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(54)  Method  and  apparatus  for  automatic  bending  of  metal  shee t s  

(57)  A  method  and  apparatus  for  automatic  bending 
of  metal  sheets.  The  apparatus  comprises  a  support  15 
frame  (23)  provided  with  longitudinal  guides  (21)  paral-  '"^Oj^"3] 
lei  to  the  front  side  of  a  bending  press  (10)  for  relative 
movement  of  a  first  and  second  manipulators  (19,  20).  )^=r 
By  means  of  the  first  manipulator  (19)  a  metal  sheet  |T~7  ~  
(50)  is  taken  from  a  loading  zone  (36),  and  positioned 
between  the  mould  members  (13,  14)  of  the  press  (10).  3G\,  

30  B A  first  step  of  the  bending  cycle  is  performed  on  the  23-  3oa 
sheet  (50)  by  means  of  the  first  manipulator  (19),  while  -Ljl*  *ii* 
the  second  manipulator  (20)  remains  on  stand-by.  After  |  =j 
the  first  bending  step  has  been  performed,  the  partially  2 4 ~ ^ '  
bent  sheet  (50)  is  taken  by  the  second  manipulator  (20)  p  35---|j# 
to  complete  the  bending  operations  on  the  same  sheet  —  |  r, 
(50)  which  at  the  end  of  the  working  is  released  in  an  J a _   /  — 
unloading  zone  (37),  while  the  first  manipulator  (19)  ( 
picks  up  a  new  sheet  (51)  to  be  bent.  Dead  times  for  the  22  18 

press  (1  0)  are  in  this  way  eliminated  in  that  the  opera- 
tions  for  picking  up  and  releasing  a  bent  sheet  by  the 
two  manipulators  (19,  20)  take  place  in  a  masked  fash- 
ion. 
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Description 

FIELD  OF  THE  INVENTION 

[0001]  The  present  invention  relates  to  bending  of 
metal  sheets  by  a  bending  press  having  a  reciprocable 
bending  mould  and  more  precisely  it  relates  to  a  method 
and  an  apparatus  for  automatic  bending  of  metal  sheets 
having  high  versatility  of  use,  particularly  for  the  auto- 
matic  bending  of  small  metal  sheets,  whereby  it  is  pos- 
sible  to  perform  a  number  of  bends  on  a  same  sheet  in 
extremely  short  spaces  of  time;  dead  times  resulting  on 
standard  bending  presses  from  the  picking  up  operation 
of  a  metal  sheet  and  releasing  of  the  same  after  bend- 
ing,  are  therefore  eliminated. 

STATE  OF  THE  ART 

[0002]  Apparatuses  for  automatic  bending  of  metal 
sheet  material,  that  is  to  say  bending  presses  appropri- 
ately  slaved  by  a  robot,  have  been  variously  used  and 
proposed  in  some  prior  documents,  for  example  in  US- 
A-4.594.870,  EP-A-0  555  908  and  EP-A-0  742  054. 
[0003]  All  these  automatic  bending  apparatuses  gen- 
erally  involve  the  use  of  a  single  robot  or  automatic 
device  to  perform  all  the  picking  up  operations  of  each 
sheet,  bending  and  releasing  of  the  same  bent  piece, 
carrying  out  all  the  bending  operations  during  a  working 
cycle,  in  a  single  phase  by  means  of  the  single  robot  or 
manipulator. 
[0004]  More  particularly  EP-A-0  742  054,  of  the  same 
Applicant,  suggests  the  use  of  a  Cartesian  robot  having 
several  powered  axes  for  slaving  a  bending  press;  by 
means  of  a  particular  calculation  algorithm  the  gripping 
member  of  the  robot  is  allowed  to  follow  the  sheet  dur- 
ing  bending  movements,  continuously  controlling  the 
position  of  gripping  means  as  a  function  of  the  move- 
ment  of  a  mould  member  of  the  same  bending  press, 
which  is  continuously  detected  by  an  appropriate  sen- 
sor. 
[0005]  However  the  robots  or  apparatuses  of  the 
known  type  allow  sheets  of  comparatively  high  weight 
and  large  size  only  to  be  worked,  reaching  a  limit  for 
small  sheets,  for  example  with  dimensions  of  a  few  hun- 
dred  millimetres  or  slightly  larger,  up  to  pieces  having  a 
gripping  edge  of  about  50  mm. 
[0006]  Therefore,  when  bending  a  sheet  material 
small  in  size,  manual  operations  are  usually  required  in 
that  the  use  of  a  conventional  robot  or  automatic  bend- 
ing  apparatus  would  be  disadvantageous  as  regards 
the  total  cycle  time.  Indeed  the  operations  for  handling 
the  piece,  in  particular  for  picking  up  the  metal  sheet 
and  releasing  the  same  bent  piece,  would  require  over- 
all  a  comparatively  longer  time  than  that  which  is 
required  for  performing  solely  the  bending  operations, 
with  consequent  long  dead  times  for  the  press  at  the 
picking  up  of  a  new  sheet  and  releasing  of  the  bent 
piece. 

OBJECTS  OF  THE  INVENTION 

[0007]  Research  especially  carried  out  has  shown  that 
there  is  the  need  to  fulfil  a  very  widespread  market 

5  demand  in  bending  pieces  of  small  dimensions,  little 
considered  previously,  and  to  provide  automatic  bend- 
ing  apparatuses  which  represent  a  valid  economical 
alternative  to  the  manual  use  of  a  bending  press  and  to 
a  conventional  robot. 

10  [0008]  Therefore  the  general  object  of  the  present 
invention  is  to  provide  an  apparatus  for  automatic  bend- 
ing  of  metal  sheets  or  more  generally  sheet  material, 
which  is  suitable  for  fulfilling  the  needs  referred  above. 
[0009]  A  further  object  of  the  present  invention  is  to 

15  provide  a  method  for  automatic  bending  of  sheet  mate- 
rial  by  means  of  an  apparatus  which  can  be  easily 
slaved  to  any  type  of  press,  such  that  the  handling  oper- 
ations  of  the  pieces  can  take  place  in  masked  condi- 
tions  and  without  dead  working  times  for  the  same 

20  press,  in  that  the  operations  of  picking  up  a  sheet  to  be 
bent  and  of  releasing  the  bent  part  can  take  place  dur- 
ing  the  same  bending  cycle,  with  the  press  in  operation. 

BRIEF  DESCRIPTION  OF  THE  INVENTION 
25 

[0010]  The  above  can  be  achieved  by  means  of  a 
method  for  automatic  bending  of  sheet  material  accord- 
ing  to  claim  1  ,  and  respectively  by  means  of  automatic 
apparatus  according  to  claim  5. 

30  [001  1  ]  According  to  the  invention,  the  apparatus  com- 
prises  first  and  second  independent  manipulators,  for 
example  anthropomorphic  robots,  which  are  movable 
along  a  linear  path,  each  robot  having  an  articulated 
arm  and  a  picking  up  member  defining  a  number  of  rota- 

35  tional  axes  and  control  means  which  allow  each  of  the 
two  manipulators  to  independently  move  along  said 
travelling  path  parallel  to  the  front  side  of  a  bending 
press  and  to  follow  the  various  movements  of  a  metal 
sheet  during  the  bending  operations,  sequentially  per- 

40  forming  the  steps  of  the  entire  working  cycle  which  is 
divided  between  and  sequentially  performed  by  the  two 
manipulators. 
[0012]  As  referred  previously,  in  bending  panels  or 
metal  sheets  which  are  small  in  size,  the  time  for  picking 

45  up  a  sheet  and  for  releasing  a  bent  piece  is  substantially 
equal  to  the  effective  working  cycle  of  the  press,  also  in 
view  of  the  fact  that  few  bends  only  are  normally  made 
on  sheets  with  small  dimensions. 
[0013]  Thanks  to  the  use  of  two  independent  and 

so  selectively  operable  manipulators  having  integrated 
working  cycles,  appropriately  slaved  to  a  single  bending 
press,  the  time  for  picking  up  and  releasing  a  piece  is 
masked,  so  that  the  bending  press  is  always  maintained 
in  a  bending  condition;  dead  times  are  so  avoided. 

55  [0014]  According  to  the  basic  feature  of  the  present 
invention  the  cycle  for  bending  a  sheet  is  performed  as 
a  single  operation  divided  between  or  sequentially  per- 
formed  by  the  two  manipulators,  so  that  when  the  first 

2 



3 EP  0  914  879  A1 4 

manipulator  picks  up  a  sheet  and  performs  part  of  the 
bending  cycle,  for  example  the  first  two  bends,  the  sec- 
ond  manipulator  releases  the  previously  bent  piece  and 
puts  itself  in  a  stand-by  conditions;  then  the  first  manip- 
ulator  releases  the  partially  bent  sheet  clamped  into  the 
moulds  of  the  press,  after  which  the  second  manipula- 
tor,  intervenes  to  take  it  and  complete  the  bending 
cycle. 
[0015]  Once  the  bending  cycle  has  ended  and  the 
second  manipulator  is  unloading  the  bent  piece,  the  first 
manipulator  has  already  picked  up  a  new  metal  sheet  to 
start  a  new  bending  cycle.  In  brief,  according  to  an 
aspect  of  the  present  invention,  while  one  of  the  manip- 
ulators  is  working  to  make  some  bends,  the  other  one 
picks  up  a  new  sheet  to  be  bent  or  discharges  an 
already  bent  piece. 
[001  6]  The  advantage  of  the  present  invention  there- 
fore  resided  in  the  fact  that  it  makes  possible  to  mask 
into  the  working  cycle  of  the  press  the  handling  steps  for 
picking  up  and  releasing  the  pieces,  thanks  to  the  alter- 
nating  and  combined  use  of  the  two  manipulators,  co- 
related  to  the  working  cycle  of  the  bending  press. 
[0017]  The  apparatus  according  to  the  invention  is 
totally  independent  of  the  type  of  machine  to  be  used  for 
bending,  which  can  be  either  of  manual  or  automatic 
type,  in  this  way  achieving  high  working  flexibility. 
[0018]  According  to  another  aspect  of  the  invention  it 
is  possible  to  use  the  two  robotised  arms  simultane- 
ously,  for  conjointly  bending  two  separated  sheets,  to 
make  perfectly  symmetrical  pieces. 
[001  9]  This  can  be  achieved  in  that  at  the  starting  the 
first  manipulator  picks  up  a  metal  sheet  and  makes  the 
first  half  of  the  bends.  At  this  point  the  first  manipulator, 
similarly  to  what  has  been  referred  previously,  releases 
the  partially  bent  piece  clamped  between  the  moulds  of 
the  press  in  order  to  pick  up  a  new  sheet,  while  the  sec- 
ond  manipulator  takes  the  previous  sheet  which  is 
already  partially  bent,  clamped  between  the  two  moulds 
of  the  press.  The  completion  of  bending  of  the  previous 
sheet  by  the  second  manipulator  can  therefore  take 
place  simultaneously  to  the  start  of  the  bending  for  the 
new  sheet  by  the  first  manipulator.  In  practice,  the  two 
manipulators  perform  the  same  bending  operations, 
simultaneously  on  two  different  sheets  in  different  work- 
ing  positions  of  the  same  press. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0020]  These  and  further  features  of  the  invention  will 
be  made  clearer  by  the  following  description,  with  refer- 
ence  to  the  example  of  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  front  view  of  an  apparatus  for  automatic 
bending  of  metal  sheets,  according  to  the  invention; 
Fig.  2  is  a  top  view  of  the  apparatus  of  Figure  1  ; 
Fig.  3  is  a  side  view  of  the  apparatus  of  Figure  1  ; 
Fig.  4  is  a  block  diagram  showing  the  control  circuit 

for  the  apparatus  of  Figure  1  ; 
Figs.  5  to  1  0  show  schematically  the  working  steps 
of  a  bending  cycle  which  can  be  performed  by  the 
method  and  by  the  apparatus  for  automatic  bending 

5  according  to  the  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

[0021  ]  As  shown  in  Figures  1  to  3,  the  apparatus  sub- 
10  stantially  comprises  a  bending  press  10  as  well  as  a 

robotised  device  1  1  for  picking  up  and  manipulating  the 
metal  sheets  which  are  to  be  bent  according  to  a  pro- 
grammed  bending  scheme. 
[0022]  The  bending  press  1  0  can  be  of  any  conven- 

15  tional  type,  for  example  it  can  consist  of  a  hydraulic 
press  having  a  frame  structure  1  2  for  supporting  a  lower 
mould  member  13  and  respectively  an  upper  mould 
member  1  4  vertically  reciprocable  in  respect  to  the  fixed 
mould  member  13,  for  example  by  means  of  a  pair  of 

20  hydraulic  cylinders  15. 
[0023]  In  the  case  shown,  the  press  10  is  of  the  type 
comprising  an  upper  movable  mould  member;  however 
it  may  also  be  of  the  type  having  a  lower  movable  mould 
member,  or  with  both  mould  members  which  are  moving 

25  relatively  one  in  relation  to  the  other. 
[0024]  Reference  1  6  in  Figure  3  denotes  a  front  sen- 
sor  for  the  positioning  of  a  metal  sheet  between  the 
mould  members  of  the  press,  which  together  with  side 
sensors  supply  control  signals  indicative  of  the  pres- 

30  ence  and  correct  positioning  of  the  metal  sheet  between 
the  mould  members  13  and  14.  In  this  way  a  control  sig- 
nal  is  provided  for  the  starting  of  each  bending  opera- 
tion,  as  explained  hereinbelow. 
[0025]  Reference  1  7  in  Figure  3  finally  denotes  a  sig- 

35  nal  generator,  of  the  linear  and  absolute  type,  directly  or 
indirectly  interlocked  to  the  movable  mould  member  1  4 
to  supply  reference  signals  indicative  of  the  positions 
reached  by  the  same  movable  mould  member  1  4  during 
its  forward  movement  towards  the  lower  mould  member 

40  13,  to  allow  a  correct  performance  of  each  bending 
operation  of  a  sheet. 
[0026]  According  to  the  invention  the  robotised  device 
1  1  for  picking  up  and  manipulating  metal  sheets  to  be 
bent  in  a  bending  press,  substantially  comprises  a  base 

45  frame  18  for  supporting  a  first  manipulator  or  robotised 
arm  19,  as  well  as  a  second  manipulator  20,  the  twin  or 
wholly  identical  to  the  previous  one. 
[0027]  The  manipulators  1  9  and  20  can  slide  or  move 
parallel  to  the  front  side  of  the  bending  press  10,  on  a 

so  pair  of  tracks  or  guides  21  which  parallely  extend  above 
the  longitudinal  sides  of  the  support  base  18.  The  sup- 
port  base  18  is  also  provided  with  pivotable  or  castor 
wheels  22  which  allow  its  movement  and  correct  posi- 
tioning  in  relation  to  the  press  10. 

55  [0028]  A  bridge  frame  23  extends  upwards  from  the 
base  18  to  support  an  electronic  equipment  for  control- 
ling  the  two  manipulators  19  and  20,  whose  operation  is 
slaved  to  the  press  10  in  the  manner  described  herei- 
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nunder. 
[0029]  Each  manipulator,  for  example  the  manipulator 
19,  comprises  in  turn  a  base  body  24  provided  with 
wheels  or  runners  25  moving  along  the  guides  21  .  The 
lateral  movement  of  each  manipulator  1  9  and  20  can  be  s 
achieved  by  any  suitable  drive  means,  for  example  of 
the  hydraulic,  pneumatic  or  electric  type.  In  the  case 
shown  an  electric  motor  26  is  provided  for  a  pair  of 
cogged  wheels  27,  each  of  which  engages  with  a 
cogged  belt  28  stretched  between  two  cross  members  10 
29  at  the  ends  of  the  support  base  1  8. 
[0030]  Each  manipulator  1  9  and  20  also  comprises  a 
articulated  arm  30  provided  with  a  gripping  member  31 
which  can  be  moved  on  four  polar  rotational  axes.  More 
particularly  the  articulated  arm  30  comprises  a  first  arm  15 
portion  30A  capable  of  rotating  around  a  horizontal  axis 
32  parallel  to  the  guides  21  ,  under  the  control  of  a  first 
drive  motor  33. 
[0031  ]  The  articulated  arm  30  also  comprises  a  sec- 
ond  arm  portion  30B  capable  of  rotating  around  a  sec-  20 
ond  horizontal  axis  34,  parallel  to  the  previous  one, 
under  the  control  of  a  second  drive  motor  35. 
[0032]  In  turn  the  gripping  member  31  is  provided  with 
two  drive  motors  31'  and  31"  to  rotate  on  two  axes 
orthogonal  one  to  the  other,  of  which  one  is  parallel  to  25 
the  axes  32-34  and  the  other  one  longitudinal  to  the 
same  gripping  member  31.  The  various  motors  for  driv- 
ing  the  two  manipulators  are  also  fitted  with  respective 
encoders  or  signal  generators  for  providing  reference 
signals  which  at  all  times  give  information  on  the  exact  30 
position  in  space  of  the  gripping  member  31  . 
[0033]  Finally,  reference  36  in  Figure  2  denotes  the 
position  for  loading  or  picking  up  of  the  metal  sheets  to 
be  bent,  while  37  denotes  the  unloading  or  releasing 
position  for  the  bent  pieces.  35 
[0034]  The  working  area  of  the  two  manipulators  19 
and  20  can  be  any  one  along  and  on  both  sides  of  the 
support  base  18  in  that  physically  the  articulated  arm  30 
of  each  manipulator  can  pick  up  and  release  the  metal 
sheets  alongside  the  press  10,  or  it  can  use  a  zone  to  40 
the  rear  of  the  base  18  by  simple  rotation  in  a  vertical 
plane  of  the  articulated  arm.  The  manipulators  19  and 
20  can  therefore  work  easily  both  on  the  front  side  and 
on  the  rear  one,  according  to  the  space  available. 
[0035]  Figure  4  of  the  accompanying  drawings  shows  45 
schematically  the  electronic  device  for  the  control  and 
slaving  of  the  two  manipulators  1  9  and  20  to  the  bend- 
ing  press  10. 
[0036]  As  indicated  schematically  in  Figure  4,  the 
electronic  control  device  comprises  a  microprocessor  so 
40  having  a  volatile  memory,  for  example  a  RAM, 
wherein  a  program  may  be  stored  for  controlling  and 
slaving  the  two  manipulators  19  and  20  to  the  move- 
ments  of  the  movable  mould  member  of  the  press  1  0,  by 
means  of  the  position  signals  supplied  to  the  microproc-  55 
essor  40  by  the  sensor  17  via  a  digital-analogic  con- 
verter  41  . 
[0037]  Program  and  calculation  means  are  also  pro- 

vided  comprising  an  appropriate  algorithm  or  mathe- 
matical  formula  for  computing  the  co-ordinates  of  the 
translation  and  rotational  movements  of  the  gripping 
member  31  of  each  manipulator,  in  accordance  with  the 
movement  of  the  metal  sheet  during  bending  into  the 
press.  The  algorithm  is  stored  in  a  permanent  memory 
42,  for  example  an  EPROM,  connected  to  the  micro- 
processor  40  via  the  bus  43.  Moreover,  reference  44 
denotes  a  further  programmable  and  erasable  memory, 
for  example  an  EEPROM  wherein  some  variable  calcu- 
lation  data  are  programmed  and/or  stored,  such  as  for 
example  the  maximum  width  of  the  bending  cavity  of  the 
mould  member  13  and  the  zero  point  on  the  Z  axis  of 
the  movable  mould  member  1  4,  on  the  basis  of  which 
the  microprocessor  40  will  calculate  the  co-ordinates  of 
movement  of  the  gripping  member  31  for  the  metal 
sheets  to  be  bent.  All  this  is  known  and  explained  in 
greater  detail  in  the  application  EP-A-0  742  054  men- 
tioned  previously. 
[0038]  Finally  45  and  46  in  Figure  4  denote  the  inter- 
nal  CPU  which  selectively  controls  the  movements  of 
each  of  the  two  manipulators  19  and  20. 
[0039]  With  reference  now  to  Figures  5  to  10,  we  will 
describe  the  working  mode  of  the  entire  apparatus  and 
the  fundamental  steps  of  the  process  for  automatic 
bending  of  metal  sheets,  according  to  the  invention. 
[0040]  As  mentioned  previously,  the  apparatus  com- 
prises  a  bending  press  1  0  and  a  robotised  device  1  1  for 
picking  up  and  manipulating  metal  sheets  to  be  bent, 
which  is  slaved  to  the  press  itself. 
[0041  ]  The  robotised  device,  as  referred  previously,  is 
formed  by  two  independent  manipulators  or  robots  1  9 
and  20,  between  which  the  entire  bending  cycle  of  a 
sheet  is  divided  so  that  the  first  manipulator  1  9  picks  up 
a  metal  sheet  50  from  a  stack  in  the  loading  position  36 
at  one  end  of  the  support  and  guide  structure  1  8,  while 
the  other  manipulator  20  is  at  a  standstill  facing  the 
press  10  in  a  waiting  or  stand-by  condition  (Figure  5). 
[0042]  The  first  manipulator  1  9,  once  it  has  taken  a 
sheet  50,  rotates  its  articulated  arm  30  forwards, 
towards  the  press  10,  disposing  in  the  working  position 
of  Figure  6,  in  which  it  performs  a  first  part  of  the  work- 
ing  cycle  for  bending  the  metal  sheet  50  previously 
picked  up  and  correctly  positioned  between  the  mould 
members  of  the  press  10,  under  the  control  of  the  micro- 
processor  40,  as  a  function  of  the  control  signals  sup- 
plied  by  the  position  sensor  or  sensors  16  and  17. 
During  this  step  the  second  manipulator  20  remains 
standstill  in  the  previous  waiting  condition. 
[0043]  Having  completed  the  first  bending  steps  for 
the  sheet  50  by  means  of  the  first  manipulator  19,  the 
latter  releases  the  partially  bent  sheet  50  which  is  left 
clamped  between  the  closed  mould  members  1  3  and  1  4 
of  the  press.  Now  the  second  manipulator  20  moves 
towards  the  bent  sheet  clamped  by  the  bending  mould 
members  and  in  the  brief  instant  for  clamping  of  the  par- 
tially  bent  sheet  by  said  second  manipulator  20,  the  first 
manipulator  19  moves  again  to  the  left  (Figure  7)  into 
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the  picking  up  position  to  pick  up  a  new  metal  sheet  51  , 
while  the  second  manipulator  20,  which  was  already 
ready,  is  slaved  to  the  press  10  and  moves  its  articu- 
lated  arm  towards  the  metal  sheet  50,  already  partially 
bent,  taking  it  with  its  gripping  member  in  the  correct  5 
position,  after  which  the  same  manipulator  20  returns  to 
the  previous  working  position  (Figure  8)  where  it  com- 
pletes  the  cycle  of  bending  of  the  sheet  50  as  a  function 
of  the  programmed  work  program. 
[0044]  In  the  meantime  the  first  manipulator  19  has  10 
already  taken  from  the  stack  the  new  metal  sheet  51  to 
be  bent,  in  turn  adopting  a  waiting  or  stand-by  condition. 
[0045]  Having  ended  the  bending  cycle  of  the  first 
sheet  50,  the  manipulator  20  moves  completely  to  the 
right  in  Figure  9,  where  it  rotates  at  the  rear  its  articu-  15 
lated  arm  30  to  release  and  deposit  the  bent  metal 
sheet  or  piece  50  in  the  unloading  zone  37.  In  the  mean- 
time  the  first  manipulator  1  9  is  slaved  again  to  the  press 
1  0  in  order  to  position  the  new  metal  sheet  51  between 
the  mould  members  1  3  and  1  4  of  the  press  and  to  per-  20 
form  once  again  a  first  part  of  the  working  cycle,  for  the 
new  sheet,  while  the  previous  finished  piece  is  depos- 
ited  by  the  second  manipulator  in  the  unloading  zone 
37. 
[0046]  The  working  cycle  of  the  entire  apparatus  can  25 
thus  be  cyclically  repeated  and  continue  in  the  manner 
described  above.  The  great  advantage  of  the  apparatus 
and  method  according  to  the  invention  is  therefore 
linked  to  the  alternate  use  of  the  two  manipulators  19 
and  20  in  sequentially  performing  two  different  parts  of  30 
the  bending  cycle  on  a  same  metal  sheet  and  in  per- 
forming  a  picking  up  and  a  releasing  of  a  metal  sheet  or 
bent  piece  by  one  of  the  two  manipulators  while  the 
other  one  is  working;  this  allows  masking  of  the  so- 
called  handling  steps  of  the  sheets,  that  is  to  say  the  35 
picking-up  of  a  sheet  to  be  bent,  and  the  releasing  and 
deposition  of  a  bent  piece,  drastically  reducing  working 
times,  in  particular  for  small  metal  sheets. 
[0047]  As  regards  programming,  as  referred  previ- 
ously,  the  method  is  the  same  as  that  referred  to  for  the  40 
apparatus  described  in  the  previous  European  patent 
application  EP-A-0  742  054,  to  which  reference  is 
made,  with  the  sole  difference  that  now  the  bending  pro- 
gram  is  divided  into  two  separate  parts,  each  related  to 
one  of  the  two  manipulators  1  9  and  20  respectively.  45 
[0048]  The  apparatus,  as  described  hitherto,  can  be 
used  for  bending  both  asymmetrical  and  symmetrical 
pieces. 
[0049]  In  this  latter  case  the  apparatus  allows  the  two 
manipulators  to  be  simultaneously  used  to  conjointly  so 
perform  the  two  separated  parts  of  the  bending  cycle  on 
separate  sheets. 
[0050]  In  this  respect,  at  the  start  of  each  cycle,  the 
first  manipulator  19  picks  up  a  metal  sheet  from  the 
stack  in  the  zone  36  and  performs  the  first  half  of  the  ss 
bends  on  it.  Subsequently,  as  in  the  previous  bending 
cycle,  the  manipulator  19  releases  the  partially  bent 
sheet  clamped  in  the  press  in  order  to  pick  up  a  new 

sheet.  In  the  meantime  the  second  manipulator  moves 
in  the  position,  takes  the  first  partially  bent  sheet  still 
clamped  between  the  mould  members  of  the  press  and 
completes  its  bending.  Given  the  symmetry  of  the  piece 
to  be  made,  this  latter  operation  can  take  place  simulta- 
neously  with  the  bending  of  the  new  metal  sheet  taken 
from  the  first  manipulator. 
[0051  ]  In  practice  the  two  manipulators  1  9  and  20  per- 
form  simultaneously  the  same  bending  operations  on 
two  sheets  in  two  different  working  positions  of  the 
same  press. 
[0052]  From  what  has  been  said  and  shown  by  the 
accompanying  drawings  it  is  therefore  clear  that  appa- 
ratus  has  been  supplied  for  automatic  bending  of  metal 
sheets  which  allows  an  entire  bending  cycle  to  be  per- 
formed  sequentially  on  a  same  sheet,  totally  eliminating 
the  dead  times  of  the  press  normally  required  for  the 
operations  of  picking  up  a  sheet  and  releasing  or  depos- 
iting  a  bent  piece,  which  are  now  performed  while  one  of 
the  two  manipulators  operates  and  performs  part  of  the 
bending  cycle  of  a  sheet. 
[0053]  It  is  understood  however  that  what  has  been 
said  and  shown  with  reference  to  the  accompanying 
drawings  has  been  given  purely  by  way  of  a  non-limiting 
example  of  the  general  features  of  the  apparatus  and 
method  according  to  the  invention;  therefore  other 
changes  or  variants  may  be  made  without  thereby 
departing  from  the  present  invention. 

Claims 

1.  Method  for  automatic  bending  operations  on  a 
metal  sheet  to  perform  a  bent  piece  by  means  of  a 
press  (1  0)  and  by  a  first  (1  9)  and  by  a  second  (20) 
manipulator  slaved  to  said  press  (10),  character- 
ised  by  the  steps  of: 

a)  picking  up  a  first  sheet  (50)  in  a  loading  zone 
(36)  by  the  first  one  (1  9)  of  said  manipulators 
(19,  20); 
b)  performing  a  first  set  of  bends  on  said  first 
metal  sheet  (50)  during  a  first  working  step  of 
the  bending  cycle  with  the  metal  sheet  retained 
and  moved  under  controlled  condition  by  first 
manipulator  (19),  maintaining  the  second 
manipulator  (20)  in  a  stand-by  condition; 
c)  clamping  the  partially  bent  sheet  between 
mould  members  (13,  14)  of  the  press  (10)  at 
the  end  of  step  b),  releasing  the  metal  sheet 
(50)  by  the  first  manipulator  (19); 
d)  taking  the  partially  bent  sheet  (50)  by  the 
second  manipulator  (20),  while  the  same  sheet 
(50)  is  held  tightened  between  the  mould  mem- 
bers  (13,  14)  of  the  bending  press  (10); 
e)  completing  the  bending  cycle  for  said  first 
sheet  performing  a  second  set  of  bends  by 
means  of  the  second  manipulator  (20)  to  obtain 
a  bent  piece;  and 
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f)  releasing  the  bent  piece  (50)  by  said  second 
manipulator  (20)  at  the  end  of  the  step  e)  and 
discharging  said  piece  (50)  in  an  unloading 
zone  (37). 

5 
2.  Method  according  to  claim  1  ,  characterized  by  the 

additional  step  of  picking  up  a  further  metal  sheet 
(51)  by  means  of  the  first  manipulator  (19),  while 
the  second  manipulator  (20)  is  taking  said  first 
sheet  clamped  between  the  mould  members  (13,  to 
14)  of  the  press;  and  performing  a  set  of  bends  on 
said  further  metal  sheet  according  to  steps  b)  to  f) 
of  said  first  metal  sheet  (50). 

3.  Method  according  to  claim  1  characterized  by  the  is 
additional  step  of  picking  up  a  further  metal  sheet 
(51)  by  means  of  the  first  manipulator  (19),  while 
the  second  manipulator  (20)  is  performing  said  sec- 
ond  set  of  bends  step  e),  and  performing  a  set  of 
bends  on  said  further  metal  sheet  (51)  according  to  20 
step  b)  to  f)  of  said  first  metal  sheet  (50). 

4.  Method  for  automatic  bending  operations  on  a 
metal  sheet,  to  perform  a  bent  piece  on  a  press 
(10),  moving  said  sheet  by  a  first  (19)  and  by  a  sec-  25 
ond  (20)  manipulator  slaved  to  said  press  (10),  in 
particular  for  bending  symmetrical  pieces,  charac- 
terised  by  the  steps  of: 

i)  picking  up  a  first  metal  sheet  (50)  by  the  first  30 
one  (19)  of  said  manipulators  (19,  20); 
ii)  performing  a  first  set  of  bending  operations 
on  said  first  metal  sheet  (50),  with  said  metal 
(50)  sheet  retained  and  moved  between  mould 
members  (13,  1  4)  of  the  press  (1  0)  by  the  first  35 
manipulator  (19); 
iii)  clamping  said  partially  bent  first  sheet  (50) 
between  the  mould  members  (13,  14)  of  the 
press  (10)  at  the  end  of  the  step  ii),  releasing 
said  partially  bent  first  sheet  (50)  by  the  first  40 
manipulator  (19); 
iv)  taking  the  first  partially  bent  sheet  by  the 
second  manipulator  (20)  while  the  same  first 
sheet  is  tightly  held  between  the  mould  mem- 
bers  (13,  14);  45 
v)  picking  up  a  further  metal  sheet  (51)  by  the 
first  manipulator  (19);  and 
vi)  conjointly  bending  said  first  metal  sheet  (50) 
and  said  further  metal  sheet  (51)  held  by  said 
first  (19)  and  respectively  by  said  second  (20)  so 
manipulator,  performing  said  first  set  of  bend- 
ing  operations  on  said  further  metal  sheet  (51), 
and  completing  the  bending  cycle  by  perform- 
ing  a  second  set  of  bending  operations  on  said 
first  metal  sheet  (50)  corresponding  to  said  first  55 
bending  operations  performed  on  said  first 
metal  sheet  (50). 

5.  Apparatus  for  automatic  bending  of  metal  sheets 
(50)  to  perform  a  bent  piece  comprising: 

a  bending  press  (10)  having  upper  and  lower 
mould  members  (13,  14)  movably  supported 
one  in  relation  to  the  other  to  bend  a  metal 
sheet  (50)  positioned  therebetween;  and 
actuator  means  (15)  for  reciprocating  at  least 
one  (14)  of  said  mould  members  (13,  14); 
a  robotised  device  (1  1)  for  picking  up  and  posi- 
tioning  said  metal  sheet  for  bending  between 
said  mould  members  (13,  14)  of  the  press  (10) 
characterised  in  that  said  robotised  device  (1  1) 
comprises: 
a  support  structure  having  a  base  portion  (18) 
provided  with  guides  (21)  longitudinally  extend- 
ing  and  parallely  arranged  to  a  front  side  of  the 
bending  press  (10); 
first  and  second  manipulators  (19,  20)  longitu- 
dinally  movable  on  the  guides  (21),  each 
manipulator  (19,  20)  having  an  articulated  arm 
(30)  provided  with  a  gripping  member  (31)  for 
retaining  said  metal  sheet  (50); 
programmable  control  means  (40-46),  said 
programmable  control  means  (40-46)  for  selec- 
tively  operate  the  manipulators  (1  9,  20)  to  pick 
up  a  metal  sheet  (50)  by  the  first  one  (19)  of 
said  manipulators  (19,  20),  and  to  sequentially 
perform  first  and  second  sets  of  bending  oper- 
ations  by  said  first  and  second  manipulators 
(19,  20)  respectively,  on  said  metal  sheet  (50). 

6.  Apparatus  according  to  claim  5  characterized  in 
that  said  programmable  control  means  (40-46) 
comprises  a  programmable  control  unit  (CPU)  for 
each  manipulator  (19,  20),  said  control  unit  (CPU) 
being  programmed  to  allow  the  manipulator  (19, 
20)  to  perform  a  respective  set  of  bending  opera- 
tions  by  the  bending  press,  on  said  metal  sheet 
(50). 

7.  Apparatus  according  to  preceding  claims  5  and  6 
characterized  in  that  the  control  unit  (CPU)  of  the 
first  manipulator  (1  9)  is  programmed  to  perform  by 
said  first  manipulator  (19)  a  first  set  of  bending 
operations  on  a  metal  sheet  (50),  and  in  that  the 
control  unit  (CPU)  of  the  second  manipulator  (20)  is 
programmed  to  perform  by  said  second  manipula- 
tor  (20)  a  second  set  of  bending  operations  which 
differs  from  the  set  of  bending  operations  per- 
formed  by  the  first  manipulator  (19)  of  the  robotised 
device  (11). 

8.  Apparatus  according  to  preceding  claims  5  and  6 
characterized  in  that  the  control  unit  (CPU)  of  the 
first  manipulator  (1  9)  is  programmed  to  perform  by 
said  first  manipulator  (19)  a  first  set  of  bending 
operations  on  a  metal  sheet  (50),  and  in  that  the 
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control  unit  (CPU)  of  the  second  manipulator  (20)  is 
programmed  to  perform  by  said  second  manipula- 
tor  (20)  a  second  set  of  bending  operations  which 
corresponds  to  the  set  of  bending  operations  per- 
formed  by  the  first  manipulator  (1  9)  of  the  robotised  5 
device  (11). 

9.  Apparatus  according  to  claim  8  characterized  in 
that  the  control  units  (CPU)  of  the  manipulator  (19, 
20)  are  programmed  to  conjointly  perform  said  first  10 
and  second  sets  of  bending  operations  on  different 
metal  sheets  and  in  different  position  of  the  mould 
members  (13,  14)  of  the  bending  press  (10). 

10.  Apparatus  according  to  claim  5  characterized  in  15 
that  said  control  means  (40-46)  comprises  a  control 
unit  (CPU)  for  selectively  slaving  each  of  said 
manipulators  (1  9,  20)  to  a  control  unit  of  the  bend- 
ing  press  (10). 

20 
11.  Apparatus  according  to  any  one  of  the  previous 

claims,  characterised  in  that  each  manipulator  is  of 
the  anthropomorphic  type. 

12.  Apparatus  according  to  anyone  of  the  previous  25 
claims,  characterised  in  that  each  manipulator  com- 
prises  an  articulated  arm  (30)  and  drive  means  (40- 
46)  to  rotate  said  arm  (30)  from  a  backward  position 
to  a  forward  position  of  the  support  structure  (23), 
facing  a  front  side  of  the  press  (1  0).  30 
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