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©  Multiprocessor  system  for  hydraulic  excavator. 

©  The  present  invention  relates  to  a  multiprocessor 
system  for  an  excavator.  The  multiprocessor  system 
has  a  general  joy  stick  as  it  is,  controls  each  of 
cylinders  for  a  bucket,  a  dipper,  a  boom  an  swing 
and/  or  traveling  parts  in  the  excavator  and  adjusts 
an  engine,  pump  and  bydraulic  valves  by  using 
microprocessors.  As  a  result,  performance  and  func- 
tion  of  the  excavator  can  be  improced  remarkably. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  multiproces- 
sor  system  for  a  hydraulic  excavator,  more  particu- 
larly,  to  a  multiprocessor  system  which  controls 
each  of  cylinders  for  a  bucket,  a  dipper,  a  boom, 
swing  and  traveling  parts  in  the  excavator  and 
adjust  an  engine  and  pump  and  hydraulic  valves, 
improving  a  system  performance  considerably. 

Description  of  the  Prior  Art 

Fig.  1  shows  a  block  diagram  of  a  coventional 
excavator  control  system.  Such  an  excavator  con- 
trol  system  shown  in  Fig.  1  has  a  mechatronics 
construction  which  allows  multiple  mechanics  to 
control  by  means  of  electronics.  In  many  cases, 
such  a  conventional  excavator  control  system  has  a 
control  means  which  is  composed  of  an  one-chip 
controller  or  16-bit  processor. 

In  conventional  excavators,  however,  there  is  a 
so-called  "engine  stall"  resulted  from  an  overload 
momentary  produced  in  executing  a  given  working 
or  duty.  Further,  as  a  measurement  to  complement 
an  engine  output  power  reducement  casused  due 
to  change  of  working  environment,  for  example,  an 
uphill  or  the  like  or  engine  secular  change,  a  full 
power  curve  is  generally  scheduled  to  a  relatively 
lower  level  than  a  rated  output  power  of  the  engine. 

In  any  instance,  an  engine  throttle  level  of  the 
exvacator  must  be  completely  pulled  to  execute  a 
given  duty  or  job.  As  a  result,  fuel  consumption  as 
well  as  noises  will  be  substantially  caused  regard- 
less  the  kinds  of  duty,  that  is,  a  standard  duty,  for 
example,  public  construction  works  and  general 
excavating  works,  and  a  heavy  duty,  for  example, 
rock  crushing  works. 

In  many  cases,  the  excavator  must  waits  for  a 
predetermined  period  of  time,  that  is,  a  waiting 
time  required  for  the  movement  of  a  dump  truck.  In 
this  case,  the  engine  is  transited  from  a  normal 
operating  mode  to  a  waiting  mode  (i.e.,  a  negative 
load  state).  Accordingly,  the  amount  of  the  fuel 
required  to  retain  an  idling  state  of  the  engine  and 
hydraulic  standby  load  is  substantially  consumed  in 
the  same  degree  with  a  case  of  the  rated  load.  As 
a  result,  loss  in  energy  is  increased  considerably. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  an  object  of  the  present  invention 
is  to  provide  a  multiprocessor  system  for  a  hydrau- 
lic  excavator,  which  executes  an  optimum  engine 
and  pump  control,  automatic  operating  control,  op- 
eration  capability  optimizing  control,  system  secu- 
rity  control,  self-testing  and  trouble  foreboding  con- 

trol  to  improve  a  performance  of  the  hydraulic 
excavator. 

To  achieve  the  object,  the  present  invention 
contemplates  a  multiprocessor  system  for  a  hy- 

5  draulic  excavator  which  includes  a  main  CPU  mod- 
ule  for  executing  an  operation  function  of  excavator 
control  data  so  as  to  assure  proper  management 
and  security  of  an  engine,  an  input  control  means 
connected  to  the  main  CPU  module  through  a  main 

io  bus  for  processing  external  input  signals,  an  engine 
and  pump  control  means  connected  to  the  main 
CPU  module  through  the  main  bus  for  receiving 
data  supplied  from  external  sensors  and  controlling 
the  engine  and  pump  and  a  boom  position  control 

75  means  for  positioning  a  boom  in  place  and  execut- 
ing  an  associated  operation.  Alsot,  the  system  fur- 
ther  includes  a  dipper  position  control  means  for 
executing  a  dipper  positioning  control  and  asso- 
ciated  operation,  a  bucket  position  control  means 

20  for  executing  a  bucket  positioning  control  and  asso- 
ciated  operation,  a  swing  position  control  means  for 
controlling  function  and  position  of  a  swing  part, 
and  a  travel  position  control  means  for  controlling 
function  and  speed  of  a  travel  part. 

25  The  above  and  other  abjects,  features  and  ad- 
vantages  will  be  apparent  from  the  following  de- 
scription  taken  with  reference  to  the  accompanying 
drawings. 

30  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  shematic  block  diagram  of  a  conven- 
tional  excavator  control  system  ; 
Fig.  2  is  a  block  diagram  of  a  hydraulic  an 

35  excavator  system  in  which  the  present  invention 
is  employed  ;  and, 
Fig.  3  is  a  block  diagram  of  a  multiprocessor 
system  for  a  hydraulic  excavator  according  to 
the  present  invention. 

40 
DETAILED  DESCRIPTION  OF  THE  INVENTION 

Now,  the  present  invention  will  be  discribed  in 
detail. 

45  Fig.  2  is  a  block  diagram  of  an  entire  excavator 
control  system  according  to  the  present  invention. 
In  the  drawing,  reference  numeral  100  denotes  a 
multiprocessor  system  embodying  the  present  in- 
vention.  This  multiprocessor  system  has  an  interal 

50  construction  shown  in  Fig.  3.  More  specifically,  in 
Fig.  3  a  main  CPU  module,  generally  denoted  at 
10,  executes  a  given  operation  function  of  excava- 
tor  control  data  so  as  to  assure  management  and 
safety  of  engine.  That  is,  the  main  CPU  module  10 

55  executes  functions  such  as  automatic  carry  position 
return,  automatic  actuator  preoperating  control, 
teching  and  play  back,  automatic  anti-tipping  con- 
trol,  automatic  anti-overturn  cotnrol  to  a  travel 
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and/or  the  like. 
An  input  control  portion,  generally  denoted  at 

20,  processes  external  input  signals,  for  example, 
externally  programmed  operation,  teaching  and 
playback,  automatic  dumping  control,  automatice 
anti-overload  control  and/or  the  like. 

In  Fig.  3,  an  engine  and  pump  control  portion 
30  receives  data  supplied  from  external  sensors 
(not  shown)  and  controls  the  engine  and  pump. 
More  specifically,  the  engine  and  pump  control 
portion  30  functions  to  increase  an  initial  power  of 
the  engine  pump  in  a  range  above  the  rated  power 
of  the  engine.  The  engine  and  pump  control  portion 
30  senses  the  engine  speed  and  monitors  the  load 
acted  on  the  engine  every  moment  so  as  to  pro- 
duce  a  control  signal  which,  in  turn,  is  applied  to 
the  main  CPU  module  10.  The  engine  and  pump 
control  portion  30  also  changes  negative  control 
instruction  pressure  that  is  exerted  to  the  pump  via 
a  proportional  electromagnetic  pressure  reducing 
valve  (not  shown)  without  variation  of  steps  to  allow 
the  rated  output  power  of  the  engine  to  be  advanta- 
geously  used. 

In  addition,  the  engine  and  pump  control  por- 
tion  30  functions  to  control  the  engine  and  pump 
so  that  desired  pressure  and  flow  rate  are  changed 
according  to  the  kind  of  given  duty  to  prevent  fuel 
from  being  lost  in  a  light  duty. 

In  other  words,  the  conventional  excavator,  a 
working  speed  is  controlled  by  way  of  throttle  pres- 
sure  reducing  achieved  by  mainipulating  a  lever 
under  a  light  duty.  But,  according  to  the  present 
invention,  the  output  power  of  the  engine  and 
pump  can  be  set  in  three  modes,  for  example,  "H- 
(heavy)"  ,  "S(standard)"  and  "L(light)"  in  accor- 
dance  with  the  kinds  of  given  duty  in  such  a  way 
that  the  modes  can  be  effectively  selected  depend- 
ing  upon  the  working  condition. 

According  to  the  present  invention,  even  if  the 
excavator  is  in  a  waiting  state  during  the  momen- 
tary  stop  of  the  working,  the  engine  throttle  position 
is  moved  to  an  idle  state  to  control  the  speed  of 
the  engine.  As  a  result,  the  amount  of  the  fuel 
consumed  can  be  advantageously  reduced. 

At  this  time,  as  a  volume  switch  is  adjusted  to 
control  the  engine  throttle,  an  electic  signal  is  gen- 
erated  in  proportional  to  a  manipulated  variable  of  a 
joy  stick  to  directly  control  the  flow  rate  discharged 
from  the  pump. 

Upon  the  signal  produced  by  maniplating  the 
joy  stick  or  pedal,  or  both  the  joy  stick  and  pedal, 
the  flow  rate  discharged  from  the  pump  is  adjusted 
and  a  multi-control  valve  is  also  controlled  so  that 
the  manipulation  ability  of  the  system  is  improved 
and  of  flow  rate  loss  is  prevented  effectively.  Fur- 
thermore,  when  the  excavator  performs  composite 
duties,  the  desired  speed  set  by  the  joy  stick  and 
pedal  is  compared  with  the  actual  speed  to  check 

the  flow  rate  supplied  from  the  pump  in  respect  to 
the  desired  flow  rate.  If  the  flow  rate  is  insuffi- 
ciency,  a  spool  stroke  of  another  actuator  on  which 
no  any  load  is  acted  is  reduced  to  decelerate  in 

5  speed  while  the  presently  operating  actuator  is 
increased  in  speed  to  constantly  maintain  the  ac- 
tual  speed  to  the  desired  speed.  As  a  result,  the 
speed  can  be  constantly  assured  regardless  of  the 
load  pressure  acting  on  the  respective  actuators. 

io  Referring  to  Fig.  3,  a  boom  position  control 
portion  40,  a  dipper  position  control  portion  50  and 
a  bucket  position  control  portion  60  excavator  ex- 
ecute  the  operation  function  related  to  the  control 
of  the  boom,  dipper  and  bucket  of  the  excabator 

is  and  are  connected  to  the  engine  pump  30  in  a  data 
communication  relation  therewith. 

A  swing  position  control  portion  70  and  travel 
position  control  portion  80  serve  to  control  the 
operation  and  position  of  the  swing  and  travel, 

20  respectively. 
When  land  readjustment  is  set  for  the  excava- 

tor  in  respect  to  an  absolute  plane  and  only  a  joy 
stick  for  a  dipper  stick  is  handled,  the  boom  and 
bucket  are  driven  automatically  by  the  boom  posi- 

25  tion  control  portion  40  and  bucket  position  control 
portion  60  to  thereby  acheive  the  desired  land 
readjustment. 

The  swing  position  control  portion  70  and  travel 
position  control  portion  80  control  swing  and  travel 

30  operations  in  such  a  way  that  the  excavator  can  be 
stopped  at  the  working  position  even  if  the  swing 
operation,  and  an  angle  of  the  excavator  body  are 
changed.  In  braking  the  swing  operation  only  a 
force  needed  to  brake  the  swing  is  developed  to 

35  thereby  prevent  swing  reduction  gear  from  being 
demaged  due  to  an  excessive  braking  force. 

Further,  according  to  the  present  invention, 
when  troubles  in  the  excavator  are  occurred,  such 
troubles  are  informed  to  an  operator  by  an  alarm 

40  and/or  monitor  by  way  of  a  self-testing  and  trouble 
foreboding  functions. 

For  the  working  repeated  at  the  same  time  and 
position,  the  present  invention  defines  teaching  the 
movement  of  the  respective  actuators  and  playing 

45  back  the  same  movement  by  the  joy  stick  and 
pedal  so  as  to  execute  automatically  the  repeated 
working. 

In  addition,  an  automatic  dumping  can  be 
achieved  with  the  manipulation  capability  of  the 

50  excavator.  The  flow  rate  discharged  from  the  pump 
and  and  supplyed  to  a  swing  motor  is  adjusted  in 
accordance  with  the  rotating  speed  independant  of 
the  manupulated  variable  of  the  joy  stick  to  reduce 
the  flow  rate  to  be  lost  in  the  swing  operation. 

55  According  to  the  present  invention,  the  dis- 
charged  flow  rate  of  the  pump  and  multi-control 
valve  spool  stroke  are  adjusted  to  suppress  shock 
occurred  at  the  start  and/or  stop  of  the  actuators. 

3 
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As  described  above,  according  to  the  present 
invention,  energy  efficiency  and  operation  capabil- 
ity  of  the  excavator  can  be  improved  as  well  as  the 
manipulation  performance  and  reliability  can  be 
also  improved  considerably  by  the  multiprocessor  5 
system  made  according  to  the  invention. 

Although  the  present  invention  has  been  de- 
scribed  with  reference  to  the  specified  embodi- 
ment,  it  should  be  understood  that  various  modi- 
fications  and  changes  will  be  made  therein  without  10 
departing  from  the  spirit  and  scope  of  the  inven- 
tion. 

Claims 
75 

A  multiprocessor  system  for  a  hydraulic  ex- 
cavator,  comprising  : 

a  main  CPU  module  for  executing  an  op- 
eration  function  of  excavator  control  data  so  as 
to  assure  proper  management  and  security  of  20 
an  engine  ; 

an  input  control  means  connected,  to  the 
main  CPU  module  through  a  main  bus  for 
processing  external  input  signals  ; 

an  engine  and  pump  control  means  con-  25 
nected  to  the  main  CPU  module  through  the 
main  bus  for  receiving  data  supplied  from  ex- 
ternal  sensors  and  controlling  the  engine  and 
pump  ; 

a  boom  position  control  means  for  posi-  30 
tioning  a  boom  in  place  and  executing  an 
associated  operation  ; 

a  dipper  position  control  means  for  execut- 
ing  a  dipper  positioning  control  and  an  asso- 
ciated  operation  ;  35 

a  bucket  position  control  means  for  ex- 
ecuting  a  bucket  positioning  control  and  asso- 
ciated  operation  ; 

a  swing  position  control  means  for  control- 
ling  function  and  position  of  a  swing  part  ;  and  40 

a  travel  position  control  means  for  control- 
ling  function  and  speed  of  a  travel  part. 

45 

50 

55 
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