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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  control  sys- 
tem  for  a  load  sensing  hydraulic  drive  circuit  used 
in  hydraulic  machines  such  as  hydraulic  excavators 
or  cranes,  and  more  particularly  to  a  control  sys- 
tem  for  a  load  sensing  hydraulic  drive  circuit 
equipped  with  pump  control  means  which  controls 
a  delivery  pressure  of  a  hydraulic  pump  so  as  to 
hold  it  higher  by  a  predetermined  value  than  a  load 
pressure  of  a  hydraulic  actuator. 

Hydraulic  drive  circuits  for  use  in  hydraulic 
machines  such  as  hydraulic  excavators  or  cranes 
each  comprise  at  least  one  hydraulic  pump,  at 
least  one  hydraulic  actuator  driven  by  a  hydraulic 
fluid  delivered  from  the  hydraulic  pump,  and  a  flow 
control  valve  connected  between  the  hydraulic 
pump  and  the  actuator  for  controlling  a  flow  rate  of 
the  hydraulic  fluid  supplied  to  the  actuator.  It  is 
known  that  some  of  those  hydraulic  drive  circuits 
employs  a  technique  called  load  sensing  control 
(LS  control)  for  controlling  a  delivery  rate  of  the 
hydraulic  pump  (thereby  constituting  an  LS  regula- 
tor).  The  LS  control  is  to  control  the  delivery  rate  of 
the  hydraulic  pump  such  that  the  delivery  pressure 
of  the  hydraulic  pump  is  held  higher  by  a  predeter- 
mined  value  than  the  load  pressure  of  the  hydraulic 
actuator.  This  causes  the  delivery  rate  of  the  hy- 
draulic  pump  to  be  controlled  dependent  on  the 
load  pressure  of  the  hydraulic  actuator,  and  thus 
permits  economic  operation.  Also,  connected  to  a 
delivery  line  of  the  hydraulic  pump  is  an  unloading 
valve  for  holding  a  differential  pressure  between 
the  delivery  pressure  of  the  hydraulic  pump  and  a 
maximum  load  pressure  among  the  actuators  less 
than  a  setting  value. 

Meanwhile,  the  LS  control  is  carried  out  by 
detecting  a  differential  pressure  (LS  differential 
pressure)  between  the  delivery  pressure  and  the 
load  pressure,  and  controlling  the  displacement 
volume  of  the  hydraulic  pump,  or  the  position  (tilt- 
ing  amount)  of  a  swash  plate  in  the  case  of  a 
swash  plate  pump,  in  response  to  a  deviation  be- 
tween  the  LS  differential  pressure  and  a  differential 
pressure  target  value.  To  date,  the  detection  of  the 
differential  pressure  and  the  control  of  tilting 
amount  of  the  swash  plate  have  usually  been  car- 
ried  out  in  a  hydraulic  manner  as  disclosed  in  U.S. 
Patent  No.  4,617,854  (corresponding  to  DE,  A1, 
3422165),  for  example.  This  conventional  arrange- 
ment  will  briefly  be  described  below. 

An  LS  regulator  disclosed  in  FR-A-2  548  290 
comprises  a  control  valve  having  one  end  sub- 
jected  to  a  delivery  pressure  of  a  hydraulic  pump 
and  the  other  end  subjected  to  both  a  maximum 
load  pressure  among  a  plurality  of  actuators  and  an 

urging  force  of  a  spring,  and  a  cylinder  unit  opera- 
tion  of  which  is  controlled  by  a  hydraulic  fluid 
passing  through  the  control  valve  for  regulating  the 
swash  plate  position  of  the  hydraulic  pump.  The 

5  spring  at  one  end  of  the  control  valve  is  to  set  a 
target  value  of  the  LS  differential  pressure.  De- 
pending  on  a  deviation  occurred  between  the  LS 
differential  pressure  and  the  target  value  thereof, 
the  control  valve  is  driven  and  the  cylinder  unit  is 

io  operated  to  regulate  the  swash  plate  position, 
whereby  the  pump  delivery  rate  is  controlled  so 
that  the  LS  differential  pressure  is  held  at  the  target 
value.  The  cylinder  unit  has  a  spring  built  therein  to 
apply  an  urging  force  in  opposite  relation  to  the 

75  direction  in  which  the  cylinder  unit  is  driven  upon 
inflow  of  the  hydraulic  fluid. 

In  the  above  LS  regulator,  a  tilting  speed  of  the 
swash  plate  of  the  hydraulic  pump  is  determined 
by  a  flow  rate  of  the  hydraulic  fluid  flowing  into  the 

20  cylinder  unit,  while  the  flow  rate  of  the  hydraulic 
fluid  is  determined  by  both  an  opening,  i.e.,  an 
position,  of  the  control  valve  and  the  setting  of  the 
spring  in  the  cylinder  unit.  The  position  of  the 
control  valve  is,  in  turn,  determined  by  the  relative 

25  relationship  between  the  urging  force  of  the  LS 
differential  pressure  and  the  spring  force  for  setting 
the  target  value  of  the  differential  pressure.  Here, 
the  spring  in  the  control  valve  and  the  spring  in  the 
cylinder  unit  have  their  specific  spring  constants. 

30  Accordingly,  a  control  gain  for  the  tilting  speed  of 
the  swash  plate  dependent  on  the  deviation  be- 
tween  the  LS  differential  pressure  and  the  target 
value  thereof  is  always  constant. 

On  the  other  hand,  the  unloading  valve  is  gen- 
35  erally  operated  in  response  to  a  signal  indicative  of 

the  difference  between  the  delivery  pressure  of  the 
hydraulic  pump  and  the  maximum  load  pressure 
among  the  actuators,  such  that  when  the  LS  dif- 
ferential  pressure  exceeds  a  setting  value  of  a 

40  spring  disposed  in  the  unloading  valve  for  such 
reason  as  a  response  delay  of  the  LS  regulator,  the 
hydraulic  fluid  in  the  delivery  line  of  the  hydraulic 
pump  is  discharged  to  a  reservoir  through  the 
unloading  valve,  thereby  maintaining  the  preset  dif- 

45  ferential  pressure  in  a  quick  manner.  Usually,  the 
preset  differential  pressure  of  the  spring  in  the 
unloading  valve  is  selected  to  be  slightly  higher 
than  the  preset  differential  pressure  of  the  spring  in 
the  LS  regulator's  control  valve. 

50  However,  the  above  conventional  control  sys- 
tem  for  the  load  sensing  hydraulic  drive  circuit  has 
suffered  from  problems  below. 

The  LS  regulator  is  intended  to,  as  stated 
above,  control  the  swash  plate  position  dependent 

55  on  the  signal  indicative  of  the  difference  between 
the  delivery  pressure  of  the  hydraulic  pump  and 
the  maximum  load  pressure  among  the  actuators, 
thereby  holding  the  LS  differential  pressure  at  the 

2 



3 EP  0  462  589  B1 4 

setting  value  of  the  spring  in  the  control  valve. 
During  the  LS  control,  when  an  operation  (input) 
amount  (i.e.,  a  demanded  flow  rate)  of  the  flow 
control  valve  is  small  and  so  is  an  opening  of  the 
flow  control  valve,  the  delivery  pressure  of  the 
hydraulic  pump  is  substantially  determined  by  a 
difference  between  the  flow  rate  flowing  into  a  line, 
extending  from  the  hydraulic  pump  to  the  flow 
control  valve,  and  the  flow  rate  flowing  out  of  the 
line,  as  well  as  the  volume  modulus  of  the  line.  The 
volume  modulus  of  the  line  is  given  by  dividing  the 
volume  modulus  of  the  hydraulic  fluid  (oil)  by  the 
volume  of  the  line.  Since  the  volume  of  the  line  is 
very  small,  the  volume  modulus  of  the  line  takes  a 
large  value  as  the  opening  of  the  flow  control  valve 
is  small.  Even  with  slight  change  in  the  flow  rate, 
therefore,  the  delivery  pressure  is  so  greatly 
changed  as  to  cause  a  hunting  and  thus  render  the 
control  of  the  LS  differential  pressure  difficult. 

On  the  contrary,  when  the  operation  amount  of 
the  flow  control  valve  is  increased  to  enlarge  the 
opening  thereof,  the  circuit  into  which  the  delivery 
rate  of  the  hydraulic  pump  flows  now  takes  the 
large  volume  including  a  cylinder,  resulting  in  the 
smaller  volume  modulus.  Therefore,  change  in  the 
delivery  pressure  upon  change  in  the  delivery  rate 
of  the  hydraulic  pump  is  reduced,  making  it  easy  to 
carry  out  the  control  of  the  LS  differential  pressure. 

Accordingly,  in  order  to  reliably  perform  the 
control  of  the  LS  differential  pressure  over  a  range 
of  the  entire  operation  amount  of  the  flow  control 
valve,  it  is  required  to  allow  easy  implementation  of 
the  control  of  the  LS  differential  pressure  when  the 
opening  of  the  flow  control  valve  is  small.  This 
could  be  achieved  by  setting  the  control  gain  of  the 
LS  regulator,  i.e.,  the  setting  values  of  the  aforesaid 
two  springs  such  that  the  changing  or  tilting  speed 
of  the  swash  plate  of  the  hydraulic  pump  becomes 
slow.  However,  if  the  control  gain  is  so  set,  there 
would  arise  another  problem  that  when  the  opening 
of  the  flow  control  valve  is  large,  the  volume 
modulus  is  reduced  as  mentioned  before,  which 
also  reduces  a  change  rate  of  the  LS  differential 
pressure  and  thus  degrades  a  response  of  the  LS 
control. 

In  addition,  there  is  also  known  a  control  sys- 
tem  in  which  a  pump  of  fixed  displacement  volume 
type  is  used  as  the  hydraulic  pump,  an  unloading 
valve  is  connected  to  a  delivery  line  of  the  pump, 
and  the  differential  pressure  between  the  pump 
delivery  pressure  and  the  maximum  load  pressure 
among  the  actuators  under  the  action  of  the  un- 
loading  valve  only.  One  of  this  type  control  system 
is  disclosed  in  U.S.  Patent  No.  3,976,097,  for  ex- 
ample. 

An  object  of  the  present  invention  is  to  provide 
a  control  system  for  a  load  sensing  hydraulic  drive 
circuit  for  controlling  a  pump  delivery  rate,  which 

can  realize  stable  control  of  the  LS  differential 
pressure  with  small  pressure  change  even  when 
the  operation  amount  of  a  flow  control  valve  is 
small,  and  which  can  also  control  the  hydraulic 

5  pump  with  a  quick  response  when  the  operation 
amount  of  the  flow  control  valve  is  large. 

SUMMARY  OF  THE  INVENTION 

io  To  achieve  the  above  object,  according  to  the 
present  invention,  there  is  provided  a  control  sys- 
tem  for  a  load  sensing  hydraulic  drive  circuit  com- 
prising  at  least  one  hydraulic  pump  provided  with 
displacement  volume  varying  means,  at  least  one 

is  hydraulic  actuator  driven  by  a  hydraulic  fluid  deliv- 
ered  from  said  hydraulic  pump,  a  flow  control  valve 
connected  between  said  hydraulic  pump  and  said 
actuator  for  controlling  a  flow  rate  of  the  hydraulic 
fluid  supplied  to  said  actuator,  pump  control  means 

20  for  controlling  a  delivery  rate  of  said  hydraulic 
pump  such  that  a  delivery  pressure  of  said  hydrau- 
lic  pump  is  higher  by  a  first  predetermined  value 
than  a  load  pressure  of  said  actuator,  and  an  un- 
loading  valve  connected  between  said  hydraulic 

25  pump  and  said  actuator  for  holding  a  differential 
pressure  between  the  delivery  pressure  of  said 
hydraulic  pump  and  the  load  pressure  of  said  ac- 
tuator  less  than  a  second  predetermined  value, 
wherein  said  control  system  further  comprises  first 

30  means  for  detecting  a  value  associated  with  a 
demanded  flow  rate  of  said  flow  control  valve,  and 
second  means  for  controlling  said  unloading  valve 
based  on  said  value  associated  with  the  demanded 
flow  rate  detected  by  said  first  means  such  that 

35  said  second  predetermined  value  is  smaller  than 
said  first  predetermined  value  when  said  demand- 
ed  flow  rate  is  small,  and  said  second  predeter- 
mined  value  becomes  larger  than  said  first  pre- 
determined  value  as  said  demanded  flow  rate  in- 

40  creases. 
With  the  present  invention  arranged  as  stated 

above,  when  the  operation  amount  of  the  flow  con- 
trol  valve  is  small  and  so  is  the  demanded  flow 
rate,  the  second  predetermined  value  given  as  a 

45  setting  value  of  the  unloading  valve  becomes 
smaller  than  the  first  predetermined  value  given  as 
a  setting  value  of  the  pump  control  means,  where- 
by  the  unloading  valve  functions  with  priority  over 
the  pump  control  means  so  that  the  differential 

50  pressure  between  the  delivery  pressure  of  the  hy- 
draulic  pump  and  the  load  pressure  of  the  actuator 
is  controlled  by  the  unloading  valve.  As  a  result, 
stable  control  of  the  differential  pressure  can  be 
achieved  through  the  unloading  valve.  When  the 

55  operation  amount  of  the  flow  control  valve  is  in- 
creased  and  so  is  the  demanded  flow  rate,  the 
setting  value  of  the  unloading  valve  becomes  so 
large  as  to  exceed  the  setting  value  of  the  pump 

3 
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control  means.  In  this  condition,  therefore,  the  dif- 
ferential  pressure  between  the  delivery  pressure  of 
the  hydraulic  pump  and  the  load  pressure  of  the 
actuator  is  controlled  by  the  pump  control  means. 
Thus,  by  setting  a  control  gain  of  the  pump  control 
means  such  that  a  changing  speed  of  the  displace- 
ment  volume  varying  means  of  the  hydraulic  pump 
takes  an  optimum  value  when  the  operation  amount 
of  the  flow  control  valve  is  large,  quick  control  of 
the  pump  flow  rate  can  be  achieved.  In  addition, 
the  hydraulic  fluid  will  not  be  discharged  from  the 
unloading  valve,  resulting  in  no  energy  loss. 

Preferably,  said  pump  control  means  includes 
third  means  for  determining,  based  on  the  differen- 
tial  pressure  between  the  delivery  pressure  of  said 
hydraulic  pump  and  the  load  pressure  of  said  ac- 
tuator,  a  target  displacement  volume  adapted  to 
hold  said  differential  pressure  at  said  first  predeter- 
mined  value,  and  fourth  means  for  controlling  said 
displacement  volume  varying  means  of  said  hy- 
draulic  pump  such  that  a  displacement  volume  of 
said  hydraulic  pump  coincides  with  the  target  dis- 
placement  volume  determined  by  said  third  means; 
said  first  means  comprises  means  for  detecting,  as 
said  value  associated  with  the  demanded  flow  rate, 
the  target  displacement  volume  determined  by  said 
third  means;  and  said  second  means  comprises 
means  for  controlling  said  unloading  valve  based 
on  said  target  displacement  volume. 

Preferably,  said  first  means  comprises  means 
for  detecting,  as  said  value  associated  with  the 
demanded  flow  rate,  an  actual  displacement  vol- 
ume  of  said  hydraulic  pump,  and  said  second 
means  comprises  means  for  controlling  said  un- 
loading  valve  based  on  said  actual  displacement 
volume. 

Preferably,  said  first  means  comprises  means 
for  detecting,  as  said  value  associated  with  the 
demanded  flow  rate,  an  operation  amount  of  said 
flow  control  valve,  and  said  second  means  com- 
prises  means  for  controlling  said  unloading  valve 
based  on  said  operation  amount.  In  this  connection, 
in  a  control  system  for  a  load  sensing  hydraulic 
drive  circuit  comprising  a  plurality  of  hydraulic  ac- 
tuators  driven  by  the  hydraulic  fluid  delivered  from 
said  hydraulic  pump,  and  a  plurality  of  flow  control 
valves  respectively  connected  between  said  hy- 
draulic  pump  and  said  plural  actuators  for  control- 
ling  flow  rates  of  the  hydraulic  fluid  supplied  to  said 
actuators,  said  first  means  comprises  means  for 
detecting,  as  said  value  associated  with  the  de- 
manded  flow  rate,  respective  operation  amounts  of 
said  plural  flow  control  valves,  and  means  for  cal- 
culating  a  total  value  of  the  operation  amounts 
detected;  and  said  second  means  comprises 
means  for  controlling  said  unloading  valve  based 
on  said  total  value  of  the  operation  amounts. 

Preferably,  said  second  means  includes  means 
for  calculating,  based  on  said  value  associated  with 
the  demanded  flow  rate  detected  by  said  first 
means,  a  control  force  serving  to  make  said  sec- 

5  ond  predetermined  value  smaller  than  said  first 
predetermined  value  when  said  demanded  flow 
rate  is  small  and  to  make  said  second  predeter- 
mined  value  larger  than  said  first  predetermined 
value  as  said  demanded  flow  rate  increases,  and 

io  then  outputting  an  electric  signal  dependent  on  the 
calculated  control  force,  and  means  for  receiving 
said  electric  signal  to  produce  said  control  force. 

Furthermore,  said  unloading  valve  preferably 
has  a  spring  for  applying  an  urging  force  in  the 

is  valve-closing  direction,  and  drive  means  for  apply- 
ing  a  control  force  in  the  valve-opening  direction; 
and  said  second  means  includes  means  for  deter- 
mining,  based  on  said  value  associated  with  the 
demanded  flow  rate  detected  by  said  first  means,  a 

20  control  force  that  is  large  when  said  demanded 
flow  rate  is  small  and  becomes  smaller  as  said 
demanded  flow  rate  increases,  and  means  for 
causing  the  drive  means  of  said  unloading  valve  to 
produce  said  control  force. 

25  Said  unloading  valve  may  be  arranged  to  have 
drive  means  for  applying  a  control  force  in  the 
valve-closing  direction.  In  this  case,  said  second 
means  includes  means  for  determining,  based  on 
said  value  associated  with  the  demanded  flow  rate 

30  detected  by  said  first  means,  a  control  force  that  is 
small  when  said  demanded  flow  rate  is  small  and 
becomes  larger  as  said  demanded  flow  rate  in- 
creases,  and  means  for  causing  the  drive  means  of 
said  unloading  valve  to  produce  said  control  force. 

35 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  diagram  of  a  load  sensing 
hydraulic  drive  circuit  equipped  with  a  control 

40  system  according  to  a  first  embodiment  of  the 
present  invention; 
Fig.  2  is  a  schematic  diagram  of  a  swash  plate 
position  controller; 
Fig.  3  is  a  schematic  diagram  of  a  control  unit; 

45  Fig.  4  is  a  flowchart  showing  the  control  se- 
quence  carried  out  in  the  control  unit; 
Fig.  5  is  a  flowchart  showing  details  of  a  step  of 
calculating  a  swash  plate  target  position  of  a 
hydraulic  pump  in  the  flowchart  of  Fig.  4; 

50  Fig.  6  is  a  flowchart  showing  details  of  a  step  of 
controlling  the  swash  plate  position  of  the  hy- 
draulic  pump  in  the  flowchart  of  Fig.  4; 
Fig.  7  is  a  characteristic  graph  showing  the 
relationship  between  the  swash  plate  target  po- 

55  sition  and  the  control  force; 
Fig.  8  is  a  characteristic  graph  showing  the 
relationship  between  the  swash  plate  target  po- 
sition  and  a  setting  value  of  an  unloading  valve; 

4 
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Fig.  9  is  a  block  diagram  showing  control  steps 
of  the  first  embodiment  together  in  the  form  of 
blocks; 
Fig.  10  is  a  schematic  diagram  of  a  load  sensing 
hydraulic  drive  circuit  equipped  with  a  control 
system  according  to  a  second  embodiment  of 
the  present  invention; 
Fig.  11  is  a  block  diagram  showing  control  of 
the  setting  value  of  the  unloading  valve  in  the 
second  embodiment: 
Fig.  12  is  a  schematic  diagram  of  a  load  sensing 
hydraulic  drive  circuit  equipped  with  a  control 
system  according  to  a  third  embodiment  of  the 
present  invention; 
Fig.  13  is  a  characteristic  graph  showing  the 
relationship  between  the  swash  plate  target  po- 
sition  and  the  control  force  in  the  third  embodi- 
ment; 
Fig.  14  is  a  schematic  diagram  of  a  load  sensing 
hydraulic  drive  circuit  equipped  with  a  control 
system  according  to  a  fourth  embodiment  of  the 
present  invention;  and 
Fig.  15  is  a  block  diagram  showing  control  ac- 
cording  to  the  fourth  embodiment. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Hereinafter,  several  embodiments  of  the 
present  invention  will  be  described  with  reference 
to  the  accompanying  drawings.  To  begin  with,  a 
first  embodiment  of  the  present  invention  will  be 
explained  by  referring  to  Figs.  1  -  9. 

In  Fig.  1,  a  hydraulic  drive  circuit  according  to 
this  embodiment  comprises  a  hydraulic  pump  1,  a 
plurality  of  hydraulic  actuators  2,  2A  driven  by  a 
hydraulic  fluid  delivered  from  the  hydraulic  pump 
1  ,  flow  control  valves  3,  3A  connected  between  the 
hydraulic  pump  1  and  the  actuators  2,  2A  for 
controlling  flow  rates  of  the  hydraulic  fluid  supplied 
to  the  actuators  2,  2A  dependent  on  operation  of 
control  levers  3a,  3b,  respectively,  and  pressure 
compensating  valves  4,  4A  for  holding  constant 
differential  pressures  between  the  upstream  and 
downstream  sides  of  the  flow  control  valves  3,  3A, 
i.e.,  differential  pressures  across  the  valves  3,  3A, 
to  control  the  flow  rates  of  the  hydraulic  fluid  pass- 
ing  through  the  flow  control  valves  3,  3A  to  values 
in  proportion  to  openings  of  the  flow  control  valves 
3,  3A,  respectively.  A  set  of  the  flow  control  valve  3 
and  the  pressure  compensating  valve  4  constitutes 
one  pressure  compensated  flow  control  valve,  while 
a  set  of  the  flow  control  valve  3A  and  the  pressure 
compensating  valve  4A  constitutes  another  pres- 
sure  compensated  flow  control  valve.  The  hydraulic 
pump  1  has  a  swash  plate  1a  as  a  displacement 
volume  varying  mechanism. 

For  the  hydraulic  drive  circuit  thus  arranged, 
there  is  provided  a  control  system  of  this  embodi- 
ment  which  comprises  a  differential  pressure  sen- 
sor  5,  a  swash  plate  position  sensor  6,  a  control 

5  unit  7,  a  swash  plate  position  controller  8,  and  an 
unloading  valve  20. 

The  differential  pressure  sensor  5  detects  a 
differential  pressure  between  a  maximum  load 
pressure  PL  among  the  plurality  of  hydraulic  ac- 

io  tuators  including  the  actuator  2,  which  is  selected 
by  a  shuttle  valve  9,  and  a  delivery  pressure  Pd  of 
the  hydraulic  pump  1.  i.e.,  an  LS  differential  pres- 
sure,  and  converts  it  into  an  electric  signal  AP  for 
outputting  to  the  control  unit  7.  The  swash  plate 

is  position  sensor  6  detects  a  position  of  a  swash 
plate  1a  of  the  hydraulic  pump  1  and  converts  it 
into  an  electric  signal  6  for  outputting  to  the  control 
unit  7.  Based  on  the  electric  signals  AP  and  0,  the 
control  unit  7  calculates  a  drive  signal  for  the 

20  swash  plate  1a  of  the  hydraulic  pump  1  and  a  drive 
signal  for  an  (electromagnetic)  proportional  sole- 
noid  20d  (described  later)  of  the  unloading  valve 
20,  followed  by  outputting  those  drive  signals  to  the 
swash  plate  position  controller  8  and  the  propor- 

25  tional  solenoid  20d  of  the  unloading  valve  20,  re- 
spectively. 

The  swash  plate  position  controller  8  is  con- 
stituted  as  an  electro-hydraulic  servo  mechanism 
as  shown  in  Fig.  2,  by  way  of  example. 

30  More  specifically,  the  swash  plate  position  con- 
troller  8  has  a  servo  piston  8b  for  driving  the  swash 
plate  1a  of  the  hydraulic  pump  1,  the  servo  piston 
8b  being  housed  in  a  servo  cylinder  8c.  A  cylinder 
chamber  of  the  servo  cylinder  8c  is  partitioned  by 

35  the  servo  piston  8b  into  a  left-hand  chamber  8d 
and  a  right-hand  chamber  8e.  These  chambers  are 
formed  such  that  the  cross-sectional  area  D  of  the 
left-hand  chamber  8d  is  larger  than  the  cross- 
sectional  area  d  of  the  right-hand  chamber  8e. 

40  The  left-hand  chamber  8d  of  the  servo  cylinder 
8c  is  communicated  with  a  hydraulic  source  10 
such  as  a  pilot  pump  via  a  line  8f,  and  the  right- 
hand  chamber  8e  of  the  servo  cylinder  8c  is  com- 
municated  with  the  hydraulic  source  10  via  a  line 

45  8i,  the  line  8f  being  communicated  with  a  reservoir 
(tank)  11  via  a  return  line  8j.  A  solenoid  valve  8g  is 
interposed  in  the  line  8f,  and  a  solenoid  valve  8h  is 
interposed  in  the  return  line  8j.  These  solenoid 
valves  8g,  8h  are  each  a  normally  closed  solenoid 

50  valve  (with  the  function  of  returning  to  a  closed 
state  upon  de-energization),  and  switched  over  by 
the  drive  signal  from  the  control  unit  7. 

When  the  solenoid  valve  8g  is  energized 
(turned  on)  for  switching  to  its  open  shift  position 

55  B,  the  left-hand  chamber  8d  of  the  servo  cylinder 
8c  is  communicated  with  the  hydraulic  source  10, 
whereupon  the  servo  piston  8b  is  forced  to  move 
rightwardly,  as  viewed  in  Fig.  2,  due  to  the  dif- 

5 
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ference  in  cross-sectional  area  between  the  left- 
hand  chamber  8d  and  the  right-hand  chamber  8e. 
This  increases  a  tilting  angle  of  the  swash  plate  1a 
of  the  hydraulic  pump  1  and  hence  the  delivery 
rate.  When  the  solenoid  valve  8g  and  the  solenoid 
valve  8h  are  both  de-energized  (turned  off)  for 
returning  to  their  closed  shift  positions  A,  the  oil 
passage  leading  to  the  left-hand  chamber  8d  is  cut 
off  and  the  servo  piston  8b  remains  rest  at  the  then 
position.  The  tilting  angle  of  the  swash  plate  1a  of 
the  hydraulic  pump  1  is  thereby  kept  constant,  and 
so  is  the  delivery  rate.  When  the  solenoid  valve  8h 
is  energized  (turned  on)  for  switching  to  its  open 
shift  position  B,  the  left-hand  chamber  8d  of  the 
servo  cylinder  8c  is  communicated  with  the  reser- 
voir  11  to  reduce  the  pressure  in  the  left-hand 
chamber  8d,  whereby  the  servo  piston  8b  is  forced 
to  move  leftwardly,  as  viewed  in  Fig.  2,  under  the 
pressure  in  the  right-hand  chamber  8e.  This  de- 
creases  the  tilting  angle  of  the  swash  plate  1a  of 
the  hydraulic  pump  1  and  hence  the  delivery  rate. 

Returning  to  Fig.  1  again,  the  unloading  valve 
20  is  connected  to  the  delivery  line  12  of  the 
hydraulic  pump  1  for  holding  the  differential  pres- 
sure  AP  between  the  delivery  pressure  of  the  hy- 
draulic  pump  1  and  the  maximum  load  pressure 
among  the  actuators  less  than  a  setting  value. 

The  unloading  valve  20  comprises  a  pilot  pres- 
sure  chamber  20a  which  is  subjected  to  the  maxi- 
mum  load  pressure  PL,  selected  by  the  shuttle 
valve  9,  acting  in  the  valve-closing  direction,  a  pilot 
pressure  chamber  20b  which  is  subjected  to  the 
delivery  pressure  Pd  of  the  hydraulic  pump  1  act- 
ing  in  the  valve-opening  direction,  a  spring  20c 
which  is  disposed  at  the  end  on  the  same  side  as 
the  pilot  pressure  chamber  to  apply  an  urging  force 
in  the  valve-closing  direction,  and  the  proportional 
solenoid  20d  which  is  supplied  with  the  aforesaid 
drive  signal  from  the  control  unit  7,  as  an  electric 
signal,  to  apply  a  control  force  Fs  in  the  valve- 
opening  direction  dependent  on  that  electric  signal 
(current). 

In  the  absence  of  the  drive  signal  from  the 
control  unit  7,  the  unloading  valve  20  thus  arranged 
works  such  that  the  differential  pressure  between 
the  delivery  pressure  Pd  of  the  hydraulic  pump  1 
and  the  maximum  load  pressure  PL  keeps  a  setting 
value  determined  by  the  urging  force  of  the  spring 
20c.  When  the  electric  signal  is  supplied  to  the 
proportional  solenoid  20d,  the  proportional  solenoid 
20d  applies  the  control  force  Fs  dependent  on  the 
electric  signal  in  opposition  to  the  urging  force  of 
the  spring  20c.  Therefore,  the  unloading  valve  20 
controls  the  differential  pressure  between  the  deliv- 
ery  pressure  Pd  of  the  hydraulic  pump  1  and  the 
maximum  load  pressure  PL  so  as  to  become  a 
setting  value  determined  by  the  force  which  is 
resulted  from  subtracting  the  control  force  Fs  of  the 

proportional  solenoid  20d  from  the  urging  force  of 
the  spring  20c.  In  other  words,  the  differential  pres- 
sure  between  the  delivery  pressure  Pd  of  the  hy- 
draulic  pump  1  and  the  maximum  load  pressure  PL 

5  among  the  actuators  is  controlled  to  be  reduced  in 
proportion  to  the  electric  signal  applied  to  the  pro- 
portional  solenoid  20d. 

The  control  unit  7  is  constituted  by  a  micro- 
computer  and,  as  shown  in  Fig.  3,  comprises  an 

70  A/D  converter  7a  for  converting  the  differential 
pressure  signal  AP  outputted  from  the  differential 
pressure  sensor  5  and  the  swash  plate  position 
signal  0  outputted  from  the  swash  plate  position 
sensor  6  into  digital  signals,  a  central  processing 

75  unit  (CPU)  7b,  a  read  only  memory  (ROM)  7c  for 
storing  a  control  program,  a  random  access  mem- 
ory  (RAM)  7d  for  temporarily  storing  numerical 
values  under  calculations,  an  I/O  interface  7e  for 
outputting  the  drive  signals,  and  amplifiers  7g,  7h, 

20  7i  connected  to  the  aforesaid  solenoid  valves  8g, 
8h  and  the  proportional  solenoid  20d  of  the  un- 
loading  valve  20,  respectively. 

The  control  unit  7  calculates  a  swash  plate 
target  position  0o  of  the  hydraulic  pump  1  from  the 

25  differential  pressure  signal  AP  outputted  from  the 
differential  pressure  sensor  5  based  on  the  control 
program  stored  in  the  ROM  7c,  and  creates  the 
drive  signals  from  both  the  swash  plate  target 
position  0o  and  the  swash  plate  position  signal  0 

30  outputted  from  the  swash  plate  position  sensor  6 
for  making  a  deviation  therebetween  zero,  followed 
by  outputting  the  drive  signals  to  the  solenoid 
valves  8g,  8h  of  the  swash  plate  position  controller 
8  from  the  amplifiers  7g,  7h  via  the  I/O  interface 

35  7e.  The  swash  plate  1a  of  the  hydraulic  pump  1  is 
thereby  controlled  so  that  the  swash  plate  position 
signal  0  coincides  with  the  swash  plate  target  posi- 
tion  00. 

Further,  the  control  unit  7  calculates  the  control 
40  force  Fs  of  the  proportional  solenoid  20d  from  the 

calculated  result  of  the  swash  plate  target  position 
0o  based  on  the  control  program  stored  in  the 
ROM  7c,  and  creates  the  drive  signal  correspond- 
ing  to  the  calculated  control  force,  followed  by 

45  outputting  the  drive  signal  to  the  proportional  sole- 
noid  20d  of  the  unloading  valve  20  from  the  am- 
plifiers  7i  via  the  I/O  interface  7e. 

Operation  of  this  embodiment  will  be  described 
below  in  detail  by  referring  to  Fig.  4.  Fig.  4  shows 

50  the  control  program  stored  in  the  ROM  7c  of  Fig.  3 
in  the  form  of  a  flowchart. 

First,  in  a  step  100,  respective  outputs  of  the 
differential  pressure  sensor  5  and  the  swash  plate 
position  sensor  6  are  entered  to  the  control  unit  7 

55  via  the  A/D  converter  7a  and  stored  in  the  RAM  7d 
as  the  differential  pressure  signal  AP  and  the 
swash  plate  position  signal  0. 

6 
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Next,  in  a  step  110,  the  swash  plate  target 
position  0o  of  the  hydraulic  pump  1  is  calculated 
through  integral  control.  Fig.  5  shows  details  of  the 
step  110.  In  a  step  111  of  Fig.  5,  a  deviation  A  - 
(AP)  between  a  preset  target  value  APo  of  the 
differential  pressure  and  the  differential  pressure 
signal  AP  entered  in  the  step  100  is  calculated. 
The  differential  pressure  target  value  APo  is  set  as 
a  fixed  value  in  this  embodiment,  but  it  may  be  a 
variable  value. 

Then,  in  a  step  112,  an  increment  A  0AP  of  the 
swash  plate  target  position  is  calculated.  Specifi- 
cally,  a  preset  control  coefficient  Ki  is  multiplied  by 
the  above  differential  pressure  deviation  A  (AP)  to 
obtain  the  increment  A  0AP  of  the  swash  plate 
target  position.  Assuming  that  a  period  of  time 
required  for  the  program  proceeding  from  the  step 
100  to  130  (i.e.,  cycle  time)  is  tc,  the  increment  A 
0Ap  of  the  swash  plate  target  position  represents  an 
increment  of  the  swash  plate  target  position  for  the 
cycle  time  tc  and  thus  A  0AP/tc  gives  a  target  tilting 
speed  of  the  swash  plate.  Stated  otherwise,  the 
control  coefficient  Ki  corresponds  to  a  control  gain 
for  the  changing  speed  of  the  swash  plate  1a  of  the 
hydraulic  pump  1,  and  is  set  to  provide  a  changing 
speed  at  which  the  tilting  motion  of  the  swash  plate 
1a  becomes  not  too  slow,  when  the  operation 
amount  of  the  flow  control  valve  3  is  relatively 
large. 

Then,  in  a  step  113,  the  increment  A0AP  is 
added  to  the  swash  plate  target  position  0o-1  which 
has  been  calculated  in  the  last  cycle,  to  obtain  the 
current  (new)  swash  plate  target  position  0o. 

Next,  returning  to  Fig.  4,  a  step  120  controls 
the  swash  plate  position  of  the  hydraulic  pump. 
Fig.  8  shows  details  of  the  control.  In  a  step  121  of 
Fig.  6,  a  deviation  Z  between  the  swash  plate 
target  position  0o  calculated  in  the  step  110  and 
the  swash  plate  position  signal  0  entered  in  the 
step  100  is  calculated. 

Then,  in  a  step  122,  it  is  determined  whether 
an  absolute  value  of  the  deviation  Z  is  within  a 
dead  zone  A  for  the  swash  plate  position  control.  If 
|Z|  is  determined  to  be  smaller  than  the  dead  zone 
A  (|Z|<A),  then  the  control  flow  proceeds  to  a  step 
124  where  OFF  signals  are  outputted  to  the  sole- 
noid  valves  8g,  8h  for  rendering  the  swash  plate 
position  fixed.  If  |Z|  is  determined  to  be  not  smaller 
than  the  dead  zone  A  (|Z|̂ A)  in  the  step  122,  then 
the  control  flow  proceeds  to  a  step  123.  The  step 
123  determines  whether  Z  is  positive  or  negative.  If 
Z  is  determined  to  be  positive  (Z  >  0),  then  the 
control  flow  proceeds  to  a  step  125.  In  the  step 
125,  an  ON  and  OFF  signal  are  outputted  to  the 
solenoid  valves  8g  and  8h,  respectively,  for  moving 
the  swash  plate  position  in  the  direction  to  in- 
crease. 

If  Z  is  determined  to  be  zero  or  negative  (Z  ^ 
0)  in  the  step  123,  the  control  flow  proceeds  to 
step  126.  In  the  step  126,  an  OFF  and  ON  signal 
are  outputted  to  the  solenoid  valves  8g  and  8h, 

5  respectively,  for  moving  the  swash  plate  position  in 
the  direction  to  decrease. 

Through  the  foregoing  steps  121  -  126,  the 
swash  plate  position  is  so  controlled  as  to  coincide 
with  the  target  position. 

io  Thus,  through  the  above  steps  110  and  120, 
the  swash  plate  position,  i.e.,  the  displacement 
volume,  of  the  hydraulic  pump  1  is  controlled  such 
that  the  delivery  pressure  Pd  of  the  hydraulic  pump 
1  is  always  higher  by  the  target  value  AP  of  the 

is  differential  pressure  than  the  maximum  load  pres- 
sure  PL  among  the  actuators.  In  short,  the  hydrau- 
lic  pump  1  is  subjected  to  the  LS  control. 

Next,  returning  to  Fig.  4  again,  a  step  130 
calculates  the  control  force  Fs  applied  by  the  pro- 

20  portional  solenoid  20d  of  the  unloading  valve  20 
from  the  swash  plate  target  position  0o  calculated 
in  the  step  110.  This  calculation  of  the  control  force 
Fs  is  performed  by  storing  table  data  as  shown  in 
Fig.  7  in  the  ROM  7c  beforehand,  and  reading  a 

25  value  of  the  control  force  Fs  from  the  table  data 
which  corresponds  to  the  swash  plate  target  posi- 
tion  0o.  As  an  alternative,  the  control  force  Fs  may 
be  derived  by  programming  arithmetic  equations 
beforehand  and  calculating  a  desired  value  in  ac- 

30  cordance  with  the  equations. 
In  the  table  data  shown  in  Fig.  7,  the  functional 

relationship  between  the  swash  plate  target  position 
00  and  the  control  force  Fs  is  set  such  that  the 
control  force  Fs  is  large  when  0o  is  small,  and  it 

35  decreases  as  0o  increases.  Then,  the  magnitude  of 
the  control  force  Fs  is  selected  such  that  a  setting 
value  APuo  of  the  unloading  valve  20,  which  is 
determined  by  a  resultant  of  the  control  force  Fs 
and  the  urging  force  of  the  spring  20c,  is  given  as 

40  shown  in  Fig.  8,  by  way  of  example. 
More  specifically,  in  Fig.  8,  APo  represents  the 

differential  pressure  target  value  APo  under  the  LS 
control  by  the  hydraulic  pump  1  as  mentioned 
above,  and  APc  represents  the  setting  value  given 

45  by  the  urging  force  of  the  spring  20c.  APc  is  set 
higher  than  APo.  A  swash  plate  target  position  0co 
indicated  by  a  two-dot-chain  line  stands  for  a 
boundary  value;  i.e.,  in  a  region  smaller  than  that 
value,  the  hydraulic  pump  1  is  difficult  to  control 

50  the  differential  pressure  AP  under  the  LS  control.  A 
range  of  the  swash  plate  target  position  from  0  to 
01  corresponds  to  a  region  where  the  control  force 
Fs  shown  in  Fig.  7  is  applied.  In  this  region,  the 
control  force  Fs  is  subtracted  from  the  urging  force 

55  of  the  spring  20c  to  provide  the  setting  value  APuo 
which  is  changed  as  shown.  More  specifically,  in  a 
region  where  the  swash  plate  target  position  0o  is 
less  than  02  somewhat  beyond  0co,  the  setting 

7 
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value  APuo  of  the  unloading  valve  is  smaller  than 
the  differential  pressure  target  value  APo  for  the  LS 
control.  In  a  region  where  the  swash  plate  target 
position  0o  is  beyond  02  and  the  stable  LS  control 
is  enabled,  the  setting  value  APuo  becomes  higher 
than  the  differential  pressure  target  value  APo. 
With  the  swash  plate  target  position  0o  exceeding 
01,  the  setting  value  APuo  is  equal  to  the  value 
APc  given  by  the  urging  force  of  the  spring  20c. 

The  control  force  Fs  thus  derived  in  the  step 
130  is  converted  into  a  current  Is  through  the  I/O 
port  7e  and  the  amplifier  7i,  the  current  Is  being 
outputted  to  the  proportional  solenoid  20d  of  the 
unloading  valve  20.  Note  that  while  the  I/O  port  7e 
is  used  in  the  illustrated  embodiment,  the  current  Is 
may  be  outputted  by  using  a  D/A  converter  and 
making  a  voltage-current  conversion  in  the  am- 
plifier  7i. 

Following  completion  of  the  step  130,  the  con- 
trol  flow  returns  to  the  first  step  100  again.  Since 
the  above  steps  110  -  130  are  carried  out  once  for 
the  cycle  time  tc  mentioned  above,  the  tilting 
speed  of  the  swash  plate  is  eventually  controlled  to 
the  aforesaid  target  speed  A0AP/tc  in  the  step  120. 

The  above-explained  control  steps  are  shown 
together  in  Fig.  9  in  the  form  of  blocks.  In  Fig.  9,  a 
block  201  corresponds  to  the  step  110  in  Fig.  4,  a 
block  202  the  step  120,  and  a  block  203  the  step 
130,  respectively. 

In  this  embodiment  arranged  as  stated  above, 
when  the  operation  amount  of  the  flow  control  valve 
3  is  small  and  so  is  the  demanded  flow  rate,  the 
swash  plate  target  position  0o  calculated  in  the 
step  110  in  Fig.  4  and  the  block  201  in  Fig.  9  is 
also  small,  whereupon  the  large  control  force  Fs 
corresponding  to  the  swash  plate  target  position 
less  than  0co  in  Fig.  7  is  calculated  in  the  step  130 
and  the  block  203.  Therefore,  the  setting  value 
APuo  obtained  by  subtracting  the  control  force  Fs 
from  the  urging  force  of  the  spring  20c  in  the 
unloading  valve  20  becomes  smaller  than  the  dif- 
ferential  pressure  target  value  APo  for  the  LS  con- 
trol,  as  shown  in  Fig.  8,  so  that  the  unloading  valve 
20  functions  with  priority  over  the  LS  control  in  the 
step  120.  Consequently,  the  differential  pressure 
AP  between  the  delivery  pressure  Pd  of  the  hy- 
draulic  pump  1  and  the  maximum  load  pressure  PL 
among  the  actuators  is  controlled  by  the  unloading 
valve  20,  enabling  stable  control  of  the  differential 
pressure  through  the  unloading  valve  20. 

When  the  operation  amount  of  the  flow  control 
valve  3  is  increased  and  so  is  the  demanded  flow 
rate,  the  swash  plate  target  position  0o  calculated 
in  the  step  110  in  Fig.  4  and  the  block  201  in  Fig.  9 
is  also  increased,  whereupon  the  small  control 
force  Fs  corresponding  to  the  swash  plate  target 
position  greater  than  0co  in  Fig.  7  is  calculated  in 
the  step  130  and  the  block  203.  Therefore,  the 

setting  value  APuo  obtained  by  subtracting  the 
control  force  Fs  from  the  urging  force  of  the  spring 
20c  in  the  unloading  valve  20  becomes  larger  than 
the  differential  pressure  target  value  APo  for  the  LS 

5  control,  as  shown  in  Fig.  8,  so  that  the  differential 
pressure  AP  between  the  delivery  pressure  Pd  of 
the  hydraulic  pump  1  and  the  maximum  load  pres- 
sure  PL  among  the  actuators  is  controlled  to  be 
held  at  the  differential  pressure  target  value  APo 

io  through  the  LS  control  in  the  step  120  and  the 
block  202.  Here,  as  mentioned  before,  the  control 
coefficient  (or  control  gain)  Ki  in  the  step  112  of 
Fig.  5  is  set  to  provide  a  changing  speed  at  which 
the  tilting  motion  of  the  swash  plate  1a  becomes 

is  not  too  slow,  when  the  operation  amount  of  the  flow 
control  valve  3  is  relatively  large.  Consequently, 
quick  control  of  the  hydraulic  pump  1  is  enabled 
through  the  LS  control.  In  addition,  the  hydraulic 
fluid  will  not  be  discharged  from  the  unloading 

20  valve  20,  resulting  in  no  energy  loss. 
A  second  embodiment  of  the  present  invention 

will  be  described  below  with  reference  to  Figs.  10 
and  11.  In  this  embodiment,  pump  control  means  is 
constructed  in  a  hydraulic  manner  and  an  actual 

25  swash  plate  position  0  is  used  as  a  value  asso- 
ciated  with  the  demanded  flow  rate  of  the  flow 
control  valve  3  in  place  of  the  swash  plate  target 
position  0o. 

In  Fig.  10,  denoted  by  reference  numeral  70  is 
30  an  LS  regulator  constituting  pump  control  means  of 

this  embodiment.  The  LS  regulator  70  comprises  a 
working  cylinder  71  coupled  to  the  swash  plate  1a 
of  the  hydraulic  pump  1  for  driving  the  swash  plate 
1a,  and  a  control  valve  72  for  controlling  inflow  and 

35  outflow  of  the  hydraulic  fluid  with  respect  to  the 
working  cylinder  71,  with  a  spring  71a  housed  in 
the  working  cylinder  71  .  The  control  valve  72  has  a 
drive  part  72a  disposed  at  one  of  opposite  ends 
and  subjected  to  the  delivery  pressure  Pd  of  the 

40  hydraulic  pump  1  ,  a  drive  part  72b  disposed  at  the 
other  end  and  subjected  to  the  maximum  load 
pressure  PL  selected  by  the  shuttle  valve  9,  and  a 
spring  72c  disposed  at  the  end  on  the  same  side 
as  the  drive  part  72b. 

45  Under  a  condition  that  the  maximum  load  pres- 
sure  PL  selected  by  the  shuttle  valve  9  is  the  load 
pressure  of  the  actuator  2,  when  the  maximum  load 
pressure  PL  is  increased,  the  control  valve  72  is 
moved  leftwardly  on  the  drawing  and  the  working 

50  cylinder  71  is  communicated  with  the  reservoir  1  1  , 
causing  the  working  cylinder  71  to  move  in  the 
direction  of  contraction  thereof  by  a  force  of  the 
spring  71a  for  increasing  the  tilting  amount  of  the 
swash  plate  1a.  Therefore,  the  delivery  rate  of  the 

55  hydraulic  pump  1  is  increased  to  raise  the  delivery 
pressure  Pd.  With  this  increase  in  the  pump  deliv- 
ery  pressure,  the  control  valve  72  is  returned  righ- 
twardly  on  the  drawing.  Then,  when  the  differential 

8 
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pressure  AP  between  the  pump  delivery  pressure 
and  the  maximum  load  pressure  reaches  a  setting 
value  determined  by  the  urging  force  of  the  spring 
72c,  the  control  valve  72  is  stopped,  whereby  the 
contracting  operation  of  the  working  cylinder  71  is 
also  stopped.  Conversely,  when  the  maximum  load 
pressure  PL  is  reduced,  the  control  valve  72  is 
driven  rightwardly  on  the  drawing  and  the  working 
cylinder  71  is  communicated  with  the  delivery  line 
12,  causing  the  working  cylinder  71  to  move  in  the 
direction  of  extension  thereof  for  decreasing  the 
tilting  amount  of  the  swash  plate  1a.  Therefore,  the 
delivery  rate  of  the  hydraulic  pump  1  is  decreased 
to  lower  the  pump  delivery  pressure.  With  this 
decrease  in  the  pump  delivery  pressure,  the  con- 
trol  valve  72  is  returned  leftwardly  on  the  drawing. 
Then,  when  the  differential  pressure  AP  between 
the  pump  delivery  pressure  and  the  maximum  load 
pressure  reaches  the  setting  value  determined  by 
the  urging  force  of  the  spring  72c,  the  control  valve 
72  is  stopped,  whereby  the  extending  operation  of 
the  working  cylinder  71  is  also  stopped.  As  a 
result,  the  delivery  pressure  Pd  of  the  hydraulic 
pump  1  is  controlled  to  be  higher  by  the  setting 
value  dependent  on  the  spring  72c  than  the  load 
pressure  of  the  actuator  2. 

In  the  foregoing  operation,  the  changing  speed 
of  the  swash  plate  1a  is  determined  by  a  control 
gain  of  the  LS  regulator  70,  the  control  gain  of  the 
LS  regulator  70  being  determined  by  the  spring 
constants  of  the  springs  71a,  72c.  Stated  otherwise, 
the  differential  pressure  AP  between  the  delivery 
pressure  Pd  of  the  hydraulic  pump  1  and  the  load 
pressure  PL  of  the  actuator  2  remains  the  same, 
the  changing  speed  of  the  swash  plate  1a  takes  a 
predetermined  value  determined  by  the  spring  con- 
stants  of  the  springs  71a,  72c  regardless  of  the 
position  of  the  swash  plate  1a.  Similarly  to  the 
control  coefficient  Ki  in  the  first  embodiment,  the 
spring  constants  of  the  springs  71a,  72c,  i.e.,  the 
control  gain  of  the  LS  regulator  70,  is  set  to  provide 
a  changing  speed  at  which  the  tilting  motion  of  the 
swash  plate  1a  becomes  not  too  slow,  when  the 
operation  amount  of  the  flow  control  valve  3  is 
relatively  large. 

The  unloading  valve  20  is  constructed  in  the 
same  manner  as  the  first  embodiment.  In  a  control 
unit  7A,  as  shown  in  a  control  block  203A  of  Fig. 
11,  the  control  force  Fs  applied  by  the  proportional 
solenoid  20d  of  the  unloading  valve  20  is  cal- 
culated  from  the  actual  swash  plate  position  0 
detected  by  the  swash  plate  position  sensor  6  as  a 
value  associated  with  the  demanded  flow  rate  of 
the  flow  control  valve  3.  This  calculation  of  the 
control  force  Fs  is  performed  by  storing  the  rela- 
tionship  between  0  and  Fs  like  that  between  0o  and 
Fs  shown  in  Fig.  7  in  the  ROM  7c  (see  Fig.  3) 
beforehand,  and  reading  a  value  of  the  control 

force  Fs  which  corresponds  to  the  swash  plate 
position  0. 

Also  in  this  embodiment  arranged  as  stated 
above,  since  the  relationship  between  0  and  Fs  is 

5  similar  to  that  between  0o  and  Fs  shown  in  Fig.  7, 
the  setting  value  obtained  by  subtracting  the  con- 
trol  force  Fs  from  the  urging  force  of  the  spring  20c 
in  the  unloading  valve  20  is  given  by  APuo  as 
shown  in  Fig.  8.  Consequently,  this  embodiment 

io  can  also  control  the  differential  pressure  AP  in  a 
like  manner  to  the  first  embodiment  and  provide 
the  similar  advantageous  effect  to  that  in  the  first 
embodiment. 

A  third  embodiment  of  the  present  invention 
is  will  be  described  below  with  reference  to  Figs.  12 

and  13.  This  embodiment  is  constructed  to  deter- 
mine  the  setting  value  of  the  unloading  valve  by 
using  a  proportional  solenoid  alone. 

In  Fig.  12,  an  unloading  valve  20B  has  only  a 
20  proportional  solenoid  20e  for  applying  a  control 

force  in  the  valve-closing  direction  in  place  of  the 
arrangement  comprising  the  spring  20c  and  the 
proportional  solenoid  20d  in  the  first  embodiment. 
Further,  a  control  unit  7B  stores  therein  the  rela- 

25  tionship  between  the  swash  plate  target  position  0o 
and  the  control  force  Fs,  which  directly  corre- 
sponds  to  the  setting  value  APuo  in  Fig.  8,  i.e.,  the 
relationship  between  the  swash  plate  target  position 
0o  and  the  control  force  Fs  that  the  control  force  Fs 

30  is  small  when  the  swash  plate  target  position  0o 
(demanded  flow  rate)  is  small,  and  it  increases  as 
the  swash  plate  target  position  0o  (demanded  flow 
rate)  increases.  Then,  the  corresponding  control 
force  Fs  is  read  out  from  the  swash  plate  target 

35  position  0o  and  the  corresponding  current  Is  is 
outputted  to  the  proportional  solenoid  20e.  As  a 
result,  the  setting  value  APuo  shown  in  Fig.  8  can 
be  provided  in  the  unloading  valve  by  using  the 
proportional  solenoid  20e  alone. 

40  In  short,  this  embodiment  can  also  apply  the 
setting  value  APuo  shown  in  Fig.  8  and  thus  pro- 
vide  the  similar  advantageous  effect  to  that  in  the 
first  embodiment. 

A  fourth  embodiment  of  the  present  invention 
45  will  be  described  below  with  reference  to  Figs.  14 

and  15.  This  embodiment  is  to  detect,  as  values 
associated  with  the  amounts  of  control  levers  of  the 
respective  flow  control  valves  and  employ  a  total 
value  of  the  detected  input  amounts. 

50  In  Fig.  14,  a  control  system  of  this  embodiment 
has  input  amount  sensors  13,  13A  which  are  re- 
spectively  coupled  to  control  levers  3a,  3b  for 
detecting  input  amounts,  i.e.,  demanded  flow  rates, 
of  the  flow  control  valves  3,  3A,  and  which  convert 

55  the  detected  input  amounts  into  electric  signals  X1  , 
X2,  followed  by  outputting  those  electric  signals  to 
a  control  unit  7C.  The  remaining  hardware  arrange- 
ment  is  the  same  as  that  in  the  first  embodiment  of 
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Fig.  1  and  identical  components  to  those  shown  in 
Fig.  1  are  denoted  by  the  same  reference  nu- 
merals. 

In  the  control  unit  7C,  as  shown  at  a  control 
block  203C  in  Fig.  15,  absolute  values  of  the  input 
amounts  of  the  flow  control  valves  3,  3A  respec- 
tively  represented  by  the  electric  signals  X1,  X2 
from  the  input  amount  sensors  13,  13A  are  added, 
as  a  value  associated  with  the  demanded  flow  rate 
of  the  flow  control  valve  3,  to  calculate  a  total  value 
EX  of  the  flow  rates  demanded  by  the  flow  control 
valves  3,  3A.  Then,  the  control  force  Fs  applied  by 
the  proportional  solenoid  20d  of  the  unloading 
valve  20  is  calculated  from  the  total  value  EX  of 
those  demanded  flow  rates.  This  calculation  of  the 
control  force  Fs  is  performed  by  storing  the  rela- 
tionship  between  EX  and  Fs  like  that  between  0o 
and  Fs  shown  in  Fig.  7  in  the  ROM  7c  (see  Fig.  3) 
beforehand,  and  reading  a  value  of  the  control 
force  Fs  which  corresponds  to  the  total  value  EX  of 
the  demanded  flow  rates. 

The  control  unit  7C  controls  the  solenoid  valves 
8g,  8h  of  the  swash  plate  position  controller  8  as 
with  the  case  of  the  first  embodiment  shown  in  Fig. 
9. 

Also  in  this  embodiment  arranged  as  stated 
above,  since  the  relationship  between  EX  and  Fs  is 
similar  to  that  between  0o  and  Fs  shown  in  Fig.  7, 
the  setting  value  obtained  by  subtracting  the  con- 
trol  force  Fs  from  the  urging  force  of  the  spring  20c 
in  the  unloading  valve  20  is  given  by  APuo  as 
shown  in  Fig.  8.  Consequently,  this  embodiment 
can  also  control  the  differential  pressure  AP  in  a 
like  manner  to  the  first  embodiment  and  provide 
the  similar  advantageous  effect  to  that  in  the  first 
embodiment. 

According  to  the  present  invention,  as  will  be 
apparent  from  the  foregoing  explanation,  the  dif- 
ferential  pressure  between  the  delivery  pressure  of 
the  hydraulic  pump  and  the  maximum  load  pres- 
sure  is  controlled  by  the  unloading  valve  when  the 
operation  amount  of  the  flow  control  valve  is  small 
and  so  is  the  demanded  flow  rate,  and  it  is  con- 
trolled  by  the  pump  control  means  when  the  opera- 
tion  amount  of  the  flow  control  valve  is  increased 
and  so  is  the  demanded  flow  rate,  with  the  result 
that  stable  control  of  the  differential  pressure  with 
small  pressure  change  can  be  achieved  when  the 
operation  amount  of  the  flow  control  valve  is  small, 
and  the  hydraulic  pump  can  be  controlled  with  a 
quick  response  when  the  operation  amount  of  the 
flow  control  valve  is  large.  In  addition,  when  the 
operation  amount  of  the  flow  control  valve  is  large, 
the  hydraulic  fluid  will  not  be  discharged  from  the 
unloading  valve,  thus  resulting  in  no  energy  loss. 

Claims 

1.  A  control  system  for  a  load  sensing  hydraulic 
drive  circuit  comprising  at  least  one  hydraulic 

5  pump  (1)  provided  with  displacement  volume 
varying  means  (1a),  at  least  one  hydraulic  ac- 
tuator  (2,  2A)  driven  by  a  hydraulic  fluid  deliv- 
ered  from  said  hydraulic  pump  (1),  a  flow 
control  valve  (3,  3A)  connected  between  said 

io  hydraulic  pump  (1)  and  said  actuator  (2,  2A) 
for  controlling  a  flow  rate  of  the  hydraulic  fluid 
supplied  to  said  actuator,  pump  control  means 
(5,  6,  7,  8)  for  controlling  a  delivery  rate  of  said 
hydraulic  pump  such  that  a  delivery  pressure 

is  of  said  hydraulic  pump  is  higher  by  a  first 
predetermined  value  APo  than  a  load  pressure 
of  said  actuator,  and  an  unloading  valve  (20) 
connected  between  said  hydraulic  pump  and 
said  actuator  for  holding  a  differential  pressure 

20  between  the  delivery  pressure  of  said  hydrau- 
lic  pump  and  the  load  pressure  of  said  actuator 
less  than  a  second  predetermined  value  APuo, 
said  control  system  being  characterized  by: 

first  means  (5)  for  detecting  a  value  asso- 
25  ciated  with  a  demanded  flow  rate  of  said  flow 

control  valve,  and 
second  means  (7)  for  controlling  said  un- 

loading  valve  (20)  based  on  said  value  asso- 
ciated  with  the  demanded  flow  rate  detected 

30  by  said  first  means  (5)  such  that  said  second 
predetermined  value  APuo  is  smaller  than  said 
first  predetermined  value  APo  when  said  de- 
manded  flow  rate  is  small,  and  said  second 
predetermined  value  APuo  becomes  larger 

35  than  said  first  predetermined  value  APo  as 
said  demanded  flow  rate  increases. 

2.  A  control  system  for  a  load  sensing  hydraulic 
drive  circuit  according  to  claim  1,  wherein: 

40  said  pump  control  means  (5,  6,  7,  8)  in- 
cludes  third  means  (7)  for  determining,  based 
on  the  differential  pressure  between  the  deliv- 
ery  pressure  of  said  hydraulic  pump  (1)  and 
the  load  pressure  of  said  actuator  (2,  2A),  a 

45  target  displacement  volume  adapted  to  hold 
said  differential  pressure  at  said  first  predeter- 
mined  value  APo,  and  fourth  means  (8)  for 
controlling  said  displacement  volume  varying 
means  (1a)  of  said  hydraulic  pump  such  that  a 

50  displacement  volume  of  said  hydraulic  pump 
coincides  with  the  target  displacement  volume 
determined  by  said  third  means  (7), 

said  first  means  (5)  comprises  means  for 
detecting,  as  said  value  associated  with  the 

55  demanded  flow  rate,  the  target  displacement 
volume  determined  by  said  third  means,  and 

said  second  means  (7)  comprises  means 
for  controlling  said  unloading  valve  based  on 

10 
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said  target  displacement  volume. 

3.  A  control  system  for  a  load  sensing  hydraulic 
drive  circuit  according  to  claim  1,  wherein: 

said  first  means  (5)  comprises  means  for  5 
detecting,  as  said  value  associated  with  the 
demanded  flow  rate,  an  actual  displacement 
volume  of  said  hydraulic  pump  (1),  and 

said  second  means  (7)  comprises  means 
for  controlling  said  unloading  valve  (20)  based  10 
on  said  actual  displacement  volume. 

4.  A  control  system  for  a  load  sensing  hydraulic 
drive  circuit  according  to  claim  1,  wherein: 

said  first  means  (5)  comprises  means  for  is 
detecting,  as  said  value  associated  with  the 
demanded  flow  rate,  an  operation  amount  of 
said  flow  control  valve  (3,  3A),  and 

said  second  means  (7)  comprises  means 
for  controlling  said  unloading  valve  (20)  based  20 
on  said  operation  amount. 

5.  A  control  system  for  a  load  sensing  hydraulic 
drive  circuit  according  to  claim  1,  comprising  a 
plurality  of  hydraulic  actuators  (2,  2A)  driven  25 
by  the  hydraulic  fluid  delivered  from  said  hy- 
draulic  pump  (1),  and  a  plurality  of  flow  control 
valves  (3,  3A)  respectively  connected  between 
said  hydraulic  pump  and  said  plural  actuators 
for  controlling  flow  rates  of  the  hydraulic  fluid  30 
supplied  to  said  actuators,  wherein: 

said  first  means  (5)  comprises  means  for 
detecting,  as  said  value  associated  with  the 
demanded  flow  rate,  respective  operation 
amounts  of  said  plural  flow  control  valves  (3,  35 
3A),  and  means  for  calculating  a  total  value  of 
the  operation  amounts  detected,  and 

said  second  means  (7)  comprises  means 
for  controlling  said  unloading  valve  (20)  based 
on  said  total  value  of  the  operation  amounts.  40 

6.  A  control  system  for  a  load  sensing  hydraulic 
drive  circuit  according  to  claim  1  ,  wherein  said 
second  means  (7)  includes  means  for  calculat- 
ing,  based  on  said  value  associated  with  the  45 
demanded  flow  rate  detected  by  said  first 
means  (5),  a  control  force  serving  to  make  said 
second  predetermined  value  APuo  smaller 
than  said  first  predetermined  value  APo  when 
said  demanded  flow  rate  is  small  and  to  make  so 
said  second  predetermined  APuo  value  larger 
than  said  first  predetermined  value  APo  as 
said  demanded  flow  rate  increases,  and  then 
outputting  an  electric  signal  dependent  on  the 
calculated  control  force,  and  means  (20d)  for  55 
receiving  said  electric  signal  to  produce  said 
control  force. 

7.  A  control  system  for  a  load  sensing  hydraulic 
drive  circuit  according  to  claim  1  ,  wherein  said 
unloading  valve  (20)  has  a  spring  (20c)  for 
applying  an  urging  force  in  the  valve-closing 
direction,  and  drive  means  (20d)  for  applying  a 
control  force  in  the  valve-opening  direction, 
and  wherein  said  second  means  (7)  includes 
means  for  determining,  based  on  said  value 
associated  with  the  demanded  flow  rate  de- 
tected  by  said  first  means  (5),  a  control  force 
that  is  large  when  said  demanded  flow  rate  is 
small  and  becomes  smaller  as  said  demanded 
flow  rate  increases,  and  means  (20d)  for  caus- 
ing  the  drive  means  of  said  unloading  valve  to 
produce  said  control  force. 

8.  A  control  system  for  a  load  sensing  hydraulic 
drive  circuit  according  to  claim  1  ,  wherein  said 
unloading  valve  (20)  has  drive  means  (20d)  for 
applying  a  control  force  in  the  valve-closing 
direction,  and  wherein  said  second  means  (7) 
includes  means  for  determining,  based  on  said 
value  associated  with  the  demanded  flow  rate 
detected  by  said  first  means  (5),  a  control 
force  that  is  small  when  said  demanded  flow 
rate  is  small  and  becomes  larger  as  said  de- 
manded  flow  rate  increases,  and  means  for 
causing  the  drive  means  (20d)  of  said  un- 
loading  valve  to  produce  said  control  force. 

Patentanspruche 

1.  Steuersystem  fur  lastabhangigen  Hydraulikan- 
triebskreis,  mit  wenigstens  einer  Hydraulik- 
pumpe  (1),  die  mit  einer  Verdrangungsvolu- 
men-Veranderungseinrichtung  (1a)  versehen 
ist,  wenigstens  einem  hydraulischen  Betati- 
gungselement  (2,  2A),  das  durch  ein  von  der 
Hydraulikpumpe  (1)  gefordertes  Hydraulikfluid 
angetrieben  wird,  einem  Stromungssteuerventil 
(3,  3A),  das  zwischen  die  Hydraulikpumpe  (1) 
und  das  Betatigungselement  (2,  2A)  funktional 
eingesetzt  ist  und  eine  Stromungsrate  des 
zum  Betatigungselement  gelieferten  Hydraulik- 
fluids  steuert,  einer  Pumpensteuereinrichtung 
(5,  6,  7,  8),  die  eine  Forderrate  der  Hydraulik- 
pumpe  in  der  Weise  steuert,  dal3  der  Forder- 
druck  der  Hydraulikpumpe  urn  einen  ersten 
vorgegebenen  Wert  APo  hoher  als  ein  Last- 
druck  des  Betatigungselements  ist,  und  einem 
Entlastungsventil  (20),  das  zwischen  die  Hy- 
draulikpumpe  und  das  Betatigungselement 
funktional  eingesetzt  ist  und  einen  Differenz- 
druck  zwischen  dem  Forderdruck  der  Hydrau- 
likpumpe  und  dem  Lastdruck  des  Betatigungs- 
elements  halt,  der  niedriger  als  ein  zweiter 
vorgegebener  Wert  APuo  ist,  wobei  das  Steu- 
ersystem  gekennzeichnet  ist  durch: 

11 
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eine  erste  Einrichtung  (5),  die  einen  Wert 
erfaBt,  der  der  geforderten  Stromungsrate  des 
Stromungssteuerventils  zugehort,  und 

eine  zweite  Einrichtung  (7),  die  das  Entla- 
stungsventil  (20)  auf  der  Grundlage  des  Wer-  5 
tes  steuert,  der  der  von  der  ersten  Einrichtung 
(5)  erfaBten  geforderten  Stromungsrate  zuge- 
hort,  so  daB  der  zweite  vorgegebene  Wert 
APuo  kleiner  als  der  erste  vorgegebene  Wert 
APo  ist,  wenn  die  geforderte  Stromungsrate  10 
klein  ist,  und  der  zweite  vorgegebene  Wert 
APuo  groBer  als  der  erste  vorgegebene  Wert 
APo  wird,  wenn  die  geforderte  Stromungsrate 
ansteigt. 

75 
Steuersystem  fur  lastabhangigen  Hydraulikan- 
triebskreis  nach  Anspruch  1,  bei  dem: 

die  Pumpensteuereinrichtung  (5,  6,  7,  8) 
eine  dritte  Einrichtung  (7),  die  auf  der  Grundla- 
ge  des  Differenzdrucks  zwischen  dem  Forder-  20 
druck  der  Hydraulikpumpe  (1)  und  dem  Last- 
druck  des  Betatigungselements  (2,  2A)  ein 
Soll-Verdrangungsvolumen  bestimmt,  das  so 
bemessen  ist,  daB  der  Differenzdruck  auf  dem 
ersten  vorgegebenen  Wert  A  Po  gehalten  wird,  25 
sowie  eine  vierte  Einrichtung  (8)  enthalt,  die 
die  Verdrangungsvolumen-Veranderungsein- 
richtung  (1a)  der  Hydraulikpumpe  in  der  Weise 
steuert,  daB  ein  Verdrangungsvolumen  der  Hy- 
draulikpumpe  mit  dem  von  der  dritten  Einrich-  30 
tung  (7)  bestimmten  Soll-Verdrangungsvolu- 
men  ubereinstimmt, 

die  erste  Einrichtung  (5)  eine  Einrichtung 
enthalt,  die  fur  den  der  geforderten  Stro- 
mungsrate  zugehorigen  Wert  das  von  der  drit-  35 
ten  Einrichtung  bestimmte  Soll-Verdrangungs- 
volumen  erfaBt,  und 

die  zweite  Einrichtung  (7)  eine  Einrichtung 
enthalt,  die  das  Entlastungsventil  auf  der 
Grundlage  des  Soll-Verdrangungsvolumens  40 
steuert. 

Steuersystem  fur  lastabhangigen  Hydraulikan- 
triebskreis  nach  Anspruch  1,  bei  dem: 

die  erste  Einrichtung  (5)  eine  Einrichtung  45 
enthalt,  die  fur  den  der  geforderten  Stro- 
mungsrate  zugehorigen  Wert  ein  tatsachliches 
Verdrangungsvolumen  der  Hydraulikpumpe  (1) 
erfaBt,  und 

die  zweite  Einrichtung  (7)  eine  Einrichtung  50 
enthalt,  die  das  Entlastungsventil  (20)  auf  der 
Grundlage  des  tatsachlichen  Verdrangungsvo- 
lumens  steuert. 

Steuersystem  fur  lastabhangigen  Hydraulikan-  55 
triebskreis  nach  Anspruch  1,  bei  dem: 

die  erste  Einrichtung  (5)  eine  Einrichtung 
enthalt,  die  fur  den  der  geforderten  Stro- 

mungsrate  zugehorigen  Wert  eine  Betriebsgro- 
Be  des  Stromungssteuerventils  (3,  3A)  erfaBt, 
und 

die  zweite  Einrichtung  (7)  eine  Einrichtung 
enthalt,  die  das  Entlastungsventil  (20)  auf  der 
Grundlage  der  BetriebsgroBe  steuert. 

5.  Steuersystem  fur  lastabhangigen  Hydraulikan- 
triebskreis  nach  Anspruch  1  ,  mit  mehreren  hy- 
draulischen  Betatigungselementen  (2,  2A),  die 
von  dem  von  der  Hydraulikpumpe  (1)  gefor- 
derten  Hydraulikfluid  angetrieben  werden,  und 
mehreren  Stromungssteuerventilen  (3,  3A),  die 
entsprechend  zwischen  die  Hydraulikpumpe 
und  die  mehreren  Betatigungselemente  funk- 
tional  eingesetzt  sind  und  die  Stromungsraten 
des  an  die  jeweiligen  Betatigungselemente  ge- 
lieferten  Hydraulikfluids  steuern,  wobei: 

die  erste  Einrichtung  (5)  eine  Einrichtung, 
die  fur  den  der  geforderten  Stromungsrate  zu- 
gehorigen  Wert  die  jeweiligen  BetriebsgroBen 
der  mehreren  Stromungssteuerventile  (3,  3A) 
erfaBt,  sowie  eine  Einrichtung  enthalt,  die  den 
Gesamtwert  der  erfaBten  BetriebsgroBen  be- 
rechnet,  und 

eine  zweite  Einrichtung  (7)  eine  Einrich- 
tung  enthalt,  die  das  Entlastungsventil  (20)  auf 
der  Grundlage  des  Gesamtwertes  der  Be- 
triebsgroBen  steuert. 

6.  Steuersystem  fur  lastabhangigen  Hydraulikan- 
triebskreis  nach  Anspruch  1  ,  bei  dem  die  zwei- 
te  Einrichtung  (7)  eine  Einrichtung,  die  auf  der 
Grundlage  des  Wertes,  der  der  von  der  ersten 
Einrichtung  (5)  erfaBten  geforderten  Stro- 
mungsrate  zugehort,  eine  Steuerkraft  berech- 
net,  die  dazu  dient,  den  zweiten  vorgegebenen 
Wert  APuo  kleiner  als  den  ersten  vorgegebe- 
nen  Wert  APo  zu  machen,  wenn  die  geforderte 
Stromungsrate  klein  ist,  und  urn  den  zweiten 
vorgegebenen  Wert  APuo  groBer  als  den  er- 
sten  vorgegebenen  Wert  APo  zu  machen, 
wenn  die  geforderte  Stromungsrate  ansteigt, 
und  dann  in  Anhangigkeit  von  der  berechneten 
Steuerkraft  ein  elektrisches  Signal  ausgibt,  so- 
wie  eine  Einrichtung  (20d)  enthalt,  die  das 
elektrische  Signal  empfangt,  mit  dem  die  Steu- 
erkraft  erzeugt  wird. 

7.  Steuersystem  fur  lastabhangigen  Hydraulikan- 
triebskreis  nach  Anspruch  1  ,  bei  dem  das  Ent- 
lastungsventil  (20)  versehen  ist  mit  einer  Feder 
(20c),  die  in  VentilschlieBrichtung  eine  Zwangs- 
kraft  anlegt,  und  einer  Antriebseinrichtung 
(20d),  die  in  Ventiloffnungsrichtung  eine  Steu- 
erkraft  anlegt,  und  bei  dem  die  zweite  Einrich- 
tung  (7)  eine  Einrichtung,  die  auf  der  Grundla- 
ge  des  Wertes,  der  der  von  der  ersten  Einrich- 
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tung  (5)  erfaBten  geforderten  Stromungsrate 
zugehort,  eine  Steuerkraft  bestimmt,  die  groB 
ist,  wenn  die  geforderte  Stromungsrate  klein 
ist,  und  kleiner  wird,  wenn  die  geforderte  Stro- 
mungsrate  ansteigt,  sowie  eine  Einrichtung 
(20d)  enthalt,  die  die  Antriebseinrichtung  des 
Entlastungsventils  dazu  veranlaBt,  die  Steuer- 
kraft  zu  erzeugen. 

8.  Steuersystem  fur  lastabhangigen  Hydraulikan- 
triebskreis  nach  Anspruch  1  ,  bei  dem  das  Ent- 
lastungsventil  (20)  eine  Antriebseinrichtung 
(20d)  enthalt,  die  in  VentilschlieBrichtung  eine 
Steuerkraft  anlegt,  und  bei  dem  die  zweite 
Einrichtung  (7)  eine  Einrichtung,  die  auf  der 
Grundlage  des  Wertes,  der  der  durch  die  erste 
Einrichtung  (5)  erfaBten  geforderten  Stro- 
mungsrate  zugehort,  eine  Steuerkraft  be- 
stimmt,  die  klein  ist,  wenn  die  geforderte  Stro- 
mungsrate  klein  ist,  und  groBer  wird,  wenn  die 
geforderte  Stromungsrate  ansteigt,  sowie  eine 
Einrichtung  enthalt,  die  die  Antriebseinrichtung 
(20d)  des  Entlastungsventils  dazu  veranlaBt, 
die  Steuerkraft  zu  erzeugen. 

Revendicatlons 

1.  Dispositif  de  commande  pour  un  circuit  d'en- 
traTnement  hydraulique  a  detection  de  charge 
qui  comprend  au  moins  une  pompe  hydrauli- 
que  (1)  pourvue  d'un  moyen  (1a)  de  variation 
de  la  cylindree,  au  moins  un  actionneur  hy- 
draulique  (2,  2A)  entraTne  par  un  fluide  hydrau- 
lique  delivre  par  ladite  pompe  hydraulique  (1), 
une  vanne  (3,  3A)  de  commande  du  debit 
branchee  entre  ladite  pompe  hydraulique  (1)  et 
ledit  actionneur  (2,  2A)  pour  regler  le  debit  du 
fluide  hydraulique  envoye  audit  actionneur,  des 
moyens  (5,  6,  7,  8)  de  commande  de  la  pompe 
destines  a  regler  le  debit  de  refoulement  de 
ladite  pompe  hydraulique  pour  que  la  pression 
de  refoulement  de  ladite  pompe  hydraulique 
soit  superieure  d'une  premiere  valeur  predeter- 
mined  AP0  a  la  pression  de  charge  dudit  ac- 
tionneur,  et  une  valve  de  decharge  (20)  bran- 
chee  entre  ladite  pompe  hydraulique  et  ledit 
actionneur  pour  maintenir  une  pression  diffe- 
rentielle  entre  la  pression  de  refoulement  de 
ladite  pompe  hydraulique  et  la  pression  de 
charge  dudit  actionneur  inferieure  a  une  se- 
conde  valeur  predeterminee  APuo  ,  ledit  dispo- 
sitif  de  commande  etant  caracterise  par  : 

-  un  premier  moyen  (5)  qui  detecte  une 
valeur  associee  au  debit  demande  de 
ladite  vanne  de  commande  du  debit,  et 

-  un  second  moyen  (7)  qui  commande  la- 
dite  valve  de  decharge  (20)  en  se  basant 
sur  ladite  valeur  associee  au  debit  de- 

mande  detectee  par  ledit  premier  moyen 
(5)  de  telle  sorte  que  ladite  seconde  va- 
leur  predeterminee  APuo  soit  inferieure  a 
ladite  premiere  valeur  predeterminee 

5  AP0  quand  ledit  debit  demande  est  faible 
et  que  ladite  seconde  valeur  predetermi- 
nee  APuo  devienne  superieure  a  ladite 
premiere  valeur  predeterminee  AP0 
quand  ledit  debit  demande  augmente. 

10 
2.  Dispositif  de  commande  pour  un  circuit  d'en- 

traTnement  hydraulique  a  detection  de  charge 
selon  la  revendication  1,  dans  lequel: 

-  lesdits  moyens  (5,  6,  7,  8)  de  commande 
is  de  la  pompe  incluent  un  troisieme 

moyen  (7)  pour  determiner,  en  se  basant 
sur  la  pression  differentielle  entre  la 
pression  de  refoulement  de  ladite  pompe 
hydraulique  (1)  et  la  pression  de  charge 

20  dudit  actionneur  (2,  2A),  une  cylindree 
cible  apte  a  maintenir  ladite  pression  dif- 
ferentielle  a  ladite  premiere  valeur  prede- 
terminee  APo  et  un  quatrieme  moyen 
(8)  pour  commander  ledit  moyen  (1a)  de 

25  variation  de  la  cylindree  de  ladite  pompe 
hydraulique  afin  que  la  cylindree  de  ladi- 
te  pompe  hydraulique  coincide  avec  la 
cylindree  cible  determinee  par  ledit  troi- 
sieme  moyen  (7), 

30  -  ledit  premier  moyen  (5)  comprend  un 
moyen  pour  detecter,  en  tant  que  ladite 
valeur  associee  au  debit  demande,  la 
cylindree  cible  determinee  par  ledit  troi- 
sieme  moyen  (7),  et 

35  -  ledit  second  moyen  (7)  comprend  un 
moyen  pour  commander  ladite  valve  de 
decharge  en  se  basant  sur  ladite  cylin- 
dree  cible. 

40  3.  Dispositif  de  commande  pour  un  circuit  d'en- 
traTnement  hydraulique  a  detection  de  charge 
selon  la  revendication  1,  dans  lequel: 

-  ledit  premier  moyen  (5)  comprend  un 
moyen  pour  detecter,  en  tant  que  ladite 

45  valeur  associee  au  debit  demande,  une 
cylindree  reelle  de  ladite  pompe  hydrau- 
lique  (1),  et 

-  ledit  second  moyen  (7)  comprend  un 
moyen  pour  commander  ladite  valve  de 

50  decharge  (20)  en  se  basant  sur  ladite 
cylindree  reelle. 

4.  Dispositif  de  commande  pour  un  circuit  d'en- 
traTnement  hydraulique  a  detection  de  charge 

55  selon  la  revendication  1,  dans  lequel: 
-  ledit  premier  moyen  (5)  comprend  un 

moyen  pour  detecter,  en  tant  que  ladite 
valeur  associee  au  debit  demande,  une 
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valeur  d'actionnement  de  ladite  vanne  (3, 
3A)  de  commande  du  debit,  et 

-  ledit  second  moyen  (7)  comprend  un 
moyen  pour  commander  ladite  valve  de 
decharge  (20)  en  se  basant  sur  ladite 
valeur  d'actionnement. 

5.  Dispositif  de  commande  pour  un  circuit  d'en- 
traTnement  hydraulique  a  detection  de  charge 
selon  la  revendication  1,  qui  comprend  une 
pluralite  d'actionneurs  hydrauliques  (2,  2A)  en- 
traTnes  par  le  fluide  hydraulique  delivre  par 
ladite  pompe  hydraulique  (1)  et  une  pluralite 
de  vannes  (3,  3A)  de  commande  du  debit 
respectivement  branchees  entre  ladite  pompe 
hydraulique  et  lesdits  actionneurs  pour  regler 
les  debits  de  fluide  hydraulique  envoyes  aux- 
dits  actionneurs,  dans  lequel  : 

-  ledit  premier  moyen  (5)  comprend  des 
moyens  pour  detecter,  en  tant  que  ladite 
valeur  associee  au  debit  demande,  les 
valeurs  d'actionnement  respectives  de  la- 
dite  pluralite  de  vannes  (3,  3A)  de  com- 
mande  du  debit,  et  un  moyen  pour  cal- 
culer  la  somme  totale  des  valeurs  d'ac- 
tionnement  detectees,  et 

-  ledit  second  moyen  (7)  comprend  un 
moyen  pour  commander  ladite  valve  de 
decharge  (20)  en  se  basant  sur  ladite 
somme  totale  des  valeurs  d'actionne- 
ment. 

une  force  de  commande  dans  la  direction 
d'ouverture  de  la  valve,  et  dans  lequel  ledit 
second  moyen  (7)  comprend  un  moyen  pour 
determiner,  en  se  basant  sur  ladite  valeur  as- 

5  sociee  au  debit  demande  et  detectee  par  ledit 
premier  moyen  (5),  une  force  de  commande 
qui  est  importante  quand  le  debit  demande  est 
faible  et  qui  diminue  a  mesure  que  le  debit 
demande  augmente  et  un  moyen  (20d)  pour 

io  faire  que  ledit  moyen  d'entraTnement  de  ladite 
valve  de  decharge  produise  ladite  force  de 
commande. 

8.  Dispositif  de  commande  pour  un  circuit  d'en- 
15  traTnement  hydraulique  a  detection  de  charge 

selon  la  revendication  1,  dans  lequel  ladite 
valve  de  decharge  (20)  comporte  un  moyen 
d'entraTnement  (20d)  qui  applique  une  force  de 
commande  dans  la  direction  de  fermeture  de 

20  la  valve,  et  dans  lequel  ledit  second  moyen  (7) 
comprend  un  moyen  pour  determiner,  en  se 
basant  sur  ladite  valeur  associee  au  debit  de- 
mande  et  detectee  par  ledit  premier  moyen 
(5),  une  force  de  commande  qui  est  faible 

25  quand  le  debit  demande  est  faible  et  qui  gran- 
dit  a  mesure  que  le  debit  demande  augmente 
et  un  moyen  pour  faire  que  ledit  moyen  d'en- 
traTnement  (20d)  de  ladite  valve  de  decharge 
produise  ladite  force  de  commande. 

6.  Dispositif  de  commande  pour  un  circuit  d'en- 
traTnement  hydraulique  a  detection  de  charge 
selon  la  revendication  1,  dans  lequel  ledit  se-  35 
cond  moyen  (7)  comprend  un  moyen  pour 
calculer,  en  se  basant  dur  ladite  valeur  asso- 
ciee  au  debit  demande  et  detectee  par  ledit 
premier  moyen  (5),  une  force  de  commande 
qui  sert  a  rendre  ladite  seconde  valeur  prede-  40 
terminee  APuo  plus  petite  que  ladite  premiere 
valeur  predeterminee  AP0  quand  ledit  debit 
demande  est  faible  et  a  rendre  ladite  seconde 
valeur  predeterminee  APuo  superieure  a  ladite 
premiere  valeur  predeterminee  AP0  quand  le-  45 
dit  debit  demande  augmente,  et  pour  emettre 
ensuite  un  signal  electrique  qui  depend  de  la 
force  de  commande  calculee,  et  un  moyen 
(20d)  qui  regoit  ledit  signal  electrique  pour 
produire  ladite  force  de  commande.  50 

7.  Dispositif  de  commande  pour  un  circuit  d'en- 
traTnement  hydraulique  a  detection  de  charge 
selon  la  revendication  1,  dans  lequel  ladite 
valve  de  decharge  (20)  comporte  un  ressort  55 
(20c)  qui  applique  une  force  de  sollicitation 
dans  la  direction  de  fermeture  de  la  valve  et 
un  moyen  d'entraTnement  (20d)  qui  applique 
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