to  said  fifth  pressure  receiving  section 

35  (48),  a  sixth  hydraulic  line  (53)  for  introducing  outlet  pressure  of  said  second  main  variable  restrictor  means 
(24A,  24B)  to  said  sixth  pressure  receiving  section  (49),  a  seventh  hydraulic  line  (81)  for  introducing  said 
maximum  load  pressure  to  said  seventh  pressure  receiving  section  (50),  and  an  eighth  hydraulic  line  (28)  for 
introducing  inlet  pressure  at  said  second  main  variable  restrictor  means  (24A,  24B)  to  said  eighth  pressure 
receiving  section  (51). 

40  5.  A  hydraulic  driving  apparatus  according  to  claim  1  , 
characterized  in  that 
each  of  said  flow  control  valve  means  (14,  18;  100,  101)  comprises  a  first  seat  valve  assembly  (102,  103,  102A, 
103A)  for  controlling  the  flow  rate  of  the  hydraulic  fluid  supplied  from  said  hydraulic  pump  (1)  to  said  hydraulic 
actuators  (2,  3),  and  a  second  seat  valve  assembly  (104,  105,  104A,  105A)  for  controlling  the  flow  rate  of  the 

45  return  fluid  discharged  from  said  hydraulic  actuators  (2,  3)  to  said  tank  (4),  each  of  said  first  and  second  seat 
valve  assemblies  including  a  seat-type  main  valve  (112-115)  functioning  as  said  first  or  second  main  variable 
restrictor  means  (23A,  B;  24A,  B),  a  variable  restrictor  (133,  163)  for  varying  an  opening  degree  in  proportion 
to  an  opening  degree  of  said  main  valve  (112-115),  a  back-pressure  chamber  (134,  164)  communicating  with 
an  inlet  (130,  160)  of  said  main  valve  (112-115)  through  said  main  variable  restrictor  means  (23A,  B;  24A,  B), 

so  a  pilot  circuit  (116-119)  through  which  said  back-pressure  chamber  communicates  with  an  outlet  (131,  161)  of 
said  main  valve  (112-115),  and  a  pilot  valve  (120-1  23)  arranged  in  said  pilot  circuit  (11  6-11  9)  for  controlling  oper- 
ation  of  said  main  valve  (112-115),  and  in  which  said  first  auxiliary  variable  restrictor  means  (124,  125)  is 
arranged  in  the  pilot  circuit  (116,  117)  of  said  first  seat  valve  assembly  (102,  103,  102A,  103A),  said  second 
auxiliary  variable  restrictor  means  (126,  127)  arranged  in  the  pilot  circuit  (118,  119)  of  said  second  seat  valve 

55  assembly  (104,  105,  104A,  105A). 
6.  A  hydraulic  driving  apparatus  according  to  claim  5, 

characterized  in  that 
said  second  auxiliary  restrictor  means  (126)  is  arranged  in  said  pilot  circuit  (118)  on  the  side  upstream  of  said 
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pilot  valve  (132),  and  said  second  control  means  comprises  ninth  and  tenth  pressure  receiving  sections  (175, 
176)  biasing  said  second  auxiliary  variable  restrictor  means  (16,  20)  in  a  valve  opening  direction,  eleventh  and 
twelfth  pressure  receiving  sections  (177,  178)  biasing  said  second  auxiliary  variable  restrictor  means  (16,  20) 
in  a  valve  closing  direction,  a  ninth  hydraulic  line  (179)  for  introducing  said  pump  discharge  pressure  to  said 

5  ninth  pressure  receiving  section  (175),  a  tenth  hydraulic  line  (180)  for  introducing  the  outlet  pressure  of  said 
pilot  valve  (132)  to  said  tenth  pressure  receiving  section  (176),  an  eleventh  hydraulic  line  (181)  for  introducing 
said  maximum  load  pressure  to  said  eleventh  pressure  receiving  section  (177),  and  a  twelfth  hydraulic  line  (182) 
for  introducing  the  inlet  pressure  of  said  pilot  valve  (132)  to  said  twelfth  pressure  receiving  section  (178). 

7.  A  hydraulic  driving  apparatus  according  to  claim  5, 
w  characterized  in  that 

said  second  auxiliary  variable  restrictor  means  (201)  is  arranged  in  said  pilot  circuit  (1  32)  on  the  side  upstream 
of  said  pilot  valve  (1  32),  and  said  second  control  means  comprises  thirteenth  and  fourteenth  pressure  receiving 
sections  (208,  209)  biasing  said  second  auxiliary  variable  restrictor  means  (24A,  24B)  in  the  valve  opening 
direction,  fifteenth,  sixteenth  and  seventeenth  pressure  receiving  sections  (210-  212)  biasing  said  second 

15  auxiliary  variable  restrictor  means  (24A,  24B)  in  the  valve  closing  direction,  a  thirteenth  hydraulic  line  (21  3)  for 
introducing  said  pump  discharge  pressure  to  said  thirteenth  pressure  receiving  section  (208),  a  fourteenth  hyd- 
raulic  line  (214)  for  introducing  pressure  within  said  back-pressure  chamber  to  said  fourteenth  pressure  receiv- 
ing  section  (209),  a  fifteenth  hydraulic  line  (215)  for  introducing  said  maximum  load  pressure  to  said  fifteenth 
pressure  receiving  section  (210),  a  sixteenth  hydraulic  line  (216)  for  introducing  the  inlet  pressure  of  said  pilot 

20  valve  (132)  to  said  sixteenth  pressure  receiving  section  (211),  and  a  seventeenth  hydraulic  line  (217)  for  intro- 
ducing  the  inlet  pressure  of  said  main  valve  (114)  to  said  seventeenth  pressure  receiving  section  (212). 

8.  A  hydraulic  driving  apparatus  according  to  claim  5, 
characterized  in  that 
said  second  auxiliary  variable  restrictor  means  (221)  is  arranged  in  said  pilot  circuit  (118)  on  the  side  down- 

25  stream  of  said  pilot  valve  (1  32),  and  said  second  control  means  comprises  eighteenth  and  nineteenth  pressure 
receiving  sections  (227,  228)  biasing  said  second  auxiliary  variable  restrictor  means  in  the  valve  opening  direc- 
tion,  twentieth  and  twenty-first  pressure  receiving  sections  (229,  230)  biasing  said  second  auxiliary  variable 
restrictor  means  (24A,  24B)  in  the  valve  closing  direction,  an  eighteenth  hydraulic  line  (231)  for  introducing 
pressure  within  the  back-pressure  chamber  (164)  of  said  main  valve  (114)  to  said  eighteenth  pressure  receiving 

30  section  (227),  a  nineteenth  hydraulic  line  (232)  for  introducing  said  maximum  load  pressure  to  said  nineteenth 
pressure  receiving  section  (228),  a  twentieth  hydraulic  line  (233)  for  introducing  said  pump  discharge  pressure 
to  said  twentieth  pressure  receiving  section  (229),  and  a  twenty-first  hydraulic  line  (234)  for  introducing  the  out- 
let  pressure  of  said  pilot  valve  to  said  twenty-first  pressure  receiving  section  (230). 

9.  A  hydraulic  driving  apparatus  according  to  claim  5, 
35  characterized  in  that 

said  second  auxiliary  variable  restrictor  means  (241)  is  arranged  in  said  pilot  circuit  (118)  on  the  side  down- 
stream  of  said  pilot  valve  (132),  and  said  second  control  means  comprises  twenty-second  and  twenty-third 
pressure  receiving  sections  (248,  249)  biasing  said  second  auxiliary  variable  restrictor  means  in  the  valve  open- 
ing  direction,  twenty-fourth,  twenty-fifth  and  twenty-sixth  pressure  receiving  sections  (250-252)  biasing  said 

40  second  auxiliary  variable  restrictor  means  (24A,  24B)  in  the  valve  closing  direction,  a  twenty-second  hydraulic 
line  (253)  for  introducing  said  pump  discharge  pressure  to  said  twenty-second  pressure  receiving  section  (248), 
a  twenty-third  hydraulic  line  for  introducing  the  outlet  pressure  of  said  pilot  valve  (1  32)  to  said  twenty-third  press- 
ure  receiving  section  (249),  a  twenty-fourth  hydraulic  line  (255)  for  introducing  said  maximum  load  pressure  to 
said  twenty-fourth  pressure  receiving  section  (250),  a  twenty-fifth  hydraulic  line  (256)  for  introducing  the  inlet 

45  pressure  of  said  main  valve  (114)  to  said  twenty-fifth  pressure  receiving  section  (251),  and  a  twenty-sixth  hyd- 
raulic  line  (257)  for  introducing  the  outlet  pressure  of  said  main  valve  (114)  to  said  twenty-sixth  pressure  receiv- 
ing  section  (252). 

10.  A  hydraulic  driving  apparatus  according  to  claims  5-9, 
characterized  in  that 

so  said  second  control  means  (175-178,  179-182)  controls  said  second  auxiliary  variable  restrictor  means  (126, 
127)  in  such  a  manner  that  a  sum  of  flow  rate  passing  through  said  main  valve  (114)  and  flow  rate  passing 
through  said  pilot  valve  (1  32)  substantially  coincides  with  the  flow  rate  of  said  return  fluid  attendant  upon  driving 
of  the  associated  hydraulic  actuator  (2). 

11.  A  hydraulic  driving  apparatus  according  to  claims  6-10, 
55  characterized  in  that 

a  ratio  of  a  pressure  receiving  area  of  the  pressure  receiving  section  (162B)  receiving  pressure  within  said  back- 
pressure  chamber  (164)  of  said  main  valve  (114)  with  respect  to  a  pressure  receiving  area  of  the  pressure 
receiving  section  (162A)  receiving  the  inlet  pressure  of  said  main  valve  (114)  is  K,  a  multiple  of  second  power 
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of  a  ratio  of  a  pressure  receiving  area  on  an  outlet  side  of  the  associated  hydraulic  actuator  (2)  with  respect  to 
a  pressure  receiving  area  thereof  on  an  inlet  side  is  <|>,  and  that  then  pressure  receiving  areas  of  the  respective 
ninth  pressure  receiving  section  (175),  tenth  pressure  receiving  section  (176),  eleventh  pressure  receiving  sec- 
tion  (177)  and  twelfth  pressure  receiving  section  (178)  are  set  to  a  ratio  of  <|>K  :  1  :  <|>K  :  1. 

5  12.  A  hydraulic  driving  apparatus  according  to  claims  7-10, 
characterized  in  that 
a  ratio  of  a  pressure  receiving  area  of  the  pressure  receiving  section  (162B)  receiving  pressure  within  said  back- 
pressure  chamber  (164)  of  said  main  valve  (114)  with  respect  to  a  pressure  receiving  area  of  the  pressure 
receiving  section  (162A)  receiving  the  inlet  pressure  at  said  main  valve  is  K,  a  multiple  of  second  power  of  a 

w  ratio  of  a  pressure  receiving  area  on  an  outlet  side  of  the  associated  hydraulic  actuator  (2)  with  respect  to  a 
pressure  receiving  area  thereof  on  an  inlet  side  is  <|>,  and  that  then  pressure  receiving  areas  of  the  respective 
thirteenth  pressure  receiving  section  (208),  fourteenth  pressure  receiving  section  (209),  fifteenth  pressure 
receiving  section  (210),  sixteenth  pressure  receiving  section  (211)  and  seventeenth  pressure  receiving  section 
(212)  are  set  to  a  ratio  of  OK(1  -  K)  :  1  :  OK(1  -  K)  :  1  -  K  :  K. 

15  1  3.  A  hydraulic  driving  apparatus  according  to  claims  8-1  0, 
characterized  in  that 
a  ratio  of  a  pressure  receiving  area  of  the  pressure  receiving  section  (162B)  receiving  pressure  within  said  back- 
pressure  chamber  (164)  of  said  main  valve  (114)  with  respect  to  a  pressure  receiving  area  of  the  pressure 
receiving  section  (162A)  receiving  the  inlet  pressure  at  said  main  valve  is  K,  a  multiple  of  second  power  of  a 

20  ratio  of  a  pressure  receiving  area  on  an  outlet  side  of  the  associated  hydraulic  actuator  (2)  with  respect  to  a 
pressure  receiving  area  thereof  on  an  inlet  side  is  <|>,  and  that  then  pressure  receiving  areas  of  the  respective 
eighteenth  pressure  receiving  section  (227),  nineteenth  pressure  receiving  section  (228),  twentieth  pressure 
receiving  section  (229)  and  twenty-first  pressure  receiving  section  (230)  are  set  to  a  ratio  of  1  :  <|>K  :  <|>K  :  1. 

14.  A  hydraulic  driving  apparatus  according  to  claims  9,  10, 
25  characterized  in  that 

a  ratio  of  a  pressure  receiving  area  of  the  pressure  receiving  section  (162B)  receiving  pressure  within  said  back- 
pressure  chamber  (164)  of  said  main  valve  (114)  with  respect  to  a  pressure  receiving  area  of  the  pressure 
receiving  section  (162A)  receiving  the  inlet  pressure  at  said  main  valve  (114)  is  K,  a  multiple  of  second  power 
of  a  ratio  of  a  pressure  receiving  area  on  an  outlet  side  of  the  accosicated  hydraulic  actuator  (2)  with  respect 

30  to  a  pressure  receiving  area  thereof  on  an  inlet  side  is  <|>,  and  that  then  pressure  receiving  areas  of  the  respective 
twenty-second  pressure  receiving  section  (248),  twenty-third  pressure  receiving  section  (249),  twenty-fourth 
pressure  receiving  section  (250),  twenty-fifth  pressure  receiving  section  (251)  and  twenty-sixth  pressure 
receivin  section  (252)  are  set  to  a  ratio  of  <|>K  :  1  :  <|>K  :  K  :  1  -  K. 

35 
Patentanspruche 

1  .  Antriebsgerat  fur  eine  Hydraulik  mit  zumindest  einer  hydraulischen  Pumpe  (1)  einer  variablen  Forder- 
menge,  mehreren  hydraulischen  Stellgliedern  (2,  3),  die  durch  das  von  der  Pumpe  (1)  abgegebene  hydrauli- 

40  sche  Fluid  angetrieben  werden,  einem  Tank  (4),  in  den  das  Ruckflulifluid  von  den  hydraulischen  Stellgliedern 
(2,  3)  abgegeben  wird,  Flulisteuerungsventileinrichtungen  (14,  18)  fur  jedes  der  hydraulischen  Stellglieder  (2, 
3),  die  den  Fluli  des  durch  die  hydraulische  Pumpe  (1)  an  die  hydraulischen  Stellglieder  (2,  3)  gelieferten  hy- 
draulischen  Fluids  steuern,  wobei  die  Flulisteuerungsventileinrichtungen  (14,  18)  eine  erste  variable  Haupt- 
eingrenzungseinrichtung  (23A,  23B)  zum  Steuern  der  Flulimenge  von  der  hydraulischen  Pumpe  (1)  zu  den 

45  hydraulischen  Stellgliedern  (2,  3)  aufweist,  sowie  eine  zweite  variable  Haupteingrenzungseinrichtung  (24A, 
24B)  zum  Steuern  der  Flulimenge  des  von  den  hydraulischen  Stellgliedern  (2,  3)  abgegebenen  Ruckflulifluids 
zum  Tank  (4),  einer  Pumpensteuerungseinrichtung  (22),  die  nach  Maligabe  des  Differenzdrucks  zwischen  dem 
Auslalidruck  der  hydraulischen  Pumpe  (1)  und  dem  maximalen  Lastdruck  der  hydraulischen  Stellglieder  (2, 
3)  wirkt,  urn  im  Normalfall  die  Abgabemenge  der  hydraulischen  Pumpe  (1)  in  der  Weise  zu  steuern,  dali  der 

so  Pumpenauslalidruck  urn  einen  vorbestimmten  Wert  uber  den  maximalen  Lastdruck  gehoben  wird,  und  einer 
ersten  Druckkompensationssteuerungseinrichtung,  die  eine  erste  variable  Hilfseingrenzungseinrichtung  zum 
druckkompensierten  Steuern  der  Flulimenge,  die  durch  die  erste  variable  Haupteingrenzungseinrichtung 
(23A,  23B)  zu  den  Stellgliedern  (2,  3)  flielit,  aufweist,  sowie  eine  erste  Steuerungseinrichtung  (40-43,  44-47) 
zum  Steuern  der  ersten  variablen  Hilfseingrenzungseinrichtung  (15,  19)  in  der  Weise,  dali  die  erste  variable 

55  Hilfseingrenzungseinrichtung  (15,  19)  auf  den  Differenzdruck  zwischen  dem  Pumpenauslalidruck  und  dem 
maximalen  Lastdruck  hin  in  Ventiloffnungsrichtung  betatigt  wird  und  auf  den  Differenzdruck  langs  der  ersten 
variablen  Haupteingrenzungseinrichtung  (23A,  23B)  hin  in  Ventilschlielirichtung  betatigt  wird, 
dadurch  gekennzeichnet  ,  dali 
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eine  zweite  Druckkompensationseinrichtung  vorgesehen  ist,  die  eine  zweite  variable  Hilfseingrenzungseinrich- 
tung  (16,  20)  zum  druckkompensierten  Steuern  der  Flulimenge,  die  vom  Stellglied  (2,  3)  durch  die  zweite  va- 
riable  Haupteingrenzungseinrichtung  (24A,  24B)  flielit,  aufweist,  sowie  eine  zweite  Steuerungseinrichtung 
(48-51,  52-54,  28)  zum  Steuern  derzweiten  variablen  Hilfseingrenzungseinrichtung  (16,  20)  in  der  Weise,  dali 

5  die  zweite  variable  Hilfseingrenzungseinrichtung  (16,  20)  auf  den  Differenzdruck  zwischen  dem  Pumpenaus- 
lalidruck  und  dem  maximalen  Lastdruck  hin  in  eine  Ventiloffnungsrichtung  betatigt  wird  und  dali  die  zweite 
variable  Hilfseingrenzungseinrichtung  (16,  20)  auf  den  Differenzdruck  langs  der  zweiten  variablen  Hauptein- 
grenzungseinrichtung  (24A,  24B)  hin  in  Ventilschlielirichtung  betatigt  wird. 

2.  Antriebsgerat  fur  eine  Hydraulik  nach  Anspruch  1, 
w  dadurch  gekennzeichnet,  dali 

jede  der  Flulisteuerungsventileinrichtungen  (14,  18)  ein  Flulisteuerungsventil  vom  Spulentyp  ist,  die  erste  va- 
riable  Hilfseingrenzungseinrichtung  (15,  19)  stromauf  warts  von  der  ersten  variablen  Eingrenzungseinrichtung 
(23A,  23B)  angeordnet  ist,  und  die  zweite  variable  Hilfseingrenzungseinrichtung  (16,  20)  stromabwarts  von  der 
zweiten  variablen  Haupteingrenzungseinrichtung  (24A,  24B)  angeordnet  ist. 

15  3.  Antriebsgerat  fur  eine  Hydraulik  nach  Anspruch  2, 
dadurch  gekennzeichnet,  dali 
die  zweite  Steuerungseinrichtung  (48-51,  52-54,  28)  einen  ersten  und  einen  zweiten  Druckempfangsbereich 
(48,  49)  aufweist,  die  die  zweite  variable  Hilfseingrenzungseinrichtung  (16,  20)  in  Ventiloffnungsrichtung  vor- 
spannen,  sowie  einen  dritten  und  einen  vierten  Druckempfangsbereich  (50,  51),  die  die  zweite  variable  Hilfs- 

20  eingrenzungseinrichtung  (16,  20)  in  eine  Ventilschlielirichtung  vorspannen,  eine  erste  Hydraulikleitung  (52), 
urn  den  Eingangsdruck  der  ersten  variablen  Haupteingrenzungseinrichtung  (23A,  23B)  dem  ersten  Haupt- 
druckempfangsbereich  (48)  zuzufuhren,  eine  zweite  Hydraulikleitung  (53),  urn  den  Ausgangsdruck  der  zweiten 
variablen  Haupteingrenzungseinrichtung  (24A,  24B)  dem  zweiten  Druckempfangsbereich  (49)  zuzufuhren,  ei- 
ne  dritte  Hydraulikleitung  (54),  urn  den  Ausgangsdruck  der  ersten  variablen  Haupteingrenzungseinrichtung 

25  (23A,  23B)  dem  dritten  Druckempfangsbereich  (50)  zuzufuhren  sowie  eine  vierte  Hydraulikleitung  (28),  urn  den 
Eingangsdruck  derzweiten  variablen  Haupteingrenzungseinrichtung  (24A,  24B)  dem  vierten  Druckempfangs- 
bereich  (51)  zuzufuhren. 

4.  Antriebsgerat  fur  eine  Hydraulik  nach  Anspruch  2, 
dadurch  gekennzeichnet,  dali 

30  die  zweite  Steuerungseinrichtung  einen  funften  und  einen  sechsten  Druckempfangsbereich  (48,  49)  aufweist, 
die  die  zweite  variable  Hilfseingrenzungseinrichtung  (16,  18)  in  Ventiloffnungsrichtung  vorspannen,  und  einen 
siebten  und  achten  Druckempfangsbereich  (50,  51),  die  die  zweite  variable  Hilfseingrenzungseinrichtung  (16, 
20)  in  Ventilschlielirichtung  vorspannen,  eine  funfte  Hydraulikleitung  (52),  urn  den  Pumpenauslalidruck  dem 
funften  Druckempfangsbereich  (48)  zuzufuhren,  eine  sechste  Hydraulikleitung  (53),  urn  den  Ausgangsdruck 

35  der  zweiten  variablen  Haupteingrenzungseinrichtung  (24A,  24B)  dem  sechsten  Druckempfangsbereich  (49) 
zuzufuhren,  eine  siebte  Hydraulikleitung  (81),  urn  den  maximalen  Lastdruck  dem  siebten  Druckempfangsbe- 
reich  (50)  zuzufuhren,  und  eine  achte  Hydraulikleitung  (28),  urn  den  Eingangsdruck  der  zweiten  variablen 
Haupteingrenzungseinrichtung  (24A,  24B)  dem  achten  Druckempfangsbereich  (51)  zuzufuhren. 

5.  Antriebsgerat  fur  eine  Hydraulik  nach  Anspruch  1, 
40  dadurch  gekennzeichnet,  dali 

jede  der  Flulisteuerungsventileinrichtungen  (14,  18;  100,  101)  einen  ersten  Sitzventilaufbau  (102,  103,  102A, 
103A)  aufweist  zum  Steuern  der  Flulimenge  des  von  der  hydraulischen  Pumpe  (1)  an  die  hydraulischen  Stell- 
glieder  (2,  3)  abgegebenen  hydraulischen  Fluids,  sowie  einen  zweiten  Sitzventilaufbau  (104,  105,  104A,  105A), 
urn  die  Flulimenge  des  von  den  hydraulischen  Stellgliedern  (2,  3)  an  den  Tank  (4)  abgegebenen  Ruckflulifluids 

45  zu  steuern,  wobei  der  erste  und  der  zweite  Sitzventilaufbau  ein  Hauptventil  (112-115)  vom  Sitztyp  aufweist, 
das  als  die  erste  bzw.  zweite  variable  Haupteingrenzungseinrichtung  (23A,  B;  24A,  B)  arbeitet,  einen  variablen 
Eingrenzer(133,  163),  urn  proportional  zum  Offnungsgrad  des  Hauptventils  (112-115)  einen  Offnungsgrad  zu 
variieren,  eine  Ruckdruckkammer  (134,  164),  die  uber  die  variablen  Haupteingrenzungseinrichtungen  (23A, 
B;  24A,  B)  mit  dem  Einlali  (130,  160)  des  Hauptventils  (112-115)  in  Verbindung  stehen,  sowie  einen  Vorsteu- 

50  erkreis  (116-119),  uber  den  die  Ruckdruckkammer  mit  einem  Auslali  (131,  161)  des  Hauptventils  (112-115)  in 
Verbindung  steht,  sowie  ein  Vorsteuerventil  (120-123),  das  im  Vorsteuerkreis  (116-119)  zur  Steuerung  der  Ta- 
tigkeit  des  Hauptventils  (112-115)  angeordnet  ist,  und  in  dem  die  erste  variable  Hilfseingrenzungseinrichtung 
(124,  125)  im  Vorsteuerkreis  (116,  117)  des  ersten  Sitzventilaufbaus  (102,  103,  102A,  103A)  angeordnet  ist, 
und  die  zweite  variable  Hilfseingrenzungseinrichtung  (126,  127)  im  Vorsteuerkreis  (118,  119)  des  zweiten  Sitz- 

55  ventilaufbaus  (104,  105,  104A,  105A)  angeordnet  ist. 
6.  Antriebsgerat  fur  eine  Hydraulik  nach  Anspruch  5, 

dadurch  gekennzeichnet,  dali 
die  zweite  Hilfseingrenzungseinrichtung  (126)  im  Vorsteuerkreis(118)  auf  der  stromaufwartigen  Seite  des  Vor- 
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steuerventils  (132)  angeordnet  ist,  und  dali  die  zweite  Steuerungseinrichtung  neunte  und  zehnte  Druckemp- 
fangsbereiche  (175,  176)  aufweist,  die  die  zweite  variable  Hilfseingrenzungseinrichtung  (16,  20)  in  Ventiloff- 
nungsrichtung  vorspannen,  elfte  und  zwolfte  Druckempfangsbereiche  (177,  178),  die  die  zweite  variable 
Hilfseingrenzungseinrichtung  (16,  20)  in  Ventilschlielirichtung  vorspannen,  eine  neunte  Hydraulikleitung  (179), 
umden  Pumpenauslalidruck  dem  neunten  Druckempfangsbereich  (175)  zuzufuhren,  eine  zehnte  Hydrauliklei- 
tung  (180),  urn  den  Auslalidruck  des  Vorsteuerventils  (132)  dem  zehnten  Druckempfangsbereich  (176)  zuzu- 
fuhren,  eine  elfte  Hydraulikleitung  (181),  urn  den  maximalen  Lastdruck  dem  elften  Druckempfangsbereich 
(177)  zuzufuhren,  und  eine  zwolfte  Hydraulikleitung  (182),  urn  den  Eingangsdruck  des  Vorsteuerventils  (132) 
dem  zwolften  Druckempfangsbereich  (178)  zuzufuhren. 

7.  Antriebsgerat  fur  eine  Hydraulik  nach  Anspruch  5, 
dadurch  gekennzeichnet,  dali 
die  zweite  variable  Hilfseingrenzungseinrichtung  (201)  im  Vorsteuerkreis  (132)  auf  der  stromaufwartigen  Seite 
des  Vorsteuerventils  (1  32)  angeordnet  ist,  und  dali  die  zweite  Steuerungseinrichtung  dreizehnte  und  vierzehn- 
te  Druckempfangsbereiche  (208,  209)  aufweist,  die  die  zweite  variable  Hilfseingrenzungseinrichtung  (24A, 
24B)  in  Ventiloffnungsrichtung  vorspannen,  funfzehnte,  sechzehnte  und  siebzehnte  Druckempfangsbereiche 
(210-212),  die  die  zweite  variable  Hilfseingrenzungseinrichtung  (24A,  24B)  in  Ventilschlielirichtung  vorspan- 
nen,  eine  dreizehnte  Hydraulikleitung  (213),  urn  den  Pumpenausgangsdruck  dem  dreizehnten  Druckemp- 
fangsbereich  (208)  zuzufuhren,  eine  vierzehnte  Hydraulikleitung  (214),  urn  den  Druck  innerhalb  der 
Ruckdruckkammer  dem  vierzehnten  Druckempfangsbereich  (209)  zuzufuhren,  eine  funfzehnte  Hydrauliklei- 
tung  (215),  urn  den  maximalen  Lastdruck  dem  funfzehnten  Druckempfangsbereich  (210)  zuzufuhren,  eine 
sechzehnte  Hydraulikleitung  1216),  urn  den  Eingangsdruck  des  Vorsteuerventils  (132)  dem  sechzehnten 
Druckempfangsbereich  (211)  zuzufuhren,  und  eine  siebzehnte  Hydraulikleitung  (217),  urn  den  Eingangsdruck 
des  Hauptventils  (114)  dem  siebzehnten  Druckempfangsbereich  (212)  zuzufuhren. 

8.  Antriebsgerat  fur  eine  Hydraulik  nach  Anspruch  5, 
dadurch  gekennzeichnet,  dali 
die  zweite  variable  Hilfseingrenzungseinrichtung  (221)  im  Vorsteuerkreis  (118)  auf  der  stromabwartigen  Seite 
des  Vorsteuerventils  (132)  angeordnet  ist,  und  dali  die  zweite  Steuerungseinrichtung  achtzehnte  und  neun- 
zehnte  Druckempfangsbereiche  (227,  228)  aufweist,  die  die  zweite  variable  Hilfseingrenzungseinrichtung  in 
Ventiloffnungsrichtung  vorspannen,  zwanzigste  und  einundzwanzigste  Druckempfangsbereiche  (229,  230), 
die  die  zweite  variable  Hilfseingrenzungseinrichtung  (24A,  24B)  in  Ventilschlielirichtung  vorspannen,  eine  acht- 
zehnte  Hydraulikleitung  (231),  die  den  Druck  innerhalb  der  Ruckdruckkammer  (164)  des  Hauptventils  (114) 
dem  achtzehnten  Druckempfangsbereich  (227)  zufuhrt,  eine  neunzehnte  Hydraulikleitung  (232),  urn  den  ma- 
ximalen  Lastdruck  dem  neunzehnten  Druckempfangsbereich  (228)  zuzufuhren,  eine  zwanzigste  Hydrauliklei- 
tung  (233),  urn  den  Pumpenauslalidruck  dem  zwanzigsten  Druckempfangsbereich  (229)  zuzufuhren,  und  eine 
einundzwanzigste  Hydraulikleitung  (234),  urn  den  Ausgangsdruck  des  Vorsteuerventils  dem  einundzwanzig- 
sten  Druckempfangsbereich  (230)  zuzufuhren. 

9.  Antriebsgerat  fur  eine  Hydraulik  nach  Anspruch  5, 
dadurch  gekennzeichnet,  dali 
die  zweite  variable  Hilfseingrenzungseinrichtung  (241)  im  Vorsteuerkreis  (118)  auf  der  stromabwartigen  Seite 
des  Vorsteuerventils  (132)  angeordnet  ist,  und  dali  die  zweite  Steuerungseinrichtung  zweiundzwanzigste  und 
dreiundzwanzigste  Druckempfangsbereiche  (248,  249)  aufweist,  die  die  zweite  variable  Hilfseingrenzungsein- 
richtung  in  Ventiloffnungsrichtung  vorspannen,  vierundzwanzigste,  funfundzwanzigste  und  sechsundzwanzig- 
ste  Druckempfangsbereiche  (250-252),  die  die  zweite  variable  Hilfseingrenzungseinrichtung  (24A,  24B)  in 
Ventilschlielirichtung  vorspannen,  eine  zweiundzwanzigste  Hydraulikleitung  (253),  urn  den  Pumpenauslali- 
druck  dem  zweiundzwanzigsten  Druckempfangsbereich  (248)  zuzufuhren,  eine  dreiundzwanzigste  Hydrauli- 
kleitung,  urn  den  Ausgangsdruck  des  Vorsteuerventils  (132)  dem  dreiundzwanzigsten  Druckempfangsbereich 
(249)  zuzufuhren,  eine  vierundzwanzigste  Hydraulikleitung  (255),  urn  den  maximalen  Lastdruck  dem  funfund- 
zwanzigsten  Druckempfangsbereich  (250)  zuzufuhren,  eine  funfundzwanzigste  Hydraulikleitung  (256),  urn  den 
Eingangsdruck  des  Hauptventils  (114)  dem  funfundzwanzigsten  Druckempfangsbereich  (251)  zuzufuhren,  und 
eine  sechsundzwanzigste  Hydraulikleitung  (257),  urn  den  Ausgangsdruck  des  Hauptventils  (114)  dem  sechs- 
undzwanzigsten  Druckempfangsbereich  (252)  zuzufuhren. 

1  0.  Antriebsgerat  fur  eine  Hydraulik  nach  den  Anspruchen  5  bis  9, 
dadurch  gekennzeichnet,  dali 
die  zweite  Steuerungseinrichtung  (175-178,  179-182)  die  zweite  variable  Hilfseingrenzungseinrichtung  (126, 
127)  in  der  Weise  steuert,  dali  die  Summe  der  durch  das  Hauptventil  (114)  tretenden  Flulimenge  sowie  der 
durch  das  Vorsteuerventil  (132)  tretenden  Flulimenge  in  etwa  mit  der  Flulimenge  von  Ruckflulifluid  uberein- 
stimmt,  die  im  Zusammenhang  mit  dem  Betreiben  eines  zugeordneten  hydraulischen  Stellglieds  (2)  auftritt. 

11.  Antriebsgerat  fur  eine  Hydraulik  nach  den  Anspruchen  6  bis  10, 
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dadurch  gekennzeichnet,  dali 
das  Verhaltnis  einer  Druckempfangsflache  des  Druckempfangsbereichs  (162B),  der  innerhalb  der  Ruckdruck- 
kammer  (164)  des  Hauptventils  (114)  Druck  empfangt,  in  Bezug  auf  eine  Druckempfangsflache  des  Druck- 
empfangsbereichs  (162A),  der  den  Eingangsdruck  des  Hauptventils  (114)  empfangt,  K  ist,  ein  Vielfaches  des 
Quadrats  des  Verhaltnisses  einer  Druckempfangsflache  auf  der  Auslaliseite  des  zugeordneten  hydraulischen 
Stellglieds  (2)  in  Bezug  auf  dessen  Druckempfangsflache  auf  der  Einlaliseite  <|>  ist,  und  dali  dann  die  Druck- 
empfangsf  lachen  jeweils  des  neunten  Druckempfangsbereichs  (1  75),  zehnten  Druckempfangsbereichs  (1  76), 
elften  Druckempfangsbereichs  (177)  und  zwolften  Druckempfangsbereichs  (178)  auf  ein  Verhaltnis  von  <|>K  : 
1  :  <|>K  :  1  gesetzt  werden. 

12.  Antriebsgerat  fur  eine  Hydraulik  nach  den  Anspruchen  7  bis  10, 
dadurch  gekennzeichnet,  dali 
das  Verhaltnis  einer  Druckempfangsflache  des  Druckempfangsbereichs  (162B),  der  innerhalb  der  Ruckdruck- 
kammer  (164)  des  Hauptventils  (114)  Druck  empfangt,  in  Bezug  auf  eine  Druckempfangsflache  des  Druck- 
empfangsbereichs  (162A),  der  den  Eingangsdruck  des  Hauptventils  empfangt,  K  ist,  ein  Vielfaches  des 
Quadrats  eines  Verhaltnisses  einer  Druckempfangsflache  auf  der  Ausgangsseite  des  zugeordneten  hydrauli- 
schen  Stellglieds  (2)  in  Bezug  auf  dessen  Druckempfangsflache  auf  der  Eingangsseite  0  ist,  und  dali  dann 
die  Druckempfangsflachen  jeweils  des  dreizehnten  Druckempfangsbereichs  (208),  des  vierzehnten  Druck- 
empfangsbereich  (209),  des  funfzehnten  Druckempfangsbereichs  (210),  des  sechzehnten  Druckempfangsbe- 
reichs  (211)  und  des  siebzehnten  Druckempfangsbereichs  (212)  auf  ein  Verhaltnis  von  <|>K(1-K)  :  1  :  <|>K(1-K)  : 
1-K  :  K  gesetzt  werden. 

13.  Antriebsgerat  fur  eine  Hydraulik  nach  den  Anspruchen  8  bis  10, 
dadurch  gekennzeichnet,  dali 
das  Verhaltnis  einer  Druckempfangsflache  des  Druckempfangsbereichs  (162B),  der  innerhalb  der  Ruckdruck- 
kammer  (164)  des  Hauptventils  (114)  Druck  empfangt,  in  Bezug  auf  eine  Druckempfangsflache  des  Druck- 
empfangsbereichs  (162A),  der  den  Eingangsdruck  am  Hauptventil  empfangt,  K  ist,  ein  Vielfaches  des  Quadrats 
eines  Verhaltnisses  einer  Druckempfangsflache  auf  der  Ausgangsseite  des  zugeordneten  hydraulischen  Stell- 
glieds  (2)  in  Bezug  auf  eine  Druckempfangsflache  auf  dessen  Eingangsseite  <|>  ist,  und  dali  dann  die  Druck- 
empfangsflachen  jeweils  des  achtzehnten  Druckempfangsbereichs  (227),  des  neunzehnten 
Druckempfangsbereichs  (228),  des  zwanzigsten  Druckempfangsbereichs  (229)  und  des  einundzwanzigsten 
Druckempfangsbereichs  (230)  auf  ein  Verhaltnis  von  1  :  <|>K  :  <|>K  :  1  gesetzt  werden. 

14.  Antriebsgerat  fur  eine  Hydraulik  nach  den  Anspruchen  9,  10, 
dadurch  gekennzeichnet,  dali 
ein  Verhaltnis  einer  Druckempfangsflache  des  Druckempfangsbereichs  (162B),  der  Druck  innerhalb  der  Ruck- 
druckkammer  (164)  des  Hauptventils  (114)  empfangt,  in  Bezug  auf  eine  Druckempfangsf  lache  des  Druckemp- 
fangsbereichs  (162A),  der  den  Eingangsdruck  am  Hauptventil  (114)  empfangt,  K  ist,  ein  Vielfaches  des 
Quadrats  eines  Verhaltnisses  einer  Druckempfangsflache  auf  der  Ausgangsseite  des  zugeordneten  hydrauli- 
schen  Stellglieds  (2)  in  Bezug  auf  dessen  Druckempfangsflache  auf  der  Eingangsseite  <|>  ist,  und  dali  dann 
die  Druckempfangsflachen  jeweils  des  zweiundzwanzigsten  Druckempfangsbereichs  (248),  des  dreiundzwan- 
zigsten  Druckempfangsbereichs  (249),  des  vierundzwanzigsten  Druckempfangsbereichs  (250),  des  funfund- 
zwanzigsten  Druckempfangsbereichs  (251)  und  des  sechsundzwanzigsten  Druckempfangsbereichs  (252)  auf 
ein  Verhaltnis  von  <|>K  :  1  :  <|>K  :  K  :  1-K  gesetzt  werden. 

Revendications 

1  .  Appareil  hydraulique  d'entraTnement  comprenant  au  moins  une  pompe  hydraulique  (1)  du  type  a  cylin- 
dree  variable,  une  pluralite  d'actionneurs  hydrauliques  (2,  3)  en  train  es  par  un  fluide  hydraulique  refoule  par  la 
pompe  (1),  un  reservoir  (4)  dans  lequel  est  decharge  le  fluide  de  retouren  provenance  de  la  pluralite  d'action- 
neurs  hydrauliques  (2,  3)  des  distributeurs  (14,  18)  associes  a  chacun  des  actionneurs  hydrauliques  (2,  3)  et 
commandant  I'ecoulement  du  fluide  hydraulique  fourni  par  la  pompe  hydraulique  (1)  aux  actionneurs  hydrau- 
liques  (2,  3),  les  distributeurs  (14,  18)  comportant  des  premiers  etrangleurs  variables  principaux  (23A,  23B) 
commandant  le  debit  de  la  pompe  hydraulique  (1)  vers  les  actionneurs  hydrauliques  (2,  3),  et  des  seconds 
etrangleurs  variables  principaux  (24A,  24B)  commandant  le  debit  du  fluide  de  retour  decharge  de  I'actionneur 
hydraulique  (2,  3)  vers  le  reservoir  (4),  un  moyen  (22)  de  commande  de  pompe  entrant  en  fonction  en  reponse 
a  la  difference  de  pression  entre  la  pression  de  refoulement  de  la  pompe  hydraulique  (1)  et  la  pression  de 
charge  maximale  de  la  pluralite  d'actionneurs  hydrauliques  (2,  3)  pour  commander  normalement  le  debit  de 
la  pompe  hydraulique  (1)  de  maniere  telle  que  la  pression  de  refoulement  de  la  pompe  soit  superieure  d'une 
valeur  predeterminee  a  la  pression  de  charge  maximale,  et  un  premier  moyen  de  commande  de  compensation 
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de  pression,  comprenant  des  premiers  etrangleurs  variables  auxiliaires  pourcommander  en  vue  d'une  compen- 
sation  de  pression  le  debit  du  fluide  traversant  les  premiers  etrangleurs  variables  principaux  (23A,  23B)  vers 
les  actionneurs  (2,  3),  et  des  premiers  moyens  de  commande  (40-43,  44-47)  pour  commander  les  premiers 
etrangleurs  variables  auxiliaires  (1  5,  1  9)  de  maniere  telle  que  les  premiers  etrangleurs  variables  auxiliaires  (1  5, 

5  19)  soient  actionnes  dans  le  sens  de  leur  ouverture  en  reponse  a  la  difference  de  pression  entre  la  pression 
de  refoulement  de  la  pompe  et  la  pression  de  charge  maximale  et  que  les  premiers  etrangleurs  variables  auxi- 
liaires  (15,  19)  soient  actionnes  dans  le  sens  de  leurfermeture  en  reponse  a  la  difference  de  pression  de  part 
et  d'autre  des  premiers  etrangleurs  variables  principaux  (23A,  23B) 
caracterise  en  ce  que  : 

w  un  second  moyen  de  compensation  de  pression,  comprenant  des  seconds  etrangleurs  variables  auxiliaires  (1  6, 
20)  destines  a  commander,  en  vue  d'une  compensation  de  pression,  le  debit  du  fluide  s'ecoulant  depuis  lesdits 
actionneurs  (2,  3)  a  travers  les  seconds  etrangleurs  variables  principaux  (24A,  24B),  et  des  seconds  moyens 
de  commande  (48-51,  52-54,  28)  pour  commander  les  seconds  etrangleurs  variables  auxiliaires  (16,  20)  de 
maniere  telle  que  les  seconds  etrangleurs  variables  auxiliaires  (16,  20)  soient  actionnes  dans  le  sens  de 

15  leur,ouverture  en  reponse  a  la  difference  de  pression  entre  la  pression  de  refoulement  de  la  pompe  et  la  pres- 
sion  de  charge  maximale  et  que  les  seconds  etrangleurs  variables  auxiliaires  (16,  20)  soient  actionnes  dans 
le  sens  de  leur  fermeture  en  reponse  a  la  difference  de  pression  de  part  et  d'autre  des  seconds  etrangleurs 
variables  principaux  (24A,  24B). 

2.  Appareil  d'entraTnement  hydraulique  selon  la  revendication  1, 
20  caracterise  en  ce  que  : 

chacun  des  distributeurs  (14,  18)  est  un  distributeurdu  type  a  tiroir,  les  premiers  etrangleurs  variables  auxiliai- 
res  (15,  19)  sont  disposes  en  amont  des  premiers  etrangleurs  variables  (23A,  23B)  et  les  seconds  etrangleurs 
variables  auxiliaires  (16,  20)  sont  disposes  en  aval  des  seconds  etrangleurs  variables  principaux  (24A,  24B). 

3.  Appareil  d'entraTnement  hydraulique  selon  la  revendication  2, 
25  caracterise  en  ce  que  : 

les  seconds  moyens  de  commande  (48-51,  52-54,  28)  comprennent  des  premiere  et  seconde  sections  (48, 
49)  receptrices  de  pression  sollicitant  les  seconds  etrangleurs  variables  auxiliaires  (16,  20)  dans  le  sens  de 
leur  ouverture,  des  troisieme  et  quatrieme  sections  (50,  51)  receptrices  de  pression  sollicitant  les  seconds 
etrangleurs  variables  auxiliaires  (16,  20)  dans  le  sens  de  leurfermeture,  une  premiere  canalisation  hydraulique 

30  (52)  pour  appliquer  la  pression  d'entree  des  premiers  etrangleurs  variables  principaux  (23A,  23B)  dans  la  pre- 
miere  section  principale  (48)  receptrice  de  pression,  une  seconde  canalisation  hydraulique  (53)  pour  appliquer 
la  pression  de  sortie  des  seconds  etrangleurs  variables  principaux  (24A,  24B)  a  la  seconde  section  (49)  recep- 
trice  de  pression,  une  troisieme  canalisation  hydraulique  (54)  pour  appliquer  la  pression  de  sortie  des  premiers 
etrangleurs  variables  principaux  (23A,  23B)  a  la  troisieme  section  (50)  receptrice  de  pression,  et  une  quatrieme 

35  canalisation  hydraulique  (28)  pour  appliquer  la  pression  d'entree  des  seconds  etrangleurs  variables  principaux 
(24A,  24B)  a  la  quatrieme  section  (51)  receptrice  de  pression. 

4.  Appareil  d'entraTnement  hydraulique  selon  la  revendication  2, 
caracterise  en  ce  que  : 
les  seconds  moyens  de  commande  comprennent  des  cinquieme  et  sixieme  sections  (48,  49)  receptrices  de 

40  pression  sollicitant  les  seconds  etrangleurs  variables  auxiliaires  (16,  20)  dans  le  sens  de  leur  ouverture,  des 
septieme  et  huitieme  sections  (50,  51)  receptrices  de  pression  sollicitant  les  seconds  etrangleurs  variables 
auxiliaires  (16,  20)  dans  le  sens  de  leurfermeture,  une  cinquieme  canalisation  hydraulique  (52)  pour  appliquer 
la  pression  de  refoulement  de  la  pompe  a  la  cinquieme  section  (48)  receptrice  de  pression,  une  sixieme  cana- 
lisation  hydraulique  (53)  pour  appliquer  la  pression  de  sortie  des  seconds  etrangleurs  variables  principaux 

45  (24A,  24B)  a  la  sixieme  section  (49)  receptrice  de  pression,  une  septieme  canalisation  hydraulique  (81)  pour 
appliquer  la  pression  de  charge  maximale  a  la  septieme  section  (50)  receptrice  de  pression,  et  une  huitieme 
canalisation  hydraulique  (28)  pour  appliquer  la  pression  d'entree  des  seconds  etrangleurs  variables  principaux 
(24A,  24B)  a  la  huitieme  section  (51)  receptrice  de  pression. 

5.  Appareil  d'entraTnement  hydraulique  selon  la  revendication  1, 
so  caracterise  en  ce  que  : 

chacun  des  distributeurs  (14,  18  ;  100,  101)  comprend  un  premier  ensemble  (102,  103,  102A,  103A)  de  valve 
a  siege  pour  commander  le  debit  du  fluide  hydraulique  fournit  par  la  pompe  hydraulique  (1)  aux  actionneurs 
hydrauliques  (2,  3),  et  un  second  ensemble  (104,  105,  104A,  105A)  de  valve  a  siege  pourcommander  le  debit 
du  fluide  de  retour  refoule  depuis  les  actionneurs  hydrauliques  (2,  3)  vers  le  reservoir  (4),  chacun  des  premier 

55  et  second  ensemble  de  valve  a  siege  comprenant  une  valve  principale  (112-115)  du  type  a  siege  fonctionnant 
comme  lesdits  premiers  et  seconds  etrangleurs  variables  principaux  (23A,  B  ;  24A,  B),  un  etrangleur  variable 
(1  33,  163)  pour  modifier  le  degre  d'ouverture  proportionnellement  au  degre  d'ouverture  de  la  valve  principale 
(112-115),  une  chambre  (134,  164)  de  contre-pression  communiquant  avec  un  orifice  d'entree  (130,  160)  de 
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la  valve  principale  (112-115)  par  I'intermediaire  des  etrangleurs  variables  principaux  (23A,B  ;  24A,  B),  un  cir- 
cuit-pilote  (116-119)  par  I'intermediaire  duquel  la  chambre  de  contre-pression  communique  avec  un  orifice  de 
sortie  (131,  161)  de  la  valve  principale  (112-115),  et  une  valve-pilote  (120-123)  disposee  dans  le  circuit-pilote 
(116-119)  pourcommander  le  fonctionnement  de  la  valve  principale  (112-115),  etdans  lequel  le  premier  etran- 

5  gleurvariable  auxiliaire  (124,  125)  est  dispose  dans  le  circuit-pilote  (116,  117)  du  premier  ensemble  (102,  103, 
102A,  103A)  de  valves  a  siege  et  le  second  etrangleur  variable  auxiliaire  (126,  127)  est  dispose  dans  le  cir- 
cuit-pilote  (118,  119)  du  second  ensemble  (104,  105,  104A,  105A)  de  valves  a  siege. 

6.  Appareil  d'entraTnement  hydraulique  selon  la  revendication  5, 
caracterise  en  ce  que  : 

w  le  second  etrangleur  auxiliaire  (1  26)  est  dispose  dans  le  circuit-pilote  (118)  sur  le  cote  d'amont  de  la  valve-pilote 
(132),  et  le  second  moyen  de  commande  comprend  des  neuvieme  et  dixieme  sections  (175,  176)  receptrices 
de  pression  sollicitant  le  second  etrangleur  variable  auxiliaire  (16,  20)  dans  le  sens  de  leur  ouverture,  des 
onzieme  et  douzieme  sections  (177,  178)  receptrices  de  pression  sollicitant  les  seconds  etrangleurs  variables 
auxiliaires  (16,  20)  dans  lesensde  leurfermeture,  une  neuvieme  canalisation  hydraulique  (179)  pour  appliquer 

15  la  pression  de  refoulement  de  la  pompe  a  la  neuvieme  section  (1  75)  receptrice  de  pression,  une  dixieme  cana- 
lisation  hydraulique  (180)  pour  appliquer  la  pression  de  sortie  de  la  valve-pilote  (132)  a  la  dixieme  section  (176) 
receptrice  de  pression,  une  onzieme  canalisation  hydraulique  (181)  pour  appliquer  la  pression  decharge  maxi- 
male  a  la  onzieme  section  (177)  receptrice  de  pression,  et  une  douzieme  canalisation  hydraulique  (182)  pour 
appliquer  la  pression  d'entree  de  la  valve-pilote  (132)  a  la  douzieme  section  (178)  receptrice  de  pression. 

20  7.  Appareil  d'entraTnement  hydraulique  selon  la  revendication  5, 
caracterise  en  ce  que  : 
le  second  etrangleur  variable  auxiliaire  (201)  est  dispose  dans  le  circuit-pilote  (132)  sur  le  cote  d'amont  de  la 
valve-pilote  (132)  et  le  second  moyen  de  commande  comprend  des  treizieme  et  quatorzieme  sections  (208, 
209)  receptrices  de  pression  sollicitant  le  second  etrangleur  variable  auxiliaire  (24A,  24B)  dans  le  sens  de  son 

25  ouverture,  des  quinzieme,  seizieme  et  dix-septieme  sections  (210-212)  receptrices  de  pression  sollicitant  les 
seconds  etrangleurs  variables  auxiliaires  (24A,  24B)  dans  leur  sens  de  fermeture,  une  treizieme  canalisation 
hydraulique  (213)  pour  appliquer  la  pression  de  refoulement  de  la  pompe  a  la  treizieme  section  (208)  receptrice 
de  pression,  une  quatorzieme  canalisation  hydraulique  (214)  pour  appliquer  la  pression  regnant  dans  la  cham- 
bre  de  contre-pression  a  la  quatorzieme  section  (209)  receptrice  de  pression,  une  quinzieme  canalisation 

30  hydraulique  (215)  pour  appliquer  la  pression  de  charge  maximale  a  la  quinzieme  section  (210)  receptrice  de 
pression,  une  seizieme  canalisation  hydraulique  (216)  pour  appliquer  la  pression  d'entree  de  la  valve-pilote 
(132)  a  la  seizieme  section  (211)  receptrice  de  pression,  et  une  dix-septieme  canalisation  hydraulique  (217) 
pour  appliquer  la  pression  d'entree  de  la  valve  principale  (114)  a  la  dix-septieme  section  (212)  receptrice  de 
pression. 

35  8.  Appareil  d'entraTnement  hydraulique  selon  la  revendication  5, 
caracterise  en  ce  que  : 
le  second  etrangleur  variable  auxiliaire  (221)  est  dispose  dans  le  circuit-pilote  (118)  sur  le  cote  d'aval  de  la  val- 
ve-pilote  (132),  et  le  second  moyen  de  commande  comprend  des  dix-huitieme  et  dix-neuvieme  sections  (227, 
228)  receptrices  de  pression  sollicitant  le  second  etrangleur  variable  auxiliaire  dans  le  sens  de  son  ouverture, 

40  des  vingtieme  et  vingt  et  unieme  sections  (229,  230)  receptrices  de  pression  sollicitant  les  seconds  etrangleurs 
variables  auxiliaires  (24A,  24B)  dans  lesens  de  leurfermeture,  une  dix-huitieme  canalisation  hydraulique  (231) 
pour  appliquer  la  pression  regnant  dans  la  chambre  de  contre-pression  (164)  de  la  valve  principale  (114)  a  la 
dix-huitieme  section  (227)  receptrice  de  pression,  une  dix-neuvieme  canalisation  hydraulique  (232)  pour  appli- 
quer  la  pression  de  charge  maximale  a  la  dix-neuvieme  section  (228)  receptrice  de  pression,  une  vingtieme 

45  canalisation  hydraulique  (233)  pour  appliquer  la  pression  de  refoulement  de  la  pompe  a  la  vingtieme  section 
(229)  receptrice  de  pression,  et  une  vingt  et  unieme  canalisation  hydraulique  (234)  pour  appliquer  la  pression 
de  sortie  de  la  valve-pilote  a  la  vingt  et  unieme  section  (230)  receptrice  de  pression. 

9.  Appareil  d'entraTnement  hydraulique,  selon  la  revendication  5, 
caracterise  en  ce  que  : 

so  le  second  etrangleur  variable  auxiliaire  (241)  est  dispose  dans  le  circuit-pilote  (118)  sur  le  cote  d'aval  de  la  val- 
ve-pilote  (132)  et  les  seconds  moyens  de  commande  comprennent  des  vingt-deuxieme  et  vingt-troisieme  sec- 
tions  (248,  249)  receptrices  de  pression  sollicitant  le  second  etrangleur  variable  auxiliaire  dans  le  sens  de  son 
ouverture,  des  vingt-quatrieme,  vingt-cinquieme  et  vingt-sixieme  sections  (250-252)  receptrices  de  pression 
sollicitant  les  seconds  etrangleurs  variables  auxiliaires  (24A,  24B)  dans  le  sens  de  leurfermeture,  une  vingt- 

55  deuxieme  canalisation  hydraulique  (253)  pourappliquerla  pression  de  refoulement  de  la  pompe  a  la  vingt-deu- 
xieme  section  (248)  receptrice  de  pression,  une  vingt-troisieme  canalisation  hydraulique  pour  appliquer  la 
pression  de  sortie  de  la  valve-pilote  (132)  a  la  vingt-troisieme  section  (249)  receptrice  de  pression,  une  vingt- 
quatrieme  canalisation  hydraulique  (255)  pour  appliquer  la  pression  de  charge  maximale  a  la  vingt-quatrieme 
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section  (250)  receptrice  de  pression,  une  vingt-cinquieme  canalisation  hydraulique  (256)  pour  appliquer  la  pres- 
sion  d'entree  de  la  valve  principale  (114)  a  la  vingt-cinquieme  section  (251)  receptrice  de  pression,  et  une  vingt- 
sixieme  canalisation  hydraulique  (257)  pour  appliquer  la  pression  de  sortie  de  la  valve  principale  (114)  a  la 
vingt-sixieme  section  (252)  receptrice  de  pression. 

5  10.  Appareil  d'entraTnement  hydraulique  selon  les  revendications  5-9, 
caracterise  en  ce  que  : 
les  seconds  moyens  de  commande  (175-178,  179-182)  commandent  les  seconds  etrangleurs  variables  auxi- 
liaires  (126,  127)  de  maniere  telle  que  le  debit  total  du  fluide  traversant  la  valve  principale  (114)  et  le  debit  du 
fluide  traversant  la  valve-pilote  (1  32)  coincident  sensiblement  avec  le  debit  du  fluide  de  retour  qui  accompagne 

w  I'entraTnement  de  I'actionneur  hydraulique  associe  (2). 
11.  Appareil  d'entraTnement  hydraulique  selon  les  revendications  6-10, 

caracterise  en  ce  que  : 
le  rapport  entre  la  superficie  receptrice  de  pression  de  la  section  (162B)  receptrice  de  pression  recevant  la 
pression  regnant  dans  la  chambre  (164)  de  contre-pression  de  la  valve  principale  (114)  et  la  superficie  recep- 

15  trice  de  pression  de  la  section  (62A)  receptrice  de  pression  recevant  la  pression  d'entree  de  la  valve  principale 
(114)  est  K,  un  multiple  du  carre  du  rapport  entre  la  superficie  receptrice  de  pression  sur  le  cote  d'entree  de 
I'actionneur  hydraulique  associe  (2)  et  la  superficie  receptrice  de  pression  de  ce  dernier  sur  le  cote  d'entree 
est  <|>,  et  que,  alors,  les  superficies  receptrices  de  pression  des  neuvieme  section  (1  75)  receptrice  de  pression, 
dixieme  section  (1  76)  receptrice  de  pression,  onzieme  section  (1  77)  receptrice  de  pression  et  douzieme  section 

20  (1  78)  receptrice  de  pression  respectives  sont  determinees  de  maniere  a  presenter  un  rapport  de  <|>K:1  :  <|>K:1  . 
12.  Appareil  d'entraTnement  hydraulique  selon  les  revendications  7-10, 

caracterise  en  ce  que  : 
le  rapport  entre  la  superficie  receptrice  de  pression  de  la  section  (162B)  receptrice  de  pression  recevant  la 
pression  regnant  dans  la  chambre  (164)  de  contre-pression  de  la  valve  principale  (114)  et  la  superficie  recep- 

25  trice  de  pression  de  la  section  (162A)  receptrice  de  pression  recevant  la  pression  d'entree  de  la  valve  principale 
est  K,  un  multiple  du  carre  du  rapport  entre  la  superficie  receptrice  de  pression  sur  le  cote  de  sortie  de  I'action- 
neur  hydraulique  associe  (2)  et  la  superficie  receptrice  de  pression  de  ce  dernier  sur  le  cote  d'entree  est  <|>,  et 
que,  alors,  les  superficies  receptrices  de  pression  des  treizieme  section  (208)  receptrice  de  pression,  qua- 
torzieme  section  (209)  receptrice  de  pression,  quinzieme  section  (21  0)  receptrice  de  pression,  seizieme  section 

30  (211)  receptrice  de  pression  et  dix-septieme  section  (212)  receptrice  de  pression  respectives  sont  determinees 
de  maniere  a  presenter  un  rapport  de  OK(1-K):1  :  OK(1-K):1  -  K:K. 

13.  Appareil  d'entraTnement  hydraulique  selon  les  revendications  8-10, 
caracterise  en  ce  que  : 
le  rapport  entre  la  superficie  receptrice  de  pression  de  la  section  (162B)  receptrice  de  pression  recevant  la 

35  pression  regnant  a  I'interieur  de  la  chambre  (164)  de  contre-pression  de  la  valve  principale  (114)  et  la  superficie 
receptrice  de  pression  de  la  section  (162A)  receptrice  de  pression  recevant  la  pression  d'entree  de  la  valve 
principale  est  K,  le  multiple  du  carre  du  rapport  entre  la  superficie  de  reception  de  pression  surle  cotede  sortie 
de  I'actionneur  hydraulique  associe  (2)  et  la  superficie  receptrice  de  pression  dece  dernier  surle  cote  d'entree 
est  <|>,  et  que,  alors,  les  superficies  receptrices  de  pression  des  dix-huitieme  section  (227)  receptrice  de  pres- 

40  sion,  dix-neuvieme  section  (228)  receptrice  de  pression,  vingtieme  section  (229)  receptrice  de  pression  et  vingt 
et  unieme  section  (230)  receptrice  de  pression  respectives  sont  determinees  de  maniere  a  presenter  un  rapport 
de  1:<|>K:  <|>K:1. 

14.  Appareil  d'entraTnement  hydraulique  selon  les  revendications  9,  10, 
caracterise  en  ce  que  : 

45  le  rapport  entre  la  superficie  receptrice  de  pression  de  la  section  (162B)  receptrice  de  pression  recevant  la 
pression  regnant  dans  la  chambre  (164)  de  contre-pression  de  la  valve  principale  (114)  et  la  superficie  recep- 
trice  de  pression  de  la  section  (162A)  receptrice  de  pression  recevant  la  pression  d'entree  de  la  valve  principale 
(114)  est  K,  un  multiple  du  carre  du  rapport  entre  la  superficie  de  reception  de  pression  sur  le  cote  de  sortie 
de  I'actionneur  hydraulique  associe  (2)  et.  la  superficie  receptrice  de  pression  de  ce  dernier  sur  le  cote  d'entree 

so  est  <|>,  et  que,  alors,  les  superficies  receptrices  de  pression  des  vingt-deuxieme  section  (248)  receptrice  de  pres- 
sion,  vingt-troisieme  section  (249)  receptrice  de  pression,  vingt-quatrieme  section  (250)  receptrice  de  pression 
et  vingt-cinquieme  section  (251)  receptrice  de  pression  et  vingt-sixieme  section  (259)  receptrice  de  pression 
respectives  sont  determinees  de  maniere  a  presenter  un  rapport  de  <|>K:1  :  <|>K:K:1  -  K. 
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