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Sheet  positioning  device. 

©  Sheet  positioning  device  comprising  conveying 
means  (4,5,6,9)  for  moving  a  sheet  (8)  over  a  pre- 
determined  distance  from  a  starting  position,  in  order 
to  bring  the  sheet  (8)  in  a  required  end  position,  in 
which  the  conveying  speed  of  the  sheet  (8)  during 
the  movement  is  controlled  in  accordance  with  a 
determined  required  speed  course. 

Upon  determining  a  speed  course  having  a  very 
gradually  changing  speed,  slip  between  the  sheet  - 
(8)  and  the  conveying  means  (4,5,6,9)  can  be  pre- 
vented  and,  accordingly,  wear  of  the  conveying 
means  (4,5,6,9)  is  also  reduced  to  a  minimum. 

By  determining  the  relationship  between  the  re- 
quired  conveying  speed  course  and  the  actual  sheet 
movement  which  is  the  result  of  the  control  in  accor- 
dance  with  the  required  conveying  speed  course  and 
by  adapting  the  required  conveying  speed  course  by 
adjusting  the  length  of  a  part  of  the  speed  course 
wich  has  the  highest  value,  in  dependence  on  the 
determined  relationship  a  sheet  (8)  can  be  brought 
from  a  starting  position  to  an  end  position  during  a 

•"very  short  interval  of  time  with  a  high  positioning 
^accuracy.  
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Sheet  positioning  device 

This  invention  relates  to  a  sheet  positioning 
device  for  moving  a  sheet  over  a  predetermined 
distance  from  a  starting  position  in  order  to  bring 
the  sheet  in  a  required  end  position,  comprising  a 
conveyor  system  for  moving  the  sheet,  a  control 
system  which  controls  a  variable  of  the  conveyor 
system  in  accordance  with  a  reference  signal,  and 
a  reference  source  for  generating  the  reference 
signal,  the  reference  signal  representing  the  re- 
quired  course  of  the  variable  during  the  movement 
of  the  sheet. 

A  device  of  this  kind  is  known  from  European 
patent  application  QQ64591,  in  the  form  of  a  docu- 
ment  positioning  device  for  a  copying  machine. 

In  the  known  device,  a  reference  signal  is  gen- 
erated  which  represents  the  required  course  of  the 
movement  as  a  function  of  the  time.  A  measure- 
ment  signal  is  also  generated  which  represents  the 
actual  movement  course  as  a  function  of  the  time. 
A  differential  signal  is  derived  from  the  measure- 
ment  signal  and  the  reference  signal  and  is  a 
measure  of  the  difference  between  the  required 
movement  and  the  actual  movement  Energization 
of  the  conveyor  system  drive  motor  is  controlled  in 
dependence  on  the  difference  between  the  re- 
quired  movement  and  the  measured  movement. 
With  such  movement  control,  disturbances  can 
cause  considerable  fluctuations  in  speed.  Particu- 
larly  in  the  case  of  systems  which  are  required  to 
bring  a  sheet  from  the  starting  position  to  the  end 
position  within  a  short  period  of  time,  these  fluc- 
tuations  may  become  so  considerable  that  slip  may 
come  about  between  the  conveyor  system  and  the 
sheet.  The  speed  fluctuations  also  result  in  extra 
wear  of  the  conveyor  system. 

The  object  of  this  invention  is  to  provide  a 
device  of  the  kind  referred  to  in  the  preamble 
without  the  above  disadvantages.  This  object  is 
attained  in  that  in  a  device  of  the  kind  referred  to  in 
the  preamble,  the  reference  signal  generated  by 
the  reference  source  represents  the  required 
course  of  the  conveying  speed  during  the  move- 
ment,  in  accordance  witii  which  course  the  required 
speed  gradually  increases  to  a  maximum  and  then 
gradually  decreases,  and  in  which  the  sheet  move- 
ment  established  by  the  required  course  corre- 
sponds  to  the  predetermined  distance,  and  in  that 
the  control  system  controls  the  conveying  speed  in 
accordance  with  the  reference  signal  generated. 

In  the  device  according  to  the  invention,  the 
speed  is  controlled  so  that  the  speed  will  differ 
only  a  little  from  the  gradually  changing  required 
speed.  Slip  between  the  conveyor  system  and  the 

5  sheet  will  accordingly  substantially  not  occur.  As  a 
result  conveyor  system  wear  is  also  reduced  to  a 
minimum. 

An  attractive  variant  of  the  device  according  to 
the  invention,  which  is  provided  with  a  measuring 

w  system  for  determining  the  movement  and  which  is 
characterized  in  that  the  measuring  system  is  pro- 
vided  with  means  which  from  the  determined  sheet 
movement  derive  the  relationship  existing  between 
the  required  conveying  speed  and  the  actual  sheet 

75  movement  which  is  the  result  of  the  control  in 
accordance  with  the  required  conveying  speed 
course,  and  in  that  the  reference  source  is  pro- 
vided  with  means  which  in  dependence  on  the 
derived  relationship  bring  the  movement  deter- 

20  mined  by  the  required  speed  course  into  confor- 
mity  with  the  predetermined  distance  by  adjusting 
the  required  speed  course,  has  the  advantage  that 
the  positioning  accuracy  is  independent  of  the  rela- 
tionship  between  the  required  conveying  speed 

25  and  the  associated  actual  sheet  movement.  This  is 
an  advantage  particularly  in  the  case  of  devices 
manufactured  in  batch  or  mass-production  meth- 
ods.  With  such  production  methods,  considerable 
differences  occur  between  the  devices  themselves 

30  in  respect  of  the  relationship  between  the  required 
distance  and  the  associated  sheet  movement,  due 
to  differences  within  the  component  tolerances. 

The  invention  and  further  advantages  thereof 
will  be  discussed  in  detail  hereinafter  with  refer- 

35  ence  to  the  drawings  wherein: 
Fig.  1  represents  a  device  according  to  the 

invention. 
Fig.  2  represents  the  required  conveying 

speed  course  during  the  movement,  and 
•«  Fig.  3  represents  the  block  diagram  of  the 

control  system. 
Fig.  1  represents  a  device  according  to  the 

invention,  which  device  forms  part  of  an  automatic 
document  feeder  and  positioning  device  (e.g.  an 

45  RDF)  for  a  copying  machine.  With  a  device  of  this 
kind,  a  document  8  in  sheet  form  requiring  to  be 
copied  can  be  brought  from  a  starting  position  into 
a  predetermined  exposure  position  on  the  exposure 
platen  7  of  the  copying  machine.  The  position  of 

so  the  leading  edge  of  a  document  8  in  the  exposure 
postion  on  the  exposure  platen  is  indicated  by 
reference  1  1  .  The  position  of  the  leading  edge  of  a 
document  8  brought  in  starting  position  is  denoted 
by  reference  10. 
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In  order  to  convey  a  document  8,  the  sheet 
positioning  device  is  provided  with  rollers  9  and  a 
conveyor  belt  4,  which  is  entrained  about  a  guide 
roller  5  and  a  drive  roller  6  and  which  belt  4  is 
situated  just  above  the  exposure  platen  7.  The  5 
spindle  of  drive  roller  6  is  coupled  to  the  spindle  of 
a  servomotor  12  forming  part  of  a  feed-back  control 
system  13  for  controlling  the  circumferential  speed 
of  belt  4.  The  spindles  of  rollers  9  are  meachanical- 
ly  coupled  via  tranmission  mechanisms  (not  w 
shown)  to  roller  6,  the  transmission  ratios  being 
selected  that  the  circumferential  speeds  of  the  belt 
4  and  the  rollers  9  are  equal. 
.  A  document  8  to  be  copied  is  brought  into  the 
starting  position  by  conveying  means  (not  shown),  75 
in  which  position  the  conveying  means  press  the 
leading  edge  of  the  document  into  the  nip  between 
the  rollers  9  in  the  position  indicated  by  reference 
10.  Drive  roller  6  and  rollers  9  are  then  driven  by 
control  system  13  so  that  document  8  is  conveyed  20 
by  rollers  9  and  belt  4  in  the  direction  of  the 
required  exposure  position.  During  conveying,  the 
belt  speed  and  the  speed  of  rollers  9  are  controlled 
in  accordance  with  a  required  course  of  the  speed 
Vg  (see  Fig.  2).  The  distance  covered  by  the  25 
document  during  conveying  is  equal  to  the  sheet 
speed  time  integral.  For  accurate  positioning  the 
required  speed  course  must  be  so  selected  that 
the  time  integral  of  the  actual  speed  is  equal  to  the 
distance  S  between  position  10  and  position  11.  30 

As  soon  as  document  8  has  stopped  in  the 
exposure  position,  the  sheet  is  exposed  by  the 
copying  machine  exposure  system  and  is  then  di- 
scharged  from  the  exposure  platen  7  by  means  of 
belt  4.  35 

Fig.  3  represents  the  block  diagram  of  the 
control  system  13.  Control  system  13  is  of  a  con- 
ventional  type  comprising:  a  reference  source  18 
for  generating  a  reference  voltage  Vref  varying  in 
time,  the  value  of  which  represents  the  required 
speed  during  document  conveying  between  the 
starting  position  and  the  exposure  position,  a  ser- 
vomotor  12  for  driving  drive  roller  6  and  rollers  9, 
an  angular  velocity  meter  14  coupled  to  the  spindle 
of  motor  12  and  generating  a  measurement  voltage 
Vm,  the  value  of  which  represents  the  value  of  the 
circumferential  speed  of  belt  4  and  rollers  9,  a 
differential  amplifier  15  for  determining  the  differ- 
ence  E  between  the  required  speed  and  the  mea- 
sured  speed,  and  a  controller/amplifier  24  which 
controls  the  energization  of  motor  12  in  depen- 
dence  on  the  difference  determined  by  differential 
amplifier  15,  in  such  a  manner  that  the  measured 
speed  follows  the  required  speed. 

Angular  velocity  meter  14  is  of  a  type  compris- 
ing  a  pulse  disc  known  Q§r  se  for  generating 
pulses  P  at  a  frequency  proportional  to  the  angular 
velocity  of  the  motor  and  generating  the  measure- 
ment  voltage  Vm  by  means  of  frequency-voltage 
converters  known  2§r  §§.  The  pulses  P  are  also  fed 
to  an  input  of  reference  source  18. 

Reference  source  18  generates  a  reference 
voltage  Vref,  which  represents  the  required  speed 
course  during  the  movement,  which  speed  course 
is  denoted  by  speed  curve  A  in  Fig.  2.  Speed 
curve  A  is  made  up  of  a  starting  curve  20,  a  middle 
curve  21,  a  decay  curve  22  and  a  tail  curve  23. 
Starting  curve  20  indicates  the  required  speed  Vg 
as  a  function  of  the  time  t  during  the  starting 
interval  t1  .  During  interval  t1  the  required  speed  Vg 
increases  in  accordance  with  the  equation: 

/  1  -  cos  ( 
2 T1 

At  time  T1  the  required  speed  has  reached  the 
value  Vt.  At  that  time  interval  ti  is  concluded  and 
the  middle  interval  t2  starts.  During  middle  interval 
t2  the  required  speed  stays  equal  to  Vt.  At  time  T2 
the  middle  interval  t2  is  concluded  and  the  decay 

interval  t3  starts.  During  decay  interval  t3  the  re- 
quired  speed  Vg  decreases  in  accordance  with  the 
equation: 

45 

IT  (t  -  T2  +  T1) 
T1 2 

1  -  cos  

The  tail  interval  t4  starts  at  time  T3.  At  this  time  the 
required  speed  has  still  just  not  reached  the  value 
0. 

Reference  source  18  comprises  a  computer 
55  system  17  provided  with  a  program  for  generating 

the  reference  voltage  Vref.  This  program  is  called 
up  when  a  document  8  lying  ready  in  the  starting 
position  has  to  be  moved  to  the  exposure  position. 
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This  program  uses  tables  which  are  stored  in  the 
memory  and  the  contents  of  which  determine  the 
required:  speed  course  during  the  starting  and  de- 
cay  intervals.  These  tables  store  in  the  form  of 
binary  codes  the  values  of  the  reference  voltage 
Vref  which  values  correspond  to  the  required 
speeds  at  a  number  of  consecutive  equidistant 
times  within  the  starting  and  decay  intervals.  By 
counting  pulses  P,  the  program  also  registers  sheet 
movement  during  conveying  of  the  sheet  from  the 
starting  position  to  the  exposure  position.  After  the 
program  has  been  called  up,  the  binary  code  asso- 
ciated  with  each  time  of  the  equidistant  times  dur- 
ing  starting,  interval  tt  is  drawn  from  the  tables  by 
computer  system  17  and  stored  in  a  register  19.  A 
digital/analog  converter  16  connected  to  register  19 
converts  this  binary  code  into  a  reference  voltage 
Vref.  During  starting  interval  t1  the  number  of 
pulses  Pa  generated  during  this  interval  is  also 
counted.  This  number  Pa  indicates  at  time  T1  the 
distance  covered  by  the  document  8  during  the 
starting  interval.  At  the  beginning  of  interval  t2 
computer  system  17  determines  the  distance  to  be 
covered  during  interval  t2  in  accordance  with  the 
following  equation: 

Ptop  =  Ptap  -Pa-Pu  -Prest 

In  this  equation,  Ptot  represents  the  distance  S 
expressed  in  pulses  P.  Prest  represents  the  ex- 
pected  distance  to  be  covered  during  the  tail  inter- 
val  t4.  Pu  represents  the  distance  to  be  covered 
during  the  decay  interval  t3.  In  the  embodiment 
described  here,  the  starting  curve  is  identical  in 
shape  to  the  decay  curve,  so  that  Pu  is  equal  to 
Pa  The  equation  for  Ptop  then  becomes: 

Ptop  -  Ptop  -2Pa  -Prest 

During  interval  t2,  computer  system  17  counts  the 
number  of  pulses  P  generated  from  time  T1  on.  As 
long  as  the  number  of  pulses  counted  is  not  equal 
to  Rot,  computer  system  17  does  not  change  the 
contents  of  register  19,  so  that  the  contents  of 
register  T9  remain  equal  to  the  binary  code  asso- 
ciated  with  the  time  T1  during  the  entire  interval  t2. 
The  required  speed  accordingly  remains  equal  to 
Vt  during  the  entire  interval  t2.  A  soon  as  the 
number  of  pulses  counted  during  interval  t2  and 
Ptop  become  equal,  interval  t2  is  concluded  and 
the  reference  voltage  Vref  associated  with  decay 
interval  t3  is  generated  in  a  manner  comparable  to 
the  way  in  which  the  reference  signal  is  generated 
during  the  starting  interval.  During  decay  interval  t3 
the  required  speed  Vg  decreases  to  a  value  Vrest 
iust  above  value  Q.  During  interval  t4  the  total 
number  of  pulses  generated  from  the  starting  time 

To  on  is  compared  with  the  number  Ptot.  As  soon 
as  the  total  number  of  pulses  generated  from  To 
on  becomes  equal  to  Rot  motor  12  is  stopped. 
This  time  is  denoted  by  T4. 

5  In  the  above-described  generation  of  the  refer- 
ence  voltage  Vref,  adjustment  of  the  length  of  the 
middle  interval  t2  causes  the  leading  edge  to  reach 
the  required  position  1  1  only  at  the  tail  interval  t4, 

.  irrespective  of  the  relationship  between  the  re- 
70  quired  speed  course  and  the  associated  actual 

sheet  movement.  During  interval  t4  the  speed  is 
very  low  so  that  conveyor  belt  4  is  abruptly  stop- 
ped  at  the  time  when  the  distance  covered  by  the 
sheet  corresponds  to  the  required  distance  S  to  be 

75  covered.  A  sheet  is  accordingly  positioned  very 
accurately  by  means  of  the  positioning  device  ac- 
cording  to  the  invention. 

The  device  according  to  the  invention  is  par- 
ticularly  suitable  for  positioning  devices  which  are 

20  required  to  bring  a  sheet  from  the  starting  position 
to  an  end  position  during  a  very  short  interval  of 
time.  In  such  devices,  slip  can  occur  relatively 
quickly  between  the  document  and  the  conveyor 
means  due  to  considerable  fluctuations  in  the 

25  speed.  By  the  use  of  a  speed  control  which  very 
gradually  controls  the  speed  in  accordance  with  an 
approximately  cosine  curve  the  speed  fluctuations 
are  reduced  to  a  minimum.  In  addition,  the  wear  of 
the  moving  parts  of  the  conveyor  system  is  re- 

30  duced  to  a  minimum  as  a  result  of  these  very 
gradual  speed  changes. 

In  the  embodiment  described  here  the  required 
speed  course  is  a  cosine-curve  during  the  starting 
interval  and  decay  interval.  It  is  apparent,  however, 

35  that  other  forms  having  also  a  gradual  course  are 
very  suitable,  e.g.  a  trapezoidal  curve. 

In  the  positioning  device  described  here,  ad- 
justment  of  the  length  of  the  middle  interval  t2 
adjusts  the  required  speed  course  in  order  to  ren- 

40  der  positioning  accuracy  independent  of  the  exist- 
ing  relationship  between  the  required  speed  and 
the  associated  actual  sheet  movement.  It  will  be 
evident  that  the  adjustment  of  the  required  speed 
course  can  be  effected  in  many  other  ways,  e.g.  by 

45  adjusting  the  shape  of  the  decay  curve  or  by 
increasing/reducing  the  required  speed  by  a  deter- 
mined  factor. 

so  Claims 

1.  A  sheet  positioning  device  for  moving  a 
sheet  over  a  predetermined  distance  from  a  start- 
ing  position  in  order  to  bring  the  sheet  in  a  re- 

55  quired  end  position,  comprising 

-a  conveyor  system  (4,  5,  6,  9)  for  moving  the 
sheet, 
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-a  control  system  (12,  13)  which  controls  a  variable 
of  the  conveyor  system  in  accordance  with  a  refer- 
ence  signal,  and 

-a  reference  source  (18)  for  generating  the  refer-  s 
ence  signal,  the  reference  signal  representing  the 
required  course  of  the  variable  during  the  move- 
ment  of  the  sheet, 

characterised  ?o 

-in  that  the  reference  signal  generated  by  the  refer- 
ence  source  (18)  represents  the  required  course  - 
(A)  of  the  conveying  speed  during  the  movement, 
in  accordance  with  which  course  the  rquired  speed  75 
gradually  increases  to  a  maximum  and  then  gradu- 
ally  decreases,  and  in  which  the  sheet  movement 
established  by  the  required  course  corresponds  to 
the  predetermined  distance,  and 

20 
-in  that  the  control  system  (12,  13)  controls  the 
conveying  speed  in  accordance  with  the  reference 
signal  generated. 

2.  A  device  according  to  claim  1  ,  provided  with 
a  measuring  system  (14,  17)  for  determining  the  25 
sheet  movement,  characterised 

-in  that  the  measuring  system  (14,  17)  is  provided 

with  means  (17)  which  from  the  determined  sheet 
movement  derive  the  relationship  existing  between 
the  required  conveying  speed  and  the  actual  sheet 
movement  which  is  the  result  of  the  control  in 
accordance  with  the  required  speed  course,  and 

-in  that  the  reference  source  (18)  is  provided  with 
means  (17)  which  in  dependence  on  the  derived 
relationship  bring  the  movement  determined  by  the 
required  speed  course  into  conformity  with  the 
predetermined  distance  by  adjusting  the  required 
speed  course. 

3.  A  device  according  to  claim  2,  characterised 

-in  that  the  required  speed  course  comprises  a 
fixed  starting  interval  (t1  ),  a  variable  middle  interval 
(t2)  and  a  fixed  decay  interval  (t3),  during  which 
starting  interval  (t1)  the  required  speed  increases 
as  a  function  of  the  time  to  a  maximum  value, 
during  which  middle  interval  (t2)  the  required 
speed  remains  equal  to  the  maximum  value  during 
a  variable  time  interval,  and  during  which  decay 
interval  (t3)  the  required  speed  decreases  from  a 
maximum  value  as  a  function  of  the  time,  and 

-in  that  the  adjustment  means  (17)  adjust  the  speed 
course  by  adjustment  of  the  length  of  the  middle 
interval  (t2). 

30 
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