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©  BALANCED  CARGO  HANDLING  APPARATUS  AND  ITS  CONTROL  METHOD. 

©  This  invention  is  directed  to  provide  a  balanced 
cargo  handling  apparatus  and  its  control  method 
which  can  rapidly  bring  a  suspended  work  to  halt 
when  an  operator  releases  his  hold  of  the  work  even 
if  there  is  some  error  in  the  stored  weight  value  of 

TZ  the  work.  The  balanced  cargo  handling  apparatus "   includes  in  its  operation  circuit  (17)  a  position  mode 
operation  unit  (19)  which  keeps  an  operation  mode 

CM  in  a  position  mode  during  a  shift  from  a  lever  mode 
directed  by  a  speed  instruction  (R)  from  an  operation 

00  lever  (8a)  to  a  balance  mode  for  accomplishing  an 
Jjj  equilibrium  state  of  the  work  (5).  When  any  ab- 

normality  such  as  one  after  a  rapid  change  in  load 
O  

Om 
Hi  

acting  on  the  work  (5),  an  abnormality  mode  opera- 
tion  unit  (23)  is  additionally  disposed  in  the  operation 
circuit  (17)  so  as  to  stop  the  work  in  the  position  in 
which  it  was  first  positioned  with  the  work  not 
swaying.  A  judgement  circuit  (24)  is  disposed  sepa- 
rately  in  order  to  output  a  mode  change-over  signal 
in  accordance  with  each  input  signal  (V,  X,  R,  FL,a) 
to  the  mode  selection  circuit  (21)  for  selecting  each 
mode.  A  judgement  circuit  (27)  for  judging  a  mode 
at  the  time  of  abnormality  is  contained  in  this  judge- 
ment  circuit. 
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EQUILIBRIUM  CARGO  HANDLING  APPARATUS  AND  METHOD  FOR  CONTROLLING  THE  SAME 

Technical  Field 

The  present  invention  relates  to  an  equilibrium 
cargo  handling  apparatus  and  a  method  for  control- 
ling  the  same  which  realize  a  state  of  equilibrium 
between  a  workpiece  lifting  means  of  the  cargo 
handling  apparatus  and  a  workpiece  being  sus- 
pended  having  arbitrary  weight  by  allowing  a  work- 
piece  suspending  and  driving  device  to  produce  a 
force  commensurate  with  its  weight,  and  which 
makes  it  possible  to  make  the  workpiece  to  be 
lifted  or  lowered  freely  with  an  operator's  light  force 
as  the  operator  directly  touches  the  workpiece. 

Background  Art 

Hitherto,  methods  disclosed  in  Japanese  Pat- 
ent  Application  Laid-Open  Nos.  196495/1988  and 
315497/1988  filed  by  the  present  applicant  are 
known  as  conventional  methods  for  controlling  an 
equilibrium  cargo  handling  apparatus  of  this  type. 

In  the  former  publication,  a  controlling  method 
using  two  modes,  a  lever  mode  for  storing  the 
weight  of  a  workpiece  and  a  balance  mode  for 
realizing  a  state  of  equilibrium  between  a  work- 
piece  lifting  means  and  the  workpiece,  is  disclosed, 
and  the  controlling  method  provided  is  such  that 
immediately  upon  stopping  the  operation  of  the 
lever,  the  mode  shifts  to  the  balance  mode. 

In  addition,  in  the  latter  publication,  a  control- 
ling  method  is  disclosed  in  which  signals  of  a  load 
detector  during  a  fixed  period  of  time  after  the 
operation  of  the  lever  is  averaged. 

In  the  former  conventional  controlling  method 
described  above,  in  the  balance  mode,  unless  the 
stored  value  of  the  weight  of  the  workpiece  is 
accurate,  the  workpiece  cannot  be  made  stationary 
when  the  operator  has  loosened  his  or  her  hold  of 
the  workpiece. 

In  addition,  with  the  latter  conventional  control- 
ling  method,  it  is  necessary  to  average  the  signals 
of  the  detector  for  a  fixed  period  of  time  after  the 
operation  of  the  lever  in  order  to  accurately  store 
the  weight  of  the  workpiece.  For  this  reason,  it  is 
necessary  to  make  the  workpiece  positively  station- 
ary  during  this  period  of  time,  so  that  there  is  a 
problem  in  the  operating  efficiency. 

In  addition,  in  an  equilibrium  cargo  handling 
apparatus  of  this  type,  the  arrangement  provided  is 
such  that  when  the  load  acting  on  the  workpiece 
has  changed  suddenly  and  the  load  detector  has 
detected  this  sudden  change  in  load,  a  brake  is 
applied  to  stop  the  sudden  movement  (rapid  fall  or 
rapid  rise)  of  the  workpiece. 

However,  with  such  a  conventional  equilibrium 
cargo  handling  apparatus,  since  the  rapid  fall  or 
rapid  rise  (springing  up)  of  the  workpiece  is  pre- 
vented  by  applying  the  brake  after  the  sudden 

5  change  in  the  load  acting  on  the  workpiece  is 
detected,  there  are  undesirable  problems  in  that  (1  ) 
there  is  a  time  lag  until  the  brake  begins  to  work, 
and  the  movement  of  the  workpiece  cannot  be 
stopped  at  the  point  of  time  when  the  sudden 

w  change  in  load  is  detected,  and  (2)  with  respect  to 
the  cancellation  of  the  brake  or  restarting  due  to 
the  sudden  change  in  load,  a  power  source  must 
be  reset  on  each  such  occasion. 

75 
SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  devised  in 
view  of  the  above-described  circumstances,  and  its 

20  object  is  to  provide  an  equilibrium  cargo  handling 
apparatus  and  a  method  for  controlling  the  same  in 
which,  in  order  to  ensure  that  a  workpiece  being 
suspended  can  be  made  stationary  speedily  when 
the  operator  has  loosened  his  or  her  hold  of  the 

25  workpiece  even  if  there  is  a  slight  error  in  the 
stored  value  of  the  weight  of  the  workpiece,  a 
position  mode  is  provided  while  the  mode  shifts 
from  the  lever  mode  to  the  balance  mode,  the 
weight  of  the  workpiece  is  stored  at  this  position 

30  mode,  and  this  position  mode  is  held  until  the 
operator  subsequently  applies  an  operating  force, 
so  as  to  make  the  workpiece  stationary. 

Another  object  of  the  present  invention  is  to 
provide  an  equilibrium  cargo  handling  apparatus 

35  which,  at  a  time  when  an  abnormality  is  detected 
such  as  a  sudden  change  in  the  load  acting  on  a 
workpiece  being  suspended,  is  capable  of  stopping 
workpiece  at  an  initially  placed  position  without 
swinging  the  workpiece,  and  allows  a  normal  con- 

40  trolling  operation  to  be  continued  by  simply  effec- 
ting  the  operation  of  a  lever  at  the  time  of  restarting 
after  the  stopping  of  the  workpiece. 

To  attain  the  above-described  objects,  in  ac- 
cordance  with  a  first  aspect  of  the  present  inven- 

ts  tion,  there  is  provided  a  method  for  controlling  an 
equilibrium  cargo  handling  apparatus,  comprising 
the  steps  of:  storing  the  weight  of  a  workpiece  in 
position-mode  control  provided  between  lever- 
mode  control  for  controlling  a  work  suspending 

so  operation  by  the  operation  of  an  operation  lever  by 
an  operator  on  the  one  hand,  and  balance-mode 
control  for  controlling  a  driving  device  for  lifting  the 
workpiece  at  the  time  of  a  work  lifting/lowering 
operation  by  the  operator  on  the  other;  holding  the 
position-mode  control  until  the  operator  applies  an 

3 
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operating  force  to  the  workpiece,  so  as  to  maintain 
a  stationary  state  of  the  workpiece,  whereby  the 
workpiece  can  be  made  stationary  speedily  even  if 
there  is  a  slight  error  in  a  stored  value  of  the 
weight  of  the  workpiece. 

To  attain  the  above-described  objects,  in  ac- 
cordance  with  a  second  aspect  of  the  present 
invention,  there  is  provided  a  method  for  controlling 
an  equilibrium  cargo  handling  apparatus  according 
to  the  first  aspect,  wherein  when  a  speed  com- 
mand  signal  is  inputted  by  the  operation  of  the 
operation  lever,  the  mode  is  preferentially  set  to 
the  lever-mode  control,  and  when  this  speed  com- 
mand  signal  has  become  zero,  the  mode  is  set  to 
the  position-mode  control. 

To  attain  the  above-described  objects,  in  ac- 
cordance  with  a  third  aspect  of  the  present  inven- 
tion,  there  is  provided  a  method  for  controlling  an 
equilibrium  cargo  handling  apparatus  according  to 
the  first  aspect,  wherein  when  the  storage  of  the 
weight  of  the  workpiece  is  completed,  and  an  ab- 
solute  value  of  a  difference  between  a  load  detec- 
tion  signal  and  the  stored  value  of  the  weight  of  the 
workpiece  exceeds  a  preset  threshold,  the  mode  is 
changed  over  to  the  balance-mode  control,  while 
when  the  absolute  value  has  reached  the  threshold 
or  below,  the  mode  is  changed  over  to  the  position- 
mode  control. 

To  attain  the  above-described  objects,  in  ac- 
cordance  with  a  fourth  aspect  of  the  present  inven- 
tion,  there  is  provided  an  equilibrium  cargo  han- 
dling  apparatus  including  work  lifting  means  for 
lifting  or  lowering  a  workpiece  being  suspended, 
driving  means  for  driving  the  work  lifting  means, 
load  detecting  means  for  detecting  load  acting  on 
the  workpiece,  position  detecting  means  for  detect- 
ing  a  position  of  the  workpiece  lifting  means,  speed 
commanding  means  for  outputting  a  speed  com- 
mand  signal  in  accordance  with  the  operation  of  an 
operation  lever  by  an  operator,  and  weight  storing 
means  for  storing  the  weight  of  the  workpiece,  the 
apparatus  comprising:  a  lever  mode  calculating  unit 
for  negatively  feeding  back  a  work  lifting/lowering 
speed  with  the  speed  command  signal  from  the 
speed  commanding  means  set  as  a  targeted  value; 
a  position  mode  calculating  unit  which  sets  as  a 
targeted  value  the  position  of  the  work  lifting 
means  at  a  moment  when  the  speed  command 
value  has  become  very  small  and  which  negatively 
feeds  back  the  position  and  the  work 
lifting/lowering  speed  at  that  time;  a  balance  mode 
calculating  unit  for  negatively  feeding  back  a  load 
detection  signal  from  the  load  detecting  means  with 
the  weight  of  the  workpiece  set  as  a  targeted  value, 
and  for  positively  feeding  back  the  speed  detecting 
signal;  and  a  calculation  circuit  for  outputting  one  of 
the  respective  modes  to  the  driving  means  via  a 
mode  selecting  circuit. 

To  attain  the  above-described  objects,  in  ac- 
cordance  with  a  fifth  aspect  of  the  present  inven- 
tion,  there  is  provided  an  equilibrium  cargo  han- 
dling  apparatus  according  to  the  fourth  aspect, 

5  wherein  the  calculation  circuit  is  a  digital-type  cal- 
culation  circuit  including  an  A/D  converter,  a  digital 
calculation  unit,  a  timer,  and  a  D/A  converter. 

To  attain  the  above-described  objects,  in  ac- 
cordance  with  a  sixth  aspect  of  the  present  inven- 

10  tion,  there  is  provided  an  equilibrium  cargo  han- 
dling  apparatus  according  to  the  fourth  aspect, 
wherein  the  calculation  circuit  further  comprises  a 
balance  stationary  mode  calculating  unit,  whereby 
load  feedback  is  applied  to  positional  control  of  the 

rs  workpiece,  and  a  large  change  occurring  between 
an  output  value  of  calculation  and  a  motor  speed 
command  value  at  the  time  of  the  balance  mode  is 
prevented. 

To  attain  the  above-described  objects,  in  ac- 
20  cordance  with  a  seventh  aspect  of  the  present 

invention,  there  is  provided  an  equilibrium  cargo 
handling  apparatus  according  to  the  sixth  aspect, 
wherein  a  shift  to  the  balance  stationary  mode  is 
effected  when  a  relationship  |FL  -  Wol  £  F0  between 

25  an  absolute  value  (|FL  -  Wol)  of  a  work  operating 
force  of  the  operator  and  a  threshold  (F0)  has 
continued  for  a  preset  period  of  time  (Td). 

To  attain  the  above-described  objects,  in  ac- 
cordance  with  an  eighth  aspect  of  the  present 

30  invention,  there  is  provided  an  equilibrium  cargo 
handling  apparatus  according  to  the  fourth  aspect, 
wherein  an  acceleration  signal  from  an  acceleration 
detector  for  detecting  lifting/lowering  acceleration  of 
the  workpiece  at  the  time  of  operation  of  the  work- 

35  piece  by  the  operator  is  inputted  to  the  calculation 
circuit. 

To  attain  the  above-described  objects,  in  ac- 
cordance  with  a  ninth  aspect  of  the  present  inven- 
tion,  there  is  provided  an  equilibrium  cargo  han- 

40  dling  apparatus  according  to  the  fourth  aspect, 
further  comprising  a  determining  circuit  for  output- 
ting  a  changeover  signal  to  the  mode  selecting 
circuit  in  accordance  with  an  input  signal  from  each 
of  the  means,  wherein  the  calculation  circuit  further 

45  includes  an  abnormality  mode  calculating  unit  for 
stopping  the  driving  means  at  a  position  corre- 
sponding  to  a  position  signal  of  the  work  lifting 
means  by  outputting  an  abnormality  mode  com- 
mand  to  the  driving  means  by  negatively  feeding 

so  back  the  position  signal,  wherein  the  determining 
circuit  includes  a  determining  circuit  for  an  ab- 
normality  mode  for  outputting  a  signal  for  changing 
over  the  mode  selecting  circuit  to  the  abnormality 
mode  calculating  unit  by  detecting  a  sudden 

55  change  of  the  load  acting  on  the  work,  wherein 
when  the  load  acting  on  the  work  changes  sud- 
denly,  on  the  basis  of  signals  outputted  from  the 
load  detecting  means,  the  speed  detecting  means, 
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and  the  speed  commanding  means  at  that  time, 
absolute  values  of  the  respective  signals  and  their 
thresholds  are  respectively  compared  and  calcu- 
lated  by  the  determining  circuit  for  the  abnormality 
mode,  the  mode  selecting  circuit  is  changed  over 
to  the  abnormality  mode  calculating  unit  by  an 
output  signal  from  the  determining  circuit,  and  the 
driving  means  is  stopped  by  an  output  signal  from 
the  abnormality  mode  calculating  unit. 

Three  modes,  i.e.,  the  lever-mode  control 
based  on  a  speed  command  from  the  operation 
lever,  the  balance-mode  control  for  realizing  a  state 
of  equilibrium  of  the  workpiece,  and  the  position- 
mode  control  for  making  the  workpiece  stationary, 
can  be  realized.  Even  if  there  is  a  slight  error  in  the 
stored  value  of  the  weight  of  the  workpiece,  the 
workpiece  can  be  made  stationary  when  the  oper- 
ator  has  released  his  or  her  hold  of  the  workpiece. 

Furthermore,  the  workpiece  can  be  stopped  at 
an  initial  position  without  swinging  the  workpiece 
after  detection  of  an  abnormality  such  as  a  sudden 
change  of  the  load  acting  on  the  workpiece.  At  the 
same  time,  it  is  possible  to  continue  a  normal 
controlling  operation  by  simply  operating  the  lever 
at  the  time  of  restarting  after  the  workpiece  is 
stopped. 

The  other  objects,  modes  and  advantages  of 
the  present  invention  will  become  apparent  to 
those  skilled  in  the  art  by  the  following  description 
in  which  the  preferred  specific  examples  conform- 
ing  with  the  basic  principle  of  the  present  invention 
are  illustrated  as  embodiments  when  read  in  con- 
junction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  basic  schematic  explanatory  diagram 
concerning  a  first  embodiment  of  the  present 
invention; 
Figs.  2  to  4  are  schematic  explanatory  diagrams 
of  a  lever  mode,  a  position  mode,  and  a  balance 
mode  in  a  calculation  circuit  of  the  first  embodi- 
ment,  respectively; 
Fig.  5  is  a  basic  schematic  explanatory  diagram 
concerning  a  second  embodiment  of  the  present 
invention; 
Fig.  6  is  a  flowchart  for  selecting  a  mode  con- 
cerning  the  first  and  second  embodiments; 
Fig.  7  is  a  diagram  of  transition  between  the 
modes  concerning  the  first  and  second  embodi- 
ments; 
Fig.  8  is  a  schematic  explanatory  diagram  of  an 
example  in  which  a  parallelogrammic  link-type 
workpiece  lifting  machine; 
Fig.  9  is  a  basic  schematic  explanatory  diagram 
concerning  a  third  embodiment  of  the  present 
invention; 

Fig.  10  is  a  schematic  explanatory  diagram  of 
the  balance  stationary  mode  in  the  calculation 
circuit  of  the  third  embodiment; 
Figs.  11  A  and  1  1  B  are  diagrams  illustrating  rela- 

5  tionships  between  a  motor  speed  command  val- 
ue  and  an  operator's  operating  force  at  the  time 
of  changeover  of  a  motor  in  a  case  where  only 
positional  feedback  is  operated; 
Figs.  12A  and  12B  are  diagrams  illustrating  rela- 

70  tionships  between  the  motor  speed  command 
value  and  the  operator's  operating  force  at  the 
time  of  changeover  of  the  motor  in  a  case  where 
only  load  feedback  is  operated; 
Fig.  13  is  a  mode  transition  diagram  concerning 

75  the  third  embodiment; 
Fig.  1  4  is  a  flowchart  at  a  time  when  the  modes 
concerning  the  third  embodiment  are  selectively 
determined; 
Fig.  15  is  a  mode  transition  diagram  concerning 

20  a  fourth  embodiment; 
Fig.  16  is  a  flowchart  at  a  time  when  the  modes 
concerning  the  fourth  embodiment  are  selec- 
tively  determined; 
Fig.  17  is  a  basic  schematic  explanatory  dia- 

25  gram  concerning  a  fifth  embodiment  of  the 
present  invention; 
Figs.  18  and  19  are  schematic  explanatory  dia- 
grams  of  the  lever  mode  and  the  position  mode 
in  the  calculation  circuit  in  the  fifth  embodiment, 

30  respectively; 
Fig.  20A  is  a  diagram  illustrating  a  load  detector 
signal  in  a  case  where  acceleration  feedback  in 
the  fifth  embodiment  is  not  operated; 
Fig.  20B  is  a  diagram  illustrating  a  load  detector 

35  signal  in  a  case  where  acceleration  feedback  in 
the  fifth  embodiment  is  operated; 
Fig.  21  is  a  basic  schematic  explanatory  dia- 
gram  concerning  a  sixth  embodiment  of  the 
present  invention; 

40  Fig.  22  is  a  basic  schematic  explanatory  dia- 
gram  concerning  a  seventh  embodiment  of  the 
present  invention; 
Figs.  23  to  26  are  schematic  explanatory  dia- 
grams  of  the  lever  mode,  position  mode,  bal- 

45  ance  mode,  and  abnormality  mode  in  the  cal- 
culation  circuit  of  the  seventh  embodiment,  re- 
spectively; 
Fig.  27  is  a  flowchart  at  a  time  when  the  modes 
concerning  the  seventh  embodiment  are  selec- 

50  tively  determined;  and 
Fig.  28  is  a  schematic  explanatory  diagram  of  a 
determination  circuit  for  the  abnormality  mode 
concerning  the  seventh  embodiment. 

55  DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  now  to  the  accompanying  drawings, 
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a  description  will  be  given  of  several  embodiments 
of  the  present  invention. 

Fig.  1  shows  a  first  embodiment  explaining  a 
basic  principle  of  the  present  invention,  in  which 
reference  numeral  1  denotes  a  drum  rotatively  5 
driven  by  a  motor  2;  3,  a  position  detector  for 
detecting  the  rotational  position  of  the  motor  2;  and 
4,  a  speed  detector  for  detecting  the  rotational 
speed  of  the  motor  2.  Meanwhile,  numeral  5  de- 
notes  a  workpiece  which  is  wound  up  onto  the  w 
drum  1  via  a  rope  6.  A  load  detector  7  and  a  speed 
commanding  device  8  are  provided  for  the  rope  6 
for  suspending  this  workpiece  5.  Reference  char- 
acter  8a  denotes  an  operation  lever  of  the  speed 
commanding  device  8.  75 

The  speed  commanding  device  8  is  adapted  to 
output  a  speed  command  signal  R  corresponding 
to  an  amount  of  the  operation  lever  8a  operated, 
and  the  load  detector  7  is  adapted  to  detect  the 
load  (force)  acting  on  the  workpiece  5  and  output  20 
its  signal  FL.  Furthermore,  the  position  detector  3 
and  the  speed  detector  4  are  adapted  to  output  a 
rotational  position  signal  x  of  the  motor  and  a 
speed  signal  V,  respectively. 

Reference  numeral  11  denotes  a  drive  circuit  25 
for  driving  the  motor  2,  and  this  drive  circuit  11 
comprises  an  adder  12  for  calculating  a  difference 
between  a  command  value  Vf  and  the  speed  signal 
V  of  the  motor  2,  as  well  as  a  drive  circuit  13,  and 
is  adapted  to  drive  the  motor  2  in  accordance  with  30 
the  difference  Vf  -  V. 

Reference  numeral  14  denotes  a  motor  accel- 
eration  feedback  circuit,  and  this  circuit  14  has  a 
differential  device  15  for  obtaining  an  acceleration 
signal  V  of  the  motor  2  by  differentiating  the  speed  35 
signal  V  outputted  from  the  speed  detector  4  of  the 
motor  2  as  well  as  an  adding  point  16,  and  is 
adapted  to  output  a  motor  speed  command  value 
Vf  by  calculating  at  the  adding  point  16  a  dif- 
ference  between  the  aforementioned  acceleration  40 
signal  V  and  a  speed  command  value  VM  from  a 
calculation  circuit  17i  which  will  be  described  later. 

The  reference  numeral  17i  denotes  the  cal- 
culation  circuit  which  outputs  the  aforementioned 
speed  command  value  VM,  and  this  calculation  45 
circuit  17i  is  provided  with  a  lever  mode  calculat- 
ing  unit  18,  a  position  mode  calculating  unit  19, 
and  a  balance  mode  calculating  unit  20.  Reference 
numeral  21  denotes  a  mode  selecting  circuit  for 
selecting  the  aforementioned  mode  calculating  50 
units  18,  19,  20,  as  necessary.  In  addition,  numeral 
22  denotes  a  weight  storage  calculating  unit,  and 
this  calculating  unit  22  is  adapted  to  output  a 
weight  command  W0  by  storing  the  weight  W  of 
the  workpiece.  55 

The  aforementioned  mode  selecting  circuit  21 
is  adapted  to  effect  a  selecting  operation  shown  in 
each  flowchart  which  will  be  described  later. 

Referring  now  to  Figs.  2  to  4,  a  description  will 
be  given  of  the  operation  in  each  mode  and  the 
configuration  of  each  calculating  unit. 

(1)  Lever  Mode  (Fig.  2) 

First,  the  operation  lever  8a  of  the  speed  com- 
manding  device  8  is  operated.  The  speed  com- 
mand  signal  R  outputted  from  the  speed  com- 
manding  device  8  is  inputted  to  the  lever  mode 
calculating  unit  18  of  the  calculation  circuit  17i. 
Meanwhile,  the  speed  signal  V  is  also  inputted 
from  the  speed  detector  4  to  the  lever  mode  cal- 
culating  unit  18  for  the  purpose  of  stabilization. 

In  the  lever  mode  calculating  unit  18,  a  gain  KR 
is  multiplied,  and  its  result  is  inputted  to  the  drive 
circuit  11  of  the  motor  2  via  the  adding  point  16.  At 
this  time,  the  speed  signal  V  of  the  motor  is  multi- 
plied  by  a  gain  Kvn,  is  negatively  fed  back,  and  is 
inputted  to  the  drive  circuit  11  so  as  to  stabilize  the 
motor  speed  command  value  Vf. 

It  should  be  noted  that  the  lever  mode  takes 
precedence  over  the  other  modes,  and  when  there 
is  a  lever  input,  the  mode  selecting  circuit  21  is 
forcedly  changed  over  to  a  lever  mode  position  a. 

(2)  Position  Mode  (Fig.  3) 

Immediately  after  the  operation  lever  8a  is 
stopped  and  the  speed  command  signal  R  due  to 
this  operation  lever  8a  disappears,  i.e.,  when  the 
formula  |R|  <  threshold  Ro  has  become  valid,  the 
mode  selecting  circuit  21  is  changed  over  to  a 
position  mode  position  b  so  as  to  start  the  position 
mode.  At  the  same  time  as  this,  the  load  storage 
calculating  unit  22  also  begins  to  operate.  After  the 
starting  of  the  position  mode,  unless  the  operator 
effects  an  operation  after  the  lapse  of  a  stored  time 
TM,  the  following  formula  becomes  valid: 

lload  signal  FL  -  stored  value  W0I  £  threshold  F0 

whereupon  the  position  mode  is  maintained. 
In  addition,  if  the  accuracy  of  the  stored  value 

W0  of  the  weight  is  within  the  threshold  Vo,  the 
mode  does  not  shift  to  the  balance  mode  and  the 
position  mode  is  maintained,  so  that  the  workpiece 
remains  stationary.  It  should  be  noted  that  the 
threshold  Ro  and  the  threshold  Fo  are  set  in  ad- 
vance. 

In  the  above-described  position  mode,  posi- 
tional  feedback  is  effected  so  as  to  make  the 
workpiece  5  stationary  and,  in  practice,  a  difference 
x  -  xo  from  the  motor  signal  x  at  the  moment  when 
the  position  mode  is  set  is  multiplied  by  a  gain  Kx 
so  as  to  effect  negative  feedback.  Meanwhile,  the 

6 
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motor  speed  signal  V  is  multiplied  by  the  gain  Kvn 
for  the  purpose  of  stabilization,  thereby  effecting 
negative  feedback. 

5 
(3)  Balance  Mode  (Fig.  4) 

After  the  lapse  of  TM  upon  the  setting  of  the 
position  mode,  and  when  the  absolute  value  |FL  - 
Wol  of  the  operating  force  acting  on  the  workpiece  10 
5  has  become  greater  than  the  threshold  Fo,  the 
mode  shifts  to  the  balance  mode. 

A  detected  value  FL  from  the  load  detector  7  is 
compared  with  the  stored  value  Wo  of  the  weight 
from  the  weight  storage  calculating  unit  22  at  an  js 
adding  point  25,  and  this  difference  (Wo  -  FL)  is 
multiplied  by  a  predetermined  gain  KF.  In  addition, 
for  the  purpose  of  stabilization,  the  motor  speed 
signal  V  is  multiplied  by  a  gain  Kvp  so  as  to  effect 
positive  feedback,  and  its  result  is  inputted  to  the  20 
adder  16  of  the  acceleration  feedback  circuit  14  via 
the  mode  selecting  circuit  21  . 

The  weight  W  of  the  workpiece  5  at  the  time 
when  it  is  stationary  is  stored  in  advance  in  the 
aforementioned  weight  storage  calculating  unit  22.  25 

Now,  if  it  is  assumed  that  the  operator  has 
applied  an  upward  operating  force  (load)  F  to  the 
workpiece  5,  the  detected  value  FL  of  the  load 
detector  7  at  this  time  is  inputted  to  the  adding 
point  25.  The  adding  point  25  compares  the  output  30 
Wo  from  the  weight  storage  calculating  unit  22  with 
the  aforementioned  detected  value  FL.  Then,  its 
difference  is  multiplied  by  the  gain  KF  so  as  to  be 
amplified.  After  the  operating  force  signal  at  this 
time  is  positively  fed  back  to  a  value  in  which  the  35 
motor  speed  signal  V  is  multiplied  by  the  gain  Kvp, 
the  operating  force  signal  is  inputted  to  the  accel- 
eration  feedback  circuit  14.  In  this  case,  since  the 
detected  value  FL  of  the  load  detector  7  decreases 
due  to  the  upward  operating  force  F,  the  difference  40 
Wo  -  (W  -  F)  outputted  from  the  adder  25  increases 
by  the  operating  force  F  as  compared  to  the  dif- 
ference  Wo  -  W  at  the  time  when  the  workpiece  is 
stationary,  with  the  result  that  the  motor  torque 
increases  and  the  work  5  moves  upward.  In  other  45 
words,  at  the  time  when  the  force  begins  to  be 
applied  to  the  workpiece  from  the  state  of  equilib- 
rium,  if  only  the  load  detector  7  senses  this  operat- 
ing  force  F,  a  difference  for  moving  the  workpiece 
5  vertically  is  produced  at  the  adding  point  25,  so  so 
that  if  the  gain  constant  KF  is  made  sufficiently 
large,  the  operator  is  capable  of  raising  or  lowering 
the  workpiece  5  without  practically  feeling  the  sta- 
tionary  friction. 

Fig.  5  illustrates  a  second  embodiment  of  the  55 
present  invention  in  a  case  where  a  digital-type 
calculation  circuit  172  is  used. 

In  this  case,  the  four  signals,  the  motor  speed 

signal  V,  motor  position  signal  x,  load  detection 
signal  FL,  and  speed  command  value  R,  are  input- 
ted  to  the  calculation  circuit  172,  and  this  calcula- 
tion  circuit  for  its  part  converts  the  signals  to  digital 
form  via  an  A/D  converter. 

In  the  aforementioned  digital  calculation  circuit 
172,  the  mode  is  first  determined  by  the  flowchart 
sown  in  Fig.  6. 

In  the  drawing,  since  the  threshold  Ro  falls  in  a 
nonsensitive  zone  for  the  operation  lever  8a,  the 
threshold  Ro  is  preferably  a  very  small  value. 
Meanwhile,  the  threshold  F0  acts  like  the  stationary 
frictional  force  in  the  balance  mode.  If  this  value  is 
set  to  be  large,  when  the  operator  effects  an  opera- 
tion,  he  or  she  feels  the  force  to  be  heavy,  so  that 
it  is  difficult  to  effect  fine  control.  On  the  other 
hand,  if  the  value  is  set  to  a  small  value,  in  a  case 
where  the  stored  value  Wo  is  not  accurate,  the 
mode  soon  shifts  to  the  balance  mode,  so  that 
even  if  the  operator  has  loosened  his  or  her  hold, 
the  workpiece  does  not  become  stationary  and 
moves  in  an  inching  manner. 

Upon  determination  of  the  mode,  the  following 
calculation  expressions  are  calculated,  and  the  mo- 
tor  speed  command  value  VM  is  outputted  in  ana- 
log  form  via  the  D/A  converter: 

Lever  Mode: 

VM1  =  KR  •  R  -  Kvp  •  V 

Position  Mode: 

VM2  =  -Kx(x  -  x0)  -  Kvn  *  V 

Balance  Mode: 

VM3  =  -KF(FU  -  Wo)  +  Kvp  *  V 

In  the  above  expressions,  xo  represents  the 
position  of  the  motor  at  the  moment  when  the 
position  mode  is  set.  In  addition  W0  represents  the 
stored  value  of  the  weight  of  the  workpiece,  and  is 
obtained  from  an  average  value  of  the  force  signal 
FL  for  a  duration  of  a  TM  second  by  the  calculation 
unit  in  the  position  mode.  In  addition,  the  speed 
signal  V  is  differentiated  through  the  differential 
circuit  15,  is  constantly  subtracted  from  the  afore- 
mentioned  VM1  -  VM3l  is  negatively  fed  back,  and  is 
inputted  to  the  motor  driving  circuit  1  1  . 

It  should  be  noted  that  Fig.  7  shows  a  state  of 
transition  between  the  respective  modes. 

In  addition,  in  the  foregoing  embodiments,  an 
AC  or  DC  motor  is  used  as  the  motor  2.  In  addition, 
as  the  speed  commanding  device  8,  an  angle  of 
inclination  of  the  operation  lever  8a  is  detected  by 
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a  potentiometer  and,  as  the  speed  detector  4,  a 
resolver,  a  tachogenerator,  or  the  like  is  used. 
Furthermore,  as  the  load  detector  7,  a  general  load 
cell  or  the  like  is  used  and,  as  the  position  detector 
3,  an  encoder,  a  resolver,  or  the  like  is  used. 

In  addition,  as  the  means  for  suspending  the 
workpiece  4,  it  is  possible  to  use  a  link-type  lifting 
machine  of  a  paralellogrammic  type  such  as  the 
one  shown  in  Fig.  8  may  be  used  instead  of  the 
aforementioned  drum  1  and  the  rope  6. 

In  a  method  of  controlling  the  equilibrium  cargo 
handling  apparatus  in  accordance  with  the  inven- 
tion  shown  in  the  first  and  second  embodiments,  it 
is  possible  to  realize  the  three  modes,  i.e.,  the 
lever  mode  based  on  a  speed  command  using  the 
operation  lever  8a,  the  balance  mode  for  realizing  a 
state  of  equilibrium,  and  the  position  mode  for 
making  the  workpiece  stationary.  It  is  possible  to 
demonstrate  an  advantage  in  that  even  if  there  is  a 
slight  error  in  the  stored  value  of  the  weight  of  the 
workpiece  5,  when  the  hold  is  released,  the  work- 
piece  5  can  be  made  stationary. 

Figs.  9  to  14  illustrate  a  third  embodiment  of 
the  present  invention.  In  this  third  embodiment, 
once  the  mode  is  set  to  the  balance  mode  and  the 
operator  has  loosened  his  or  her  hold,  the  mode 
does  not  immediately  return  to  the  position  mode, 
and  the  balance  stationary  mode  is  provided  sepa- 
rately,  in  which  mode  it  becomes  possible  to  pre- 
vent  the  occurrence  of  large  variations  in  the  cal- 
culation  output  value  and  the  motor  speed  com- 
mand  value  during  the  balance  mode  by  adding 
load  feedback  to  the  position  control. 

Fig.  9  explains  the  basic  principle  of  this  third 
embodiment,  the  same  members  as  those  of  the 
first  embodiment  shown  in  Fig.  1  are  denoted  by 
the  same  reference  numerals,  and  a  description 
thereof  will  be  omitted. 

A  calculation  circuit  173  is  provided  with  a 
balance  stationary  mode  calculating  unit  26  in  addi- 
tion  to  the  lever  mode  calculating  unit  18,  the 
position  mode  calculating  unit  19,  and  the  balance 
mode  calculating  unit  19,  and  these  modes  are 
adapted  to  be  selected  by  a  mode  selecting  circuit 
21a. 

A  description  will  now  be  given  of  the  operation 
in  the  balance  stationary  mode  and  the  calculating 
units. 

(4)  Balance  Stationary  Mode  (Fig.  10) 

Positional  feedback  is  effected  so  as  to  make 
the  workpiece  5  in  the  same  way  as  in  the  position 
mode.  Now,  it  is  assumed  that  only  positional  feed- 
back  is  being  effected. 

If  there  is  an  error  in  the  stored  value  Wo  of  the 
weight  during  the  balance  mode,  the  speed  and  the 

acceleration  at  this  time  are  small  and  can  be 
ignored,  so  that  the  calculated  output  value  VM3 
becomes 

5  VM3  =  -KF(FL  -  Wo) 

so  that  even  if  hold  is  released,  the  workpiece  is 
raised  or  lowered  at  slow  speed.  However,  since 
the  relationship  between  the  absolute  value  |FL  - 

w  W0  1  and  the  threshold  F0  becomes 

|FL  -  Wo  |  £  Fo, 

so  that  the  mode  is  set  to  the  balance  stationary 
15  mode.  Hence,  the  motor  speed  command  value 

changes  from  VM3  to 

VM4  =  -Kx(x  -  x0). 

20  However,  since  the  position  x  at  the  moment  of 
which  the  mode  is  set  to  the  balance  stationary 
mode  is  set  as  the  targeted  value  xo,  the  moment 
when  the  mode  is  set  to  the  balance  stationary 
mode  is 

25 
VM4  =  0. 

The  difference  between  this  VM3  and  VM4  con- 
stitutes  a  shock  for  the  motor,  and  the  load  cell  of 

30  the  load  detector  7  momentarily  changes,  with  the 
result  that  the  operating  force  becomes 

|FL  =  W0|  >  Fo, 

35  so  that  the  mode  returns  to  the  balance  mode.  This 
state  is  shown  in  Figs.  11  A  and  11B. 

For  this  reason,  the  same  load  feedback  as  at 
the  time  of  the  balance  mode  is  applied  during  the 
balance  stationary  mode,  and  the  setting  provided 

40  is  as  follows: 

VM4  =  -Kx(x  -  xo)  -  Kp(F|_  -  Wo). 

As  a  result,  the  variation  of  the  motor  speed  com- 
45  mand  value  VM  at  the  time  of  mode  changeover 

can  be  controlled,  allowing  the  mode  to  settle  down 
in  the  balance  stationary  mode.  This  state  is  shown 
in  Figs.  11A  and  1  1  B. 

The  logic  of  mutual  changeover  of  the  balance 
50  mode  and  the  balance  stationary  mode  is  similar  to 

the  logic  of  mutual  changeover  of  the  balance 
mode  and  the  position  mode  in  the  above-de- 
scribed  first  embodiment.  In  addition,  the  mode 
transition  in  this  third  embodiment  is  shown  in  Fig. 

55  13. 
In  this  third  embodiment,  when  the  mode  is 

determined  in  a  similar  manner  to  that  of  the  afore- 
mentioned  first  embodiment,  the  lever  mode  VMi, 
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the  position  mode  VM2,  and  the  balance  mode  VM3 
are  respectively  calculated  and,  in  addition,  a  cal- 
culation  of  the  balance  stationary  mode 

VM4  =  -Kx(x-Xo)-KF(FL-W0) 

is  made,  and  the  result  is  outputted  in  analog  form 
via  the  D/A  converter.  The  remaining  operation  is 
similar  to  that  of  the  first  embodiment.  Fig.  14  is  a 
flowchart  of  the  third  embodiment. 

In  this  third  embodiment,  even  in  a  case  where 
there  is  a  slight  error  in  the  stored  value  of  the 
weight  of  the  workpiece,  the  workpiece  is  made 
stationary  when  the  hold  is  released. 

It  should  be  noted  that  in  the  above-described 
third  embodiment  the  workpiece  5  does  not  move 
unless  the  operator  imparts  a  force  (load)  of  not 
less  than  the  threshold  Fo,  i.e.,  the  mode  cannot 
shift  to  the  balance  mode.  For  this  reason,  the 
nonsensitive  zone  Fo  occurs,  so  that  the  operation 
for  effecting  fine  positioning,  such  as  a  pin  fitting 
operation,  has  been  difficult.  However,  this  problem 
can  be  overcome  by  a  fourth  embodiment  which 
will  be  described  below. 

That  is,  although  in  the  above  third  embodi- 
ment  the  balance  mode  is  shifted  to  the  balance 
stationary  mode  at  the  moment  when  the  formula 
|FU  -  Wo|  £  Fo  has  become  valid,  in  this  fourth 
embodiment,  as  shown  in  the  mode  transition  dia- 
gram  of  Fig.  15,  the  mode  is  shifted  to  the  balance 
stationary  mode  only  when  the  formula  |FL  -  wo|  £ 
Fo  has  continued  for  a  predetermined  period  of 
time  Td. 

In  accordance  with  this  fourth  embodiment, 
when  a  fitting  operation  is  being  carried  out,  the 
operating  force  need  not  be  below  the  threshold  for 
the  period  of  time  Td.  Hence,  while  the  operation  is 
being  carried  out,  the  mode  does  not  shift  to  the 
balance  stationary  mode,  nor  the  nonsensitive  zone 
appears,  and  it  is  easy  to  effect  the  aforementioned 
fine  control.  In  addition,  if  the  operator  releases  his 
or  her  hold,  the  operating  force  continuously  falls 
below  the  threshold  Fo,  and  the  mode  is  set  to  the 
balance  stationary  mode  after  Td,  making  the  work- 
piece  stationary. 

In  this  fourth  embodiment,  the  mode  is  first 
determined  by  the  digital  calculator  shown  in  Fig. 
5.  Its  flowchart  is  shown  in  Fig.  16.  In  the  drawing, 
since  the  threshold  RO  falls  in  the  nonsensitive 
zone  of  the  lever,  the  threshold  RO  is  preferably  as 
small  as  possible.  Meanwhile,  Fo  constitutes  sta- 
tionary  friction  at  the  time  when  the  mode  shifts 
from  the  stationary  state  (position  mode,  balance 
position  mode)  to  the  balance  mode.  If  this  value  is 
large,  there  are  cases  where  the  mode  shifts  to  the 
balance  stationary  mode  even  while  the  fitting  op- 
eration  is  being  carried  out,  thereby  making  it  dif- 
ficult  to  effect  fine  control.  On  the  other  hand,  if  this 

value  is  made  too  small,  it  becomes  difficult  to  shift 
the  mode  to  the  balance  stationary  mode,  and  the 
workpiece  is  difficult  to  be  set  stationary  when  the 
hold  is  released. 

5  In  the  measurement  of  the  delay  time  Td  for 
shifting  to  the  balance  stationary  mode,  a  timer  or 
a  sampling  time  may  be  used  instead.  The 
flowchart  shown  in  Fig.  16  illustrates  a  case  where 
the  timer  is  used.  By  resetting  the  timer  when  the 

w  absolute  value  |FL  -  Wo  |  of  the  operating  force  is  Fo 
or  more,  it  is  possible  to  measure  the  time  elapsing 
after  the  formula  |FL  -  Wo|  £  Fo  has  become  valid. 

It  should  be  noted  that  if  the  delay  time  Td  is 
too  long,  the  workpiece  moves  substantially  due  to 

15  the  error  in  the  stored  value  of  the  weight  by  the 
time  the  balance  stationary  mode  is  set.  On  the 
other  hand,  if  the  delay  time  Td  is  too  short,  the 
mode  shifts  soon  to  the  balance  stationary  mode, 
and  the  nonsensitive  zone  of  the  load  occurs  dur- 

20  ing  the  time  when  the  fitting  operation  is  being 
carried  out,  making  it  difficult  to  effect  fine  control. 

In  accordance  with  this  fourth  embodiment, 
since  the  stationary  characteristic  at  the  time  when 
the  hold  is  released  is  satisfied,  and  the  nonsen- 

25  sitive  zone  at  the  time  of  the  balance  mode  is 
eliminated,  fine  control  is  facilitated. 

A  fifth  embodiment  of  the  present  invention  is 
shown  in  Fig.  17.  This  embodiment  is  an  example 
in  which  the  acceleration  detector  9  at  the  time  of 

30  operation  of  the  workpiece  5  is  provided  to  the  first 
embodiment  shown  in  Fig.  1  . 

Referring  now  to  Figs.  18  and  19,  a  description 
will  be  given  of  the  operation  of  each  mode  and  the 
configuration  of  each  calculating  unit.  It  should  be 

35  noted  that  as  for  the  same  members  as  those  of 
the  first  embodiment  a  description  thereof  will  be 
omitted. 

40  (5)  Lever  Mode  (Fig.  18) 

In  addition  to  the  embodiment  shown  in  Fig.  2, 
the  acceleration  signal  a  is  multiplied  by  a  gain  Kan 
and  is  negatively  fed  back  to  avoid  swinging. 

45 

(6)  Position  Mode  (Fig.  19) 

In  addition  to  the  first  embodiment  shown  in 
so  Fig.  3,  the  acceleration  signal  a  is  multiplied  by  a 

gain  Kan  and  is  negatively  fed  back  to  avoid  swing- 
ing  in  the  same  way  as  the  lever  operation  mode. 

When  the  speed  command  signal  R  becomes 
smaller  than  the  threshold  RO,  the  mode  shifts  to 

55  the  position  mode.  Load  signals  are  averaged  for  a 
fixed  period  of  time  starting  with  the  moment  when 
the  mode  is  shifted  to  the  position  mode. 

When  a  mechanism  portion  is  soft,  in  the  case 

9 
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of  the  first  embodiment,  the  workpiece  5  swings,  as 
shown  in  Fig.  20A,  so  that  the  load  cannot  be 
stored  accurately  unless  an  average  value  is  taken 
for  a  long  period  of  time. 

In  this  fifth  embodiment,  in  a  case  where  accel-  5 
eration  feedback  is  provided,  the  swing  becomes 
small,  as  shown  in  Fig.  20B,  so  that  the  weight  can 
be  stored  accurately  even  by  an  average  taken  for 
a  short  period  of  time. 

Although  not  shown,  in  this  fifth  embodiment  as  10 
well,  the  balance  mode  is  operated  in  the  same 
way  as  in  the  first  embodiment. 

Fig.  21  illustrates  a  sixth  embodiment  in  a  case 
where  a  digital  calculation  circuit  17s  is  used  in- 
stead  of  the  calculation  circuit  174.  In  this  digital  75 
calculation  circuit  17s,  the  mode  is  first  determined 
in  accordance  with  the  flowchart  shown  in  Fig.  6. 

In  the  drawing,  the  threshold  RO  falls  in  the 
nonsensitive  zone  of  the  operation  lever  8a,  the 
threshold  RO  is  preferably  a  very  small  value.  20 
Meanwhile,  the  threshold  Fo  acts  like  the  stationary 
frictional  force  at  the  time  of  the  balance  mode.  If 
this  value  is  set  to  be  large,  the  workpiece  is  felt  to 
be  heavy  by  the  oprerator  when  he  or  she  engages 
with  the  operation,  makes  it  difficult  to  effect  fine  25 
control.  On  the  other  hand,  if  this  value  is  set  to  be 
small,  in  a  case  where  the  stored  value  Wo  of  the 
weight  is  not  accurate,  the  mode  shifts  soon  to  the 
balance  mode,  so  that  even  if  the  operator  loosens 
his  or  her  hold,  the  workpiece  does  not  become  30 
stationary  and  moves  in  an  inching  manner. 

Upon  determination  of  the  mode,  the  following 
calculation  expressions  are  calculated,  and  the  mo- 
tor  speed  command  value  VM  is  outputted  in  ana- 
log  form  via  the  D/A  converter:  35 

Lever  Mode: 

VMi  =  KR  *  R  -  Kvp  *  V  -  Kan  •  a 
40 

Position  Mode: 

VM2  =  -Kx(x  -  xo)  -  Kvn  •  V  -  Kan  *  a 

Balance  Mode:  45 

VM3  =  -KF(FL-Wo)  +  Kvp  •  V(  +  Kan  •  a) 

In  the  above  expressions,  xo  represents  the  so 
position  of  the  motor  at  the  moment  when  the 
position  mode  is  set.  In  addition  Wo  represents  the 
stored  value  of  the  weight  of  the  workpiece,  and  is 
obtained  from  an  average  value  of  the  force  signal 
FL  for  a  duration  of  a  TM  second  by  the  calculation  55 
unit  in  the  position  mode.  In  addition,  the  speed 
signal  v  is  differentiated  through  the  differential 
circuit  15,  is  constantly  subtracted  from  the  afore- 

mentioned  VM1  -  Vm3,  is  negatively  fed  back,  and  is 
inputted  to  the  motor  driving  circuit  1  1  . 

Fig.  22  explains  a  basic  principle  of  a  seventh 
embodiment  of  the  present  invention,  in  which  ref- 
erence  numeral  1  denotes  the  drum  rotatively 
driven  by  the  motor  2;  3,  the  position  detector  for 
detecting  the  rotational  position  of  the  motor  2;  and 
4,  the  speed  detector  for  detecting  the  rotational 
speed  of  the  motor  2.  Meanwhile,  numeral  5  de- 
notes  the  workpiece  which  is  wound  up  onto  the 
drum  1  via  the  rope  6.  The  load  detector  7,  the 
speed  commanding  device  8,  and  the  acceleration 
detector  9  are  provided  for  the  rope  6  for  suspend- 
ing  this  workpiece  5.  Reference  character  8a  de- 
notes  the  operation  lever  of  the  speed  commanding 
device  8. 

The  speed  commanding  device  8  is  adapted  to 
output  the  speed  command  signal  R  corresponding 
to  an  amount  of  the  operation  lever  8a  operated, 
the  load  detector  7  is  adapted  to  detect  the  load 
(force)  acting  on  the  workpiece  5  and  output  its 
signal  FL,  and  the  acceleration  detector  9  is  adapt- 
ed  to  output  the  acceleration  signal  a.  Furthermore, 
the  position  detector  3  and  the  spied  detector  4 
are  adapted  to  output  the  rotational  position  signal 
x  of  the  motor  and  the  speed  signal  V,  respec- 
tively.  A  primary  delay  circuit  10  is  interposed  in 
the  output  circuit  of  the  aforementioned  speed 
commanding  device  8,  and  this  primary  delay  cir- 
cuit  10  is  provided  with  the  aforementioned  speed 
command  signal  R  and  adapted  to  output  a  pri- 
mary  delay  signal  R'. 

Reference  numeral  1  1  denotes  the  drive  circuit 
for  driving  the  motor  2,  and  this  drive  circuit  11 
comprises  the  adder  12  for  calculating  a  difference 
between  the  command  value  Vf  and  the  speed 
signal  V  of  the  motor  2,  as  well  as  the  drive  circuit 
13,  and  is  adapted  to  drive  the  motor  2  in  accor- 
dance  with  the  difference  Vf  -  V. 

Reference  numeral  1  4  denotes  the  acceleration 
feedback  circuit,  and  this  circuit  14  has  the  dif- 
ferential  device  15  for  obtaining  the  acceleration 
signal  V  of  the  motor  2  by  differentiating  the  speed 
signal  V  outputted  from  the  speed  detector  4  of  the 
motor  2  as  well  as  the  adding  point  16,  and  is 
adapted  to  output  the  motor  speed  command  value 
Vf  by  negatively  feeding  back  at  the  adding  point 
16  a  difference  between  the  aforementioned  accel- 
eration  signal  V  and  the  speed  command  value  VM 
from  a  calculation  circuit  176  which  will  be  de- 
scribed  later. 

The  reference  numeral  17s  denotes  the  cal- 
culation  circuit  which  outputs  the  aforementioned 
speed  command  value  VMl  and  this  calculation 
circuit  176  is  provided  with  the  lever  mode  calculat- 
ing  unit  18,  the  position  mode  calculating  unit  19, 
the  balance  mode  calculating  unit  20,  and  an  ab- 
normality  mode  calculating  unit  23.  Reference  nu- 
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meral  21b  denotes  a  mode  selecting  circuit  for 
selecting  the  aforementioned  mode  calculating 
units  18,  19,  20,  23,  as  necessary.  In  addition, 
numeral  22  denotes  the  weight  storage  calculating 
unit,  and  this  calculating  unit  22  is  adapted  to 
output  the  weight  command  Wo  by  storing  the 
weight  W  of  the  workpiece.  Reference  numeral  24 
denotes  a  determining  circuit  for  operating  the 
aforementioned  mode  selecting  circuit  21b  to  op- 
erate  in  accordance  with  the  flowchart  shown  in 
Fig.  27. 

Referring  now  to  Figs.  23  to  26,  a  description 
will  be  given  of  the  operation  in  each  mode  and  the 
configuration  of  each  calculating  unit. 

(1)  Lever  Mode  (Fig.  23) 

First,  the  operation  lever  8a  of  the  speed  com- 
manding  device  8  is  operated.  The  speed  com- 
mand  signal  R  outputted  from  the  speed  com- 
manding  device  8  is  inputted  to  the  lever  mode 
calculating  unit  18  of  the  calculation  circuit  17s  as 
the  primary  delay  signal  R'  via  the  primary  delay 
circuit  10  Meanwhile,  the  speed  signal  V  is  also 
inputted  from  the  speed  detector  4  to  the  lever 
mode  calculating  unit  18  for  the  purpose  of  sta- 
bilization.  Furthermore,  the  acceleration  signal  a  is 
inputted  to  the  aforementioned  calculating  unit  18 
for  the  purpose  of  prevention  of  swinging. 

In  the  lever  mode  calculating  unit  18,  the  pri- 
mary  delay  signal  R'  is  multiplied  by  the  gain  KR, 
and  its  result  is  inputted  to  the  drive  circuit  11  of 
the  motor  2  via  the  adding  point  16.  At  this  time, 
the  speed  signal  V  of  the  motor  is  multiplied  by  the 
gain  Kvn,  and  the  acceleration  meter  signal  a  is 
multiplied  by  the  gain  Kan,  and  they  are  respec- 
tively  negatively  fed  back  and  are  inputted  to  the 
drive  circuit  11  so  as  to  stabilize  the  motor  speed 
command  value  Vf. 

It  should  be  noted  that  the  lever  mode  takes 
precedence  over  the  other  modes  owing  to  the 
determining  circuit  24,  and  when  there  is  a  lever 
input,  the  mode  selecting  circuit  21b  is  forcedly 
changed  over  to  the  lever  mode  position  a. 

(2)  Position  Mode  (Fig.  24) 

Immediately  after  the  operation  lever  8a  is 
stopped  and  the  speed  command  signal  R  due  to 
this  operation  lever  8a  disappears,  i.e.,  when  the 
formula  |R|  <  threshold  Ro  has  become  valid,  the 
mode  selecting  circuit  21b  is  changed  over  to  the 
position  mode  position  b  by  means  of  the  deter- 
mining  circuit  24  so  as  to  start  the  position  mode. 
At  the  same  time  as  this,  the  weight  storage  cal- 
culating  unit  22  also  begins  to  operate.  After  the 

starting  of  the  position  mode,  unless  the  operator 
effects  an  operation  after  the  lapse  of  the  stored 
time  TM,  the  following  formula  becomes  valid: 

5  |load  signal  FL  -  stored  value  Wo|  £  threshold  F0 

whereupon  the  position  mode  is  maintained. 
In  addition,  if  the  accuracy  of  the  stored  value 

W0  of  the  weight  is  within  the  threshold  Vo,  the 
10  mode  does  not  shift  to  the  balance  mode  and  the 

position  mode  is  maintained,  so  that  the  workpiece 
remains  stationary.  It  should  be  noted  that  the 
threshold  Ro  and  the  threshold  Fo  are  set  in  ad- 
vance. 

75  In  the  above-described  position  mode,  posi- 
tional  feedback  is  effected  so  as  to  make  the 
workpiece  5  stationary  and,  in  practice,  the  dif- 
ference  X  -  Xo  from  the  motor  signal  x  at  the 
moment  when  the  position  mode  is  set  is  multiplied 

20  by  the  gain  Kx  so  as  to  effect  negative  feedback. 
Meanwhile,  the  motor  speed  signal  V  is  multiplied 
by  the  gain  Kvn  for  the  purpose  of  stabilization, 
thereby  effecting  negative  feedback.  In  addition, 
the  acceleration  signal  a  is  negatively  fed  back  by 

25  being  multiplied  by  the  gain  Kan  for  the  purpose  of 
prevention  of  swinging. 

(3)  Balance  Mode  (Fig.  4) 
30 

After  the  lapse  of  TM  upon  the  setting  of  the 
position  mode,  and  when  the  absolute  value  |FL  - 
W0|  of  the  operating  force  acting  on  the  workpiece 
5  has  become  greater  than  the  threshold  Fo,  the 

35  mode  shifts  to  the  balance  mode. 
A  detected  value  FL  from  the  load  detector  7  is 

compared  with  the  stored  value  W0  of  the  weight 
from  the  weight  storage  calculating  unit  22  at  the 
adding  point  25,  and  this  difference  (Wo  -  FL)  is 

40  multiplied  by  the  predetermined  gain  Kp.  In  addi- 
tion,  for  the  purpose  of  stabilization,  the  motor 
speed  signal  V  is  multiplied  by  the  gain  Kvp  so  as 
to  effect  positive  feedback,  and  its  result  is  inputted 
to  the  adder  16  of  the  acceleration  feedback  circuit 

45  14  via  the  mode  selecting  circuit  21. 
The  weight  W  of  the  workpiece  5  at  the  time 

when  it  is  stationary  is  stored  in  advance  in  the 
aforementioned  weight  storage  calculating  unit  22. 

Now,  if  it  is  assumed  that  the  operator  has 
so  applied  an  upward  operating  force  (load)  F  to  the 

workpiece  5,  the  detected  value  Fu  of  the  load 
detector  7  at  this  time  is  inputted  to  the  adding 
point  25.  The  adding  point  25  compares  the  output 
Wo  from  the  weight  storage  calculating  unit  22  with 

55  the  aforementioned  detected  value  FL.  Then,  its 
difference  is  multiplied  by  the  gain  KF  so  as  to  be 
amplified.  After  the  operating  force  signal  at  this 
time  is  positively  fed  back  to  a  value  in  which  the 

11 
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motor  speed  signal  V  is  multiplied  by  the  gain  Kvp, 
the  operating  force  signal  is  inputted  to  the  accel- 
eration  feedback  circuit  14.  In  this  case,  since  the 
detected  value  FL  of  the  load  detector  7  decreases 
due  to  the  upward  operating  force  F,  the  difference 
Wo  -  (W  -  F)  outputted  from  the  adder  25  increases 
by  the  operating  force  F  as  compared  to  the  dif- 
ference  Wo  -  W  at  the  time  when  the  workpiece  is 
stationary,  with  the  result  that  the  motor  torque 
increases  and  the  work  5  moves  upward.  In  other 
words,  at  the  time  when  the  force  begins  to  be 
applied  to  the  workpiece  from  the  state  of  equilib- 
rium,  if  only  the  load  detector  7  senses  this  operat- 
ing  force  F,  a  difference  for  moving  the  workpiece 
5  vertically  is  produced  at  the  adding  point  25,  so 
that  if  the  gain  constant  KF  is  made  sufficiently 
large,  the  operator  is  capable  of  raising  or  lowering 
the  workpiece  5  without  practically  feeling  the  sta- 
tionary  friction. 

(4)  Abnormality  Mode  (Fig.  26) 

The  signal  a  from  the  acceleration  detector  9  is 
multiplied  by  the  acceleration  gain  Kan,  the  signal 
V  from  the  speed  detector  4  is  multiplied  by  the 
acceleration  gain  Kvn,  and  the  difference  X  -  Xo 
between  the  position  X  at  the  moment  when  the 
abnormality  is  detected  and  the  signal  Xo  from  the 
position  detector  3  is  multiplied  by  a  gain  Kxn,  and 
they  were  added  together.  The  result  is  set  as  a 
command  value  for  the  abnormality  mode,  and  is 
outputted  as  a  command  value  to  the  motor  driving 
circuit  11  in  a  case  where  the  abnormality  mode  is. 
selected  by  the  mode  selecting  circuit  21b.  Each 
gain  of  the  acceleration,  speed,  and  position  is 
negative,  and  the  motor  2  is  stopped  at  its  position 
by  the  aforementioned  command  value. 

The  aforementioned  respective  modes  are  se- 
lectively  determined  by  the  determining  circuit  24 
in  accordance  with  the  flowchart  shown  in  Fig.  27. 

That  is,  in  a  case  where  the  absolute  value 
(operating  angle  of  the  operation  lever)  |R'|  from 
the  speed  commanding  device  8  is  greater  than 
the  threshold  RO,  the  lever  mode  is  automatically 
selected,  but  in  a  case  where  |R'|  <  RO,  a  deter- 
mination  is  made  by  an  abnormality  mode  portion 
of  the  determining  circuit  24  as  to  whether  or  not 
there  is  any  abnormality.  If  in  the  event  of  an 
abnormality,  the  abnormality  mode  is  selected  by 
the  mode  selecting  circuit  21b,  and  if  not,  the 
operation  proceeds  to  a  normal  operation  pattern. 

According  to  this  mode  selection  and  deter- 
mination,  the  lever  mode  takes  precedence  over 
the  abnormality  mode,  so  that  even  if  the  ab- 
normality  mode  has  been  selected,  the  mode  re- 
turns  to  the  lever  mode  by  operating  the  lever. 

Fig.  28  shows  an  example  of  the  determining 

circuit  27  for  the  abnormality  mode  which  is  one  of 
the  determining  circuits  for  the  respective  modes  in 
the  above-described  determining  circuit  24. 

In  the  drawing,  reference  numeral  28  denotes  a 
5  differentiator  for  differentiating  the  load  signal  FL 

from  the  load  detector  7;  numeral  29  denotes  an 
absolute  value  comparator  for  comparing  the  ab- 
solute  value  |FL|  of  the  differential  value  FL  differen- 
tiated  by  this  differentiator  with  its  threshold  Fo, 

70  and  outputs  the  following  signals: 

|FM  >  Fo  1 

\K\  <  Fo  0. 
75 

Numeral  30  denotes  an  absolute  value  comparator 
for  comparing  the  absolute  value  |V|  of  the  speed 
signal  V  from  the  speed  detector  4  and  its  thresh- 
old  V0,  and  outputs  the  following  signals: 

20 
|V|  >  V0  1 

|V|  <  V0  0. 

25  Numeral  31  denotes  an  absolute  value  comparator 
for  comparing  the  absolute  value  |R'|  of  a  signal 
from  the  speed  commanding  device  8,  i.e.,  a  delay 
signal  R'  transmitted  via  the  primary  delay  circuit 
10,  with  the  threshold  RO  of  the  speed  command 

30  signal,  and  outputs  the  following  signals: 

|R'|  >  Ro  0 

|R'|  <  Ro  1. 
35 

Numeral  32  denotes  an  AND  circuit  for  outputting  a 
signal  "1"  as  both  signals  "1"  of  the  load  detector- 
side  absolute  value  comparator  29  and  the  speed 
detector-side  absolute  value  comparator  30  are  in- 

40  putted  thereto;  numeral  32  denotes  a  latch  circuit 
which  latches  the  signal  from  this  AND  circuit  32 
during  the  time  when  the  signal  "1"  is  transmitted 
from  the  speed  commanding  device-side  absolute 
value  comparator  31  and  is  reset  by  the  signal  "0". 

45  As  the  signal  from  the  aforementioned  deter- 
mining  circuit  27  is  inputted  to  the  mode  selecting 
circuit  21b,  the  mode  is  changed  over  to  the  ab- 
normality  mode,  and  the  command  value  for  the 
abnormality  mode  is  inputted  to  the  drive  circuit  1  1 

so  via  the  acceleration  feedback  circuit  14,  thereby 
stopping  the  motor  2  at  its  position. 

The  control  of  stopping  and  holding  by  means 
of  the  aforementioned  calculation  circuit  176  may 
be  effected  by  negatively  feeding  back  the  position 

55  signal  X  of  the  motor;  however,  in  a  case  where  the 
rigidity  of  the  rope  6  (or  arm)  for  connection  be- 
tween  the  motor  2  and  the  workpiece  5  is  soft,  if 
the  workpiece  5  is  stopped  suddenly,  there  are 

12 
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cases  where  the  workpiece  5  is  swung  when  it  is 
stopped.  Accordingly,  by  negatively  feeding  back 
the  acceleration  signal  a  of  the  workpiece  5  to- 
gether  with  the  speed  signal  V  of  the  motor  2  for 
the  purpose  of  stabilizing  the  control  system  in  5 
addition  to  the  position  signal  X  of  the  motor  2,  the 
dynamic  movement  of  the  workpiece  5  is  sup- 
pressed,  so  that  the  workpiece  5  can  be  stopped  at 
the  position  where  the  abnormality  was  detected. 

It  should  be  noted  that  in  the  above-described  10 
seventh  embodiment  the  primary  delay  circuit  of 
the  lever  may  not  be  particularly  provided. 

Claims  is 

1.  A  method  for  controlling  an  equilibrium  cargo 
handling  apparatus,  comprising  the  steps  of: 
storing  the  weight  of  a  workpiece  in  position- 
mode  control  provided  between  lever-mode  20 
control  for  controlling  a  work  suspending  op- 
eration  by  the  operation  of  an  operation  lever 
by  an  operator  on  the  one  hand,  and  balance- 
mode  control  for  controlling  a  driving  device 
for  lifting  the  workpiece  at  the  time  of  a  work  25 
lifting/lowering  operation  by  the  operator  on  the 
other; 
holding  said  position-mode  control  until  the 
operator  applies  an  operating  force  to  the  wor- 
kpiece,  so  as  to  maintain  a  stationary  state  of  30 
the  workpiece, 
whereby  the  workpiece  can  be  made  stationary 
speedily  even  if  there  is  a  slight  error  in  a 
stored  value  of  the  weight  of  the  workpiece. 

35 
2.  A  method  for  controlling  an  equilibrium  cargo 

handling  apparatus  according  to  Claim  1, 
wherein  when  a  speed  command  signal  is  in- 
putted  by  the  operation  of  said  operation  lever, 
the  mode  is  preferentially  set  to  said  lever-  40 
mode  control,  and  when  this  speed  command 
signal  has  become  zero,  the  mode  is  set  to 
said  position-mode  control. 

3.  A  method  for  controlling  an  equilibrium  cargo  45 
handling  apparatus  according  to  Claim  1, 
wherein  when  the  storage  of  the  weight  of  the 
workpiece  is  completed,  and  an  absolute  value 
of  a  difference  between  a  load  detection  signal 
and  the  stored  value  of  the  weight  of  the  50 
workpiece  exceeds  a  preset  threshold,  the 
mode  is  changed  over  to  said  balance-mode 
control,  while  when  said  absolute  value  has 
reached  said  threshold  or  below,  the  mode  is 
changed  over  to  said  position-mode  control.  55 

4.  An  equilibrium  cargo  handling  apparatus  in- 
cluding  work  lifting  means  for  lifting  or  lowering 

a  workpiece  being  suspended,  driving  means 
for  driving  said  work  lifting  means,  load  detect- 
ing  means  for  detecting  load  acting  on  the 
workpiece,  position  detecting  means  for  de- 
tecting  a  position  of  said  workpiece  lifting 
means,  speed  commanding  means  for  output- 
ting  a  speed  command  signal  in  accordance 
with  the  operation  of  an  operation  lever  by  an 
operator,  and  weight  storing  means  for  storing 
the  weight  of  the  workpiece,  said  apparatus 
comprising: 
a  lever  mode  calculating  unit  for  negatively 
feeding  back  a  work  lifting/lowering  speed  with 
the  speed  command  signal  from  said  speed 
commanding  means  set  as  a  targeted  value; 
a  position  mode  calculating  unit  which  sets  as 
a  targeted  value  the  position  of  said  work  lifting 
means  at  a  moment  when  the  speed  command 
value  has  become  very  small  and  which  nega- 
tively  feeds  back  said  position  and  the  work 
lifting/lowering  speed  at  that  time; 
a  balance  mode  calculating  unit  for  negatively 
feeding  back  a  load  detection  signal  from  said 
load  detecting  means  with  the  weight  of  the 
workpiece  set  as  a  targeted  value,  and  for 
positively  feeding  back  the  speed  detecting 
signal;  and 
a  calculation  circuit  for  outputting  one  of  said 
respective  modes  to  said  driving  means  via  a 
mode  selecting  circuit. 

5.  An  equilibrium  cargo  handling  apparatus  ac- 
cording  to  Claim  4,  wherein  said  calculation 
circuit  is  a  digital-type  calculation  circuit  in- 
cluding  an  A/D  converter,  a  digital  calculation 
unit,  a  timer,  and  a  D/A  converter. 

6.  An  equilibrium  cargo  handling  apparatus  ac- 
cording  to  Claim  4,  wherein  said  calculation 
circuit  further  comprises  a  balance  stationary 
mode  calculating  unit,  whereby  load  feedback 
is  applied  to  positional  control  of  the  work- 
piece,  and  a  large  change  occurring  between 
an  output  value  of  calculation  and  a  motor 
speed  command  value  at  the  time  of  the  bal- 
ance  mode  is  prevented. 

7.  An  equilibrium  cargo  handling  apparatus  ac- 
cording  to  Claim  6,  wherein  a  shift  to  the 
balance  stationary  mode  is  effected  when  a 
relationship  |FL  -  Wo|  £  Fo  between  an  absolute 
value  (|FL  -  W0|)  of  a  work  operating  force  of 
the  operator  and  a  threshold  (Fo)  has  contin- 
ued  for  a  preset  period  of  time  (Td). 

8.  An  equilibrium  cargo  handling  apparatus  ac- 
cording  to  Claim  4,  wherein  an  acceleration 
signal  from  an  acceleration  detector  for  detect- 

13 
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ing  lifting/lowering  acceleration  of  the  work- 
piece  at  the  time  of  operation  of  the  workpiece 
by  the  operator  is  inputted  to  said  calculation 
circuit. 

5 
9.  An  equilibrium  cargo  handling  apparatus  ac- 

cording  to  Claim  4,  further  comprising  a  deter- 
mining  circuit  for  outputting  a  changeover  sig- 
nal  to  said  mode  selecting  circuit  in  accor- 
dance  with  an  input  signal  from  each  of  said  10 
means,  wherein  said  calculation  circuit  further 
includes  an  abnormality  mode  calculating  unit 
for  stopping  said  driving  means  at  a  position 
corresponding  to  a  position  signal  of  said  work 
lifting  means  by  outputting  an  abnormality  75 
mode  command  to  said  driving  means  by  neg- 
atively  feeding  back  said  position  signal, 
wherein  said  determining  circuit  includes  a  de- 
termining  circuit  for  an  abnormality  mode  for 
outputting  a  signal  for  changing  over  said  20 
mode  selecting  circuit  to  said  abnormality 
mode  calculating  unit  by  detecting  a  sudden 
change  of  the  load  acting  on  the  work,  wherein 
when  the  load  acting  on  the  work  changes 
suddenly,  on  the  basis  of  signals  outputted  25 
from  said  load  detecting  means,  said  speed 
detecting  means,  and  said  speed  commanding 
means  at  that  time,  absolute  values  of  the 
respective  signals  and  their  thresholds  are  re- 
spectively  compared  and  calculated  by  said  30 
determining  circuit  for  the  abnormality  mode, 
said  mode  selecting  circuit  is  changed  over  to 
said  abnormality  mode  calculating  unit  by  an 
output  signal  from  said  determining  circuit,  and 
said  driving  means  is  stopped  by  an  output  35 
signal  from  said  abnormality  mode  calculating 
unit. 
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