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©  HYDRAULIC  DRIVING  DEVICE  FOR  A  CONSTRUCTION. 

©  A  hydraulic  driving  device  for  a  construction 
machine  comprising  a  first  hydraulic  pump  (1),  a 
second  hydraulic  pump  (2),  a  plurality  of  actuators 

"   including  at  least  two  running  motors  (4,  7)  driven  by 
^-  virtue  of  pressure  oil  discharged  from  these  first  and 
2   second  hydraulic  pumps  and  an  earth  discharging 

plate  elevating  cylinder  (9),  and  a  plurality  of  direc- 
^   tion  control  valves  including  at  least  two  running 
^   direction  control  valves  (34,  37)  for  controlling  the 

flow  of  pressure  oil  supplied  from  the  first  and  sec- 
O  ond  hydraulic  pumps  to  the  plurality  of  respective 
q_  actuators  and  an  earth  discharging  plate  elevating 
LU  direction  control  valve  (39),  wherein  the  earth  dis- 

charging  plate  elevating  direction  control  valve  (39) 
has  a  load  check  valve  (53)  provided  along  a  feeder 

line  (49)  thereof  to  thereby  effect  a  combined  opera- 
tion  of  an  earth  discharging  plate  (25)  elevating  and 
running,  the  hydraulic  device  being  characterized  in 
that  one  (37)  of  the  two  running  direction  control 
valves  (34,  37)  and  the  earth  discharging  plate  ele- 
vating  direction  control  valve  (39)  are  connected  to 
one  (2)  of  the  first  and  second  hydraulic  pumps  (1, 
2)  in  parallel,  that  a  throttle  valve  (50)  is  provided  on 
the  upstream  side  of  the  load  check  valve  (53) 
provided  at  a  position  along  the  feeder  line  (49)  of 
the  earth  discharging  plate  elevating  direction  control 
valve  (39),  and  that  refilling  means  (51  ,  52,  54,  3)  for 
refilling  pressure  oil  are  provided  on  the  downstream 
side  of  the  load  check  valve  (53)  provided  along  the 
feeder  line  (49)  of  the  earth  discharging  plate  elevat- 
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ing  direction  control  valve  (39). 
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TECHNICAL  FIELD 

The  present  invention  relates  to  a  hydraulic 
drive  system  which  is  equipped  on  construction 
machines  such  as  small-sized  hydraulic  excavators 
and  is  able  to  perform  the  combined  operation  of 
up-and-down  movement  of  a  blade  and  travel  of 
the  machine. 

BACKGROUND  ART 

Fig.  3  is  a  circuit  diagram  showing  one  exam- 
ple  of  prior  art  hydraulic  drive  systems  of  the 
above-mentioned  type.  The  illustrated  prior  art  sys- 
tem  includes  three  primary  hydraulic  pumps,  i.e.,  a 
first  hydraulic  pump  1,  a  second  hydraulic  pump  2, 
and  a  third  hydraulic  pump  26.  The  system  also 
includes  a  left-hand  track  motor  4  for  driving  a  left- 
hand  crawler  belt  which  constitutes  an  undercar- 
riage  (not  shown),  a  boom  cylinder  5  for  driving  a 
boom  which  constitutes  a  front  attachment  (not 
shown),  and  a  bucket  cylinder  6  for  driving  a  buck- 
et  which  constitutes  the  front  attachment  (not 
shown),  as  actuators  driven  by  a  hydraulic  fluid 
delivered  from  the  first  hydraulic  pump  1;  a  right- 
hand  track  motor  7  for  driving  a  right-hand  crawler 
belt  which  constitutes  the  undercarriage  (not 
shown)  and  an  arm  cylinder  8  for  driving  an  arm 
which  constitutes  the  front  attachment  (not  shown), 
as  actuators  driven  by  a  hydraulic  fluid  delivered 
from  the  second  hydraulic  pump  2;  and  a  blade 
lifting/lowering  cylinder  9  for  driving  a  blade  (not 
shown)  and  a  swing  motor  10  for  driving  an  upper 
structure  (not  shown)  which  constitutes  a  machine 
body  with  a  cab  installed  thereon,  as  actuators 
driven  by  a  hydraulic  fluid  delivered  from  the  third 
hydraulic  pump  3.  Further,  the  system  includes  a 
left-hand  track  directional  control  valve  34,  a  boom 
directional  control  valve  35  and  a  bucket  directional 
control  valve  36  for  controlling  respective  flows  of 
the  hydraulic  fluid  supplied  from  the  first  hydraulic 
pump  1  to  the  left-hand  track  motor  4,  the  boom 
cylinder  5  and  the  bucket  cylinder  6;  a  right-hand 
track  directional  control  valve  37  and  an  arm  direc- 
tional  control  valve  38  for  controlling  respective 
flows  of  the  hydraulic  fluid  supplied  from  the  sec- 
ond  hydraulic  pump  2  to  the  right-hand  track  motor 
7  and  the  arm  cylinder  8;  and  a  blade  lift- 
ing/lowering  directional  control  valve  39  and  a 
swing  directional  control  valve  40  for  controlling 
respective  flows  of  the  hydraulic  fluid  supplied  from 
the  third  hydraulic  pump  26  to  the  blade  lift- 
ing/lowering  cylinder  9  and  the  swing  motor  10. 

In  the  above-described  prior  art,  the  combined 
operation  of  up-and-down  movement  of  the  blade 
and  travel  of  the  machine,  for  example,  is  carried 
out  by  shifting  the  left-hand  track  directional  control 
valve  34,  the  right-hand  track  directional  control 

valve  37  and  the  blade  lifting/lowering  directional 
control  valve  39.  More  specifically,  the  left-hand 
track  directional  control  valve  34  is  shifted  to  sup- 
ply  the  hydraulic  fluid  from  the  first  hydraulic  pump 

5  1  to  the  left-hand  track  motor  4,  the  right-hand 
track  directional  control  valve  37  is  shifted  to  sup- 
ply  the  hydraulic  fluid  from  the  second  hydraulic 
pump  2  to  the  right-hand  track  motor  7,  and  the 
blade  lifting/lowering  directional  control  valve  39  is 

io  shifted  to  supply  the  hydraulic  fluid  from  the  third 
hydraulic  pump  26  to  the  blade  lifting/lowering  cyl- 
inder  9.  As  a  result,  the  left-hand  crawler  belt,  the 
right-hand  crawler  belt  and  the  blade  which  con- 
stitute  the  undercarriage  (not  shown)  are  driven  to 

75  carry  out  the  combined  operation  of  up-and-down 
movement  of  the  blade  and  travel  of  the  machine. 

Fig.  4  is  a  circuit  diagram  showing  another 
example  of  prior  art  hydraulic  drive  systems  of  the 
above-mentioned  type.  The  illustrated  other  prior 

20  art  system  includes  only  two  primary  hydraulic 
pumps,  i.e.,  a  first  hydraulic  pump  1  and  a  second 
hydraulic  pump  2.  A  left-hand  track  directional  con- 
trol  valve  34  for  controlling  the  driving  of  a  left- 
hand  track  motor  4  is  connected  to  the  first  hydrau- 

25  lie  pump  1  ,  and  a  boom  directional  control  valve  35 
for  controlling  the  driving  of  a  boom  cylinder  5  and 
a  bucket  directional  control  valve  36  for  controlling 
the  driving  of  a  bucket  cylinder  6  are  connected  in 
parallel  downstream  of  the  left-hand  track  direc- 

30  tional  control  valve  34.  On  the  other  hand,  a  blade 
lifting/lowering  directional  control  valve  39  for  con- 
trolling  the  driving  of  a  blade  lifting/lowering  cyl- 
inder  9,  a  swing  directional  control  valve  40  for 
controlling  the  driving  of  a  swing  motor  10,  and  an 

35  arm  directional  control  valve  38  for  controlling  the 
driving  of  an  arm  cylinder  8  are  connected  to  the 
second  hydraulic  pump  2  in  parallel.  A  right-hand 
track  directional  control  valve  37  for  controlling  the 
driving  of  a  right-hand  track  motor  7  is  connected 

40  downstream  of  those  directional  control  valves  39, 
40  and  38. 

The  system  also  includes  a  communication  line 
12  for  communicating  an  inlet  port  1  1  d  of  the  left- 
hand  track  directional  control  valve  34  and  an  inlet 

45  port  11e  of  the  right-hand  track  directional  control 
valve  37  with  each  other,  a  switching  valve  13 
connected  in  the  communication  line  12,  a  hydrau- 
lic  source  11,  a  line  11a  for  communicating  the 
hydraulic  source  11  with  a  drive  sector  of  the 

50  switching  valve  13,  a  throttle  11b  provided  in  the 
line  11a,  and  a  line  11c  having  one  end  connected 
to  a  portion  of  the  line  11a  between  the  throttle  11b 
and  the  drive  sector  of  the  switching  valve  13  and 
the  other  end  communicated  with  a  reservoir 

55  through  the  directional  control  valves  39,  40,  38, 
37,  36,  35  and  34. 

In  the  other  prior  art  shown  in  Fig.  4,  when  the 
left-hand  track  directional  control  valve  34,  the 

3 
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right-hand  track  directional  control  valve  37  and  the 
blade  lifting/lowering  directional  control  valve  39 
are  shifted  for  the  combined  operation  of  up-and- 
down  movement  of  the  blade  and  travel  of  the 
machine,  the  hydraulic  fluid  from  the  second  hy- 
draulic  pump  2  is  supplied  to  the  blade  lift- 
ing/lowering  cylinder  9  upon  the  shifting  of  the 
blade  lifting/lowering  directional  control  valve  39,  so 
that  the  blade  (not  shown)  is  moved  up  or  down.  At 
the  same  time  as  the  shifting  of  the  blade  lift- 
ing/lowering  directional  control  valve  39,  etc.,  the 
communication  between  the  line  11c  and  the  reser- 
voir  is  cut  off,  whereupon  a  pressure  is  applied  to 
the  drive  sector  of  the  switching  valve  13,  causing 
the  switching  valve  13  to  be  shifted  against  the 
resilient  force  of  a  spring  into  a  lower  shift  position 
at  which  the  valve  13  is  held  open.  As  a  result,  the 
left-hand  track  directional  control  valve  34  and  the 
right-hand  track  directional  control  valve  37  are 
connected  to  the  first  hydraulic  pump  1  in  parallel, 
and  the  hydraulic  fluid  from  the  first  hydraulic 
pump  1  is  supplied  to  both  the  left-hand  track 
motor  4  and  the  right-hand  track  motor  7  for  driving 
the  left-hand  crawler  belt  and  the  right-hand  crawler 
belt  which  constitute  the  undercarriage  (not 
shown),  to  thereby  travel  the  machine. 

With  the  other  prior  art  thus  arranged,  the 
combined  operation  of  up-and-down  movement  of 
the  blade  and  travel  of  the  machine  can  be  realized 
by  providing  only  the  two  hydraulic  pumps  1,  2, 
and  the  hydraulic  drive  system  can  be  obtained  at 
a  lower  production  cost  than  with  the  former  prior 
art  shown  in  Fig.  3.  Further,  since  there  is  no  need 
of  securing  a  space  for  installation  of  the  third 
hydraulic  pump,  a  sufficient  space  is  available  for 
installation  of  other  equipment.  Hence,  the  latter 
prior  art  is  generally  suitable  for  small-sized  hy- 
draulic  excavators  or  the  like  which  are  subject  to 
harder  restrictions  in  an  available  space  for  installa- 
tion  of  equipment,  and  is  superior  to  the  former 
prior  art  shown  in  Fig.  3. 

Note  that  the  arrangement  similar  to  the  prior 
art  shown  in  Fig.  4  is  disclosed  in  JP,  A,  4-55529. 

DISCLOSURE  OF  THE  INVENTION 

However,  the  above-mentioned  prior  art  shown 
in  Fig.  4  has  the  problem  as  follows.  During  the 
sole  operation  of  travel  in  which  the  hydraulic  fluid 
from  the  first  hydraulic  pump  1  is  supplied  to  the 
left-hand  track  motor  4  and  the  hydraulic  fluid  from 
the  second  hydraulic  pump  2  is  supplied  to  the 
right-hand  track  motor  7,  when  the  blade  lifting/- 
lowering  directional  control  valve  39  is  shifted  into 
a  lower  shift  position  in  Fig.  4  to  supply  the  hydrau- 
lic  fluid  from  the  second  hydraulic  pump  2  to  the 
bottom  side  of  the  blade  lifting/lowering  cylinder  9 
so  that  the  cylinder  9  is  actuated  to  extend  for 

operating  the  blade,  e.g.,  moving  the  blade  down, 
the  hydraulic  fluid  from  the  second  hydraulic  pump 
2  fails  to  be  supplied  to  the  right-hand  track  motor 
7  because  the  load  of  the  blade  lifting/lowering 

5  cylinder  9  is  lighter  than  that  of  the  right-hand  track 
motor  7.  This  results  in  the  condition  where  the 
right-hand  track  motor  7  and  the  left-hand  track 
motor  4  are  both  driven  by  the  hydraulic  fluid  from 
the  first  hydraulic  pump  1  as  described  before. 

io  Accordingly,  the  traveling  speed  is  abruptly  re- 
duced  as  compared  with  the  speed  preceding. 
Thus,  the  operability  of  the  combined  operation  of 
travel  and  blade  movement  is  deteriorated,  and  the 
working  efficiency  is  reduced  remarkably. 

is  The  present  invention  has  been  made  in  view 
of  the  state  of  art  described  above,  and  its  object  is 
to  provide  a  hydraulic  drive  system  for  a  construc- 
tion  machine  which  can  suppress  an  abrupt  reduc- 
tion  in  the  traveling  speed  when  a  blade  is  op- 

20  erated  with  a  load  lighter  than  the  travel  load  while 
the  machine  is  traveling. 

To  achieve  the  above  object,  a  hydraulic  drive 
system  for  a  construction  machine  according  to  the 
present  invention  is  arranged  below.  In  a  hydraulic 

25  drive  system  for  a  construction  machine  compris- 
ing  a  first  hydraulic  pump,  a  second  hydraulic 
pump,  a  plurality  of  actuators  including  at  least  two 
track  motors  and  a  blade  lifting/lowering  cylinder 
which  are  driven  by  hydraulic  fluids  delivered  from 

30  the  first  and  second  hydraulic  pumps,  and  a  plural- 
ity  of  directional  control  valves  including  at  least 
two  track  directional  control  valves  and  a  blade 
lifting/lowering  directional  control  valve  for  control- 
ling  respective  flows  of  the  hydraulic  fluids  sup- 

35  plied  from  the  first  and  second  hydraulic  pumps  to 
the  plurality  of  actuators,  the  blade  lifting/-lowering 
directional  control  valve  including  a  load  check 
valve  disposed  in  its  feeder  line,  the  system  being 
capable  of  performing  the  combined  operation  of 

40  up-and-down  movement  of  a  blade  and  travel  of 
the  machine,  one  of  the  two  track  directional  con- 
trol  valves  and  the  blade  lifting/lowering  directional 
control  valve  are  connected  to  one  of  the  first 
hydraulic  pump  and  the  second  hydraulic  pump  in 

45  parallel,  and  a  throttle  valve  is  disposed  upstream 
of  the  load  check  valve  in  the  feeder  line  of  the 
blade  lifting/lowering  directional  control  valve. 

Preferably,  additional  supply  means  capable  of 
replenishing  a  hydraulic  fluid  is  connected  down- 

so  stream  of  the  load  check  valve  in  the  feeder  line  of 
the  blade  lifting/lowering  directional  control  valve.  In 
this  case,  preferably,  the  additional  supply  means 
includes  a  pilot  pump  as  a  hydraulic  source.  Also, 
preferably,  at  least  some  of  the  plurality  of  direc- 

55  tional  control  valves  are  of  the  hydraulic  pilot  op- 
erated  type,  and  the  hydraulic  drive  system  further 
comprises  a  pilot  operating  system  including  a  pilot 
pump  and  control  lever  means  which  are  asso- 

4 
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ciated  with  those  hydraulic  pilot  operated  direc- 
tional  control  valves  and  produce  signal  pressures 
depending  on  input  amounts  of  the  control  lever 
means  based  on  a  hydraulic  fluid  from  the  pilot 
pump  for  shifting  the  corresponding  directional 
control  valves,  the  hydraulic  pump  in  the  pilot  op- 
erating  system  doubling  as  the  pilot  pump  of  the 
additional  supply  means. 

Furthermore,  preferably,  an  opening  of  the 
throttle  valve  is  set  such  that  the  hydraulic  fluid 
delivered  from  the  one  second  hydraulic  pump  is 
supplied  to  the  one  track  directional  control  valve 
and  the  blade  lifting/lowering  directional  control 
valve  in  a  distributed  manner  during  work  of  mov- 
ing  the  blade  down. 

In  the  hydraulic  drive  system  of  the  present 
invention  thus  arranged,  when  the  hydraulic  fluid  is 
supplied  to  the  bottom  side  of  the  blade  lift- 
ing/lowering  cylinder  and  the  hydraulic  fluid  in  the 
rod  side  thereof  is  drained  to  a  return  line,  the 
blade  lifting/lowering  cylinder  is  extended  to  carry 
out  work  of  moving  the  blade  down.  When  the 
hydraulic  fluid  is  supplied  to  the  rod  side  of  the 
blade  lifting/lowering  cylinder  and  the  hydraulic  flu- 
id  in  the  bottom  side  thereof  is  drained  to  the 
return  line,  the  blade  lifting/lowering  cylinder  is 
contracted  to  carry  out  work  of  moving  the  blade 
up. 

When  the  blade  is  operated  with  a  load  lighter 
than  the  travel  load  to  perform  the  work  of  moving 
down,  for  example,  while  the  machine  is  traveling, 
the  hydraulic  fluid  delivered  from  the  one  hydraulic 
pump  is  distributed  by  the  throttle  valve  disposed 
upstream  of  the  load  check  valve  in  the  feeder  line 
of  the  blade  lifting/lowering  directional  control 
valve,  and  is  then  supplied  to  both  the  one  track 
directional  control  valve  and  the  blade  lift- 
ing/lowering  directional  control  valve.  Therefore,  the 
hydraulic  fluid  delivered  from  the  second  hydraulic 
pump  can  be  supplied  to  the  track  motor  as  well 
through  that  track  directional  control  valve.  It  is  thus 
possible  to  suppress  an  abrupt  reduction  in  the 
traveling  speed  during  the  combined  operation  of 
travel  and  blade  movement. 

In  addition,  to  the  side  of  the  blade  lift- 
ing/lowering  directional  control  valve  where  the  hy- 
draulic  fluid  becomes  in  short  supply  due  to  the 
distribution  through  the  throttle  valve  during  the 
combined  operation  of  travel  and  blade  movement, 
a  pilot  hydraulic  fluid  can  be  replenished  by  the 
additional  supply  means  including  the  pilot  pump, 
for  example.  When  the  blade  is  operated  with  a 
light  load  under  situations  which  require  positive 
supply  of  the  hydraulic  fluid,  the  pilot  hydraulic 
fluid  is  replenished  by  the  additional  supply  means 
so  that  an  abrupt  reduction  in  the  traveling  speed 
during  the  combined  operation  of  travel  and  blade 
movement  can  be  suppressed  as  with  the  above 

case  and  an  reduction  in  the  lifting/lowering  speed 
of  the  blade  can  also  be  suppressed. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
5 

Fig.  1  is  a  view  showing  a  small-sized  hydrau- 
lic  excavator  as  one  example  of  construction  ma- 
chines  on  which  a  hydraulic  drive  system  of  the 
present  invention  is  equipped. 

io  Fig.  2  is  a  circuit  diagram  showing  the  hydrau- 
lic  drive  system  for  a  construction  machine  accord- 
ing  to  one  embodiment  of  the  present  invention. 

Fig.  3  is  a  circuit  diagram  showing  one  exam- 
ple  of  conventional  hydraulic  drive  systems  for 

is  construction  machines. 
Fig.  4  is  a  circuit  diagram  showing  another 

example  of  conventional  hydraulic  drive  systems 
for  construction  machines. 

20  BEST  MODE  FOR  CARRYING  OUT  THE  INVEN- 
TION 

Hereinafter,  embodiments  of  a  hydraulic  drive 
system  for  a  construction  machine  according  to  the 

25  present  invention  will  be  described  with  reference 
to  the  drawings. 

The  structure  of  a  small-sized  hydraulic  ex- 
cavator  shown  in  Fig.  1  will  first  be  described.  The 
illustrated  small-sized  hydraulic  excavator  com- 

30  prises  a  left-hand  crawler  belt  20  constituting  an 
undercarriage,  a  right-hand  crawler  belt  (not 
shown),  an  upper  structure  21  constituting  a  ma- 
chine  body  with  a  cab  installed  thereon,  a  boom  22 
rotatably  mounted  in  front  of  the  upper  structure  21 

35  and  driven  by  a  boom  cylinder  5,  an  arm  23 
rotatably  mounted  to  the  boom  22  and  driven  by  an 
arm  cylinder  8,  a  bucket  24  rotatably  mounted  to 
the  arm  23  and  driven  by  a  bucket  cylinder  6,  and 
a  blade  25  rotatably  mounted  to  the  undercarriage 

40  and  driven  by  a  blade  lifting/lowering  cylinder  9. 
As  shown  in  Fig.  2  drawn  corresponding  to  Fig. 

4  referred  to  in  connection  with  the  prior  art,  the 
hydraulic  drive  system  of  this  embodiment  includes 
two  primary  hydraulic  pumps,  i.e.,  a  first  hydraulic 

45  pump  1  and  a  second  hydraulic  pump  2,  and  one 
auxiliary  hydraulic  pump,  i.e.,  a  pilot  pump  3.  A 
left-hand  track  directional  control  valve  34  for  con- 
trolling  the  driving  of  a  left-hand  track  motor  4  for 
operating  the  left-hand  crawler  belt,  a  boom  direc- 

50  tional  control  valve  35  for  controlling  the  driving  of 
the  boom  cylinder  5  for  turning  the  boom  22,  and  a 
bucket  directional  control  valve  36  for  controlling 
the  driving  of  the  bucket  cylinder  6  for  turning  the 
bucket  24  are  connected  to  the  first  hydraulic 

55  pump  1  .  The  boom  directional  control  valve  35  and 
the  bucket  directional  control  valve  36  are  con- 
nected  downstream  of  the  left-hand  track  direc- 
tional  control  valve  34  in  tandem  relation  to  the  left- 

5 
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hand  track  directional  control  valve  34  so  that  a 
hydraulic  fluid  delivered  from  the  first  hydraulic 
pump  1  is  supplied  to  the  left-hand  track  directional 
control  valve  34  with  priority,  and  both  the  valves 
are  connected  in  parallel  to  the  first  hydraulic  pump 
I  through  a  parallel  line  15.  On  the  other  hand,  a 
blade  lifting/lowering  directional  control  valve  39  for 
controlling  the  driving  of  the  blade  lifting/lowering 
cylinder  9  for  turning  the  blade  25,  a  swing  direc- 
tional  control  valve  40  for  controlling  the  driving  of 
a  swing  motor  10  for  swinging  the  upper  structure 
21  ,  an  arm  directional  control  valve  38  for  control- 
ling  the  driving  of  the  arm  cylinder  8  for  turning  the 
arm  23,  and  a  right-hand  track  directional  control 
valve  37  for  controlling  the  driving  of  a  right-hand 
track  motor  7  for  operating  the  right-hand  crawler 
belt  (not  shown)  are  connected  to  the  second  hy- 
draulic  pump  2  in  parallel  through  a  parallel  line  16. 

As  with  the  prior  art  circuit  shown  in  Fig.  4,  the 
system  of  this  embodiment  also  includes  a  com- 
munication  line  12  for  communicating  an  inlet  port 
I  I  d  of  the  left-hand  track  directional  control  valve 
34  and  an  inlet  port  11e  of  the  right-hand  track 
directional  control  valve  37  with  each  other,  a 
switching  valve  13  connected  in  the  communication 
line  12,  a  line  11a  for  communicating  the  pilot 
pump  3  with  a  drive  sector  of  the  switching  valve 
13,  a  throttle  11b  provided  in  the  line  11a,  and  a 
line  11c  having  one  end  connected  to  a  portion  of 
the  line  11a  between  the  throttle  11b  and  the  drive 
sector  of  the  switching  valve  13  and  the  other  end 
communicated  with  a  reservoir  through  the  direc- 
tional  control  valves  39,  40,  38,  37,  36,  35  and  34. 
Additionally,  the  directional  control  valves  34,  37 
are  each  of  the  internal  structure  formed  to  hold 
the  communication  with  the  line  11c  and  hence  the 
reservoir  when  it  is  in  any  of  a  neutral  position  as 
shown  and  upper  and  lower  shift  positions,  whereas 
the  directional  control  valves  39,  40,  38,  36  and  35 
are  each  of  the  internal  structure  formed  to  hold 
the  communication  with  the  line  11c  and  hence  the 
reservoir  when  it  is  in  a  neutral  position  as  shown, 
but  to  cut  off  the  communication  with  the  line  11c 
and  hence  the  reservoir  when  it  is  shifted  from  the 
neutral  position  to  an  upper  or  lower  shift  position. 
The  communication  line  12,  the  switching  valve  13, 
the  pilot  pump  3,  the  line  11a,  the  throttle  11b,  the 
line  11c,  and  the  internal  structures  of  the  direc- 
tional  control  valves  39,  40,  38,  36  and  35  jointly 
constitute  communication  means  for  selectively 
communicating  the  inlet  port  1  1  d  of  the  left-hand 
track  directional  control  valve  34  and  the  inlet  port 
11e  of  the  right-hand  track  directional  control  valve 
37  with  each  other. 

Of  the  directional  control  valves  34  to  40,  at 
least  the  directional  control  valves  35,  36,  38  and 
40  are  of  the  hydraulic  pilot  operated  type.  A  pilot 
operating  system  including  a  pair  of  control  lever 

units  60,  61  is  associated  with  those  hydraulic  pilot 
operated  directional  control  valves  35,  36,  38  and 
40.  In  the  pilot  operating  system,  the  control  lever 
unit  60  produces  signal  pressures  e,  e';  f,  f  de- 

5  pending  on  the  input  amount  of  its  control  lever 
based  on  a  hydraulic  fluid  from  the  pilot  pump  3, 
thereby  shifting  the  directional  control  valves  40, 
38,  and  the  control  lever  unit  61  produces  signal 
pressures  g,  g';  h,  h'  depending  on  the  input 

io  amount  of  its  control  lever  by  utilizing  the  hydraulic 
fluid  from  the  pilot  pump  3,  thereby  shifting  the 
directional  control  valves  36,  35. 

Particularly,  in  this  embodiment,  a  throttle  valve 
50  is  disposed  upstream  of  a  load  check  valve  53 

is  in  a  feeder  line  49  of  the  blade  lifting/lowering 
directional  control  valve  39.  The  throttle  valve  50 
has  its  opening  set  such  that  the  hydraulic  fluid 
delivered  from  the  second  hydraulic  pump  2  is 
supplied  to  the  right-hand  track  directional  control 

20  valve  37  (the  right-hand  track  motor  7)  and  the 
blade  lifting/lowering  directional  control  valve  39 
(the  blade  lifting/lowering  cylinder  9)  in  a  distrib- 
uted  manner  during  the  combined  operation  of 
travel  and  movement  of  the  blade  25  in  which  the 

25  blade  25  undergoes  a  lighter  load,  e.g.,  during  the 
combined  operation  of  travel  and  work  of  moving 
the  blade  25  down. 

The  system  of  this  embodiment  further  in- 
cludes  a  line  52  having  one  end  connected  down- 

30  stream  of  the  load  check  valve  53  in  the  feeder  line 
49  of  the  blade  lifting/lowering  directional  control 
valve  39  for  filling  up  a  lack  of  the  hydraulic  fluid 
caused  by  the  above-described  distributing  func- 
tion  of  the  throttle  valve  50,  a  check  valve  51 

35  connected  to  the  other  end  of  the  line  52  for 
preventing  the  hydraulic  fluid  delivered  from  the 
second  hydraulic  pump  2  from  being  supplied  to- 
ward  the  pilot  pump  3,  and  a  line  54  having  one 
end  connected  to  the  check  valve  51  and  the  other 

40  end  connected  to  the  line  11a  which  is  commu- 
nicated  with  the  pilot  pump  3.  The  pilot  pump  3, 
the  line  54,  the  check  valve  51  and  the  line  52  are 
connected  downstream  of  the  load  check  valve  53 
in  the  feeder  line  49  of  the  blade  lifting/lowering 

45  directional  control  valve  39,  and  jointly  constitute 
additional  supply  means  capable  of  replenishing 
the  hydraulic  fluid.  The  pilot  pump  3  doubles  as  a 
hydraulic  source  for  the  pilot  operating  system 
including  the  control  lever  units  60,  61  and  a  hy- 

50  draulic  source  for  the  additional  supply  means. 
Denoted  by  reference  numeral  56  is  a  main 

relief  valve  for  specifying  a  pressure  of  the  hydrau- 
lic  fluid  delivered  from  the  first  hydraulic  pump  1, 
55  is  a  main  relief  valve  for  specifying  a  pressure 

55  of  the  hydraulic  fluid  delivered  from  the  second 
hydraulic  pump  2,  and  57  is  a  pilot  relief  valve  for 
specifying  a  pressure  of  the  hydraulic  fluid  deliv- 
ered  from  the  pilot  pump  3. 

6 
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In  the  hydraulic  drive  system  of  this  embodi- 
ment  thus  arranged,  when  the  hydraulic  fluid  is 
supplied  to  the  bottom  side  9a  of  the  blade  lift- 
ing/lowering  cylinder  9  and  the  hydraulic  fluid  in 
the  rod  side  9b  thereof  is  drained  to  a  return  line, 
the  blade  lifting/lowering  cylinder  9  is  extended  to 
carry  out  work  of  moving  the  blade  25  down.  When 
the  hydraulic  fluid  is  supplied  to  the  rod  side  9b  of 
the  blade  lifting/lowering  cylinder  9  and  the  hydrau- 
lic  fluid  in  the  bottom  side  9a  thereof  is  drained  to 
the  return  line,  the  blade  lifting/lowering  cylinder  9 
is  contracted  to  carry  out  work  of  moving  the  blade 
25  up. 

For  the  sole  operation  of  travel  in  this  embodi- 
ment,  the  left-hand  track  directional  control  valve 
34  and  the  right-hand  track  directional  control  valve 
37  are  shifted,  whereupon  the  hydraulic  fluid  from 
the  first  hydraulic  pump  1  is  supplied  to  the  left- 
hand  tack  motor  4  through  the  left-hand  track  direc- 
tional  control  valve  34  for  driving  the  left-hand  track 
motor  4  to  thereby  operate  the  left-hand  crawler 
belt  20  constituting  the  undercarriage  and,  simulta- 
neously,  the  hydraulic  fluid  from  the  second  hy- 
draulic  pump  2  is  supplied  to  the  right-hand  tack 
motor  7  through  the  right-hand  track  directional 
control  valve  37  for  driving  the  right-hand  track 
motor  7  to  thereby  operate  the  right-hand  crawler 
belt  (not  shown)  constituting  the  undercarriage.  As 
a  result,  the  sole  operation  of  travel  is  carried  out. 

When  the  blade  lifting/lowering  directional  con- 
trol  valve  39  is  additionally  shifted  for  transition 
from  the  above  sole  operation  of  travel  to  the 
combined  operation  of  travel  and  blade  movement 
in  which  the  blade  undergoes  a  lighter  load,  e.g., 
the  combined  operation  of  travel  and  work  of  mov- 
ing  the  blade  down,  the  communication  between 
the  line  1  1  C  and  the  reservoir  is  cut  off  in  response 
to  the  shifting  of  the  blade  lifting/lowering  direc- 
tional  control  valve  39.  Therefore,  the  pressure 
downstream  of  the  throttle  11b  is  raised,  causing 
the  switching  valve  13  to  be  shifted  against  the 
resilient  force  of  a  spring  into  an  open  position,  i.e., 
a  lower  shift  position  in  Fig.  2.  Correspondingly,  the 
inlet  port  1  1  d  of  the  left-hand  track  directional  con- 
trol  valve  34  and  the  inlet  port  11e  of  the  right-hand 
track  directional  control  valve  37  are  communicated 
with  each  other  through  the  communication  line  12. 
In  this  condition,  the  hydraulic  fluid  from  the  first 
hydraulic  pump  1  is  supplied  to  the  left-hand  track 
motor  4  through  the  left-hand  track  directional  con- 
trol  valve  34  for  driving  the  left-hand  track  motor  4 
to  thereby  operate  the  left-hand  crawler  belt  20 
constituting  the  undercarriage,  and  a  part  of  the 
hydraulic  fluid  from  the  first  hydraulic  pump  1  is 
also  supplied  to  the  right-hand  track  directional 
control  valve  37  through  the  communication  line 
12.  Further,  the  hydraulic  fluid  from  the  second 
hydraulic  pump  2  is  distributed  and  supplied 

through  the  throttle  valve  50  to  the  right-hand  track 
directional  control  valve  37  and  the  blade  lift- 
ing/lowering  directional  control  valve  39.  Accord- 
ingly,  the  right-hand  track  directional  control  valve 

5  37  is  supplied  with  a  part  of  the  hydraulic  fluid  from 
the  first  hydraulic  pump  1  introduced  through  the 
communication  line  12  and  a  part  of  the  hydraulic 
fluid  from  the  second  hydraulic  pump  2  distributed 
through  the  throttle  valve  50  in  a  joined  manner. 

io  The  joined  hydraulic  fluid  is  then  supplied  to  the 
right-hand  track  motor  7,  whereupon  the  right-hand 
track  motor  7  is  driven  to  operate  the  right-hand 
crawler  belt  (not  shown)  which  constitute  the  under- 
carriage.  On  the  other  hand,  the  remainder  of  the 

is  hydraulic  fluid  from  the  second  hydraulic  pump  2 
distributed  through  the  throttle  valve  50  is  supplied 
to  the  bottom  side  9a  of  the  blade  lifting/lowering 
cylinder  9,  whereupon  the  blade  lifting/-lowering 
cylinder  9  is  extended  to  carry  out  the  work  of 

20  moving  the  blade  25  down.  In  this  way,  during  the 
combined  operation  of  travel  and  blade  movement 
in  which  the  blade  undergoes  a  lighter  load,  the 
hydraulic  fluids  supplied  to  the  left-hand  track  mo- 
tor  4  and  the  right-hand  track  motor  7  can  be 

25  prevented  from  abruptly  reducing  in  their  flow  rate, 
and  hence  an  abrupt  reduction  in  the  traveling 
speed  can  be  suppressed. 

To  the  side  of  the  blade  lifting/lowering  direc- 
tional  control  valve  39  where  the  hydraulic  fluid 

30  becomes  in  short  supply  due  to  the  above-de- 
scribed  distribution  through  the  throttle  valve  50 
during  the  combined  operation  of  travel  and  blade 
movement,  the  pilot  hydraulic  fluid  from  the  pilot 
pump  3  can  be  replenished  through  the  line  11a, 

35  the  line  54,  the  check  valve  51  and  the  line  52. 
When  the  blade  is  operated  with  a  light  load  under 
situations  which  require  positive  supply  of  the  hy- 
draulic  fluid,  the  pilot  hydraulic  fluid  is  additionally 
supplied  to  the  blade  lifting/lowering  directional 

40  control  valve  39  to  suppress  a  reduction  in  the 
lifting/lowering  speed  of  the  blade  while  suppress- 
ing  an  abrupt  reduction  in  the  traveling  speed  dur- 
ing  the  combined  operation  of  travel  and  blade 
movement.  Particularly,  when  the  combined  opera- 

45  tion  of  travel  and  blade  movement  is  carried  out  in 
such  a  manner  as  moving  the  blade  25  up  and 
down  to  perform  light-load  operation,  e.g.,  leveling 
of  the  ground,  while  the  machine  is  traveling 
straightly,  the  satisfactory  lifting/lowering  speed  of 

50  the  blade  can  be  ensured  with  additional  supply  of 
the  pilot  hydraulic  fluid  delivered  from  the  pilot 
pump  3  under  a  relatively  low  pressure. 

During  the  sole  operation  of  the  blade  25,  the 
hydraulic  fluid  from  the  second  hydraulic  pump  2 

55  having  a  pressure  specified  by  the  main  relief  valve 
55  is  supplied  to  the  blade  lifting/lowering  cylinder 
9  through  the  throttle  valve  50  and  the  blade  lift- 
ing/lowering  directional  control  valve  39  and,  there- 

7 



11 EP  0  667  421  A1 12 

fore,  the  satisfactory  lifting/lowering  speed  of  the 
blade  can  be  ensured. 

With  this  embodiment  described  above,  since 
a  reduction  in  the  traveling  speed  can  be  sup- 
pressed  during  the  combined  operation  of  travel 
and  blade  movement  in  which  the  blade  undergoes 
a  lighter  load,  the  operability  of  the  combined  op- 
eration  of  travel  and  blade  movement  can  be  pre- 
vented  from  deteriorating  and  the  working  efficien- 
cy  can  be  improved. 

Also,  since  the  pilot  hydraulic  fluid  from  the 
pilot  pump  3  can  be  additionally  supplied  to  the 
blade  lifting/lowering  directional  control  valve  39 
during  the  combined  operation  of  travel  and  blade 
movement,  a  reduction  in  the  lifting/lowering  speed 
of  the  blade  25  can  also  be  suppressed.  By  so 
suppressing  a  reduction  in  the  lifting/lowering 
speed  of  the  blade  25,  the  higher  operability  of  the 
combined  operation  of  travel  and  blade  movement 
can  be  achieved  and  the  working  efficiency  can  be 
further  improved  correspondingly. 

INDUSTRIAL  AVAILABILITY 

According  to  the  hydraulic  drive  system  of  the 
present  invention  arranged  as  described 
hereinabove,  an  abrupt  reduction  in  the  traveling 
speed  can  be  suppressed  when  the  blade  is  op- 
erated  with  a  load  lighter  than  the  travel  load  while 
the  machine  is  traveling.  This  results  in  an  advan- 
tage  of  improving  the  operability  of  the  combined 
operation  of  travel  and  blade  movement  and  hence 
ensuring  the  higher  working  efficiency  than  the 
prior  art. 

Also,  a  reduction  in  the  lifting/lowering  speed  of 
the  blade  can  also  be  suppressed  with  the  provi- 
sion  of  the  additional  supply  means.  In  the  case  of 
so  suppressing  a  reduction  in  the  lifting/lowering 
speed  of  the  blade,  there  can  be  obtained  an 
advantage  of  ensuring  the  higher  operability  of  the 
combined  operation  of  travel  and  blade  movement 
and  hence  further  improving  the  working  efficiency. 

Claims 

1.  A  hydraulic  drive  system  for  a  construction 
machine  comprising  a  first  hydraulic  pump  (1), 
a  second  hydraulic  pump  (2),  a  plurality  of 
actuators  including  at  least  two  track  motors  (4, 
7)  and  a  blade  lifting/lowering  cylinder  (9) 
which  are  driven  by  hydraulic  fluids  delivered 
from  said  first  and  second  hydraulic  pumps, 
and  a  plurality  of  directional  control  valves 
including  at  least  two  track  directional  control 
valves  (34,  37)  and  a  blade  lifting/lowering  di- 
rectional  control  valve  (39)  for  controlling  re- 
spective  flows  of  the  hydraulic  fluids  supplied 
from  said  first  and  second  hydraulic  pumps  to 

said  plurality  of  actuators,  said  blade  lift- 
ing/lowering  directional  control  valve  including 
a  load  check  valve  (53)  disposed  in  its  feeder 
line  (49),  said  system  being  capable  of  per- 

5  forming  the  combined  operation  of  up-and- 
down  movement  of  a  blade  (25)  and  travel  of 
said  machine,  wherein: 

one  (37)  of  said  two  track  directional  con- 
trol  valves  (34,  37)  and  said  blade  lift- 

io  ing/lowering  directional  control  valve  (39)  are 
connected  to  one  (2)  of  said  first  hydraulic 
pump  (1)  and  said  second  hydraulic  pump  (2) 
in  parallel,  and  a  throttle  valve  (50)  is  disposed 
upstream  of  said  load  check  valve  (53)  in  the 

is  feeder  line  (49)  of  said  blade  lifting/lowering 
directional  control  valve. 

2.  A  hydraulic  drive  system  for  a  construction 
machine  according  to  Claim  1,  wherein  addi- 

20  tional  supply  means  (51,  52,  54,  3)  capable  of 
replenishing  a  hydraulic  fluid  is  connected 
downstream  of  said  load  check  valve  (53)  in 
the  feeder  line  (49)  of  said  blade  lift- 
ing/lowering  directional  control  valve  (39). 

25 
3.  A  hydraulic  drive  system  for  a  construction 

machine  according  to  Claim  2,  wherein  said 
additional  supply  means  includes  a  pilot  pump 
(3)  as  a  hydraulic  source. 

30 
4.  A  hydraulic  drive  system  for  a  construction 

machine  according  to  Claim  3,  wherein  at  least 
some  (35,  36,  38,  40)  of  said  plurality  of  direc- 
tional  control  valves  are  of  the  hydraulic  pilot 

35  operated  type,  and  said  hydraulic  drive  system 
further  comprises  a  pilot  operating  system  in- 
cluding  a  pilot  pump  (3)  and  control  lever 
means  (60,  61)  which  are  associated  with  said 
hydraulic  pilot  operated  directional  control 

40  valves  and  produce  signal  pressures  depend- 
ing  on  input  amounts  of  said  control  lever 
means  based  on  a  hydraulic  fluid  from  said 
pilot  pump  for  shifting  the  corresponding  direc- 
tional  control  valves,  said  hydraulic  pump  (3)  in 

45  said  pilot  operating  system  doubling  as  the 
pilot  pump  of  said  additional  supply  means. 

5.  A  hydraulic  drive  system  for  a  construction 
machine  according  to  Claim  2,  wherein  an 

50  opening  of  said  throttle  valve  (50)  is  set  such 
that  the  hydraulic  fluid  delivered  from  said  one 
second  hydraulic  pump  (2)  is  supplied  to  said 
one  track  directional  control  valve  (37)  and  said 
blade  lifting/lowering  directional  control  valve 

55  (39)  in  a  distributed  manner  during  the  com- 
bined  operation  of  work  of  moving  said  blade 
(25)  down  and  travel  of  said  machine. 
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