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(54)  EXCAVATION  REGION  SETTING  APPARATUS  FOR  CONTROLLING  REGION  LIMITED 
EXCAVATION  BY  CONSTRUCTION  MACHINE 

(57)  Disclosed  is  an  excavation  area  setting  system 
for  area  limiting  excavation  control  in  construction 
machines,  the  excavation  control  being  performed  to 
calculate  a  target  speed  vector  Vc  for  control  of  a  front 
device  1  A  on  the  basis  of  a  body  1  B,  modify  the  target 
speed  vector  to  limit  a  moving  speed  of  the  front  device 
in  the  direction  toward  a  boundary  of  a  preset  excava- 
tion  area  when  the  front  device  comes  close  to  the 
boundary  of  the  excavation  area,  and  move  the  front 
device  along  the  boundary  of  the  excavation  area.  To 
set  the  excavation  area,  an  external  reference  80  is 
installed  horizontally  outside  a  hydraulic  excavator  itself, 
and  a  depth  hr  from  the  external  reference  to  the 
boundary  of  the  excavation  area  is  set  by  using  a  setting 
device  7.  Upon  an  external  reference  setting  switch  71 
being  depressed  when  the  front  device  is  moved  and 
the  front  reference  70  is  aligned  with  the  external  refer- 
ence  80,  a  control  unit  9  calculates  a  height  hf  from  a 
body  reference  point  O  to  the  external  reference,  then 
calculates  a  depth  hs  of  the  boundary  of  the  excavation 
area  relative  to  the  body  reference  point  O  based  on  the 
depth  hr  by  using  the  height  hf  as  a  modification  value, 
and  sets  the  excavation  area  from  the  calculated  depth 
hs  on  the  basis  of  the  body  1  B  as  with  the  calculation  of 
the  target  speed  vector  Vc.  Thus,  the  excavation  area 
can  be  set  in  a  manner  matched  with  the  excavation 
control  in  which  calculation  is  executed  on  the  basis  of 

the  body,  and  highly  reliable  area  limiting  excavation 
control  can  be  achieved. 

FIGS 

Printed  by  Rank  Xerox  (UK)  Business  Services 
2.14.12/3.4 



EP  0  790  355  A1 

Description 

TECHNICAL  FIELD 

5  The  present  invention  relates  to  an  area  limiting  excavation  control  in  construction  machines,  and  more  particularly 
to  an  excavation  area  setting  system  for  area  limiting  excavation  control  with  which  a  construction  machine  such  as  a 
hydraulic  excavator  including  a  multi-articulated  front  device  can  perform  excavation  while  limiting  an  area  where  the 
front  device  is  movable. 

10  BACKGROUND  ART 

There  is  known  a  hydraulic  excavator  as  typical  one  of  construction  machines.  A  hydraulic  excavator  is  made  up  of 
a  front  device  comprising  a  boom,  an  arm  and  a  bucket  which  are  each  pivotable  in  the  vertical  direction,  and  a  body 
comprising  an  upper  structure  and  an  undercarriage.  The  boom  of  the  front  device  is  supported  at  its  base  end  to  a  front 

15  portion  of  the  upper  structure.  Such  a  hydraulic  excavator  is  a  construction  machine  featured  in  that  the  front  device  is 
movable  in  a  wide  range.  This  feature  is  convenient  from  the  working  point  of  view  on  one  side,  but,  on  the  other  side, 
requires  an  operator  to  carefully  perform  operation  when  the  hydraulic  excavator  is  used  in  work  where  the  ground  is  to 
be  excavated  into  a  particular  configuration  and  the  front  device  should  be  prevented  from  projecting  excessively.  In 
view  of  the  above,  it  is  proposed  to  limit  a  workable  area  of  the  front  device  as  disclosed  in  J  P-A-4-  136324,  for  example. 

20  As  a  method  of  setting  an  area  limit  (entrance  forbidden  area),  JP-A-4-1  36324  discloses  a  method  of  moving  a  tip  end 
of  a  front  device  (bucket  prong)  to  the  area  limit  (entrance  forbidden  area)  and  memorizing  the  position  of  the  area  limit, 
or  entering  the  area  limit  in  terms  of  numerical  values  from  a  control  panel. 

Further,  in  a  hydraulic  excavator,  front  members  such  as  a  boom  are  operated  by  respective  manual  control  levers. 
However,  because  the  front  members  are  coupled  to  each  other  through  articulations  for  pivoting  motion,  it  is  very  dif- 

25  ficult  to  carry  out  excavation  work  over  a  predetermined  area,  particularly  an  area  set  by  linear  lines,  by  operating  the 
front  members.  For  this  reason,  there  is  a  demand  for  enabling  such  work  to  be  performed  in  an  automatic  manner. 
When  a  hydraulic  excavator  is  designed  to  have  a  function  of  automating  such  work,  the  posture  and  height  of  the 
hydraulic  excavator  itself  are  varied  due  to  change  in  topography  of  the  work  site  if  a  body  of  the  excavator  is  moved. 
This  means  that  the  area  set  with  respect  to  the  body  must  be  set  again  whenever  the  body  is  moved.  In  view  of  the 

30  above,  JP-A-3-295933  proposes  an  automatic  excavation  method  for  facilitating  work  to  be  performed  within  a  limited 
area.  The  proposed  automatic  excavation  method  comprises  the  steps  of  detecting  a  height  of  an  excavator  body  by  a 
sensor,  which  is  mounted  on  the  body,  using  a  laser  beam  from  a  laser  oscillator  installed  on  the  ground  to  be  exca- 
vated,  determining  an  excavation  depth  (corresponding  to  an  area  limit  in  the  above  related  art)  based  on  the  detected 
height  of  the  body,  excavating  the  ground  linearly  over  a  predetermined  length  while  the  body  is  kept  stopped,  then 

35  traveling  the  body  by  a  predetermined  distance,  detecting  change  in  height  of  the  body  by  using  the  laser  beam  when 
excavating  the  ground  linearly  again  while  the  body  is  kept  stopped,  and  modifying  the  excavation  depth  in  accordance 
with  the  detected  change  in  the  body  height. 

Also,  USP  No.  4,829,418  proposes  another  automatic  excavation  method  adapted  for  excavating  a  linear  set  area 
by  using  a  laser  beam.  This  proposed  automatic  excavation  method  comprises  the  steps  of  setting  a  desired  excavation 

40  depth  (HTTRGT)  with  a  laser  beam  as  a  basis,  mounting  a  laser  sensor  on  an  arm,  calculating  a  distance  (HTACT)  from 
the  laser  beam  to  a  bucket  prong  of  a  front  device  at  the  moment  the  laser  sensor  detects  the  laser  beam  during  exca- 
vation,  and  controlling  associated  actuators  in  accordance  with  a  result  of  comparison  between  HTTRGT  and  HTACT 
so  that  the  bucket  prong  is  moved  near  the  desired  excavation  depth. 

45  DISCLOSURE  OF  THE  INVENTION 

However,  the  foregoing  related  arts  have  problems  as  follows. 
First,  with  the  related  art  disclosed  in  JP-A-4-1  36324,  because  of  a  area  limit  (entrance  forbidden  area)  being  set 

with  the  body  as  a  basis,  if  the  posture  and  height  of  the  hydraulic  excavator  itself  are  varied  due  to  change  in  topogra- 
50  phy  of  the  work  site  upon  movement  of  the  body,  the  set  depth  of  the  area  limit  is  also  varied  correspondingly.  For  exam- 

ple,  if  the  ground  surface  is  inclined,  the  set  depth  is  changed  following  a  slope  of  the  ground  surface  with  movement  of 
the  body  and  thus  the  set  plane  of  the  area  limit  is  also  inclined. 

Next,  with  the  related  art  disclosed  in  JP-A-3-295933,  change  in  the  vehicle  height  upon  movement  of  the  body  can 
be  compensated.  However,  since  the  excavation  depth  is  set  with  the  body  as  a  basis  when  it  is  set  from  a  control  panel, 

55  manufacture  tolerances  of  the  body  or  tolerances  in  accuracy  and  mounting  of  angle  sensors  for  measuring  a  position 
and  posture  of  the  front  device  for  use  in  control  are  accumulated  as  errors  when  a  bucket  tip  position  is  calculated  in 
excavation  control,  and  a  depth  at  which  the  ground  is  actually  excavated  is  not  agreement  with  the  set  excavation 
depth.  Accordingly,  excavation  cannot  be  performed  as  per  setting. 

Also,  since  the  excavation  depth  from  the  body  is  changed  if  the  body  height  is  changed  with  movement  of  the  body, 
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resulting  change  in  the  excavation  depth  is  also  affected  by  errors  of  the  sensors  for  measuring  a  position  and  posture 
of  the  front  device,  and  the  excavation  depth  becomes  different  between  before  and  after  the  body  height  is  varied. 

Further,  in  order  that  the  laser  beam  surely  impinges  upon  the  sensor  for  detection  thereof  even  with  the  body 
height  changed,  many  sensors  require  to  be  mounted  on  the  body  side  by  side  in  the  height  direction,  resulting  in  a 

5  large-sized  and  complicated  sensor  equipment. 
Additionally,  since  the  body  height  is  compensated  by  using  the  sensor  mounted  on  the  body,  the  body  height  capa- 

ble  of  being  compensated  is  limited  in  accordance  with  restriction  imposed  from  the  sensor  size. 
The  related  art  proposed  by  USP  No.  4,829,418  can  solve  the  problems  of  the  foregoing  related  arts  disclosed  in 

JP-A-4-136324  and  JP-A-3-295933  to  some  degree.  With  the  related  art  proposed  by  US  Patent  4,829,418,  however, 
10  since  the  excavation  depth  is  set  with  the  laser  beam  as  a  basis,  there  arises  a  problem  that  the  proposed  automatic 

excavation  method  is  not  suitable  for  use  in  excavation  control  where  calculation  necessary  for  control  is  made  with  the 
body  as  a  basis,  e.g.,  area  limiting  excavation  control  proposed  by  the  inventors  of  this  application  as  an  international 
application  numbered  PCT/JP95/00843,  and  reliability  of  control  cannot  be  ensured. 

More  specifically,  the  inventors  of  this  application  have  proposed,  in  the  international  application  numbered 
15  PCT/JP95/00843,  an  area  limiting  excavation  control  system  wherein  a  target  speed  vector  for  control  of  a  front  device 

is  calculated  with  a  body  as  a  basis,  and  when  the  front  device  comes  close  to  a  boundary  of  a  preset  excavation  area, 
a  moving  speed  of  the  front  device  in  the  direction  toward  the  boundary  is  restricted  by  modifying  the  calculated  target 
speed  vector,  so  that  the  front  device  is  moved  along  the  boundary.  Since  such  area  limiting  excavation  control  requires 
various  control  variables  relating  to  the  target  speed  vector  to  be  calculated  with  the  body  as  a  basis,  setting  data  for  an 

20  excavation  area,  which  is  set  with  the  laser  beam  as  a  basis  like  USP  No.  4,829,418,  cannot  be  directly  employed. 
Therefore,  it  is  required  to  modify  the  setting  data  on  the  basis  of  the  laser  beam  to  be  usable  in  calculation  on  the  basis 
of  the  body.  However,  a  controller  has  a  limit  on  its  memory  capacity  and  a  calculation  time  is  prolonged  with  more  com- 
plicated  calculation.  In  particular,  if  the  complicated  calculation  is  executed  during  excavation  control,  there  occurs  a 
delay  in  the  control  process  and  the  bucket  tip  may  go  out  of  the  boundary  of  the  set  area.  A  first  object  of  the  present 

25  invention  is  to  provide  an  excavation  area  setting  system  for  area  limiting  excavation  control  in  construction  machines 
with  which  setting  of  an  excavation  area  is  not  changed  even  when  the  body  height  is  changed  upon  movement  of  a 
body. 

A  second  object  of  the  present  invention  is  to  provide  an  excavation  area  setting  system  for  area  limiting  excavation 
control  in  construction  machines  with  which  the  effect  of  errors  such  as  manufacture  tolerances  of  the  body  or  toler- 

30  ances  in  accuracy  and  mounting  of  angle  sensors  for  measuring  a  position  and  posture  of  a  front  device  for  use  in  con- 
trol  are  reduced,  and  hence  excavation  can  be  performed  with  a  less  difference  from  the  set  excavation  area. 

A  third  object  of  the  present  invention  is  to  provide  an  excavation  area  setting  system  for  area  limiting  excavation 
control  in  construction  machines  with  which  setting  of  an  excavation  area  is  not  changed  even  when  the  body  height  is 
changed  upon  movement  of  a  body,  and  change  in  excavation  depth  caused  by  the  effect  of  errors  in  angle  sensors  for 

35  measuring  a  position  and  posture  of  a  front  device  is  small. 
A  fourth  object  of  the  present  invention  is  to  provide  an  excavation  area  setting  system  for  area  limiting  excavation 

control  in  construction  machines  with  which  movement  of  a  body  can  be  compensated  without  needing  a  large-sized 
and  complicated  sensor. 

A  fifth  object  of  the  present  invention  is  to  provide  an  excavation  area  setting  system  for  area  limiting  excavation 
40  control  in  construction  machines  with  which  movement  of  a  body  can  be  compensated  in  a  wide  range. 

A  sixth  object  of  the  present  invention  is  to  provide  an  excavation  area  setting  system  for  area  limiting  excavation 
control  in  construction  machines  with  which  setting  of  an  excavation  area  suitable  for  excavation  control  where  calcula- 
tion  is  made  with  a  body  as  a  basis  can  be  achieved  and  reliability  of  excavation  control  can  be  ensured. 

45  (1)  To  achieve  the  above  first  to  sixth  objects,  an  excavation  area  setting  system  for  area  limiting  excavation  control 
in  construction  machines  according  to  the  present  invention  is  constructed  as  follows.  In  an  excavation  area  setting 
system  for  area  limiting  excavation  control  in  construction  machines  comprising  a  plurality  of  vertically  pivotable 
front  members  making  up  a  multi-articulated  front  device,  and  a  body  for  supporting  the  front  device,  the  excavation 
control  being  performed  to  calculate  a  target  speed  vector  for  control  of  the  front  device  on  the  basis  of  the  body, 

so  modify  the  target  speed  vector  to  limit  a  moving  speed  of  the  front  device  in  the  direction  toward  a  boundary  of  a 
preset  excavation  area  when  the  front  device  comes  close  to  the  boundary  of  the  excavation  area,  and  move  the 
front  device  along  the  boundary  of  the  excavation  area,  the  excavation  area  setting  system  comprising  (a)  an  exter- 
nal  reference  member  installed  outside  the  construction  machine  and  providing  an  external  reference  serving  as  a 
reference  position  for  the  excavation  area;  (b)  a  front  reference  member  disposed  on  the  front  device  and  providing 

55  a  front  reference  serving  as  a  target  used  for  aligning  the  front  device  with  the  external  reference;  (c)  detecting 
means  for  detecting  status  variables  in  relation  to  a  position  and  posture  of  the  front  device;  (d)  first  calculating 
means  for  calculating  the  position  and  posture  of  the  front  device  on  the  basis  of  the  body  from  signals  of  the  detect- 
ing  means;  (e)  first  setting  means  for  setting  the  excavation  area  from  a  positional  relationship  with  respect  to  the 
external  reference;  (f)  second  calculating  means  for  calculating  a  positional  relationship  between  the  body  and  the 

3 
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external  reference  based  on  information  about  the  position  and  posture  of  the  front  device  calculated  by  the  first 
calculating  means  when  the  front  reference  is  aligned  with  the  external  reference,  and  calculating  a  positional  rela- 
tionship  between  the  body  and  the  excavation  area  from  the  positional  relationship  between  the  body  and  the  exter- 
nal  reference  and  the  positional  relationship  between  the  external  reference  and  the  excavation  area  set  by  the  first 
setting  means;  and 
(g)  second  setting  means  for  setting  an  excavation  area  on  the  basis  of  the  body  from  the  positional  relationship 
between  the  body  and  the  excavation  area  calculated  by  said  second  calculating  means. 

In  the  present  invention  constructed  as  set  forth  above,  when  the  front  reference  is  aligned  with  the  external 
reference,  the  second  calculating  means  modifies  the  positional  relationship  between  the  external  reference  and 
the  excavation  area  set  by  the  first  setting  means  to  calculate  the  positional  relationship  between  the  body  and  the 
excavation  area,  and  the  second  setting  means  sets  the  excavation  area  on  the  basis  of  the  body.  Therefore,  the 
operator  can  perform  excavation  work  while  compensating  change  in  the  body  height  caused  by  movement  of  the 
body  whenever  it  occurs.  As  a  result,  even  when  the  body  height  is  changed  upon  movement  of  the  body,  the  set- 
ting  of  the  excavation  area  remains  the  same,  enabling  excavation  work  to  be  always  carried  out  at  a  predetermined 
depth  on  the  basis  of  the  external  reference. 

Further,  the  front  reference  member  is  disposed  on  the  front  device  actually  acting  on  the  ground,  and  the 
excavation  area  on  the  basis  of  the  body  is  set  from  the  position  and  posture  of  the  front  device  resulted  when  the 
front  reference  is  aligned  with  the  external  reference.  Therefore,  the  effect  of  errors,  such  as  manufacture  toler- 
ances  of  the  body  or  tolerances  in  accuracy  and  mounting  of  the  front  reference,  the  detection  means,  etc.,  upon 
the  setting  of  the  excavation  area  is  offset  through  the  calculation  for  setting  the  excavation  area  and  the  calculation 
for  the  excavation  control.  Accordingly,  when  the  position  of  the  front  device  is  calculated  in  the  excavation  control, 
a  calculation  result  is  less  affected  by  the  above-mentioned  tolerances  and  other  errors  in  accuracy  than  the  con- 
ventional  method  of  detecting  reference  light  by  a  sensor  mounted  on  the  body,  and  excavation  can  be  precisely 
performed  as  per  the  setting  with  a  smaller  difference  from  the  set  excavation  area. 

Because  of  the  setting  being  less  affected  by  the  errors  of  the  detecting  means  for  measuring  the  position  and 
posture  of  the  front  device,  even  when  the  excavation  depth  from  the  body  is  changed  due  to  change  in  the  body 
height  with  movement  of  the  body,  the  effect  of  the  errors  of  the  detecting  means  upon  the  change  amount  of  the 
excavation  depth  is  so  small  as  to  prevent  change  in  the  excavation  depth  between  before  and  after  the  body  height 
is  varied. 

Since  the  modification  of  the  positional  relationship  by  the  second  calculating  means  is  effected  when  the  front 
reference  is  aligned  with  the  external  reference  by  moving  the  front  device,  the  movement  of  the  body  can  be  com- 
pensated  by  providing  the  front  reference  member,  which  may  be  formed  of  a  small  and  simple  member,  on  the 
front  device. 

Similarly,  since  the  modification  of  the  positional  relationship  by  the  second  calculating  means  is  effected  by 
moving  the  front  device  to  make  the  front  reference  aligned  with  the  external  reference,  the  movement  of  the  body 
can  be  compensated  over  a  wide  range  from  the  fact  that  the  front  device  is  movable  over  a  wide  range. 

In  the  area  limiting  excavation  control  for  which  the  present  invention  is  employed,  since  the  target  speed  vector 
for  control  of  the  front  device  is  calculated  on  the  basis  of  the  body  and  the  movement  of  the  front  device  is  control- 
led  by  modifying  the  target  speed  vector,  it  is  required  to  calculate  various  variables  relating  to  the  target  speed  vec- 
tor  on  the  basis  of  the  body  during  the  excavation  control.  In  the  setting  system  of  the  present  invention,  the  second 
calculating  means  and  the  second  setting  means  are  provided  in  addition  to  the  first  setting  means,  the  second  set- 
ting  means  calculates  the  positional  relationship  between  the  body  and  the  excavation  area  by  modifying  the  posi- 
tional  relationship  between  the  external  reference  and  the  excavation  area  which  has  been  set  by  the  first  setting 
means,  and  the  second  setting  means  sets  the  excavation  area  on  the  basis  of  the  body  as  with  the  excavation  con- 
trol.  Therefore,  the  setting  data  of  the  excavation  area  determined  by  the  second  setting  means  can  be  employed 
as  it  is  for  calculation  in  the  excavation  control  and  thus  the  calculation  in  the  excavation  control  can  be  simplified. 
As  a  result,  necessary  calculation  can  be  executed  in  a  moment  with  a  restricted  memory  capacity  and  highly  reli- 
able  area  limiting  excavation  control  can  be  achieved  without  causing  a  delay. 
(2)  In  the  above  (1),  the  excavation  area  setting  system  preferably  further  comprises  (f)  an  external  reference  set- 
ting  switch  depressed  when  the  front  reference  is  aligned  with  the  external  reference,  and  the  second  calculating 
means  performs  the  calculation  when  the  external  reference  setting  switch  is  depressed. 

With  this  feature,  it  is  possible  to  set  the  excavation  area  on  the  basis  of  the  body  by  the  second  calculating 
means  in  advance,  by  moving  the  front  device  and  depressing  the  external  reference  setting  switch  when  the  front 
reference  is  aligned  with  the  external  reference,  prior  to  starting  work  under  the  excavation  control.  Therefore,  the 
calculation  for  setting  the  excavation  area  is  not  required  during  the  excavation  control  and  the  amount  of  calcula- 
tion  to  be  executed  during  the  excavation  control  is  reduced,  resulting  in  more  highly  reliable  area  limiting  excava- 
tion  control  with  more  positive  prevention  of  a  delay. 
(3)  In  the  above  (1  )  or  (2),  preferably,  the  first  setting  means  is  means  for  setting  a  depth  from  the  external  reference 
to  the  boundary  between  the  excavation  area  and  a  forbidden  area.  By  so  constructing  the  first  setting  means,  an 
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excavation  area  having  a  horizontal  plane  at  the  boundary  between  it  and  the  forbidden  area  can  be  set. 
(4)  In  the  above  (1)  or  (2),  preferably,  the  first  setting  means  may  be  means  for  setting  a  depth  from  the  external 
reference  to  a  reference  point  of  the  excavation  area,  a  distance  from  the  body  to  the  reference  point,  and  a  tilting 
angle  of  the  boundary  of  the  excavation  area.  By  so  constructing  the  first  setting  means,  a  sloped  excavation  area 

5  can  be  set. 
(5)  In  the  above  (1)  or  (2),  preferably,  the  first  setting  means  is  means  for  setting  the  positional  relationship  between 
the  external  reference  and  the  excavation  area  based  on  data  input  from  a  setting  device.  With  this  feature,  by 
effecting  the  setting  operation  of  the  first  setting  means  thus  constructed  prior  to  starting  work,  no  assistant  opera- 
tor  is  necessary  to  position  the  front  device  to  the  boundary  of  the  excavation  area  at  the  start  of  work  or  whenever 

10  the  body  is  travelled  to  a  different  place.  Further,  a  time  required  for  making  the  setting  in  accordance  with  an 
instruction  from  the  assistant  operator  can  be  eliminated  and  a  working  time  can  be  cut  down. 
(6)  In  the  above  (1)  or  (2),  preferably,  the  first  setting  means  may  include  means  for  calculating  a  position  of  a  tip 
end  of  the  front  device  taken  when  the  front  device  is  moved  and  the  tip  end  of  the  front  device  comes  to  the  bound- 
ary  of  the  set  area,  based  on  information  about  the  position  and  posture  of  the  front  device  calculated  by  the  first 

15  calculating  means,  means  for  calculating  a  position  of  the  front  reference  taken  when  the  front  device  is  moved  and 
the  front  reference  is  aligned  with  the  external  reference,  based  on  the  information  about  the  position  and  posture 
of  the  front  device  calculated  by  the  first  calculating  means,  and  means  for  calculating  and  storing  a  positional  rela- 
tionship  between  the  external  reference  and  the  excavation  area  from  the  position  of  the  tip  end  of  the  front  device 
and  the  position  of  the  front  reference.  By  so  constructing  the  first  setting  means,  the  positional  relationship 

20  between  the  external  reference  and  the  excavation  area  is  calculated  and  stored  based  on  the  position  of  the  tip 
end  of  the  front  device  taken  when  the  tip  end  of  the  front  device  comes  to  the  boundary  of  the  set  area,  and  the 
position  of  the  front  reference  taken  when  the  front  reference  is  aligned  with  the  external  reference.  It  is  therefore 
possible  to  set  the  excavation  area  by  direct  teaching  and  to  precisely  set  a  desired  excavation  area  depending  on 
work  situations. 

25 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  diagram  showing  an  area  limiting  excavation  control  system  for  construction  machines  equipped  with  an 
excavation  area  setting  system  according  to  a  first  embodiment  of  the  present  invention,  along  with  a  hydraulic  drive 

30  system. 
Fig.  2  is  a  view  showing  an  appearance  of  a  hydraulic  excavator  to  which  the  present  invention  is  applied,  and  a 

shape  of  a  set  area  around  the  excavator. 
Fig.  3  is  a  view  showing  an  appearance  of  a  setting  device. 
Fig.  4  is  a  view  showing  the  relationship  between  an  excavation  area  and  an  external  reference  when  the  excava- 

35  tion  area  is  set  by  the  excavation  area  setting  system  of  the  first  embodiment. 
Fig.  5  is  a  diagram  showing  an  entire  configuration  of  the  excavation  area  setting  system  of  the  first  embodiment. 
Fig.  6  is  a  flowchart  showing  a  process  flow  of  first  setting  means  in  the  excavation  area  setting  system  of  the  first 

embodiment. 
Fig.  7  is  a  flowchart  showing  a  process  flow  of  second  calculating  means  and  second  setting  means  in  the  excava- 

40  tion  area  setting  system  of  the  first  embodiment. 
Fig.  8  is  a  functional  block  diagram  showing  entire  control  functions  of  a  control  unit. 
Fig.  9  is  a  diagram  showing  one  example  of  a  path  along  which  a  bucket  tip  is  moved  when  direction  change  control 

is  performed  as  per  calculation  during  area  limiting  excavation  control. 
Fig.  10  is  a  diagram  showing  one  example  of  a  path  along  which  the  bucket  tip  is  moved  when  restoration  control 

45  is  performed  as  per  calculation  during  the  area  limiting  excavation  control. 
Fig.  1  1  is  a  view  showing  a  state  where  an  external  reference  member  is  installed  in  a  trench  when  there  is  no 

appropriate  place  capable  of  installing  the  external  reference  member  at  the  same  level  as  a  body  of  the  excavator. 
Fig.  12  is  a  view  showing  the  relationship  between  an  excavation  area  and  an  external  reference  when  the  excava- 

tion  area  is  set  by  an  excavation  area  setting  system  of  a  second  embodiment. 
so  Fig.  13  is  a  view  showing  an  appearance  of  a  setting  device  used  in  the  second  embodiment. 

Fig.  14  is  a  flowchart  showing  a  process  flow  of  first  setting  means  in  the  excavation  area  setting  system  of  the  sec- 
ond  embodiment. 

Fig.  15  is  a  flowchart  showing  a  process  flow  of  second  calculating  means  and  second  setting  means  in  the  exca- 
vation  area  setting  system  of  the  second  embodiment. 

55  Fig.  1  6  is  a  view  showing  the  relationship  between  an  excavation  area  and  an  external  reference  when  the  excava- 
tion  area  is  set  by  an  excavation  area  setting  system  of  a  third  embodiment. 

Fig.  1  7  is  a  flowchart  showing  a  process  flow  of  first  setting  means  in  the  excavation  area  setting  system  of  the  third 
embodiment. 

Fig.  1  8  is  a  view  showing  the  relationship  between  setting  data  of  the  excavation  area  as  initially  set  and  after  move- 

5 
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ment  when  the  excavation  area  is  set  by  the  excavation  area  setting  system  of  the  third  embodiment. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

5  Hereinafter,  embodiments  of  the  present  invention  will  be  described  with  reference  to  the  drawings. 
A  first  embodiment  of  the  present  invention  will  be  first  explained  with  reference  to  Figs.  1  to  1  1  . 
In  Fig.  1  ,  a  hydraulic  excavator  to  which  the  present  invention  is  applied  comprises  a  hydraulic  pump  2,  a  plurality 

of  hydraulic  actuators  driven  by  a  hydraulic  fluid  from  the  hydraulic  pump  2,  including  a  boom  cylinder  3a,  an  arm  cylin- 
der  3b,  a  bucket  cylinder  3c,  a  swing  motor  3d  and  left  and  right  track  motors  3e,  3f,  a  plurality  of  control  lever  units  4a 

10  -  4f  provided  respectively  corresponding  to  the  hydraulic  actuators  3a  -  3f,  a  plurality  of  flow  control  valves  5a  -  5f  con- 
nected  between  the  hydraulic  pump  2  and  the  plurality  of  hydraulic  actuators  3a  -  3f  for  controlling  respective  flow  rates 
of  the  hydraulic  fluid  supplied  to  the  hydraulic  actuators  3a  -  3f,  and  a  relief  valve  6  which  is  opened  when  the  pressure 
between  the  hydraulic  pump  2  and  the  flow  control  valves  5a  -  5f  exceeds  a  preset  value.  The  above  components  coop- 
eratively  make  up  a  hydraulic  drive  system  for  driving  driven  members  of  the  hydraulic  excavator. 

15  As  shown  in  Fig.  2,  the  hydraulic  excavator  is  made  up  of  a  multi-articulated  front  device  1  A  comprising  a  boom  1  a, 
an  arm  1b  and  a  bucket  1c  which  are  each  pivotable  in  the  vertical  direction,  and  a  body  1  B  comprising  an  upper  struc- 
ture  1d  and  an  undercarriage  1e.  The  boom  1a  of  the  front  device  1A  is  supported  at  its  base  end  to  a  front  portion  of 
the  upper  structure  1d.  The  boom  1a,  the  arm  1b,  the  bucket  1c,  the  upper  structure  1d  and  the  undercarriage  1e  serve 
as  driven  members  which  are  driven  respectively  by  the  boom  cylinder  3a,  the  arm  cylinder  3b,  the  bucket  cylinder  3c, 

20  the  swing  motor  3d  and  the  left  and  right  track  motors  3e,  3f.  These  driven  members  are  operated  in  accordance  with 
instructions  from  the  control  lever  units  4a  to  4f. 

Returning  to  Fig.  1  ,  the  control  lever  units  4a  -  4f  are  each  of  hydraulic  pilot  type  driving  corresponding  one  of  the 
flow  control  valves  5a  to  5f  with  a  pilot  pressure.  Each  of  the  control  lever  units  4a  -  4f  comprises  a  control  lever  40 
manipulated  by  the  operator,  and  a  pair  of  pressure  reducing  valves  (not  shown)  for  generating  a  pilot  pressure  depend- 

25  ing  on  the  input  amount  and  the  direction  by  and  in  which  the  control  lever  40  is  manipulated.  The  pressure  reducing 
valves  are  connected  at  primary  ports  to  a  pilot  pump  43,  and  at  secondary  ports  to  corresponding  ones  of  hydraulic 
driving  sectors  50a,  50b;  51a,  51b;  52a,  52b;  53a,  53b;  54a,  54b;  55a,  55b  of  the  flow  control  valves  through  pilot  lines 
44a,  44b;  45a,  45b;  46a,  46b;  47a,  47b;  48a,  48b;  49a,  49b. 

An  area  limiting  excavation  control  system  including  an  excavation  area  setting  system  of  this  embodiment  is 
30  equipped  in  the  hydraulic  excavator  constructed  as  explained  above.  The  control  system  comprises  a  setting  device  7 

for  providing  an  instruction  to  set  an  excavation  area  where  a  predetermined  part  of  the  front  device,  e.g.,  a  tip  of  the 
bucket  1c,  is  movable,  depending  on  the  scheduled  work  beforehand,  angle  sensors  8a,  8b,  8c  disposed  respectively 
at  pivot  points  of  the  boom  1a,  the  arm  1b  and  the  bucket  1c  for  detecting  respective  rotational  angles  thereof  as  status 
variables  in  relation  to  the  position  and  posture  of  the  front  device  1  A,  a  tilting  sensor  8d  for  detecting  a  tilting  angle  6 

35  of  the  body  1B  in  the  forth-and-back  direction,  pressure  sensors  60a,  60b;  61a,  61b  disposed  in  the  pilot  lines  44a,  44b; 
45a,  45b  connected  to  the  boom  and  arm  control  lever  units  4a,  4b  for  detecting  respective  pilot  pressures  input  from 
the  control  lever  units  4a,  4b,  an  external  reference  member  80  (see  Fig.  2;  "external  reference  member"  referred  to  also 
as  "external  reference"  hereinafter)  installed  outside  the  hydraulic  excavator  for  providing  an  external  reference  indica- 
tive  of  a  reference  position  with  respect  to  the  excavation  area,  a  front  reference  member  70  (see  Fig.  2;  "front  reference 

40  member"  referred  to  also  as  "front  reference"  hereinafter)  attached  on  a  side  of  the  arm  1b  of  the  front  device  1A  for 
providing  a  front  reference  as  a  target  based  on  which  the  front  device  1  A  is  calibrated  to  the  external  reference,  an 
external  reference  setting  switch  71  depressed  when  the  front  reference  70  is  made  aligned  with  the  external  reference 
80  through  operation  of  the  front  device  1  A,  a  control  unit  9  for  receiving  a  setup  signal  of  the  setting  device  7,  detection 
signals  of  the  angle  sensors  8a,  8b,  8c  and  the  tilting  sensor  8d,  detection  signals  of  the  pressure  sensors  60a,  60b; 

45  61  a,  61  b  and  an  input  signal  of  the  external  reference  setting  switch  71  ,  setting  an  excavation  area  where  the  tip  of  the 
bucket  1c  is  movable,  and  outputting  electric  signals  to  perform  excavation  control  within  the  limited  area,  proportional 
solenoid  valves  10a,  10b,  11a,  1  1b  driven  by  the  electric  signals  output  from  the  control  unit  9,  and  a  shuttle  valve  12. 
The  shuttle  valve  12  is  disposed  in  the  pilot  line  44a  to  select  higher  one  of  the  pilot  pressure  in  the  pilot  line  44a  and 
the  control  pressure  delivered  from  the  proportional  solenoid  valve  10a  and  then  introduce  the  selected  pressure  to  the 

so  hydraulic  driving  sector  50a  of  the  flow  control  valve  5a.  The  proportional  solenoid  valves  10b,  11a,  11b  are  disposed 
in  the  pilot  lines  44b,  45a,  45b,  respectively,  to  reduce  the  pilot  pressures  in  the  pilot  lines  in  accordance  with  the  respec- 
tive  electric  signals  applied  thereto  and  output  the  reduced  pilot  pressures. 

In  the  above  construction,  the  excavation  area  setting  system  of  this  embodiment  is  constituted  by  the  setting 
device  7,  the  external  reference  member  80,  the  front  reference  member  70,  the  external  reference  setting  switch  71  , 

55  the  angle  sensors  8a,  8b,  8c,  the  tilting  sensor  8d,  and  the  following  functions  of  the  control  unit  9. 
The  setting  device  7  comprises,  as  shown  in  Fig.  3,  up  and  down  buttons  7a,  7b  for  entering  a  depth  of  the  exca- 

vation  area,  a  display  7e  for  displaying  the  entered  depth,  and  an  area  setting  switch  7f  for  outputting  the  entered  depth 
as  a  setup  signal  to  the  control  unit  9  to  instruct  setting  of  the  excavation  area.  The  buttons  and  so  on  of  the  setting 
device  7  may  be  provided  on  a  grip  of  an  appropriate  control  lever.  Also,  the  setting  of  the  excavation  area  may  be 

6 
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instructed  by  any  of  other  suitable  methods  such  as  using  IC  cards,  bar  codes,  and  wireless  communication. 
The  external  reference  member  80  is,  e.g.,  a  baseline  string  horizontally  stretched  between  poles  80a  as  shown  in 

Fig.  2.  The  baseline  string  is  often  used  in  the  job  site  to  indicate  a  reference  line.  The  external  reference  member  80 
may  be  any  other  member,  e.g.,  a  simple  pole,  so  long  as  the  operator  of  the  hydraulic  excavator  can  confirm  the  exter- 

5  nal  reference  from  it. 
The  front  reference  member  70  is  a  mark  provided  in  a  position  on  the  front  device  1  A  which  can  be  confirmed  by 

the  operator,  as  shown  in  Fig.  4.  The  mark  70  may  be  prepared  by  molding  steel  into  the  form  of  an  arrow,  for  example, 
and  welding  the  arrow  to  a  prescribed  position  on  the  front  device. 

The  external  reference  setting  switch  71  is  depressed  in  the  above  case  when  the  front  device  1A  is  moved  to  a 
10  position  where  the  arrow  as  the  front  reference  70  is  aligned  with  the  baseline  string  as  the  external  reference  80.  In 

response  to  the  depression  of  the  switch  71  ,  the  position  of  the  external  reference  80  is  detected  and  the  positional  rela- 
tionship  between  the  body  1  B  of  the  hydraulic  excavator  and  the  external  reference  80  (i.e.,  the  position  of  the  external 
reference  80  relative  to  the  body)  is  set  through  calculation  (as  described  later). 

Alternatively,  it  is  also  possible  to  employ,  as  the  external  reference  member  80,  a  laser  reference  beam  oscillator 
15  (laser  lighthouse)  which  is  conventionally  used  for  a  survey  or  other  purposes  in  the  job  site,  and  as  the  front  reference 

member  70,  a  laser  sensor  for  detecting  a  laser  beam  emitted  from  the  laser  lighthouse.  In  the  case,  the  same  function 
as  in  the  illustrated  embodiment  can  be  achieved  by  turning  on  a  lamp  when  the  beam  from  the  laser  lighthouse  is 
detected  by  the  laser  sensor,  and  depressing  the  external  reference  setting  switch  71  upon  the  operator  confirming 
turning-on  of  the  lamp. 

20  To  minimize  the  effect  of  manufacture  tolerances  of  the  body  in  calculation  for  setting  the  excavation  area,  the  front 
reference  member  70  is  preferably  disposed  as  close  as  to  a  tip  of  the  arm  1  b  to  such  an  extent  that  working  is  not  inter- 
fered,  and  aligned  with  the  external  reference  80  in  a  position  near  the  bucket  1  c  which  actually  acts  on  earth.  The  exter- 
nal  reference  setting  switch  71  may  be  incorporated  in  the  setting  device  7. 

The  control  unit  9  sets  an  excavation  area  by  using  the  setup  signal  of  the  setting  device  7  and  the  detection  signals 
25  of  the  external  reference  setting  switch  71  ,  the  angle  sensors  8a,  8b,  8c  and  the  tilting  sensor  8d.  A  manner  of  setting 

an  excavation  area  by  the  control  unit  9  and  summary  of  processing  functions  of  the  control  unit  9  will  now  be  described 
with  reference  to  Figs.  4  and  5.  It  is  to  be  noted  that  an  excavation  area  is  set  by  setting  a  boundary  between  the  exca- 
vation  area  and  a  forbidden  area  (hereinafter  referred  to  simply  as  a  boundary  of  the  excavation  area),  and  that  the 
boundary  of  the  excavation  area  is  set  as  a  horizontal  plane  in  this  embodiment. 

30  When  setting  an  excavation  area,  a  baseline  string,  for  example,  is  first  stretched  as  the  external  reference  member 
80  outside  the  hydraulic  excavator  itself,  as  shown  in  Fig.  4. 

Then,  the  operator  enters  a  depth  hr  from  the  external  reference  80  to  the  boundary  of  the  excavation  area  to  be 
set  by  using  the  setting  device  7,  thus  setting  the  positional  relationship  between  the  external  reference  80  and  the 
excavation  area  in  accordance  with  the  depth  hr.  In  other  words,  the  excavation  area  is  set  with  the  position  of  the  exter- 

35  nal  reference  80  as  a  reference.  This  setting  is  executed  by  a  processing  function  of  first  setting  means  1  00  of  the  con- 
trol  unit  9  shown  in  Fig.  5. 

Next,  an  excavation  area  on  the  basis  of  the  current  body  position  of  the  hydraulic  excavator  is  set.  To  this  end,  the 
operator  first  moves  the  front  device  1  A  so  that  the  front  reference  70  provided  on  the  arm  1  b  of  the  front  device  1  A  is 
aligned  with  the  external  reference  80.  Upon  the  alignment  between  both  the  references,  the  operator  depresses  the 

40  external  reference  setting  switch  71  .  While  the  front  device  1  A  is  being  moved,  the  current  position  and  posture  of  the 
front  device  1  A  are  calculated  in  the  control  unit  9  by  a  processing  function  of  first  calculating  means  120,  shown  in  Fig. 
5,  from  the  signals  of  the  angle  sensors  8a,  8b,  8c  and  the  tilting  sensor  8d.  When  the  front  reference  70  provided  on 
the  arm  1b  of  the  front  device  1  A  is  aligned  with  the  external  reference  80  and  the  operator  depresses  the  external  ref- 
erence  setting  switch  71  ,  a  height  hf  from  a  reference  point  O  on  the  body  to  the  external  reference  80  is  calculated  as 

45  the  positional  relationship  between  the  body  1  B  and  the  external  reference  80  by  a  processing  function  of  second  cal- 
culating  means  140,  shown  in  Fig.  5,  based  on  information  about  the  position  and  posture  of  the  front  device  1A 
obtained  by  the  first  calculating  means  1  20  at  that  time.  With  the  height  hf  being  a  modification  value,  a  depth  hs  of  the 
boundary  of  the  excavation  area  relative  to  the  body  reference  point  O  is  calculated  from  the  previously  set  hr  (i.e.,  the 
positional  relationship  between  the  external  reference  80  and  the  excavation  area).  Then,  the  depth  hs  is  set  as  the 

so  excavation  area  on  the  basis  of  the  body  1  B  of  the  hydraulic  excavator  by  a  processing  function  of  second  setting 
means  1  60  shown  in  Fig.  5.  Upon  completion  of  setting  the  excavation  area  on  the  basis  of  the  body  1  B  of  the  hydraulic 
excavator,  the  process  flow  goes  to  area  limiting  excavation  control  as  shown  by  block  180  in  Fig.  5. 

Here,  the  body  reference  point  O  is  coincident  with  the  pivot  point  of  the  boom  1a  and  serves  as  the  origin  of  an 
XY-coordinate  system,  an  XbYb-coordinate  system  and  an  XcYc-coordinate  system  (described  later)  which  are  used 

55  for  calculation  in  the  area  limiting  excavation  control. 
The  setting  of  the  excavation  area  on  the  basis  of  the  body  1  B  of  the  hydraulic  excavator  is  carried  out  whenever 

the  external  reference  setting  switch  71  is  depressed.  Thus,  even  when  the  hydraulic  excavator  is  travelled  to  a  different 
position,  the  setting  of  the  excavation  area  is  newly  carried  out  in  that  position. 

Details  of  the  function  of  setting  the  positional  relationship  between  the  external  reference  80  and  the  excavation 
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area  in  the  first  setting  means  100  is  shown  in  a  process  flow  chart  of  Fig.  6.  In  Fig.  6,  a  block  circumscribed  by  broken 
lines  represents  manipulation  to  be  performed  by  the  operator  of  the  hydraulic  excavator. 

First,  the  operator  determines  a  depth  hd  from  the  ground  surface  to  the  boundary  of  the  excavation  area  to  be  set, 
by  referring  to  the  design  and  working  drawings,  etc.  Then,  the  operator  inputs  a  value  of  the  depth  hd  by  using  the  but- 
tons  7a,  7b  of  the  setting  device  7  and  depresses  the  area  setting  switch  7f  upon  confirming  on  the  display  7e  that  the 
value  has  been  input.  The  control  unit  9  determines  in  step  101  whether  the  area  setting  switch  7f  is  depressed  or  not. 
If  not  depressed,  the  control  unit  9  repeats  step  101  ,  but  if  depressed,  it  goes  to  step  102.  In  step  102,  a  depth  hr  from 
the  external  reference  80  to  the  boundary  of  the  excavation  area  to  be  set  is  calculated  from  the  following  formula  (1): 

hr  =  hd  +  ho  (1) 

In  the  formula  (1),  ho  represents  a  height  of  the  external  reference  80  (height  from  the  ground  surface  to  the  external 
reference  80).  This  value  ho  is  known  and  stored  in  the  control  unit  9  beforehand.  Then,  the  control  unit  9  goes  to  step 
1  03  for  storing  the  depth  hr.  It  is  also  possible  that  the  operator  may  keep  the  height  ho  of  the  external  reference  80  in 
his  mind  and  directly  input  the  height  hr  inclusive  of  the  height  ho  by  using  the  setting  device  7.  As  an  alternative,  a 
button  for  entering  the  height  ho  of  the  external  reference  80  may  be  provided  on  the  setting  device  7  so  that  a  set  value 
of  the  height  ho  may  be  changed  upon  manipulation  by  the  operator. 

Details  of  the  function  of  setting  the  positional  relationship  between  the  body  and  the  excavation  area  in  the  second 
calculating  means  140  and  the  second  setting  means  160  is  shown  in  a  process  flow  chart  of  Fig.  7. 

First,  as  indicated  in  a  block  circumscribed  by  broken  lines,  the  operator  manipulates  the  control  levers  40  (see  Fig. 
1)  to  move  the  front  device  1  A  so  that  the  front  reference  70  is  aligned  with  the  external  reference  80.  Then,  the  control 
unit  9  determines  in  step  141  whether  the  external  reference  setting  switch  71  is  depressed  by  the  operator  or  not.  If 
not  depressed,  the  control  unit  9  brings  the  setting  process  to  an  end  without  changing  the  setting  of  the  excavation 
area.  If  the  external  reference  setting  switch  71  is  determined  in  step  141  as  being  depressed,  the  control  unit  9  goes 
to  step  142. 

In  step  1  42,  the  control  unit  9  reads  an  angle  a  of  the  boom  1  a,  an  angle  p  of  the  arm  1  b  and  a  tilting  angle  6  of  the 
body  1  B  from  the  angle  sensors  8a,  8b  and  the  tilting  sensor  8d  which  area  provided  on  the  front  device  1  A.  Next,  in 
step  143,  a  height  hf  from  the  body  reference  point  O  to  the  front  reference  70  resulted  when  the  external  reference 
setting  switch  71  is  depressed  (i.e.,  the  front  reference  70  is  aligned  with  the  external  reference  80),  is  calculated  from 
the  angle  a  of  the  boom  1a,  the  angle  p  of  the  arm  1b  and  the  tilting  angle  6. 

In  this  calculation  process,  a  height  hb  from  the  body  reference  point  O  to  the  joint  point  between  the  boom  and  the 
arm  (i.e.,  the  point  where  the  arm  angle  sensor  8b  is  mounted)  is  first  determined  from  the  following  formula  (2): 

hb  =  L1  x  cos(a  -  6)  (2) 

In  the  formula  (2),  L1  represents  a  distance  from  the  joint  point  between  the  boom  1a  and  the  body  1  B  (i.e.,  the  point 
where  the  boom  angle  sensor  8a  is  mounted)  to  the  joint  point  between  the  boom  and  the  arm.  A  value  of  the  distance 
L1  is  known  and  stored  in  the  control  unit  9  beforehand. 

Then,  a  height  hf1  from  the  joint  point  between  the  boom  and  the  arm  to  the  front  reference  70  is  determined  from 
the  following  formula  (3): 

hf  1  =  Lf  x  cos((a  -  6)  +  (p  -6f))  (3) 

In  the  formula  (3),  Lf  represents  a  distance  from  the  joint  point  between  the  boom  and  the  arm  to  the  front  reference  70, 
and  9f  represents  a  mounting  angle  of  the  front  reference  member  70  relative  to  a  straight  line  connecting  the  joint  point 
between  the  boom  and  the  arm  and  the  joint  point  between  the  arm  and  the  bucket  (i.e.,  the  point  where  the  bucket 
angle  sensor  8c  is  mounted).  Values  of  these  parameters  are  is  known  and  stored  in  the  control  unit  9  beforehand. 

Subsequently,  a  height  hf  from  the  body  reference  point  O  to  the  front  reference  70  is  calculated  from  the  following 
formula  (4)  based  on  the  heights  hb  and  hf1  : 

hf  =  hb  +  hf  1  (4) 

Next,  the  control  unit  9  goes  to  step  144  for  reading  the  depth  hr  from  the  external  reference  80  to  the  boundary  of 
the  excavation  area  which  has  been  set  by  using  the  setting  device  7. 

Then,  in  step  145,  by  using  as  a  modification  value  the  above-calculated  height  hf  from  the  body  reference  point  O 
to  the  front  reference  70,  a  depth  hs  from  the  body  reference  point  O  to  the  boundary  of  the  excavation  area  is  calcu- 
lated  from  the  following  formula  (5)  based  on  the  value  hf  and  the  depth  hr  from  the  external  reference  80  to  the  bound- 
ary  of  the  excavation  area: 

8 



EP  0  790  355  A1 

hs  =  hr  +  hf  (5) 

Finally,  in  step  161  ,  the  control  unit  9  stores  the  depth  hs  from  the  body  reference  point  O  to  the  boundary  of  the 
excavation  area  which  has  been  calculated  in  step  1  45,  and  sets  the  excavation  area  on  the  basis  of  the  body. 

5  In  the  foregoing  process  flow,  the  steps  1  41  to  1  45  correspond  to  the  processing  function  of  the  second  calculating 
means  shown  in  Fig.  5,  and  the  step  161  corresponds  to  the  processing  function  of  the  second  setting  means  160 
shown  in  Fig.  5. 

Upon  the  start  of  excavation  work  after  completion  of  the  above  steps,  the  process  flow  goes  to  calculation  for  the 
area  limiting  excavation  control. 

10  Entire  control  functions  of  the  control  unit  9  including  the  above-described  excavation  area  setting  function  will  now 
be  described  with  reference  to  Fig.  8.  In  Fig.  8,  the  control  unit  9  includes  functions  executed  by  a  first  excavation  area 
setting  portion  9a,  a  front  posture  calculating  portion  9b,  a  target  cylinder  speed  calculating  portion  9c,  a  target  tip 
speed  vector  calculating  portion  9d,  a  direction  change  control  portion  9e,  a  post-modification  target  cylinder  speed  cal- 
culating  portion  9f,  a  restoration  control  calculating  portion  9g,  a  post-modification  target  cylinder  speed  calculating  por- 

15  tion  9h,  a  target  cylinder  speed  selector  9i,  a  target  pilot  pressure  calculating  portion  9j,  a  valve  command  calculating 
portion  9k,  a  positional  relationship  calculating  portion  9m,  and  a  second  excavation  area  setting  portion  9n. 

The  first  excavation  area  setting  portion  9a  corresponds  to  the  first  setting  means  100  in  Fig.  5  and  sets  the  posi- 
tional  relationship  between  the  external  reference  80  and  the  excavation  area  based  on  the  depth  hr  from  the  external 
reference  80  to  the  boundary  of  the  excavation  area  through  the  steps  101  to  103  of  the  process  flow  shown  in  Fig.  6. 

20  The  front  posture  calculating  portion  9b  corresponds  to  the  first  calculating  means  1  20  in  Fig.  5  and  calculates  the 
position  and  posture  of  the  front  device  1  A  necessary  for  setting  and  control  based  on  various  dimensions  of  the  front 
device  1A  and  the  body  1B  which  are  stored  in  the  control  unit  9,  rotational  angles  a,  p,  y  detected  respectively  by  the 
angle  sensors  8a,  8b,  8c,  and  a  tilting  angle  6  detected  by  the  tilting  sensor.  The  positional  relationship  calculating  por- 
tion  9m  corresponds  to  the  second  calculating  means  140  in  Fig.  5  and  calculates  the  depth  hs  from  the  body  reference 

25  point  O  to  the  boundary  of  the  excavation  area  through  the  steps  1  41  to  1  45  of  the  process  flow  shown  in  Fig.  7. 
The  second  excavation  area  setting  portion  9n  corresponds  to  the  second  setting  means  160  in  Fig.  5  and  sets  the 

excavation  area  on  the  basis  of  the  body  1  B  of  the  hydraulic  excavator  from  the  aforementioned  depth  hs  through  the 
step  161  of  the  process  flow  shown  in  Fig.  7. 

In  the  front  posture  calculating  portion  9b,  the  position  and  posture  of  the  front  device  1  A  are  calculated  on  an  XY- 
30  coordinate  system  with  the  origin  defined  by  the  pivot  point  of  the  boom  1a  which  is  also  the  body  reference  point  O 

serving  as  a  reference  for  setting  the  excavation  area.  The  XY-coordinate  system  is  a  rectangular  coordinate  system 
fixed  on  the  body  1  B  and  is  assumed  to  lie  in  a  vertical  plane.  Given  that  the  distance  between  the  pivot  point  of  the 
boom  1a  and  the  pivot  point  of  the  arm  1b  is  L1  ,  the  distance  between  the  pivot  point  of  the  arm  1b  and  the  pivot  point 
of  the  bucket  1  c  is  12,  and  the  distance  between  the  pivot  point  of  the  bucket  1  c  and  the  tip  of  the  bucket  1  c  is  L3,  coor- 

35  dinate  values  on  the  XY-coordinate  system  are  determined  from  formulae  below: 

X  =  L1  sina  +  12  sin(a  +  p)  +  L3  sin(a  +  P  +  y) 

Y  =  L1  cosa  +  12  cos(a  +  p)  +  L3  COS(a  +  P  +  y) 
40 

When  the  body  1  B  is  inclined  as  shown  in  Fig.  4,  the  relative  positional  relationship  between  the  bucket  tip  and  the 
ground  surface  is  changed  and  thus  the  setting  of  the  excavation  area  cannot  be  performed  correctly.  In  this  embodi- 
ment,  therefore,  the  tilting  angle  6  of  the  body  1  B  is  detected  by  the  tilting  sensor  8d  and  a  detected  value  of  the  tilting 
angle  6  is  input  to  the  front  posture  calculating  portion  9b  so  that  it  can  make  calculation  on  an  XbYb-coordinate  system 

45  which  is  provided  by  rotating  the  XY-coordinate  system  through  the  angle  6.  This  enables  the  area  setting  and  the  exca- 
vation  control  to  be  correctly  performed  even  if  the  body  1  B  is  inclined.  Note  that  the  tilting  sensor  is  not  always  required 
when  work  is  started  after  correcting  a  tilting  of  the  body  if  the  body  is  inclined,  or  when  excavation  is  performed  in  the 
work  site  where  the  body  will  not  incline. 

In  the  first  excavation  area  setting  portion  9a,  the  modification  value  calculating  portion  9m  and  the  second  exca- 
50  vation  area  setting  portion  9n,  the  depths  hr,  hs,  the  height  hf,  etc.  are  processed  after  being  transformed  into  respec- 

tive  values  on  the  XbYb-coordinate  system. 
The  target  cylinder  speed  calculating  portion  9c  receives  the  detection  signals  of  the  pressure  sensors  60a,  60b, 

61a,  61b  as  operation  signals  input  from  the  control  lever  units  4a,  4b.  From  the  operations  signals  (pilot  pressures),  the 
calculating  portion  9c  calculates  target  supply  flow  rates  through  the  flow  control  valves  5a,  5b  (target  speeds  of  the 

55  boom  cylinder  3a  and  the  arm  cylinder  3b). 
The  target  tip  speed  vector  calculating  portion  9d  determines  a  target  speed  vector  Vc  at  the  tip  of  the  bucket  1c 

from  the  position  of  the  bucket  tip  determined  by  the  front  posture  calculating  portion  9b,  the  target  cylinder  speed  deter- 
mined  by  the  target  cylinder  speed  calculating  portion  9c,  and  the  various  dimensions,  such  as  L1  ,  12  and  L3,  stored  in 
the  control  unit  9.  At  this  time,  the  target  speed  vector  Vc  is  first  calculated  as  values  on  the  XY-coordinate  system 
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shown  in  Fig.  4,  and  then  transformed  into  values  on  the  XbYb-coordinate  system  shown  in  Fig.  4  when  the  body  is 
inclined.  Further,  taking  into  account  the  case  where  the  boundary  of  the  excavation  area  is  inclined  an  angle  6r  (see 
later-described  embodiments  shown  in  Figs.  12  and  16),  the  target  speed  vector  Vc  is  finally  determined  as  values  on 
an  XcYc-coordinate  system  which  is  provided  by  rotating  the  XbYb-coordinate  system  through  the  angle  6r.  Thus,  the 

5  target  speed  vector  Vc  is  calculated  on  the  basis  of  the  body  reference  point  O.  Here,  an  Xc-coordinate  component  Vex 
of  the  target  speed  vector  Vc  on  the  XcYc-coordinate  system  represents  a  vector  component  in  the  direction  parallel  to 
the  boundary  of  the  set  area,  and  a  Yc-coordinate  component  Vcy  thereof  represents  a  vector  component  in  the  direc- 
tion  vertical  to  the  boundary  of  the  set  area. 

When  the  tip  of  the  bucket  1c  is  positioned  within  the  set  area  near  the  boundary  thereof  and  the  target  speed  vec- 
10  tor  Vc  has  a  component  in  the  direction  toward  the  boundary  of  the  set  area,  the  direction  change  controller  9e  modifies 

the  vertical  vector  component  such  that  it  is  gradually  reduced  as  the  bucket  tip  comes  closer  to  the  boundary  of  the  set 
area.  In  other  words,  a  vector  (reversed  vector)  being  smaller  than  the  vector  component  Vcy  in  the  vertical  direction 
and  orienting  away  from  the  set  area  is  added  to  the  vector  component  Vcy. 

Here,  in  the  direction  change  controller  9e,  it  is  required  to  know  a  distance  between  the  tip  of  the  bucket  1c  and 
15  the  boundary  of  the  set  area.  To  this  end,  a  rectangular  XaYa-coordinate  system  having  the  origin  on  the  boundary  of 

the  set  area  and  one  axis  defined  by  a  straight  line  aligning  with  the  boundary  is  set  and  the  position  of  the  bucket  tip 
on  the  XaYa-coordinate  system  is  calculated.  The  XaYa-coordinate  system  is  a  coordinate  system  obtained  by  translat- 
ing  the  XcYc-coordinate  system  through  the  depth  hs  of  the  boundary  of  the  excavation  area  from  the  body  reference 
point  O  determined  by  the  second  excavation  area  setting  portion  9n  and,  therefore,  the  position  of  the  bucket  tip  on  the 

20  XaYa-coordinate  system  can  be  readily  determined.  Then,  a  Ya-coordinate  value  (hereinafter  referred  to  simply  as  Ya) 
on  the  XaYa-coordinate  system  represents  the  distance  between  the  tip  of  the  bucket  1c  and  the  boundary  of  the  set 
area. 

By  the  modification  in  the  direction  change  control  portion  9e,  the  vector  component  Vcy  in  the  vertical  direction  is 
reduced  such  that  the  amount  of  reduction  in  the  vector  component  Vcy  is  increased  as  the  distance  Ya  decreases. 

25  Thus,  the  target  speed  vector  Vc  is  modified  into  a  target  speed  vector  Vca.  Here,  the  range  of  a  distance  Ya1  from  the 
boundary  of  the  set  area  can  be  called  a  direction  change  area  or  a  slowdown  area. 

Fig.  9  shows  one  example  of  a  path  along  which  the  tip  of  the  bucket  1  c  is  moved  when  the  direction  change  control 
is  performed  as  per  the  above-described  target  speed  vector  Vca  after  modification.  Given  that  the  target  speed  vector 
Vc  is  oriented  downward  obliquely  and  constant,  its  parallel  component  Vex  remains  the  same  and  its  vertical  compo- 

30  nent  Vcy  is  gradually  reduced  as  the  tip  of  the  bucket  1  c  comes  closer  to  the  boundary  of  the  set  area  (i.e.,  as  the  dis- 
tance  Ya  decreases).  Because  the  target  speed  vector  Vca  after  modification  is  a  resultant  of  both  the  parallel  and 
vertical  components,  the  path  is  in  the  form  of  a  curved  line  which  is  curved  to  become  parallel  by  degrees  while 
approaching  the  boundary  of  the  set  area,  as  shown  in  Fig.  9. 

The  post-modification  target  cylinder  speed  calculating  portion  9f  calculates  target  cylinder  speeds  of  the  boom  cyl- 
35  inder  3a  and  the  arm  cylinder  3b  from  the  target  speed  vector  after  modification  determined  by  the  direction  change 

control  portion  9e.  This  process  is  a  reversal  of  the  calculation  executed  by  the  target  tip  speed  vector  calculating  por- 
tion  9d. 

When  the  direction  change  control  is  performed,  the  directions  in  which  the  boom  cylinder  and  the  arm  cylinder  are 
required  to  be  operated  to  achieve  the  direction  change  control  are  selected  and  the  target  cylinder  speeds  in  the 

40  selected  operating  directions  are  calculated.  A  description  will  now  be  made  of,  by  way  of  example,  the  case  of  crowd- 
ing  the  arm  with  the  intention  of  digging  the  ground  toward  the  body  (i.e.,  the  arm  crowding  operation)  and  the  case  of 
operating  the  bucket  tip  in  the  direction  to  push  it  by  the  combined  operation  of  boom-down  and  arm  dumping  (i.e.,  the 
arm-dumping  combined  operation). 

In  the  arm  crowding  operation,  the  vertical  component  Vcy  of  the  target  speed  vector  Vc  can  be  reduced  in  three 
45  ways  below: 

(1)  raising  the  boom  1a; 
(2)  slowing  down  the  operation  to  crowd  the  arm  1  b;  and 
(3)  combining  the  methods  (1)  and  (2). 

50 
In  the  combined  method  (3),  proportions  of  the  two  methods  are  dependent  on  the  posture  of  the  front  device,  the  hor- 
izontal  vector  component,  etc.  at  that  time.  Anyway,  the  proportions  are  determined  in  accordance  with  the  control  soft- 
ware.  Since  this  embodiment  includes  restoration  control  as  well,  the  method  (1)  or  (3)  including  raise-up  of  the  boom 
1a  is  preferable.  Taking  into  account  smoothness  of  the  operation,  the  method  (3)  is  most  preferable. 

55  In  the  arm-dumping  combined  operation,  when  the  arm  is  moved  for  dumping  from  a  position  near  the  body  (nearby 
position),  the  target  vector  in  the  direction  of  going  out  of  the  set  area  is  provided.  To  reduce  the  vertical  component  Vcy 
of  the  target  speed  vector  Vc,  therefore,  it  is  required  to  slow  down  the  arm  dumping  operation  by  slowing  down  the 
boom-down  operation  or  switching  it  to  the  boom-up  operation.  The  combination  of  arm-dumping  and  any  other  opera- 
tion  mode  is  also  determined  in  accordance  with  the  control  software. 

10 



EP  0  790  355  A1 

In  the  restoration  control  portion  9g,  when  the  tip  of  the  bucket  1c  goes  out  of  the  set  area,  the  target  speed  vector 
is  modified  depending  on  the  distance  from  the  boundary  of  the  set  area  so  that  the  bucket  tip  is  returned  to  the  set 
area.  In  other  words,  a  vector  (reversed  vector)  being  larger  than  the  vector  component  Vcy  in  the  vertical  direction  and 
orienting  toward  the  set  area  is  added  to  the  vector  component  Vcy.  As  with  the  above  direction  change  control,  the 

5  position  of  the  bucket  tip  on  the  XaYa-coordinate  system  is  calculated  and  a  Ya-coordinate  value  on  the  XaYa-coordi- 
nate  system  is  taken  as  the  distance  between  the  tip  of  the  bucket  1c  and  the  boundary  of  the  set  area.  By  thus  modi- 
fying  the  vertical  vector  component  Vcy  of  the  target  speed  vector  Vc,  the  target  speed  vector  Vc  is  modified  into  a 
target  speed  vector  Vca  such  that  the  vertical  vector  component  Vcy  is  reduced  as  the  distance  Ya  decreases. 

Fig.  10  shows  one  example  of  a  path  along  which  the  tip  of  the  bucket  1c  is  moved  when  the  restoration  control  is 
10  performed  as  per  the  above-described  target  speed  vector  Vca  after  modification.  Given  that  the  target  speed  vector  Vc 

is  oriented  downward  obliquely  and  constant,  its  parallel  component  Vex  remains  the  same  and  a  restoration  vector  - 
KYa  is  proportional  to  the  distance  Ya  such  that  a  vertical  component  is  gradually  reduced  as  the  tip  of  the  bucket  1  c 
comes  closer  to  the  boundary  of  the  set  area  (i.e.,  as  the  distance  Ya  decreases).  Because  the  target  speed  vector  Vca 
after  modification  is  a  resultant  of  both  the  parallel  and  vertical  components,  the  path  is  in  the  form  of  a  curved  line 

15  which  is  curved  to  become  parallel  by  degrees  while  approaching  the  boundary  of  the  set  area,  as  shown  in  Fig.  10. 
Thus,  since  the  tip  of  the  bucket  1  c  is  controlled  to  return  to  the  set  area  by  the  restoration  control  portion  9g,  a  res- 

toration  area  is  defined  outside  the  set  area.  In  the  restoration  control,  the  movement  of  the  tip  of  the  bucket  1c  toward 
the  boundary  of  the  set  area  is  also  slowed  down  and,  eventually,  the  direction  in  which  the  tip  of  the  bucket  1  c  is  moving 
is  converted  into  the  direction  along  the  boundary  of  the  set  area.  In  this  meaning,  the  restoration  control  can  also  be 

20  called  direction  change  control. 
The  post-modification  target  cylinder  speed  calculating  portion  9h  calculates  target  cylinder  speeds  of  the  boom 

cylinder  3a  and  the  arm  cylinder  3b  from  the  target  speed  vector  after  modification  determined  by  the  restoration  control 
portion  9g.  This  process  is  a  reversal  of  the  calculation  executed  by  the  target  tip  speed  vector  calculating  portion  9d. 

When  the  restoration  control  is  performed,  the  directions  in  which  the  boom  cylinder  and  the  arm  cylinder  are 
25  required  to  be  operated  to  achieve  the  restoration  control  are  selected  and  the  target  cylinder  speeds  in  the  selected 

operating  directions  are  calculated.  Since  the  bucket  tip  is  returned  to  the  set  area  by  raising  the  boom  1a  in  the  resto- 
ration  control,  the  direction  of  raising  the  boom  1a  is  always  included.  The  combination  of  boom-up  and  any  other  mode 
is  also  determined  in  accordance  with  the  control  software. 

The  target  cylinder  speed  selector  9i  selects  larger  one  (maximum  value)  of  a  value  of  the  target  cylinder  speed 
30  determined  by  the  target  cylinder  speed  calculating  portion  9f  for  the  direction  change  control  and  a  value  of  the  target 

cylinder  speed  determined  by  the  target  cylinder  speed  calculating  portion  9h  for  the  restoration  control,  and  then  sets 
the  selected  value  as  a  target  cylinder  speed  to  be  output. 

The  target  pilot  pressure  calculating  portion  9j  calculates,  as  the  target  pilot  pressures,  target  pilot  pressures  to  be 
produced  in  the  pilot  lines  44a,  44b;  45a,  45b. 

35  The  valve  command  calculating  portion  9k  calculates  command  values  corresponding  to  the  target  pilot  pressures 
calculated  by  the  target  pilot  pressure  calculating  portion  9j,  and  outputs  electric  signals  corresponding  to  the  command 
values  to  the  proportional  solenoid  valves  10a,  10b,  11a,  11b. 

In  this  embodiment  described  above,  each  time  the  front  reference  70  is  aligned  with  the  external  reference  80  and, 
in  such  a  condition,  the  external  reference  setting  switch  71  is  depressed  in  accordance  with  the  intention  of  the  oper- 

40  ator,  the  positional  relationship  between  the  external  reference  80  and  the  body  1  B  is  modified  and  the  positional  rela- 
tionship  between  the  body  and  the  excavation  area  is  calculated,  enabling  the  excavation  area  to  be  set  on  the  basis  of 
the  body.  Therefore,  the  operator  can  perform  excavation  work  while  compensating  change  in  the  body  height  caused 
by  movement  of  the  body  in  accordance  with  his  intention  whenever  it  occurs.  As  a  result,  even  when  the  body  height 
is  changed  upon  movement  of  the  body,  the  setting  of  the  excavation  area  remains  the  same,  enabling  excavation  work 

45  to  be  always  carried  out  at  a  predetermined  depth  on  the  basis  of  the  external  reference  80. 
Further,  the  front  reference  70  is  disposed  on  the  arm  1  b  in  a  position  nearer  to  the  bucket  tip  of  the  front  device  1  A 

including  the  bucket  which  actually  acts  on  the  ground,  and  the  excavation  area  on  the  basis  of  the  body  1  B  is  set  from 
the  position  and  posture  of  the  front  device  1A  resulted  when  the  front  reference  70  is  aligned  with  the  external  refer- 
ence  80  and  the  external  reference  setting  switch  71  is  depressed.  Therefore,  the  effect  of  errors,  such  as  manufacture 

so  tolerances  of  the  body  1  B  or  tolerances  in  accuracy  and  mounting  of  the  front  reference  member  70  and  the  angle  sen- 
sors  8a  -  8c,  upon  the  setting  of  the  excavation  area  is  offset  through  the  calculation  for  setting  the  excavation  area  and 
the  calculation  for  the  excavation  control.  Accordingly,  when  the  tip  position  of  the  bucket  1c  is  calculated  in  the  exca- 
vation  control,  a  calculation  result  is  less  affected  by  the  above-mentioned  tolerances  and  other  errors  in  accuracy  than 
the  conventional  method  of  detecting  reference  light  by  a  sensor  mounted  on  the  body,  and  excavation  can  be  precisely 

55  performed  as  per  the  setting  with  a  smaller  difference  from  the  set  excavation  area. 
This  point  will  now  be  described  below  in  more  detail.  In  the  related  art  disclosed  in  the  above-cited  JP-A-3-295933, 

the  vehicle  height  can  be  compensated  with  the  aid  of  reference  light  as  stated  before.  When  excavation  is  performed 
in  the  related  art,  the  body  height  is  modified  and  control  is  made  so  that  a  bucket  tip  is  moved  to  a  depth  hs  set  with 
respect  to  a  body  reference  point  O.  At  this  time,  a  control  device  executes  calculation  and  control  to  position  the  bucket 
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tip  at  the  depth  hs  based  on  dimensions  L1  ,  12,  L3  of  a  boom,  an  arm  and  a  bucket  stored  in  a  memory  and  angles  a, 
p,  y  of  front  members  detected  by  angle  sensors.  However,  the  actual  front  members  include  manufacture  errors,  and 
the  boom,  the  arm  and  the  bucket  actually  have  dimensions  of,  e.g.,  L1  +  eL1  ,  12  +  eL2  and  L3  +  eL3,  respectively.  Also, 
the  angles  a,  p,  y  detected  by  the  angle  sensors  include  respective  errors  ea,  ep,  ey,  due  to  mounting  errors  of  the  sen- 

5  sors,  detection  errors  of  the  sensors  themselves,  etc.,  relative  to  true  angles  a',  p',  y.  Therefore,  even  when  the  control 
device  attempts  to  make  control  to  move  the  bucket  tip  to 

hs  (L1,  L2,  L3,  a(hs),  p(hs),  y(hs)), 

10  a  position  to  which  the  bucket  tip  is  actually  moved  is  given  by: 

hs'  (L1',  L2',  L3',  a'(hs),  P'(hs),  y(hs))  =  hs'  (L1  +  eL1,  12  +  eL2,  L3  +  eL3,  a(hs)  +  ea,  p(hs)  +  ep,  y(hs)  +  ey)  (6) 

where  L1,  12,  L3:  design  values 
15 

a,  p,  y:  detected  values 
L1',  12',  13',  a',  p',  y:  actual  values 
el_1  ,  eL2,  el_3,  ea,  ep,  ey:  errors 
L1'  =  L1  +  eL1 

20  12'  =  12  +  eL2 
L3'  =  L3  +  eL3 
a  =  a'  +  ea 
P  =  P'+ep 
y  =  y'  +  ey 

25 
and  where  a(hs),  p(hs),  y(hs)  and  a'(hs),  P'(hs),  y'(hs)  represent  detected  values  and  actual  values  of  the  respective 
angles  taken  when  the  front  device  is  in  a  posture  of  detecting  the  depth  hs. 

Assuming  a  target  boom  angle  to  be  30°,  for  example,  the  control  device  controls  the  front  device  so  that  the 
detected  value  a(hs)  is  30°  (a(hs)  =  30°).  At  this  time,  if  there  is  an  error  ea  =  0.5°  between  the  detected  value  a  and 

30  the  actual  a',  the  front  device  would  be  actually  controlled  to  the  position  of  a'  =  30.5°. 
On  the  other  hand,  in  this  embodiment,  since  the  front  reference  70  is  provided  on  the  front  device  (arm),  the  posi- 

tion  taken  by  the  front  reference  70  when  it  is  aligned  with  the  external  reference  80,  is  recognized  by  the  control  unit  9 
as  a  position  calculated  below: 

hf  (L1  ,  Lf,  a(hf),  p(hf),  6f)  At  this  time,  the  front  reference  70  actually  locates  in  a  position  below: 
35 

hf  (L1',  Lf,  a'(hf),  p'(hf),  6f)  =  hf  (L1  +  eL1,  Lf  +  eLf,  a(hf)  +  ea,  p(hf)  +  ep,  6f  +  e6f) 

A  position  of  the  bucket  tip  at  this  time  is  given  by: 

40  (L1\  L2',  L3',  a'(hf),  p'(hf),  y'(hf))  =  (L1  +  eL1  ,  L2  +  eLf,  L3  +  eL3,  a(hf)  +  ea(hf),  p(hf)  +  ep(hf),  y(hf)  +  ey(hf))  (7) 

where  e6f  :  mounting  error  of  the  front  reference  70 
a(hf),  p(hf),  y(hf):  detected  values  of  the  angles  when  the  front  device  is  in  the  posture  of  detecting  hf 
a'(hf),  P'(hf),  y(hf):  actual  values  of  the  angles  when  the  front  device  is  in  the  posture  of  detecting  hf 

45 
At  this  time,  since  the  front  reference  70  is  in  the  position  of  the  true  external  reference  80,  this  means  that  the  con- 

trol  unit  9  has  detected  the  position  of  the  true  external  reference  80  including  errors.  If  that  position  hf  is  employed  in 
the  area  limitation  control,  an  error  between  the  detected  position  hf  in  the  control  unit  9  and  the  actual  position  hf  is 
the  same  as  that  included  at  the  time  of  detecting  hf.  Therefore,  when  the  front  reference  70  is  moved  to  the  detected 

so  position  hf,  both  the  errors  offset  each  other  and  the  actual  position  hf  of  the  front  reference  70  is  aligned  with  the  true 
position. 

For  example,  assuming  that  the  actual  boom  angle  is  a'  =  30°  and  the  detected  value  of  the  sensor  8a  includes  an 
error  ea  =  0.5°  when  the  external  reference  80  is  detected,  the  boom  angle  is  detected  by  the  control  unit  as  being  a  = 
29.5°.  When  the  boom  is  controlled  so  as  to  take  a  target  angle  using  the  detected  value  a  =  29.5°,  it  is  actually  con- 

55  trolled  to  the  position  of  a'  =  30°,  i.e.,  it  is  aligned  with  the  true  position  of  the  external  reference  80.  Thus,  the  error  is 
cancelled  out. 

Next,  when  the  bucket  tip  position  is  controlled  by  using  hs  modified  based  on  hf  during  the  area  limitation  control, 
the  error  included  in  at  least  hf  is  cancelled  out  looking  from  the  actual  position  of  the  external  reference,  as  mentioned 
above,  and  the  remaining  error  is  an  error  due  to  the  sensors  caused  when  the  bucket  tip  is  moved  from  the  posture  of 
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detecting  hf  to  a  posture  of  detecting  hs.  In  the  posture  of  detecting  hs,  the  bucket  tip  is  actually  in  a  position  below: 

hs'  (L1',  L2',  L3',  a'(hs),  P'(hs),  y'(hs))  =  hs'  (L1  +  eL1,  L2  +  eL2,  L3  +  eL3,  a(hs)  +  ea(hs), 
P(hs)  +  ep(hs),  y(hs)  +  ey(hs)) 

5 

where  a(hs),  p(hs),  y(hs):  detected  values  of  the  angles  when  the  front  device  is  controlled  to  the  posture  of  detect- 
ing  hs 
a'(hs),  P'(hs),  Y(hs):  actual  values  of  the  angles  when  the  front  device  is  controlled  to  the  posture  of  detecting  hs 

10 
At  this  time,  in  this  embodiment,  since  the  bucket  tip  position  in  the  posture  of  detecting  hf  is  aligned  with  the  true 

position  of  the  external  reference  80  in  accordance  with  the  formula  (7),  errors  relating  to  deviations  a(hs)  -  a(hf),  p(hs) 
■  P(hf),  y(hs)  -  y(hf)  occurred  when  the  bucket  tip  is  controlled  to  move  from  the  posture  of  detecting  hf  to  the  posture  of 
detecting  hs,  i.e.,; 

Aea  =  ea(hs)  -  ea(hf)  (9) 

Aep  =  ep(hs)  -  ep(hf)  (10) 

20  Aey  =  ey(hs)  -  ey(hf)  (11) 

are  produced  as  actual  errors  when  the  area  limitation  excavation  is  performed,  and  hence  are  much  smaller  than  in 
the  prior  art.  Further,  according  to  this  embodiment,  by  providing  the  front  reference  70  on  the  front  device  1A  to  make 
change  between  the  posture  of  setting  the  external  reference  position  and  the  posture  during  excavation  as  small  as 

25  possible,  the  errors  produced  in  relation  to  the  above  formulae  (9)  to  (1  1)  can  be  further  reduced  in  such  a  case. 
Incidentally,  when  employing  a  direct  teaching  method  described  later,  since  an  error  in  setting  hr  is  also  taken  in 

at  the  time  of  the  setting  and  the  bucket  tip  is  controlled  to  move  to  hr  while  cancelling  out  the  error,  more  precise  exca- 
vation  control  can  be  achieved. 

Moreover,  the  setting  in  this  embodiment  is  less  affected  by  the  errors  of  the  angle  sensors  8a  -  8c  for  detecting  the 
30  position  and  posture  of  the  front  device  1  A.  Therefore,  even  when  the  body  height  is  varied  with  movement  of  the  body 

and  the  excavation  depth  from  the  body  is  changed,  the  effect  of  the  errors  of  the  angle  sensors  8a  -  8c  upon  the 
change  amount  of  the  excavation  depth  is  so  small  as  to  prevent  change  in  the  excavation  depth  between  before  and 
after  the  body  height  is  varied. 

Additionally,  in  the  related  art  disclosed  in  the  above-cited  JP-A-3-295933,  the  reference  light  sensor  provided  on 
35  the  body  is  required  to  be  able  to  cover  a  wide  range  for  positive  detection  of  the  reference  light.  By  contrast,  in  this 

embodiment,  since  the  front  device  1A  is  operated  to  make  the  front  reference  70  aligned  with  the  external  reference 
80  and,  in  this  condition,  the  external  reference  setting  switch  71  is  depressed  to  effect  the  setting,  the  front  reference 
member  70  provided  on  the  front  device  1  A  can  be  formed  of  a  small  and  simple  member,  such  as  an  arrow  mark  of  a 
steel  plate,  and  the  movement  of  the  body  can  be  compensated  without  needing  a  large-sized  and  complicated  sensor. 

40  Similarly,  since  the  front  device  1A  is  operated  to  make  the  front  reference  70  aligned  with  the  external  reference 
80  and,  in  this  condition,  the  external  reference  setting  switch  71  is  depressed  to  effect  the  setting,  the  movement  of  the 
body  can  be  compensated  over  a  wide  range  because  of  the  front  device  1  A  being  movable  over  a  wide  range. 

In  the  area  limiting  excavation  control  stated  above,  since  the  target  speed  vector  Vc  at  the  tip  of  the  bucket  1c  is 
calculated  on  the  basis  of  the  body  reference  point  O  and  the  movement  of  the  front  device  1  A  is  controlled  by  modifying 

45  the  target  speed  vector  Vc,  it  is  required  to  calculate  various  variables  relating  to  the  target  speed  vector  Vc  oh  the  basis 
of  the  body  during  the  excavation  control.  In  the  setting  system  of  this  embodiment,  the  second  calculating  means  140 
and  the  second  setting  means  160  are  provided  in  addition  to  the  first  setting  means  100,  the  second  setting  means 
1  60  calculates  the  positional  relationship  between  the  body  1  B  and  the  excavation  area  (i.e.,  the  depth  hs)  by  modifying 
the  positional  relationship  between  the  external  reference  80  and  the  excavation  area  (i.e.,  the  depth  hr)  which  has 

so  been  set  by  the  first  setting  means  1  00,  and  the  second  setting  means  1  60  sets  the  excavation  area  on  the  basis  of  the 
body  as  with  the  excavation  control.  Therefore,  the  setting  data  hs  of  the  excavation  area  determined  by  the  second 
setting  means  1  60  can  be  employed  as  it  is  for  calculation  in  the  excavation  control  and  thus  the  calculation  in  the  exca- 
vation  control  can  be  simplified.  As  a  result,  necessary  calculation  can  be  executed  in  a  moment  with  a  restricted  mem- 
ory  capacity  of  the  control  unit  9  and  highly  reliable  area  limiting  excavation  control  can  be  achieved  without  causing  a 

55  delay. 
Furthermore,  this  embodiment  includes  the  external  reference  setting  switch  71  to  be  depressed  when  the  front  ref- 

erence  70  is  aligned  with  the  external  reference  80,  and  the  operator  moves  the  front  device  1A  and  depresses  the 
external  reference  setting  switch  at  the  time  of  the  front  reference  being  aligned  with  the  external  reference.  This  means 
that  the  calculation  for  setting  the  excavation  area  is  executed  by  the  second  calculating  means  1  40  in  advance.  There- 
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fore,  the  calculation  for  setting  the  excavation  area  is  not  required  during  the  excavation  control  and  the  amount  of  cal- 
culation  to  be  executed  during  the  excavation  control  is  reduced,  resulting  in  more  highly  reliable  area  limiting 
excavation  control  with  more  positive  prevention  of  a  delay. 

In  the  related  art  disclosed  in  the  above-cited  JP-A-3-295933,  the  reference  light  sensor  provided  on  the  body  is 
5  required  to  be  able  to  cover  a  wide  range  for  positive  detection  of  the  reference  light,  as  stated  above,  and  this  require- 

ment  poses  a  great  restriction  in  a  level  of  the  reference  light,  taking  into  account  the  size  of  the  reference  light  sensor. 
By  contrast,  in  this  embodiment,  since  the  front  reference  member  70  is  provided  on  the  front  device  1  A,  particularly  the 
arm,  a  place  where  the  external  reference  member  80  is  installed  is  not  subjected  to  substantial  restrictions  because  of 
the  front  device  being  movable  over  a  wide  range.  This  leads  to  such  a  merit  that  as  shown  in  Fig.  1  1  ,  by  way  of  exam- 

10  pie,  when  there  is  no  appropriate  place  on  the  ground  capable  of  installing  the  external  reference  member  at  the  same 
level  as  the  body  1  B,  the  external  reference  member  80  can  be  installed  in  a  trench  G.  In  this  connection,  it  is  also  pos- 
sible  to  install  the  external  reference  member  80  in  view  of  the  above-mentioned  problem  of  errors  so  that  change 
between  the  posture  of  positioning  the  front  reference  to  be  aligned  with  the  external  reference  and  the  posture  during 
excavation  is  reduced,  and  hence  to  improve  the  accuracy  of  excavation. 

15  Further,  with  this  embodiment,  by  installing  the  external  reference  member  80  (baseline  string,  pole,  laser  light- 
house  or  the  like)  and  setting  the  external  reference  with  the  setting  device  7  prior  to  starting  work,  no  assistant  operator 
is  necessary  to  position  the  tip  of  the  bucket  1  c  to  the  boundary  of  the  set  area  at  the  start  of  work  or  when  the  hydraulic 
excavator  body  is  travelled  to  a  different  place.  In  addition,  a  time  required  for  making  the  setting  in  accordance  with  an 
instruction  from  the  assistant  operator  can  be  eliminated  and  a  working  time  can  be  cut  down. 

20  The  external  reference  member  80  is  installed  outside  the  body,  requires  not  to  be  changed  in  its  position  after  once 
installed,  and  can  be  employed  as  a  reference  for  the  excavation  area  continuously  even  when  the  body  is  moved  to  a 
different  place. 

It  is  to  be  noted  that  while  the  embodiment  has  been  described  as  installing  the  external  reference  member  hori- 
zontally,  the  external  reference  member  is  not  always  required  to  be  installed  horizontally.  Depending  on  nature  of 

25  scheduled  work,  the  external  reference  member  may  be  installed  obliquely  and  excavation  may  be  performed  step  by 
step  while  defining  a  rough  slope. 

A  second  embodiment  of  the  present  invention  will  be  described  with  reference  to  Figs.  12  to  15.  This  second 
embodiment  intends  to  set  a  sloped  excavation  area,  as  the  excavation  area,  in  a  excavation  area  setting  system  for  an 
area  limiting  excavation  control. 

30  In  Fig.  1  2,  a  first  excavation  area  setting  portion  9a  (see  Fig.  8;  corresponding  to  the  first  setting  means  1  00  in  Fig. 
5)  of  this  embodiment  inputs  and  sets,  through  a  setting  device  7A  shown  in  Fig.  13,  a  depth  hr  from  the  external  refer- 
ence  80  to  a  reference  point  P  of  the  excavation  area,  a  distance  hrx  from  the  body  reference  point  O  to  the  reference 
point  P,  and  a  tilting  angle  6r  of  the  boundary  of  the  excavation  area.  In  this  embodiment,  therefore,  the  setting  device 
7A  has  selection  buttons  7c,  7g,  7d  for  selectively  inputting  a  depth  hd  from  the  ground  surface  to  the  reference  point 

35  P  of  the  excavation  area,  the  distance  hrx  from  the  body  reference  point  O  to  the  reference  point  P,  and  the  tilting  angle 
6r  of  the  boundary  of  the  excavation  area. 

Fig.  1  4  shows  a  process  flow  in  the  first  excavation  area  setting  portion  9a.  When  the  operator  inputs  the  depth  hd, 
the  distance  hrx  and  the  angle  6r,  the  control  unit  confirms  in  step  101  whether  the  area  setting  switch  7f  is  depressed 
or  not,  and  calculates  in  step  102  the  depth  hr  from  the  external  reference  80  to  a  reference  point  P  of  the  excavation 

40  area  in  accordance  with  the  above  formula  (1),  respectively,  as  with  the  foregoing  embodiment.  The  depth  hr,  the  dis- 
tance  hrx  and  the  angle  6r  are  then  stored  in  step  103. 

Also,  in  a  second  excavation  area  setting  portion  9n  (see  Fig.  8;  corresponding  to  the  second  setting  means  160  in 
Fig.  5),  the  control  unit  sets  an  excavation  area  on  the  basis  of  the  body  as  shown  in  Fig.  12  by  making  the  front  refer- 
ence  70  aligned  with  the  outer  reference  80  and  calculating  a  depth  hs  from  the  body  reference  point  0  to  the  reference 

45  point  P  of  the  excavation  area  when  the  area  setting  switch  71  is  depressed,  through  steps  141  -  145  of  a  process  flow 
for  the  excavation  area  setting  shown  in  Fig.  15  as  with  the  foregoing  embodiment,  and  then  reading  the  distance  hrx 
and  the  angle  6r  and  further  storing  the  depth  hs  and  the  read  values  in  step  161  A. 

With  this  embodiment,  similar  advantages  to  those  obtainable  with  the  first  embodiment  can  be  provided  when  the 
area  limiting  excavation  control  is  performed  while  moving  the  hydraulic  excavator  in  the  direction  normal  to  the  drawing 

so  sheet.  Also,  by  performing  the  area  limiting  excavation  control  with  a  sloped  excavation  area  set,  such  work  as  digging 
a  trench  for  burying  pipes  for  water  supply  and  drainage  can  be  easily  implemented. 

A  third  embodiment  of  the  present  invention  will  be  described  with  reference  to  Figs.  16  to  18.  This  third  embodi- 
ment  intends  to  set  the  positional  relationship  between  the  external  reference  80  and  the  excavation  area  by  a  direct 
teaching  method,  the  setting  being  made  by  the  first  setting  means  100  (see  Fig.  5)  in  the  above  first  and  second 

55  embodiments. 
More  specifically,  in  the  above  first  and  second  embodiments,  the  depth  hr  from  the  external  reference  80  to  the 

boundary  of  the  excavation  area  or  the  distance  hrx  from  the  body  reference  point  O  to  the  reference  point  P  of  the 
excavation  area  is  set  in  the  first  setting  means  100  by  using  the  up  and  down  buttons  7a,  7b  (see  Fig.  3)  of  the  setting 
device  7.  In  this  third  embodiment,  the  operator  manipulates  the  control  levers  to  move  the  tip  of  the  bucket  1  c  to  a  posi- 

14 
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tion  to  be  set,  as  indicated  by  two-dot-chain  lines  in  Fig.  16,  and  sets  the  depth  hr  or  the  distance  hr  by  direct  teaching 
of  that  position. 

Fig.  1  7  shows  a  process  flow  of  a  method  of  setting  the  excavation  area  by  direct  teaching.  In  the  drawing,  blocks 
(1),  (2)  circumscribed  by  broken  lines  represent  manipulations  that  must  be  performed  by  the  operator  of  the  hydraulic 

5  excavator. 
First,  as  indicated  in  the  block  (1)  of  Fig.  17,  the  operator  manipulates  the  control  levers  to  move  the  front  device 

1  A  so  that  the  tip  of  the  bucket  1  c  comes  to  the  setting  point  P  of  the  excavation  area.  When  the  tip  of  the  bucket  1  c 
comes  to  the  setting  point  P,  the  operator  depresses  the  area  setting  switch  7f  (see  Fig.  3)  of  the  setting  device  7. 

The  control  unit  9  (see  Fig.  1),  in  step  190,  determines  whether  the  area  setting  switch  7f  is  depressed  or  not.  If  not 
10  depressed,  the  control  unit  9  repeats  step  1  90.  If  the  area  setting  switch  7f  is  depressed,  the  control  unit  9  goes  to  step 

191. 
In  step  191  ,  the  control  unit  calculates  the  depth  hs  and  the  distance  hrx  from  the  body  reference  point  O  to  the  tip 

of  the  bucket  1  c  based  on  the  posture  of  the  front  device  1  A  at  that  time. 
Next,  as  indicated  in  the  block  (2)  of  Fig.  17,  the  operator  manipulates  the  control  levers  again  to  move  the  front 

15  device  1  A  so  that  the  front  reference  70  is  aligned  with  the  external  reference  80. 
During  the  above  manipulation,  the  control  unit  repetitively  determines  in  step  192  whether  the  external  reference 

setting  switch  71  is  depressed  or  not.  If  the  external  reference  setting  switch  71  is  depressed  by  the  operator  upon  the 
front  reference  70  being  aligned  with  the  external  reference  80,  the  control  unit  goes  to  step  193. 

In  step  193,  the  control  unit  9  calculates  the  height  hfo  from  the  body  reference  point  O  to  the  front  reference  70 
20  based  on  the  posture  of  the  front  device  1  A  at  that  time. 

Next,  in  step  1  94,  the  depth  hr  from  the  external  reference  80  to  the  boundary  of  the  excavation  area  is  calculated 
from  te  following  formula: 

hr  =  hs-hfo  (12) 
25 

Finally,  in  step  195,  the  setting  is  ended  by  storing  the  depth  hr  thus  determined.  When  setting  a  sloped  excavation 
area  as  with  the  second  embodiment,  the  operator  further  inputs  an  angle  6r  by  using  the  setting  device  7.  The  control 
units  stores  the  depth  hr,  the  distance  hrx  and  the  angle  6r,  thus  setting  an  excavation  area  as  indicated  by  a  two-dot- 
chain  line  in  Fig.  16. 

30  After  the  above-described  setting  of  the  excavation  area  on  the  basis  of  the  external  reference  80  is  completed,  the 
excavation  control  is  started.  The  construction  of  this  embodiment  is  the  same  as  that  of  the  first  embodiment  except 
the  first  setting  means.  In  excavation  work,  the  area  limiting  excavation  control  is  performed  by  the  first  calculating 
means  1  20,  the  second  calculating  means  1  40  and  the  second  setting  means  1  60,  shown  in  Fig.  5,  using  hr  determined 
in  step  194  as  shown  in  Fig.  18  or  hrx,  hr  and  the  angle  6r  determined  in  steps  191  ,  194.  Whenever  the  body  is  moved 

35  and  the  operator  depresses  the  external  reference  setting  switch  71  upon  the  front  reference  70  being  aligned  with  the 
external  reference  80,  the  control  unit  determines  a  modification  value  hf  and  updates  the  depth  hs  to  carry  out  the  area 
limiting  excavation  control  while  setting  the  excavation  area  on  the  basis  of  the  body. 

With  this  embodiment,  since  the  excavation  area  is  set  by  direct  teaching,  it  is  possible  to  precisely  set  a  desired 
excavation  area  depending  on  work  situations. 

40 
INDUSTRIAL  APPLICABILITY 

(1)  According  to  the  present  invention,  even  when  the  height  of  the  hydraulic  excavator  is  varied  due  to  change  in 
topography  of  the  work  site  upon  movement  of  the  body,  excavation  can  be  always  performed  at  a  predetermined 

45  depth  on  the  basis  of  the  external  reference.  In  the  case  of  setting  a  horizontal  excavation  plane,  for  example,  exca- 
vation  can  be  performed  along  the  horizontal  plane  even  with  the  ground  inclined,  while  moving  the  body. 

Also,  comparing  the  method  of  detecting  reference  light  by  a  sensor  mounted  on  the  body,  the  excavation  area 
setting  system  of  the  invention  is  less  affected  by  errors  such  as  manufacture  tolerances  of  the  body  or  tolerances 
in  accuracy  and  mounting  of  the  sensors,  etc.,  and  excavation  can  be  performed  with  a  smaller  difference  from  the 

so  set  excavation  area. 
The  less  effect  of  the  sensor  errors,  etc.  also  gives  rise  to  an  advantage  below.  Even  when  the  excavation 

depth  from  the  body  is  changed  with  movement  of  the  body,  it  is  possible  to  prevent  change  in  the  excavation  depth 
between  before  and  after  the  body  height  is  varied,  by  making  the  external  reference  and  the  front  reference 
aligned  with  each  other  in  a  position  near  the  tip  of  the  bucket  actually  acting  on  the  ground  for  the  excavation  and 

55  updating  the  previous  setting. 
Since  the  front  reference  member  can  be  formed  by  a  small  and  simple  member,  such  as  an  arrow  mark  of  a 

steel  plate,  the  movement  of  the  body  can  be  compensated  without  needing  a  large-sized  and  complicated  sensor. 
Further,  the  movement  of  the  body  can  be  compensated  over  a  wide  range  because  the  front  reference  mem- 

ber  is  provided  on  the  front  device  which  is  movable  over  a  wide  range. 

15 
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In  addition,  since  the  excavation  area  is  set  on  the  basis  of  the  body  as  with  calculation  of  the  target  speed  vec- 
tor  for  the  excavation  control,  the  excavation  area  can  be  set  in  a  manner  matched  with  the  excavation  control  in 
which  calculation  is  executed  on  the  basis  of  the  body.  As  a  result,  the  calculation  to  be  executed  during  the  exca- 
vation  control  is  simplified  and  highly  reliable  area  limiting  excavation  control  can  be  achieved  without  causing  a 

5  delay. 
(2)  According  to  the  present  invention,  since  the  calculation  for  setting  the  excavation  area  is  executed  by  depress- 
ing  the  external  reference  setting  switch  when  the  front  reference  is  aligned  with  the  external  reference,  the  calcu- 
lation  for  setting  the  excavation  area  is  not  required  during  the  excavation  control  and  the  amount  of  calculation  to 
be  executed  during  the  excavation  control  is  reduced,  resulting  in  more  highly  reliable  area  limiting  excavation  con- 

10  trol  with  more  positive  prevention  of  a  delay. 
(3)  According  to  the  present  invention,  an  excavation  area  having  a  horizontal  plane  at  the  boundary  between  it  and 
the  forbidden  area  can  be  set. 
(4)  According  to  the  present  invention,  by  performing  the  area  limiting  excavation  control  with  a  sloped  excavation 
area  set,  such  work  as  digging  a  trench  for  burying  pipes  for  water  supply  and  drainage  can  be  easily  implemented. 

15  (5)  According  to  the  present  invention,  by  effecting  the  setting  operation  of  the  first  setting  means  with  the  setting 
device  prior  to  starting  work,  no  assistant  operator  is  necessary  to  position  the  front  device  to  the  boundary  of  the 
excavation  area  at  the  start  of  work  or  whenever  the  body  is  travelled  to  a  different  place.  Further,  a  time  required 
for  making  the  setting  in  accordance  with  an  instruction  from  the  assistant  operator  can  be  eliminated  and  a  work- 
ing  time  can  be  cut  down. 

20  (6)  Finally,  according  to  the  present  invention,  since  the  setting  operation  of  the  first  setting  means  is  made  by  direct 
teaching,  it  is  possible  to  precisely  set  a  desired  excavation  area  depending  on  work  situations. 

Claims 

25  1.  An  excavation  area  setting  system  for  area  limiting  excavation  control  in  construction  machines  comprising  a  plu- 
rality  of  vertically  pivotable  front  members  (1a,  1b,  1c)  making  up  a  multi-articulated  front  device  (1  A),  and  a  body 
(1  B)  for  supporting  said  front  device,  the  excavation  control  being  performed  to  calculate  a  target  speed  vector  (Vc) 
for  control  of  said  front  device  on  the  basis  of  said  body,  modify  the  target  speed  vector  to  limit  a  moving  speed  of 
said  front  device  in  the  direction  toward  a  boundary  of  a  preset  excavation  area  when  said  front  device  comes  close 

30  to  the  boundary  of  the  excavation  area,  and  move  said  front  device  along  the  boundary  of  the  excavation  area,  said 
excavation  area  setting  system  comprising: 

(a)  an  external  reference  member  (80)  installed  outside  said  construction  machine  and  providing  an  external 
reference  serving  as  a  reference  position  for  the  excavation  area; 

35  (b)  a  front  reference  member  (70)  disposed  on  said  front  device  (1A)  and  providing  a  front  reference  serving 
as  a  target  used  for  aligning  said  front  device  with  said  external  reference  (80); 
(c)  detecting  means  (8a,  8b,  8c)  for  detecting  status  variables  in  relation  to  a  position  and  posture  of  said  front 
device  (1A); 
(d)  first  calculating  means  (9b,  120)  for  calculating  the  position  and  posture  of  said  front  device  (1A)  on  the 

40  basis  of  said  body  (1  B)  from  signals  of  said  detecting  means; 
(e)  first  setting  means  (9a,  1  00)  for  setting  the  excavation  area  from  a  positional  relationship  (hr)  with  respect 
to  said  external  reference  (80); 
(f)  second  calculating  means  (9m,  140)  for  calculating  a  positional  relationship  (hf)  between  said  body  (1  B)  and 
said  external  reference  (80)  based  on  information  about  the  position  and  posture  of  said  front  device  (1  A)  cal- 

45  culated  by  said  first  calculating  means  (9b,  1  20)  when  said  front  reference  (70)  is  aligned  with  said  external  ref- 
erence  (80),  and  calculating  a  positional  relationship  (hs)  between  said  body  (1  B)  and  the  excavation  area  from 
the  positional  relationship  (hf)  between  said  body  and  said  external  reference  and  the  positional  relationship 
(hr)  between  said  external  reference  and  the  excavation  area  set  by  said  first  setting  means  (9a,  100);  and 
(g)  second  setting  means  (9n,  160)  for  setting  an  excavation  area  (hs)  on  the  basis  of  said  body  from  the  posi- 

50  tional  relationship  (hs)  between  said  body  (1  B)  and  the  excavation  area  calculated  by  said  second  calculating 
means  (9m,  140). 

2.  An  excavation  area  setting  system  for  area  limiting  excavation  control  in  construction  machines  according  to  Claim 
1,  further  comprising: 

55 
(f)  an  external  reference  setting  switch  (71)  depressed  when  said  front  reference  (70)  is  aligned  with  said  exter- 
nal  reference  (80); 

wherein  said  second  calculating  means  (9m,  140)  performs  the  calculation  when  said  external  refer- 
ence  setting  switch  (71)  is  depressed. 

16 
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An  excavation  area  setting  system  for  area  limiting  excavation  control  in  construction  machines  according  to  Claim 
1  ,  wherein  said  first  setting  means  (9a,  100)  is  means  for  setting  a  depth  (hr)  from  said  external  reference  (80)  to 
the  boundary  of  the  excavation  area. 

An  excavation  area  setting  system  for  area  limiting  excavation  control  in  construction  machines  according  to  Claim 
1  ,  wherein  said  first  setting  means  (9a,  100)  is  means  for  setting  a  depth  (hr)  from  said  external  reference  (80)  to  a 
reference  point  (P)  of  the  excavation  area,  a  distance  (hrx)  from  said  body  (1  B)  to  the  reference  point,  and  a  tilting 
angle  (6r)  of  the  boundary  of  the  excavation  area. 

An  excavation  area  setting  system  for  area  limiting  excavation  control  in  construction  machines  according  to  Claim 
1  ,  wherein  said  first  setting  means  (9a,  100)  is  means  for  setting  the  positional  relationship  (hr)  between  said  exter- 
nal  reference  (80)  and  the  excavation  area  based  on  data  input  from  a  setting  device  (7;  7A). 

An  excavation  area  setting  system  for  area  limiting  excavation  control  in  construction  machines  according  to  Claim 
1,  wherein  said  first  setting  means  (9a,  100)  includes  means  (190,  191)  for  calculating  a  position  (hs)  of  a  tip  end 
of  said  front  device  taken  when  said  front  device  is  moved  and  the  tip  end  of  said  front  device  comes  to  the  bound- 
ary  of  the  set  area,  based  on  information  about  the  position  and  posture  of  said  front  device  (1  A)  calculated  by  said 
first  calculating  means  (9b,  120),  means  (192,  193)  for  calculating  a  position  (hfo)  of  said  front  reference  taken 
when  said  front  device  is  moved  and  said  front  reference  (70)  is  aligned  with  said  external  reference  (80),  based  on 
the  information  about  the  position  and  posture  of  said  front  device  (1  A)  calculated  by  said  first  calculating  means 
(9b,  120),  and  means  (194,  195)  for  calculating  and  storing  a  positional  relationship  (hr)  between  said  external  ref- 
erence  and  the  excavation  area  from  the  position  (hs)  of  the  tip  end  of  said  front  device  and  the  position  (hfo)  of 
said  front  reference  (70). 
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F I G .   6  

O P E R A T O R ' S   MANIPULATION:  
INPUT  DEPTH  hd  TO  BE  S E T  
FROM  GROUND  S U R F A C E  
WITH  SETTING  DEVICE,  AND 
D E P R E S S   AREA  S E T T I N G  
SWITCH 

START  OF  MANUAL 
SETTING  O F  

.EXCAVATION  A R E A .  
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SETTING  SWITCH  N  o 
D E P R E S S E D  

9 

Y e s  
/ 1 0 2  

V  f  

CALUCULATE  DEPTH  hr  =  hd  +  h0 
FROM  EXTERNAL  REFERENCE  T O  
BOUNDARY  OF  EXCAVATION  A R E A  

/ 1 0 3  

STORE  hr  
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F I G .   7  

OPERATOR'S  MANIPULATION: 
MANUALLY  MOVE  FRONT  DEVICE 
TO  ALIGN  FRONT  REFERENCE  70 
WITH  EXTERNAL  REFERENCE  80 

READ  BOOM  ANGLE  a ,  
ARM  ANGLE  £  , 
AND  TILTING  ANGLE  6 

/ U 3  

CALCULATE  HIGHT  hf  FROM  BODY 
REFERENCE  POINT  0  TO  FRONT 
REFERENCE  70 

READ  DEPTH  hr  FROM  EXTERNAL 
REFERENCE  80  TO  BOUNDARY 
OF  EXCAVATION  AREA  SET  BY 
SETTING  DEVICE 

/ U 5  
k  L  . 

CALCULATE  DEPTH 
hs  =  hr  +  hf 
FROM  BODY  REFERENCE  POINT  0 
TO  REFERENCE  POINT  P 
OF  EXCAVATION  AREA 

, 1 6 1  
1  L  . 

STORES  hs  AND  SET 
EXCAVATION  AREA 

< 

c   
—   —  

f  END  OF  SETTING 
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F I G . 9  

INSIDE 
SET  AREA 

V c a = V c x  

A y  

Ya 

RESTORATION 
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F I G .   1 4  

START  OF  MANUAL 
SETTING  OF 
EXCAVATION  AREA 

OPERATOR'S   MANIPULATION: 
INPUT  DEPTH  hd  FROM  GRAUND 
SURFACE,  DISTANCE  hrx, 
AND  ANGLE  6  r  OF  REFERENCE 
POINT  P  TO  BE  SET  WITH 
SETTING  DEVICE,  AND  D E P R E S S  
AREA  SETTING  SWITCH 

Y e s  
/ - 1 0 2  

 ̂ (  
CALCULATE  HEIGHT  hr  =  hd  +  h0 
FROM  REFERENCE  POINT  P  
OF  EXCAVATION  AREA  T O  
EXTERNAL  REFERENCE 

/ - 1 0 3  

STORE  hr,  hrx,  6  r 

END  OF  SETTING 
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F I G . 1 5  

OPERATOR'S  MANIPULATION: 
MANUALLY  MOVE  FRONT  DEVICE 
TO  ALIGN  FRONT  REFERENCE  70 
WITH  EXTERNAL  REFERENCE  80 

Y e s  1 4 2  

READ  BOOM  ANGLE  a  , 
ARM  ANGLE  0  , 
AND  TILTING  ANGLE  9 

1 4 3  

CALCULATE  HIGHT  hf  FROM  BODY 
REFERENCE  POINT  0  TO  FRONT 
REFERENCE  70 

1  4 4  

READ  DEPTH  hr  FROM  EXTERNAL 
REFERENCE  80  TO  BOUNDARY 
OF  EXCAVATION  AREA  SET  BY 
SETTING  DEVICE 

1  4  5 

CALCULATE  DEPTH  hs  FROM  BODY 
REFERENCE  POINT  O  TO  REFERENCE 
POINT  P  OF  EXCAVATION  AREA 

I  6  I  A 

READ  DISTANCE  hrx  FROM  BODY 
REFERENCE  POINT  O  TO  REFERENCE 
POINT  P  AND  ABGLE  9  r,  AND  STORE 
hrx,  9  r  AND  DEPTH  hs  FOR  SETTING 
EXCAVATION  AREA 

32 





EP  0  790  355  A1 

F I G .   1 7  

OPERATOR'S  MANIPULATION©: 
MOVE  BUCKET  TIP  TO  SETTING 
POINT  P  OF  EXCAVATION  AREA. 
DEPRESS  AREA  SETTING 
SWITCH  75 

Yes  
.  

1  9  1 

CALCULATE  DEPTH  hs(AND 
DISTANCE  hrx)FROM  BODY 
REFERENCE  POINT  TO 
BUCKET  TIP 

OPERATOR'S  MANIPULATION©: 
MANUALLY  MOVE  FRONT 
DEVICE  TO  ALIGN  FRONT 
REFERENCE  WITH  EXTERNAL 
REFERENCE 

Yes  .-19  3 

CALCULATE  HEIGHT  hf0  FROM 
BODY  REFERENCE  POINT  TO 
FRONT  REFERENCE 

1 

CALCULATE  DEPTH  hr  =  hs  -  hf0 
FROM  EXTERNAL  REFERENCE 
TO  BOUNDARY  OF  EXCAVATION 
AREA 

r 1 9   5 

STORE  hKAND  hrx) 

END  OF  SETTING )  
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