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(54)  Method  and  system  for  continuously  processing  successive  workpieces  along  a  production 
line 

(57)  A  system  (1  0)  for  continuously  processing  suc- 
cessive  workpieces  along  a  production  line  having  a 
loader  (11)  for  loading  workpieces  (12)  on  to  a  main 
conveyor  (1  3)  for  conveying  through  a  workstation  (1  4) 
and  an  unloader  (1  5)  for  unloading  the  workpiece  after 
processing.  The  loading  and  unloading  are  achieved 
without  disturbing  the  main  conveyor  during  operation  of 
the  workstation  so  as  not  to  vibrate  the  workpiece  dur- 

ing  operation  of  the  workstation.  According  to  one 
embodiment,  the  workpiece  is  a  printed  circuit  board 
and  the  workstation  is  an  optical  inspection  system  (14). 
Alternative  transfer  mechanisms  allow  for  the  workpiece 
to  be  conveyed  by  the  main  conveyor  during  inspection 
or  by  an  independent  carriage. 

F i g .   1  f  

CO 
IO 
CO 
IO 
IO 
CO 
o  
Q_ 
LU 

Printed  by  Xerox  (UK)  Business  Services 
2.16.3/3.4 



1 EP  0  855  856  A1 2 

Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  for  con- 
veying  flat  workpieces  to  and  through  a  processing 
machine  and  a  conveying  system  therefor,  which  is  par- 
ticularly  useful  with  a  processing  machine  requiring  a 
precise  positioning  of  the  workpiece  during  processing. 

Continuous  mass  production  of  various  workpieces 
has  required  development  of  conveying  systems  capa- 
ble  of  transporting  a  stream  of  workpieces  from  a  supply 
stack  to  a  return  stack  through  a  working  station  for 
processing  operations,  for  example  cutting,  recording, 
inspecting,  or  the  like.  It  is  commonly  a  necessary  con- 
dition  for  most  processing  operations  that  the  workpiece 
be  precisely  positioned.  Additionally,  it  is  often  the  case 
that  either  the  workpiece  should  be  firmly  retained  in 
place  on  the  working  table  during  processing,  or  alter- 
natively  sliding  movement  of  the  workpiece  relative  to 
the  surface  of  the  table  should  be  suitably  guided. 

However,  providing  a  separate  specially  equipped 
working  table  and  transferring  the  workpieces  from  the 
conveying  system  on  to  the  working  table  imposes  addi- 
tional  loading,  positioning  and  unloading  operations 
thus  slowing  down  the  production.  Furthermore,  the 
consequent  additional  manipulations  may  cause  dam- 
age  to  the  workpieces  and  requires  additional  equip- 
ment  which  occupies  considerable  floor  space. 

SUMMARY  OF  THE  INVENTION 

It  is  a  principal  object  of  the  present  invention  to 
provide  a  conveying  method  and  system  enabling  a 
stream  of  workpieces  to  be  transported  progressively 
whilst  allowing  for  one  of  the  workpieces  to  be  proc- 
essed  without  disturbance  during  the  conveyance  of 
other  workpieces. 

According  to  a  broad  aspect  of  the  invention  there 
is  provided  a  method  for  continuously  processing  suc- 
cessive  workpieces  along  a  production  line  having  a 
loading  means  for  loading  workpieces  on  to  a  conveying 
means  for  conveying  through  a  processing  means  and 
an  unloading  means  for  unloading  a  processed  work- 
piece, 

CHARACTERISED  BY  THE  STEPS  OF: 

(a)  loading  an  operational  workpiece  on  to  a  feed 
means, 
(b)  transferring  the  operational  workpiece  from  the 
feed  means  to  the  conveying  means, 
(c)  conveying  the  operational  workpiece  through 
the  processing  means  for  performing  a  desired 
operation  thereon, 
(d)  loading  a  successive  workpiece  on  to  the  feed 
means, 
(e)  after  said  operation  has  been  performed, 
unloading  the  operational  workpiece  from  the  con- 

veying  means,  and 
(f)  repeating  steps  (b)  to  (e),  as  required,  in  respect 
of  successive  workpieces. 

5  According  to  another  aspect  of  the  invention,  there 
is  provided  a  system  for  continuously  processing  suc- 
cessive  workpieces  along  a  production  line  having  a 
loading  means  for  loading  workpieces  on  to  a  conveying 
means  for  conveying  through  a  processing  means  and 

10  an  unloading  means  for  unloading  a  processed  work- 
piece, 

CHARACTERISED  IN  THAT: 

(a)  a  feed  means  independent  of  the  conveying 
15  means  receives  a  workpiece  from  the  loading 

means  without  disturbing  the  conveying  means, 
and 
(b)  a  transfer  means  is  provided  for  transferring  the 
operational  workpiece  from  the  feed  means  to  the 

20  conveying  means  prior  to  processing  of  the  work- 
piece,  and 
(c)  the  unloading  means  is  coupled  to  the  convey- 
ing  means  for  unloading  the  operational  workpiece 
from  the  conveying  means  after  processing  so  as  to 

25  allow  subsequent  unloading  without  disturbing  the 
conveying  means. 

The  unloading  means  may  be  a  working  table  of  a 
further  processing  station  and/or  may  be  also  provided 

30  with  one  or  more  conveying  mechanisms. 
More  specifically,  the  invention  is  useful  in  conjunc- 

tion  with  a  station  for  optical  inspection  of  printed  circuit 
boards  (PCBs)  having  an  artwork  thereon  and  is  there- 
fore  described  below  with  respect  to  this  application. 

35  Preferably,  in  such  an  embodiment,  the  conveying 
means  is  driven  by  a  drum  which  itself  functions  as  a 
support  surface  for  supporting  the  PCB  during  optical 
inspection. 

40  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

These  and  other  features  and  advantages  of  the 
present  invention  will  become  apparent  from  the  ensu- 
ing  detailed  description  of  the  preferred  embodiments, 

45  given  by  way  of  example  only,  when  taken  in  conjunction 
with  the  drawings,  in  which: 

Fig.  1a  to  "If  shows  schematically  a  conveying  sys- 
tem  in  accordance  with  a  first  embodiment  of  the 

so  present  invention  during  successive  operational 
phases; 
Figs.  2a  and  2b  are  a  flow  diagram  showing  the 
principal  steps  for  operating  the  system  illustrated 
in  Figs.  1a  to  1f; 

55  Fig.  3  is  a  simplified  flow  diagram  showing  funda- 
mental  operating  principles  of  the  invention; 
Fig.  4a  to  4h  shows  schematically  a  conveying  sys- 
tem  in  accordance  with  a  second  embodiment  of 
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the  present  invention  during  successive  operational 
phases; 
Fig.  5  is  a  flow  diagram  showing  the  principal  steps 
for  operating  the  system  illustrated  in  Figs.  4a  to  4h; 
Fig.  6a  shows  schematically  a  perspective  view  of  a 
detail  of  a  conveying  system  constructed  in  accord- 
ance  with  the  second  embodiment  of  the  present 
invention  and  having  a  main  conveyor; 
Figs.  6b  and  6c  show  schematically  details  of  a 
cross-section  taken  through  the  line  £A  in  Fig.  6a; 
Fig.  7a  shows  a  detail  of  the  main  conveyor  illus- 
trated  in  Fig.  4a; 
Fig.  7b  and  7c  show  schematically  operative  and 
inoperative  positions  of  an  elevation  mechanism  for 
use  with  a  support  platform  of  the  main  conveyor 
illustrated  in  Fig.  7a; 
Fig.  8a  and  8b  show  the  disposition  of  the  work- 
piece  relative  to  the  main  conveyor  during  operative 
and  inoperative  positions  of  the  elevation  mecha- 
nism;  and 
Fig.  9  is  a  pictorial  representation  of  a  PCB  convey- 
ing  system  operating  in  accordance  with  the  princi- 
ples  of  the  invention. 

DETAILED  DESCRIPTION  OF  PREFERRED  EMBOD- 
IMENTS 

Figs.  1  a  to  1  f  show  successive  stages  in  a  convey- 
ing  system  designated  generally  as  10  according  to  a 
first  embodiment  of  the  invention.  The  conveying  sys- 
tem  10  comprises  a  loader  11  (constituting  a  loading 
means)  for  loading  an  uppermost  PCB  1  2a  in  a  stack  of 
PCBs  12  (constituting  workpieces)  on  to  a  conveyor  13 
(constituting  a  conveying  means)  for  conveying  the  PCB 
12a  through  an  inspection  station  14  (constituting  a 
processing  means).  After  inspection  by  the  inspection 
system  1  4,  the  inspected  PCBs  are  then  transferred  to 
an  unloader  15  (constituting  an  unloading  means)  from 
which  they  may,  if  desired,  be  transferred  to  another 
processing  system  (not  shown)  downstream  of  the 
inspection  system  14  for  further  processing. 

In  the  embodiment  shown  in  Figs.  1a  to  1f  of  the 
drawings,  the  conveyor  13  is  in  the  form  of  a  carriage 
adapted  for  translational  movement  along  a  guide  rail 
1  6  and  also  adapted  for  vertical  up  and  down  movement 
for  reasons  which  will  become  apparent  in  the  following 
description. 

Disposed  upstream  and  downstream  of  the  inspec- 
tion  system  14  are  rollers  17  and  18  for  supporting  a 
conveyor  belt  1  9  which  is  further  supported  at  a  lower 
midpoint  thereof  by  a  third  roller  20.  The  conveyor  belt 
19  in  combination  with  the  rollers  17,  18  and  20  consti- 
tute  a  feeder  21  for  feeding  the  PCB  1  2a  to  the  conveyor 
13  prior  to  inspection  thereof  and  for  feeding  the 
inspected  PCB  to  the  unloader  15  after  inspection 
thereof.  In  order  to  determine  when  a  PCB  on  the  con- 
veyor  1  3  has  reached  the  inspection  station  1  4  and  also 
when  it  has  completely  passed  therethrough,  there  are 

provided  a  pair  of  sensors  22  and  23  which  respectively 
detect  when  a  leading  edge  of  the  PCB  12a  on  the  con- 
veyor  13  has  reached  the  inspection  system  14  and 
when  a  trailing  edge  of  the  PCB  12a  on  the  conveyor  13 

5  has  passed  therethrough. 
Figs.  2a  and  2b  are  a  flow  diagram  showing  the 

principal  operating  steps  of  the  system  10  which  will 
now  be  described  with  particular  reference  to  the  vari- 
ous  stages  of  operation  thereof  shown  in  Figs.  1  a  to  1  f 

10  of  the  drawings.  Fig.  1a  shows  a  first  stage  of  operation 
wherein  a  first,  topmost  PCB  12a  in  a  stack  of  PCBs  12 
is  extracted  by  the  loader  1  1  and  is  transported  by  the 
loader  1  1  to  the  conveyor  belt  1  9  of  the  feeder  21  .  Rota- 
tion  of  the  rollers  17  and  18  in  a  clockwise  direction 

15  transports  the  conveyor  belt  1  9  thereby  feeding  the  first 
PCB  12a  towards  the  inspection  system  14.  During  this 
operation,  the  area  on  the  conveyor  belt  19  where  the 
first  PCB  1  2a  was  fed  by  the  loader  1  1  is  now  freed  so 
as  to  be  able  to  accommodate  a  second,  successive 

20  PCB  12b  from  the  stack  12.  Therefore,  the  carriage  of 
the  loader  1  1  is  now  returned  to  base  (i.e.  its  initial  load- 
ing  position)  so  as  to  extract  the  second  PCB  12b  from 
the  stack  1  2  and  this  is  then  placed  on  the  conveyor  belt 
19  as  shown  in  Fig.  1b  of  the  drawings.  Whilst  this  hap- 

25  pens,  the  first  PCB  12a  is  brought  into  registration  with 
the  conveyor  13.  At  this  point,  the  conveyor  13  is  lifted 
so  as  to  lift  the  first  PCB  12a  from  the  conveyor  belt  19 
in  the  feeder  21  to  the  conveyor  13.  Thus,  the  first,  top- 
most  PCB  12a  is  located  on  the  conveyor  13  whilst  a 

30  second,  successive  PCB  is  accommodated  on  the 
feeder  1  9. 

Each  of  the  operating  steps  is  shown  sequentially  in 
Figs.  1a  to  1f  of  the  drawings.  Thus,  in  Fig.  1a,  the  first 
PCB  12a  has  just  been  placed  on  the  feeder  21  whilst 

35  the  conveyor  13  downstream  of  the  first  PCB  12a  is  in 
its  low  position. 

Fig.  1  b  depicts  the  next  stage  of  operation  when  the 
feeder21  has  brought  the  first  PCB  12a  into  overlapping 
registration  with  the  conveyor  13  and  the  second,  suc- 

40  cessive  PCB  1  2b  has  been  placed  by  the  loader  1  1  on 
to  the  feeder  21  .  Whilst  in  this  position,  the  conveyor  13 
is  then  raised  so  as  to  lift  the  first  PCB  1  2a  from  off  the 
conveyor  belt  19  on  to  the  carriage  constituting  the  con- 
veyor  13. 

45  In  Fig.  1c,  the  second,  succeeding  PCB  12b 
remains  at  the  end  of  the  feeder  21  upstream  of  the 
inspection  station  14,  whilst  the  conveyor  13  starts  to 
move  towards  the  unloader  1  5.  During  such  movement 
of  the  conveyor  1  3,  the  feeder  21  being  physically  sepa- 

50  rate  from  the  conveyor  13  does  not  impart  any  distur- 
bance  to  the  conveyor  13  which  might  impair  the 
inspection  process.  Movement  of  the  feeder  21  is  inhib- 
ited  during  translation  of  the  conveyor  13  from  the  posi- 
tion  shown  in  Fig.  1c  so  as  to  allow  the  first  PCB  12a  to 

55  complete  inspection,  whereupon  the  conveyor  13  is 
returned  to  the  feeder  21  to  acquire  the  next  PCB  12b. 
If  the  feeder  21  were  not  inhibited  in  such  manner,  then 
the  next  PCB  1  2b  would  be  conveyed  towards  the  con- 
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veyor  13  and  would  possibly  either  collide  with  the  car- 
riage  of  the  conveyor  13  which  is  at  this  stage  in  its 
elevated  position  thus  protruding  above  the  feeder  21; 
or  alternatively  might  be  conveyed  beyond  the  point 
from  which  it  is  to  be  transferred  from  the  belt  of  the  5 
feeder  21  on  to  the  carriage  of  the  conveyor  13.  In  order 
to  avoid  such  possibility,  the  feeder  21  is  inhibited  from 
the  moment  the  leading  edge  of  the  first  PCB  1  2a  on  the 
conveyor  13  is  aligned  with  the  sensor  22  and  up  to  the 
position  shown  in  Fig.  1d  wherein  a  trailing  edge  of  the  w 
PCB  12a  is  aligned  with  the  sensor  23. 

At  this  point,  as  shown  in  Fig.  1  e,  the  conveyor  1  3  is 
lowered  whereupon  the  first  PCB  12a  is  released  on  to 
the  conveyor  belt  19  of  the  feeder  21  whereupon,  as 
shown  in  Fig.  1f,  the  conveyor  21  is  re-started  so  as  to  is 
conveyor  the  first  PCB  12a  towards  the  unloader  15 
whilst  bringing  the  second,  successive  PCB  12b  into 
overlapping  relationship  with  the  conveyor  13.  The 
upstream  end  of  the  conveyor  21  having  been  thus 
vacated,  the  third,  successive  PCB  12c  is  now  loaded  20 
by  the  loader  1  1  on  to  the  feeder  21  and  the  whole  cycle 
is  repeated. 

Fig.  3  shows  the  principal  operating  steps  which 
define  the  essential  features  of  the  invention  and  which 
are  common  to  all  embodiments  thereof.  Thus,  succes-  25 
sive  workpieces  are  loaded  on  to  a  feeder  whereupon 
workpieces  are  successively  transferred  to  a  conveyor. 
At  the  same  time,  or  shortly  thereafter,  the  loader 
returns  to  base  for  loading  the  next  workpiece.  The 
feeder  is  now  disabled  and  the  workpiece  on  the  con-  30 
veyor  is  conveyed  for  processing.  After  processing,  the 
processed  workpiece  is  transferred  back  to  the  feeder 
which  is  now  enabled  and  the  cycle  repeated,  as 
required. 

Figs.  4a  to  4h  show  successive  stages  in  a  convey-  35 
ing  apparatus  designated  generally  as  25  according  to  a 
second  embodiment  of  the  invention.  Those  compo- 
nents  of  the  apparatus  25  which  are  common  to  all 
embodiments  will,  for  the  sake  of  consistency,  be  identi- 
fied  by  the  same  reference  numerals.  Thus,  the  appara-  40 
tus  25  comprises  a  loader  1  1  for  loading  an  uppermost 
PCB  12a  in  a  stack  of  PCBs  12  on  to  a  conveyor  13  for 
conveying  the  PCB  12a  through  an  inspection  station 
14.  After  inspection,  the  inspected  PCBs  are  then  trans- 
ferred  to  an  unloader  1  5  which  unloads  the  PCBs  from  45 
the  conveyor  13  for  onward  transfer  to  a  downstream 
marking  station  26  whereupon  the  marked  PCBs  are 
then  transferred  to  a  collection  station  27.  The  conveyor 
13  comprises  freely  rotatable  rollers  28  and  29,  the  con- 
veyor  1  3  itself  being  driven  by  means  of  a  central  drum  so 
30  operated  by  a  suitable  drive  means  (not  shown)  con- 
nected  to  an  operating  shaft  thereof. 

The  unloader  shown  generally  as  15  also  com- 
prises  a  conveyor  belt  31  which  is  supported  at  opposite 
ends  thereof  by  rollers  32  and  33.  Likewise,  a  third  con-  ss 
veyor  34  is  supported  at  opposite  ends  thereof  by 
respective  rollers  35  and  36  for  conveying  an  inspected 
PCB  from  the  unloader  15  through  the  marking  station 

26  and  on  to  the  collection  station  27.  Associated  with 
the  feeder  21  is  a  sensor  37  for  detecting  when  a  PCB 
on  the  conveyor  1  3  has  completely  cleared  the  feeder 
21,  thus  permitting  the  feeder  21  to  receive  a  succes- 
sive  PCB  from  the  loader  1  1  . 

As  will  be  explained  in  greater  detail  below,  the 
unloader  15  is  adapted  for  tilting  movement  such  that 
the  upstream  roller  32  thereof  may  be  raised  above  the 
level  of  the  conveyor  13.  By  such  means,  as  will  be 
explained  with  particular  reference  to  Fig.  4f  of  the  draw- 
ings,  a  PCB  on  the  conveyor  1  3  may  be  transferred  to 
the  unloader  15. 

Figs.  5a  and  5b  are  a  flow  diagram  showing  the 
principal  operating  steps  of  the  system  25  which  will 
now  be  described  with  particular  reference  to  the  vari- 
ous  stages  of  operation  thereof  shown  in  Figs.  4a  to  4h 
of  the  drawings.  In  order  to  avoid  any  possibility  of  con- 
fusion  with  the  first  embodiment  shown  in  Figs.  1  a  to  1  f 
of  the  drawings,  it  is  to  be  noted  at  the  outset  that  the 
conveyor  belt  supported  on  the  rollers  28  and  29  consti- 
tutes  the  conveyor  13  whilst  the  feeder,  also  shown  as 
21  for  consistency  with  the  embodiment,  is  a  platform 
adapted  for  up  and  down  vertical  movement  so  as  to  lift 
a  PCB  from  off  the  conveyor  1  3;  or,  alternatively,  to  drop 
a  PCB  thereon,  as  required. 

Operation  of  the  system  25  is  as  follows.  Initially, 
the  feeder  21  is  in  an  elevated  position  as  shown  in  Fig. 
4a  and  the  loader  11  loads  a  first,  topmost  PCB  12a 
from  the  stack  of  PCBs  1  2  on  to  an  upper  surface  of  the 
feeder  21  .  As  shown  in  Fig.  4b,  the  feeder  21  is  now  low- 
ered  so  that  its  upper  surface  is  beneath  an  upper  sur- 
face  of  the  conveyor  13,  whereupon  the  first  PCB  12a  is 
transferred  from  the  feeder  21  to  the  conveyor  13.  Dur- 
ing  this  operation,  the  loader  1  1  is  returned  to  base  so 
as  to  load  the  second,  successive  PCB  12b.  The  PCB 
12a  is  pre-registered  with  the  conveyor  13  whilst  still  on 
the  feeder  21  so  that  it  maintains  the  correct  registration 
upon  being  deposited  on  to  the  conveyor  13.  By  such 
means,  the  need  for  separate  registration  of  the  PCB 
12a  whilst  on  the  conveyor  13  is  avoided. 

As  shown  in  Fig.  4c,  the  conveyor  13  is  now  driven 
by  the  drum  30  so  as  to  convey  the  first  PCB  12a 
towards  the  inspection  station  14  until  a  leading  edge  of 
the  PCB  12a  reaches  the  first  sensor  22. 

As  shown  in  Fig.  4d,  further  motion  of  the  conveyor 
1  3  conveys  the  first  PCB  1  2a  through  the  inspection  sta- 
tion  14  and,  in  so  doing,  evacuates  the  feeder  21.  The 
empty  feeder  21  is  now  raised  as  shown  in  Fig.  4d  so  as 
to  receive  the  second,  successive  PCB  12b,  during 
which  time  the  conveyor  1  3  is  disabled  so  that  move- 
ment  of  the  feeder  21  causes  no  disturbance  to  the  first 
PCB  12a  passing  through  the  inspection  station  14. 

As  shown  in  Fig.  4e,  the  drum  30  is  now  rotated  so 
as  to  transport  the  first  PCB  12a  through  the  inspection 
station  14  along  the  conveyor  13  until  the  trailing  edge 
of  the  PCB  12a  reaches  the  sensor  23,  thus  indicating 
that  inspection  has  been  completed.  The  relationship 
between  the  length  of  the  PCB  12a  and  the  distance 
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between  the  drum  30  and  the  upstream  roller  32  of  the 
unloader  15  is  such  that  the  leading  edge  of  the  PCB 
1  2a  at  least  slightly  overlaps  the  upstream  roller  32.  The 
feeder  21  is  now  lowered  so  as  to  transfer  the  second, 
successive  PCB  12b  on  to  the  conveyor  13  for  convey-  5 
ing  through  the  inspection  station  14. 

As  shown  in  Fig.  4f,  the  second,  successive  PCB 
12b  is  conveyed  towards  the  inspection  station  14:  this 
continuing  until  the  leading  edge  of  the  second  PCB  1  2b 
reaches  the  sensor  22.  The  conveyor  13  is  now  disabled  10 
so  that  the  second,  successive  PCB  12b  remains  sta- 
tionary  and  the  upstream  roller  32  of  the  unloader  15  is 
tilted  so  that  the  upstream  roller  32  is  elevated,  whereby 
further  rotation  of  the  upstream  roller  32  causes  the  first 
PCB  12a  to  be  unloaded  without  disturbing  the  con-  15 
veyor  1  3  since  is  physically  separate  therefrom. 

As  shown  in  Fig.  4g,  whilst  the  first  PCB  12a  is 
being  thus  unloaded  by  the  unloader  15,  the  drum  30  is 
now  re-started  so  as  to  enable  the  conveyor  thereby 
conveying  the  second  PCB  12b  through  the  inspection  20 
station  14  until  the  trailing  edge  thereof  clears  the 
feeder  21  as  shown  by  the  sensor  37.  Thereupon  the 
feeder  21  is  raised  so  as  to  receive  a  third,  successive 
PCB  12c  from  the  loader  1  1  . 

Finally,  as  shown  in  Fig.  4h,  the  feeder  21  is  low-  25 
ered  so  as  to  transfer  the  third,  successive  PCB  12c  on 
to  the  conveyor  13;  the  upstream  roller  32  of  the 
unloader  15  is  lowered  into  its  normal  operating  position 
and  the  drum  30  is  driven  so  as  to  enable  the  conveyor 
13.  The  conveyor  13  now  conveys  the  first  PCB  12a  on  30 
to  the  marking  station  26  whilst,  at  the  same  time,  the 
second  PCB  12b  is  conveyed  through  the  inspection 
station  14  and  the  third  PCB  12c  is  partially  conveyed 
towards  the  inspection  station  14. 

Having  now  described  the  system  functionally,  35 
details  thereof  will  now  be  described  with  particular  ref- 
erence  to  Figs.  6a  to  8c  of  the  drawings. 

Fig.  6a  shows  a  detail  of  the  conveyor  13  having  a 
pair  of  side  frames  40  and  41  supporting  at  opposite 
ends  thereof  rollers  28  and  29  each  supporting  at  40 
spaced  apart  intervals  pulleys  42  for  supporting  respec- 
tive  conveyor  belts  43.  The  belts  43  may  be  Round  Belts 
PN  DIA-7  (GREEN)  commercially  available  from 
MULON  Ltd.  As  noted  above,  the  conveyor  belts  43  are 
supported  at  opposite  ends  by  the  rollers  28  and  29  and  45 
are  supported,  under  tension,  at  a  mid-location  thereof 
by  the  drum  30.  The  drum  30  is  itself  supported  within 
opposite  side  frames  40a  and  41b  which  are  independ- 
ent  of  the  side  frames  40  and  41  of  the  conveyor  13.  An 
outer  surface  of  the  drum  30  is  formed  with  a  plurality  of  so 
spaced  apart  parallel  circumferential  recesses  44  for  sli- 
dably  accommodating  therein  respective  ones  of  the 
conveyors  belts  43.  By  such  means,  the  drum  30  not 
only  conveys  the  PCB  1  2a  through  the  inspection  sta- 
tion  14,  but  also  acts  as  a  supporting  surface  for  sup-  55 
porting  thereon  each  PCB  12a  during  inspection. 
Preferably,  the  outer  surface  of  the  drum  30  is  provided 
with  a  rubber  coating  so  as  to  increase  friction  between 

the  supporting  surface  of  the  drum  30  and  the  PCB  12a 
and  thus  prevent  movement  of  the  PCB  12a  during 
inspection. 

The  drum  is  driven  via  a  central  drive  shaft  45 
directly  coupled  to  a  motor,  such  as  Direct  Drive  Torque 
Motor  TM  51  25V-1  48-031  commercially  available  from 
Verwitron  Ltd.,  U.S.A.  The  rotation  of  the  drum  45  is 
controlled  by  an  encoder,  such  as  Rotary  Laser 
Encoder  R-11  commercially  available  from  Canon 
Europe  NV.  In  addition  to  the  central  drive  shaft  45  of 
the  drum  30,  there  is  also  provided  an  eccentric  drive  46 
which  is  eccentrically  mounted  in  bearings  47  sup- 
ported  within  the  respective  side  frames  40a  and  41  a  so 
as  to  allow  the  drum  30  to  be  vertically  displaced  within 
the  side  frames  40a  and  41a  so  as  thereby  to  raise  the 
upper  surface  of  the  PCB  12a  during  inspection  and 
thus  ensure  that  its  distance  from  an  optical  imager 
shown  generally  as  48  is  maintained.  By  such  means, 
accurate  focus  of  the  upper  surface  of  the  inspected 
PCB  12a  may  be  maintained  regardless  of  variations  in 
the  thickness  of  the  PCB  1  2a  which  can  range  from  0.05 
mm  to  5  mm. 

The  PCB  12a  being  inspected  is  guided  through  the 
inspection  system  1  4  by  means  of  a  guiding  mechanism 
shown  generally  as  49  in  the  form  of  a  cover  50  whose 
leading  edge  51  is  slightly  upraised  so  as  to  allow  an 
advancing  PCB  to  pass  underneath  the  raised  leading 
edge  51  and  thus  ensure  its  unimpeded  passage 
through  the  inspection  system  14.  To  aid  passage  of  the 
PCB  through  the  guiding  mechanism  49,  there  is  pro- 
vided  a  pair  of  freely  rotatable  roller  bearings  52  for  pro- 
viding  rolling  contact  with  an  upper  surface  of  the  PCB. 
The  cover  50  is  provided  with  an  elongated  aperture  53 
defining  a  scan  line  directly  beneath  the  imaging  optics 
48. 

The  operation  of  the  guiding  mechanism  49  is 
shown  schematically  in  Figs.  6b  and  6c  of  the  drawings 
in  respect  of  PCBs  55  and  56  having  different  widths.  In 
operation,  the  drum  30  is  lowered  before  the  PCB  55  or 
56  reaches  the  guiding  mechanism  49  so  as  to  provide 
adequate  clearance  between  the  guiding  mechanism 
49  and  the  upper  supporting  surface  of  the  drum  30 
regardless  of  the  thickness  of  the  PCB.  The  PCB  55  or 
56  passes  under  the  upraised  leading  edge  51  of  the 
guiding  mechanism  49  whereupon  the  drum  30  is  raised 
until  the  PCB  55  or  56  is  properly  supported  on  the 
upper  surface  of  the  drum  30  beneath  the  cover  50  with 
the  upper  surface  of  the  PCB  55  or  56  substantially  co- 
planar  with  a  lower  surface  of  the  cover  50.  In  order  to 
guard  against  the  possibility,  during  production,  that  the 
leading  edge  of  a  PCB  might  escape  through  the  aper- 
ture  53  of  the  cover  50,  there  is  provided  an  alarm  sen- 
sor  57  at  one  end  of  the  elongated  aperture  53  for 
detecting  a  PCB  located  on  top  of  the  cover  50  and  pro- 
viding  a  suitable  alarm  signal.  The  alarm  sensor  57  may 
be,  for  example,  an  optical  sensor  such  as  FZ5IL  Sen- 
sor  Through-Beam  Transmitter  &  Receiver  commer- 
cially  available  from  Keyence  Lead  Electric  Corp. 
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Construction  and  operation  of  the  alarm  sensor  57  are 
not  in  themselves  features  of  the  present  invention  and 
are  therefore  not  specifically  described. 

It  will  thus  be  clear  that  each  of  the  PCBs  in  the 
stack  1  2  is  conveyed  by  means  of  the  conveyor  belts  43  5 
through  the  inspection  system  14.  As  noted  above,  it  is 
a  principal  feature  of  the  invention  that  successive 
PCBs  are  placed  on  to  the  conveyor  1  3  in  such  a  man- 
ner  as  not  to  cause  vibrations  of  the  conveyor  1  3  or  any 
other  disturbance  thereto  which  might  impair  the  accu-  u 
racy  of  the  optical  inspection. 

Fig.  7a  is  a  pictorial  representation  of  the  feeder  21 
which  operates  in  conjunction  with  the  conveyor  1  3  so 
as  to  allow  the  desired  transfer  of  successive  PCBs 
from  the  loader  1  1  to  the  conveyor  13.  Thus,  it  is  to  be  n 
noted  that  the  feeder  21  has  a  supporting  surface 
shown  generally  as  60  in  the  form  of  spaced  apart  tur- 
rets  61  such  that  when  the  feeder  21  is  in  an  elevated 
position  (as  shown  in  Fig.  7a)  the  turrets  61  are  accom- 
modated  between  adjacent  conveyor  belts  43.  The  2t 
feeder  21  is  lowered  and  raised  by  means  of  a  mechan- 
ical  linkage  63  having  upper  and  lower  operating  posi- 
tions  shown,  respectively,  in  Figs.  7b  and  7c  of  the 
drawings. 

Thus,  the  linkage  mechanism  63  comprises  a  pair  2t 
of  parallel  links  64  and  65  hingedly  supported  on 
respective  pivot  axes  66  and  67  over  which  are  mounted 
at  opposite  ends  thereof  within  the  side  frames  40  and 
41  of  the  feeder  21  .  Upper  ends  of  the  links  64  and  65 
are  hingedly  connected  to  the  support  surface  60  of  the  3< 
feeder  21  whilst  lower  ends  of  the  links  64  and  65  are 
hingedly  connected  to  a  strut  68  which  is  itself  coupled 
to  a  piston  69  adapted  for  horizontal  to-and-fro  move- 
ment  of  the  strut  68  so  as  thereby  to  raise  or  lower  the 
support  surface  60  of  the  feeder  21  ,  as  required.  Specif-  3i 
ically,  as  noted  in  Figs.  7a  and  7b,  when  the  feeder  21  is 
in  its  elevated  position,  the  turrets  61  protrude  through 
the  gaps  between  adjacent  conveyor  belts  43,  whilst  in 
its  lower  position,  as  shown  in  Fig.  7c,  the  supporting 
surface  60  of  the  feeder  21  lies  beneath  the  conveyor  4t 
belts  43.  Thus,  a  PCB  is  transferred  from  the  loader  1  1 
(Fig.  4a)  to  the  conveyor  13  by  first  disposing  the  PCB 
on  to  the  supporting  surface  60  of  the  feeder  21  when 
the  feeder  21  is  in  its  elevated  position;  whereby,  lower- 
ing  the  feeder  21  to  the  position  shown  in  Fig.  7c,  4i 
causes  the  PCB  on  the  supporting  surface  60  of  the 
feeder  21  to  be  transferred  to  the  conveyor  belts  43  of 
the  conveyor  13. 

When  such  a  system  is  used  for  the  optical  inspec- 
tion  of  PCBs,  it  is  normal  to  effect  the  optical  inspection  st 
and  subsequent  marking  in  two  distinct  stages.  As  is 
known,  during  the  first  stage  of  optical  inspection  loca- 
tions  on  the  PCB  which  are  seen  either  to  be  faulty  or 
suspect  are  memorized  and  in  the  subsequent  marking 
stage  each  of  these  locations  is  marked  so  as  to  permit  st 
subsequent  manual  inspection  and,  possibly,  correc- 
tion.  Consequently,  it  is  most  important  that  the  optical 
inspection  system  14  and  the  marking  station  26  are  in 

correct  registration.  In  practice,  this  is  accomplished  by 
ensuring  that  the  PCB  itself  is  in  correct  registration  with 
both  the  inspection  system  14  and  the  marking  system 
26.  Such  registration  is  accomplished  by  so  controlling 
the  passage  of  the  PCB  through  the  inspection  system 
1  4,  that  its  leading  edge  is  parallel  to  the  scan  line  of  the 
inspection  station  14  whilst  a  side  edge  is  maintained 
flush  with  an  inner  surface  of  the  side  frame  41.  Such 
registration  can  be  accomplished  manually  and,  to  this 
effect,  there  are  provided  registration  pins  70  at  a  down- 
stream  end  of  the  feeder  21  so  that  an  operator  can 
manually  load  the  PCBs  on  to  the  feeder  21  ,  when  in  its 
raised  position,  with  the  leading  and  side  edges  of  the 
PCB  respectively  in  contact  with  the  registration  pins  70 
and  the  internal  surface  of  the  side  frame  41  . 

Figs.  8a  and  8b  show  schematically  an  end  eleva- 
tion  of  an  alternative  feeder  21  wherein  the  desired  reg- 
istration  of  the  PCB  55  is  effected  automatically.  As 
seen,  the  feeder  21  comprises  a  support  surface 
depicted  generally  as  75  in  the  form  of  a  plurality  of 
spaced-apart  rollers  76  disposed  between  adjacent 
conveyor  belts  43.  The  rollers  76  are  mounted  on  shafts 
77  opposite  ends  of  which  are  mounted  within  a  support 
frame  shown  generally  as  78  and  which  is  operated  by 
a  suitable  mechanism  for  raising  and  lowering  into  the 
positions  shown  in  Figs.  8(a)  and  8(b),  respectively. 
Thus,  in  operation,  the  rollers  76  are  first  raised  into  the 
position  shown  in  Fig.  8(a)  wherein  the  supporting  sur- 
face  75  of  the  feeder  21,  constituted  by  the  upper  sur- 
face  of  each  of  the  rollers  75,  is  proud  of  the  upper 
surface  of  the  conveyer  belts  43.  The  PCB  55  is  then 
released  onto  the  feeder  21  as  explained  above  and  the 
rollers  76  are  rotated  in  a  clockwise  direction  (as  shown 
in  the  figure)  save  thereby  to  convey  the  PCB  55  later- 
ally  towards  the  side  frame  41  .  This  having  been  done, 
the  frame  78  is  lowered  into  the  position  shown  in  Fig. 
8(b),  wherein  the  supporting  surface  75  of  the  feeder  21 
is  beneath  the  supporting  surface  of  the  conveyor  belts 
43.  By  such  means,  the  PCB  55  is  transferred  from  the 
feeder  21  to  the  conveyer  13. 

Referring  now  to  Fig.  9  there  is  illustrated  schemat- 
ically  a  conveying  system,  generally  designated  80,  for 
conveying  a  stream  of  PCBs  81  to  and  through  an  opti- 
cal  inspection  station  82,  wherein  a  progressing  PCB  is 
processed  without  interrupting  the  flow  of  succeeding  or 
preceding  PCBs.  The  inspection  station  82  allows  for 
conventional  inspection  of  PCBs  using  any  of  a  number 
of  conventional  techniques  for  detecting  flaws.  Down- 
stream  of  the  inspection  station  82  there  is  disposed  an 
additional  marking  station  84  for  marking  locations  of 
detected  flaws,  if  any. 

Since  the  inspection  station  82  does  not  itself  form 
a  part  of  the  present  invention,  details  of  its  construction 
and  operation  are  not  set  forth  herein,  except  to  note 
that  PCBs  81  are  inspected  from  above  by  suitable  opti- 
cal  means  adapted  for  scanning  the  PCB  in  order  to 
locate  defects.  For  example,  a  CCD  Image  Sensor  LKI- 
6003  commercially  available  from  Eastman  Kodak 
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Company  may  be  employed. 
The  conveying  system  80  includes  a  loader  85  and 

an  unloader  86,  and  a  main  conveyor  87  extending 
between  the  loader  85  and  the  marking  station  84  and 
adapted  to  transport  loaded  PCBs  to  and  through  the  s 
inspection  station  82.  This  having  been  done,  as 
inspected  PCB  is  then  further  transported  towards  the 
marking  station  84,  associated  with  which  is  a  separate 
conveyor  table  88.  The  loader  85  may  be  of  any  known 
type,  for  example  such  as  PCB  Car.  Automat  MA  w 
6095067  commercially  available  from  Rescotron,  Italy. 
The  marking  station  84  also  employs  a  belt  conveyor 
having  a  plurality  of  spaced  apart  belts  which  are 
slightly  inclined  toward  tie  side  frame  41  so  that  as  a 
PCB  is  conveyed  through  the  marking  station  84,  a  side  is 
edge  of  the  PCB  is  maintained  flush  with  an  inner  sur- 
face  of  the  side  frame  41  thereby  maintaining  correct 
registration  of  the  PCB. 

It  should  be  noted  that  the  provision  of  the  conveyor 
table  88  is  optional,  to  exemplify  the  most  general  case  20 
of  processing  workpieces  at  more  than  one  working  sta- 
tion.  In  the  specific  example  of  optical  inspection  of 
printed  circuit  boards  having  an  artwork  thereon,  the 
conveyor  table  88  is  associated  with  a  marking  assem- 
bly,  and  comprises  a  conveying  mechanism  adapted  to  25 
receive  the  inspected  PCB  from  the  main  conveyor  87 
and  further  transfer  it  towards  the  unloader  86,  which 
will  be  described  in  more  detail  further  below.  The  main 
conveyor  87  is  enclosed  between  spaced  parallel  side 
frames  89  and  operates  to  convey  the  loaded  PCB  in  a  30 
conveying  direction,  shown  by  arrow  D1  in  Fig.  9. 

It  will  be  appreciated  that  reliable  scanning  requires 
proper  mounting  of  the  progressing  PCB  on  a  working 
table,  or  other  supporting  surface,  so  as  to  ensure  its 
precise  positioning  in  a  registration  corner,  and  allow  it  35 
to  be  perfectly  guided  relative  to  the  supporting  surface. 
As  noted  above,  one  of  the  particular  features  of  the 
present  invention  is  the  provision  of  a  feeder  90  installed 
upstream  and  downstream  of  the  inspection  station  82. 
The  feeder  90  is  provided  with  a  registration  means  40 
defining  two  registration  shoulders  at  right-angles  to 
each  other  which  are  engageable  with  a  registration 
corner  of  the  PCB  in  order  to  position  it  precisely  for 
processing.  Construction  of  the  feeder  90  and  its  rela- 
tionship  with  the  main  conveyor  87  is  as  described  45 
above  with  reference  to  Fig.  6a  of  the  drawings. 

Thus,  the  PCBs  which  are  to  be  inspected  are 
stacked  and  supported  by  a  self-leveling  supply  table 
91  ,  which  includes  an  automatic  lifting  mechanism  for 
continuously  raising  the  level  of  the  stack  so  as  to  main-  so 
tain  the  topmost  PCB  82a  at  a  predetermined  vertical 
position  wherein  it  is  at  the  same  level  as  the  main  con- 
veyor  87.  Also  provided  is  a  loading  carriage  92  having 
a  plurality  of  suction  cups  93  for  capturing  the  topmost 
PCB  82a  from  the  stack  82  and  being  adjusted  for  slid-  55 
ing  movement  along  a  sliding  rail  94  between  the  supply 
table  91  and  the  feeder  90. 

It  will  be  understood  that  the  loader  85  may  be  of 

alternative  construction,  and  may,  for  example,  com- 
prise  additional  conveying  means  adapted  to  receive 
the  topmost  PCB  82a  from  the  table  91  and  to  transfer  it 
on  to  the  feeder  90. 

A  stack  of  inspected  PCBs  95  is  supported  by  a 
similar,  self-leveling  collecting  table  96  which  may  either 
comprise  a  similar  unloading  carriage,  or  conveying  and 
air  cushion  means.  Alternatively,  the  collecting  table  96 
may  include  several  selectively  enabled  conveying 
mechanisms  for  transporting  the  inspected  PCBs  in  dif- 
ferent  directions  according  to  corresponding  sort  crite- 
ria. 

Preferably,  the  collecting  table  96  is  provided  with  a 
plurality  of  wheels  97  rotatably  supported  on  a  pin  98  in 
a  spaced  apart  parallel  relationship  along  its  length,  and 
a  gripper  assembly,  generally  designated  99.  The  pin  98 
is  disposed  transverse  to  the  conveying  direction  D1  in 
which  PCBs  arrive  on  to  the  collecting  table  96.  The 
gripper  assembly  99  is  mounted  for  slidable  movement 
above  the  surface  of  the  table  96  in  a  direction  towards 
and  away  from  the  wheels  97  parallel  to  the  conveying 
direction  D1  .  The  construction  and  operation  of  the  grip- 
per  assembly  99  will  be  described  more  specifically 
below  with  reference  to  Figs.  1  0a  to  1  0d  of  the  drawings. 

Also  provided  is  a  guiding  mechanism  generally 
denoted  100,  which  is  supported  by  the  side  frames  89 
of  the  main  conveyor  87  and  is  adapted  for  guiding  the 
advance  of  the  PCBs  in  the  conveying  direction  D1  dur- 
ing  processing.  The  guiding  mechanism  100  is  as 
described  above  with  reference  to  Figs.  6a  to  6c  of  the 
drawings. 

The  preferred  embodiments  have  been  described 
with  particular  reference  to  spaced  apart  conveyor  belts 
interacting  with  the  feeder  means  disposed  between 
adjacent  belts  for  lowering  and  raising  a  supporting  sur- 
face  thereof  relative  to  a  support  surface  of  the  conveyor 
belts.  However,  it  is  to  be  understood  that  the  principles 
of  the  invention  are  equally  applicable  for  use  with  a  sin- 
gle  conveyor  belt  conveying  thereon  workpieces  which 
are  themselves  wider  than  the  conveyor  belt.  Such 
workpieces  may  then  be  released  on  to  and  lifted  off  the 
conveyor  belts  by  means  of  a  feeder  and  transfer  mech- 
anism  disposed  on  opposite  sides  of  the  conveyor  belt. 

Claims 

1.  A  method  for  continuously  processing  successive 
workpieces  along  a  production  line  having  a  loading 
means  for  loading  workpieces  on  to  a  conveying 
means  for  conveying  through  a  processing  means 
and  an  unloading  means  for  unloading  a  processed 
workpiece, 

CHARACTERISED  BY  THE  STEPS  OF: 

(a)  loading  an  operational  workpiece  on  to  a 
feed  means, 
(b)  transferring  the  operational  workpiece  from 
the  feed  means  to  the  conveying  means, 
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(c)  conveying  the  operational  workpiece 
through  the  processing  means  for  performing  a 
desired  operation  thereon, 
(d)  loading  a  successive  workpiece  on  to  the 
feed  means,  s 
(e)  after  said  operation  has  been  performed, 
unloading  the  operational  workpiece  from  the 
conveying  means,  and 
(f)  repeating  steps  (b)  to  (e),  as  required,  in 
respect  of  successive  workpieces.  10 

2.  The  method  according  to  Claim  1,  wherein  the 
operational  workpiece  is  loaded  on  to  the  feed 
means  in  a  predetermined  registration. 

15 
3.  The  method  according  to  Claim  1,  further  including 

the  step  of: 

registering  the  workpiece  on  the  conveying 
means  in  a  predetermined  registration  with  20 
respect  to  the  conveying  means  upstream  of 
the  processing  means. 

4.  The  method  according  to  Claim  1,  further  including 
the  steps  of:  25 

(43)  extending  between  the  loading  and 
unloading  means  and  defining  a  support  sur- 
face  (60)  for  supporting  a  workpiece  thereon, 
and 
the  conveyor  means  (1  3)  has  an  upper  surface 
astride  the  feed  means  and  having  a  gap 
therein  for  accommodating  therein  the  support 
surface  of  the  feed  means  when  the  conveyor 
means  is  elevated. 

7.  The  system  according  to  Claim  5,  wherein: 

the  feed  means  includes  at  least  two  spaced 
apart  conveyor  belts  extending  between  the 
loading  and  unloading  means  and  each  having 
a  support  surface  for  supporting  a  workpiece 
thereon,  and 
the  conveyor  means  has  an  upper  surface  for 
protruding  upwardly  through  respective  gaps 
between  adjacent  conveyor  belts  of  the  feed 
means  when  the  conveyor  means  is  elevated. 

8.  The  system  according  to  Claim  6  or  7,  wherein  the 
transfer  means  is  coupled  to  the  conveying  means 
and  comprises: 

registering  the  workpiece  on  the  feed  means  in 
a  predetermined  registration  with  respect  to  the 
feed  means,  and 
transferring  the  workpiece  from  the  feed  means  30 
to  the  conveying  means  whilst  maintaining  said 
predetermined  registration. 

5.  A  system  (10)  for  continuously  processing  succes- 
sive  workpieces  along  a  production  line  having  a  35 
loading  means  (1  1)  for  loading  workpieces  (12)  on 
to  a  conveying  means  (1  3)  for  conveying  through  a 
processing  means  (14)  and  an  unloading  means 
(15)  for  unloading  a  processed  workpiece, 

CHARACTERISED  IN  THAT:  40 

(a)  a  feed  means  (21)  independent  of  the  con- 
veying  means  receives  a  workpiece  from  the 
loading  means  without  disturbing  the  convey- 
ing  means,  and  45 
(b)  a  transfer  means  (63)  is  provided  for  trans- 
ferring  the  operational  workpiece  from  the  feed 
means  to  the  conveying  means  prior  to 
processing  of  the  workpiece,  and 
(c)  the  unloading  means  (15)  is  coupled  to  the  so 
conveying  means  for  unloading  the  operational 
workpiece  from  the  conveying  means  after 
processing  so  as  to  allow  subsequent  unload- 
ing  without  disturbing  the  conveying  means. 

55 
6.  The  system  according  to  Claim  5,  wherein: 

the  feed  means  (21)  includes  a  conveyor  belt 

lowering  means  for  lowering  an  upper  surface 
of  the  conveying  means  below  the  support  sur- 
faces  of  the  feed  means, 
traction  means  (16)  responsively  coupled  to 
the  lowering  means  for  transporting  the  con- 
veying  means  to  a  location  underneath  the 
support  surfaces  of  the  feed  means  having  a 
workpiece  thereon,  and 
lifting  means  responsively  coupled  to  the  trac- 
tion  means  for  raising  the  upper  surface  of  the 
conveying  means  above  the  support  surfaces 
of  the  feed  means  between  adjacent  conveyor 
belts  thereof  so  as  lift  the  workpiece  from  the 
feed  means  on  to  the  conveying  means. 

9.  The  system  according  to  Claim  8,  wherein: 

the  lowering  means  is  coupled  to  the  unloading 
means  for  lowering  the  upper  surface  of  the 
conveying  means  below  the  support  surfaces 
of  the  feed  means  so  as  to  drop  the  processed 
workpiece  from  the  conveying  means  on  to  the 
feed  means. 

10.  The  system  according  to  Claim  5,  wherein: 

the  conveyor  means  includes  a  conveyor  belt 
extending  between  the  loading  and  unloading 
means  and  having  a  support  surface  for  sup- 
porting  a  workpiece  thereon,  and 
the  feed  means  has  an  upper  surface  astride 
the  conveyor  means  and  having  a  gap  therein 
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for  accommodating  therein  the  support  surface 
of  the  conveyor  means  when  the  feed  means  is 
elevated. 

1  1  .  The  system  according  to  Claim  5,  wherein:  s 

the  conveyor  means  includes  at  least  two 
spaced  apart  conveyor  belts  (43)  extending 
between  the  loading  and  unloading  means  and 
each  having  a  support  surface  for  supporting  a  10 
workpiece  thereon,  and 
the  feed  means  has  an  upper  surface  (60)  pro- 
truding  through  respective  gaps  between  adja- 
cent  conveyor  belts. 

15 
12.  The  system  according  to  Claim  10  or  11,  wherein 

the  transfer  means  is  coupled  to  the  feed  means 
and  includes: 

lifting  means  (63)  responsively  coupled  to  a  lift-  20 
ing  signal  for  raising  an  upper  surface  of  the 
feed  means  above  the  support  surfaces  of  the 
conveyor  means  so  as  to  receive  a  workpiece 
thereon  form  the  loading  means,  and 
means  for  lowering  (63)  the  upper  surface  of  25 
the  feed  means  beneath  the  support  surfaces 
of  the  conveyor  means  so  as  drop  the  work- 
piece  from  the  feed  means  on  to  the  conveying 
means. 

30 
13.  The  system  according  to  Claim  12,  further  includ- 

ing: 

sensing  means  (23)  for  sensing  when  the  oper- 
ational  workpiece  has  passed  through  the  35 
workstation  so  as  to  generate  the  lifting  signal. 

14.  The  system  according  to  Claim  12,  wherein  the  lift- 
ing  signal  is  generated  manually  by  an  operator. 

40 
15.  The  system  according  to  any  one  of  Claims  12  to 

14,  wherein  the  unloading  means  (15)  includes: 

56  A1  16 

1  6.  The  system  according  to  Claim  1  0  or  1  1  ,  wherein 
an  internal  surface  of  the  or  each  conveying  means 
is  supported  on  an  outer  surface  of  a  rotatable  drum 
(30)  having  a  respective  recess  for  slidably  accom- 
modating  therein  the  conveying  means  so  that  the 
workpiece  is  supported  on  an  outer  surface  of  the 
drum  during  processing. 

17.  The  system  according  to  Claim  16,  further  including 
a  drive  means  coupled  to  a  drive  shaft  (45)  of  the 
drum  so  that  rotation  of  the  drum  produces  transla- 
tion  of  the  conveying  means. 

18.  The  system  according  to  Claim  6  or  7,  wherein  the 
feeder  means  further  includes  automatic  registra- 
tion  means  (70)  for  providing  a  precise  positioning 
of  the  workpiece  with  respect  to  the  feeder  means. 

19.  The  system  according  to  Claim  19,  wherein  the 
automatic  registration  means  includes  means  (76) 
for  moving  the  workpiece  laterally  on  the  feeder 
means  towards  an  edge  thereof. 

20.  The  system  according  to  Claim  1  0  or  1  1  ,  wherein 
the  feeder  means  further  includes  automatic  regis- 
tration  means  for  providing  a  precise  positioning  of 
the  workpiece  with  respect  to  the  feeder  means. 

21.  The  system  according  to  Claim  20,  wherein  the 
automatic  registration  means  includes  means  (76) 
for  moving  the  workpiece  laterally  on  the  feeder 
means  towards  an  edge  thereof. 

22.  The  system  according  to  any  one  of  Claims  5  to  21  , 
wherein  the  workpiece  is  formed  of  planar  sheet 
material  and  the  workstation  is  an  optical  inspection 
system  for  inspecting  possible  flaws  on  an  upper 
surface  of  said  sheet  material. 

23.  The  system  according  to  any  one  of  Claims  1  0  to 
22,  wherein  the  workpiece  is  formed  of  planar  sheet 
material  and  the  workstation  is  an  optical  inspection 
system  for  inspecting  possible  flaws  on  an  upper 
surface  of  said  sheet  material,  the  optical  inspec- 
tion  system  including: 

a  fixed  imaging  means  for  imaging  the  upper 
surface  of  the  sheet  material,  and 
a  focussing  means  (46)  for  raising  or  lowering 
the  surface  of  the  conveying  means  in  an  area 
of  the  imaging  means. 

24.  The  system  according  to  Claim  16  or  17,  further 
comprising  a  focussing  means  including  an  eccen- 
tric  drive  means  coupled  to  an  eccentric  drive  shaft 
(46)  of  the  drum  (30)  for  vertically  displacing  the 
drum. 

EP  0  855  856  A1 

an  unloading  conveyor  (31)  downstream  of  the 
workstation  (14)  having  upstream  (32)  and  45 
downstream  rollers  (33)  for  supporting  a  con- 
veyor  belt  substantially  level  with  the  conveying 
means  in  overlapping  spatial  relationship  with 
the  conveying  means  (13),  and 
lifting  means  coupled  to  the  upstream  roller  so 
(32)  and  to  the  sensing  means  (23)  and  being 
responsive  to  the  operational  workpiece  having 
passed  through  the  workstation  for  raising  the 
upstream  roller  so  as  to  intercept  the  proc- 
essed  workpiece  such  that  further  movement  ss 
of  the  conveying  means  transfers  the  proc- 
essed  workpiece  on  to  the  unloading  conveyor. 
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25.  The  system  according  to  any  one  of  Claims  10  to 
24,  wherein  the  workpiece  is  a  printed  circuit  board 
having  an  artwork  thereon. 

26.  The  system  according  to  Claim  25,  further  including  s 
a  marking  station  (84)  downstream  of  the  inspec- 
tion  station  (14,  82)  for  marking  areas  of  the  printed 
circuit  board  which  require  further  processing. 

27.  The  system  according  to  Claim  26,  wherein  the  to 
marking  station  includes  a  belt  conveyor  (88)  hav- 
ing  a  plurality  of  spaced  apart  belts  which  are 
slightly  inclined  toward  a  side  frame  of  the  marking 
station  so  that  as  the  printed  circuit  board  is  con- 
veyed  through  the  marking  station,  a  side  edge  of  is 
the  printed  circuit  is  maintained  flush  with  an  inner 
surface  of  the  side  frame  thereby  maintaining  cor- 
rect  registration  of  the  printed  circuit  board. 
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