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Description 

The  invention  relates  to  a  sheet  thickness  detec- 
tor  of  the  kind  comprising  first  and  second  moveable 
guide  surfaces  defining  a  nip  through  which  a  sheet  5 
passes  in  use;  and  a  sensor  for  sensing  relative  sep- 
aration  movement  between  the  guide  surfaces.  Such 
detectors  are  hereinafter  referred  to  as  of  the  kind  de- 
scribed. 

An  example  of  a  thickness  detector  of  the  kind  10 
described  is  illustrated  in  EP-A-01  30824.  This  detec- 
tor  has  proved  very  successful  but  a  problem  can 
arise  in  some  circumstances  when  detecting  the 
thickness  of  sheets  such  as  banknotes  which  carry 
an  elongate  feature  having  a  thickness  greater  than  15 
that  of  a  sheet.  For  example,  banknotes  commonly 
carry  security  threads  which  in  themselves  have  a 
thickness  corresponding  to  that  of  the  banknote  itself 
with  the  result  that  if  the  security  thread  passes 
through  the  nip,  a  double  thickness  will  be  measured.  20 
This  might  either  be  used  to  set  up  a  thickness  datum 
for  a  "single  sheet"  which  would  be  incorrect  or  would 
cause  the  apparatus  making  use  of  the  detector  to  re- 
ject  the  sheet  as  a  double  sheet.  Similar  problems 
arise  with  sheets  which  have  tape  on  them.  25 

In  accordance  with  the  present  invention,  a  sheet 
thickness  detector  of  the  kind  described  is  character- 
ized  in  that  the  first  guide  surface  carries  a  rib  extend- 
ing  generally  along  but  at  an  angle  to  the  direction  of 
movement  of  the  surface  whereby  the  rib  moves  lat-  30 
erally  relative  to  the  second  guide  surface  at  the  nip, 
and  whereby  any  portion  of  a  sheet  extending  in  the 
direction  of  movement  of  the  sheet  and  having  a 
thickness  greater  than  the  majority  of  that  section  of 
the  sheet  passing  through  the  nip,  the  thickness  of  35 
the  sheet  being  no  greater  than  the  depth  of  the  rib, 
will  cause  substantially  no  change  in  the  relative  sep- 
aration  of  the  surfaces  except  when  the  portion  is 
sandwiched  between  the  rib  and  the  second  surface. 

We  have  devised  a  modified  form  of  detector  in  40 
which  one  of  the  moveable  guide  surfaces  carries  a 
rib  which  effectively  accommodates  any  additional 
thickness  due  to  an  elongate  feature  on  the  sheet 
such  as  a  security  thread  except  where  that  thread 
passes  directly  under  the  rib.  This  will  cause  a  sudden  45 
and  short  duration  increase  in  the  relative  separation 
of  the  surfaces  which  can  be  detected  by  the  sensor 
and  thereby  compensated  for. 

Preferably,  the  guide  surfaces  are  defined  by  re- 
spective  rollers,  one  of  which  defines  a  datum  posi-  50 
tion  and  the  other  of  which  is  moveable  in  response 
to  the  passage  of  a  sheet  through  the  nip.  Typically, 
the  rib  will  be  provided  on  the  datum  roller.  Other  co- 
operating  guide  surfaces  are  possible,  however,  such 
as  conveyors.  55 

Although  a  single  rib  may  be  adequate,  in  the  pre- 
ferred  example  a  number  of  ribs  are  provided  and 
spaced  along  the  guide  surface  and  typically  the  end 

of  one  rib  overlaps  the  start  of  the  next  rib  in  the  di- 
rection  of  movement.  In  general,  the  ribs  will  define  at 
least  part  of  a  spiral  or  helix. 

The  invention  is  particularly  applicable  to  bank- 
note  monitoring  systems  for  example  for  use  in  bank- 
note  dispensing,  counting  or  sorting  machines  so  as 
to  accommodate  problems  due  to  security  threads 
and  the  like. 

Some  examples  of  detectors  according  to  the  in- 
vention  will  now  be  described  with  reference  to  the 
accompaning  drawings,  in  which:- 

Figure  1  is  a  schematic  front  elevation  of  the  de- 
tector; 
Figure  2  is  a  schematic  side  elevation  of  the  de- 
tector  shown  in  Figure  1  : 
Figure  3  illustrates  one  example  of  a  profiled  da- 
tum  roller; 
Figure  4  illustrates  the  output  signal  from  the  de- 
tector  incorporating  the  Figure  3  datum  roller; 
Figure  5  illustrates  the  output  signal  from  a  con- 
ventional  detector;  and 
Figures  6  and  7  illustrate  two  further  examples  of 
datum  rollers. 
The  detector  shown  in  Figures  1  and  2  may  form 

part  of  an  otherwise  conventional  sheet  processing 
system  such  as  a  banknote  counter  or  sorter  in  which 
sheets  are  fed  in  series  to  the  detector.  The  detector 
shown  in  Figure  1  comprises  a  pair  of  datum  rollers 
1,2  mounted  non-rotatably  to  a  shaft  3  which  is  itself 
rotated  by  a  motor  (not  shown).  Each  of  the  datum 
rollers  1  ,2  is  in  pinch  with  a  respective  detect  roller4,5 
non-rotatably  mounted  on  a  shaft  6.  Shafts  3  and  6 
are  geared  together  (not  shown).  Each  of  the  detect 
rollers  4,5  can  move  towards  and  away  from  the  re- 
spective  datum  rollers  1,2  and  is  urged  against  the  re- 
spective  datum  roller  to  define  nips  7,8  under  the  ac- 
tion  of  respective  springs  9,10;  or  the  nips  may  be 
achieved  by  the  detect  rollers  4,5  being  internally 
sprung  so  that  springs  9,10  act  purely  in  a  follower 
role.  As  can  be  seen  in  Figure  2,  each  spring,  for  ex- 
ample  the  spring  9  as  shown  in  Figure  2,  urges  a  re- 
spective  pivoted  bar  11  ,12  against  the  respective  de- 
tect  rollers  4,5.  Linear  movement  of  bar  11  is  detected 
in  a  conventional  manner  similar  for  example  to  that 
described  in  WO-A-82/01698.  The  bar  11  is  pivoted  at 
30  and  is  connected  at  its  end  remote  from  the  roller 
4  to  a  core  31  of  a  linear  variable  differential  transfor- 
mer  (LVDT)  32  which  is  activated  by  an  oscillator  33. 
A  voltage  signal  representative  of  the  angular  dis- 
placement  is  output  by  the  LVDT  32  and  is  applied  to 
a  microprocessor  13  which  monitors  the  signal  to  de- 
termine  the  separation  between  the  respective  detect 
and  datum  roller  pairs  in  order  to  detect  the  passage 
of  a  banknote  through  the  nips  7,8.  An  example  of  a 
banknote  14  is  indicated  schematically  in  Figure  1  and 
it  will  be  seen  that  this  banknote  carries  a  security 
thread  15  in  alignment  with  the  nip  7. 

In  a  conventional  arrangement  (not  shown)  the 

2 



3 EP  0  429  184  B1 4 

datum  and  detect  rollers  1,2,4,5  each  have  smooth 
outer  surfaces.  This  means  that  if  a  security  thread 
passes  through  the  nip  between  a  pair  of  these  roll- 
ers,  they  will  be  deflected  throughout  the  passage  of 
the  banknote  by  an  amount  corresponding  to  the 
thickness  of  the  thread  and  the  banknote  together. 
This  will  result  in  a  single  profile  from  the  nip  defined 
by  rollers  1,4  of  the  form  shown  in  Figure  5  in  which 
t  represents  the  thickness  of  the  banknote  14,  T  rep- 
resents  the  thickness  of  the  security  thread,  and  L  is 
the  length  of  the  banknote  14  in  the  direction  of  feed. 
Clearly,  in  this  conventional  case,  it  will  appear  to  the 
microprocessor  13  that  an  overthick  sheet  has 
passed  through  the  nip  leading  to  the  generation  of 
an  error  message. 

To  overcome  this  problem,  each  of  the  datum  roll- 
ers  1  ,2  is  profiled.  A  simple  profile  is  illustrated  in  Fig- 
ure  3  in  which  the  roller  carries  a  spiral  rib  16  extend- 
ing  fully  around  its  circumference  as  also  shown  again 
in  Figure  6.  Although  in  the  present  example  the  rib 
is  provided  on  the  datum  roller,  it  may  alternatively  be 
formed  on  the  detect  roller.  When  the  datum  roller  of 
Figure  3  rotates  with  a  corresponding  detect  roller, 
the  rib  16  will  appear  to  precess,  traversing  back- 
wards  and  forwards  cyclically  across  the  lateral  width 
of  the  nip  and  thus  across  the  area  of  the  sheet  pass- 
ing  through  the  nip  which  is  detected.  Consequently, 
if  the  security  thread  arrives  at  the  nip,  for  example 
the  nip  7  in  Figure  1  ,  at  a  point  at  which  the  rib  is  dis- 
placed  laterally  from  the  thread,  then  a  part  of  the 
sheet  will  be  received  between  the  rib  and  the  detect 
roller  forcing  the  detect  roller  to  separate  from  the  da- 
tum  roller  by  an  amount  corresponding  to  the  thick- 
ness  of  the  sheet  alone.  This  will  cause  a  correspond- 
ing  output  signal  to  be  generated  which  is  sent  to  the 
microprocessor  13,  that  part  of  the  signal  corre- 
sponding  to  the  section  labelled  "a"  in  Figure  4.  The 
rib  16  will  precess  across  the  nip  until  it  reaches  the 
security  thread  at  which  point  it  will  ride  up  over  the 
security  thread  causing  a  greater  separation  between 
the  detect  and  datum  rollers.  This  will  cause  an  in- 
crease  in  the  linear  deflection  signal  as  indicated  at 
"b"  in  Figure  4.  This  additional  deflection  will  only  last 
for  a  short  time,  however,  while  the  rib  precesses  over 
the  security  thread  and  then  returns  into  engagement 
with  the  main  part  of  the  banknote,  with  the  result 
that  the  seperation  between  the  datum  and  detect 
rollers  decreases  and  the  output  signal  returns  to  the 
level  shown  at  "c"  in  Figure  4. 

It  will  be  seen  therefore  that  with  the  invention  it 
is  possible  to  detect  the  presence  of  the  security 
thread  and  to  compensate  for  it.  The  microprocessor 
1  3  is  programmed  to  detect  short  term  excursions  of 
the  outputs  from  some  mean  level  and  to  exclude 
those  excursions  from  its  decision  making  procee- 
dure. 

In  a  modified  form,  the  datum  roller  may  com- 
prise  a  number  of  helical  threads  17,  for  example  four 

such  threads  as  illustrated  in  Figure  7.  It  is  preferred 
that  there  is  always  an  overlap  in  the  lateral  direction 
between  successive,  circumferentially  spaced 

5  threads  or  ribs. 

Claims 

10  1.  A  sheet  thickness  detector  comprising  first  and 
second  moveable  guide  surfaces  (1  ,4;2,5)  defin- 
ing  a  nip  (7,8)  through  which  a  sheet  passes  in 
use;  and  a  sensor  (32)  for  sensing  relative  sepa- 
ration  movement  between  the  guide  surfaces 

15  characterized  in  that  the  first  surface  carries  a  rib 
(16,17)  extending  generally  along  but  at  an  angle 
to  the  direction  of  movement  of  the  surface 
whereby  the  rib  moves  laterally  relative  to  the 
second  guide  surface  at  the  nip,  and  whereby 

20  any  portion  of  a  sheet  extending  in  the  direction 
of  movement  of  the  sheet  and  having  a  thickness 
greater  than  the  majority  of  that  section  of  the 
sheet  passing  through  the  nip,  the  thickness  of 
the  portion  being  no  greater  than  the  depth  of  the 

25  rib,  will  cause  substantially  no  change  in  the  rel- 
ative  separation  of  the  surfaces  except  when  the 
portion  is  sandwiched  between  the  rib  and  the 
second  surface. 

30  2.  Adetector  according  to  claim  1,  wherein  the  guide 
surfaces  are  defined  by  rollers  (1,4,2,5). 

3.  A  detector  according  to  claim  1  or  claim  2,  where- 
in  the  first  guide  surface  carries  a  number  of  ribs 

35  (17)  spaced  apart  along  the  guide  surface. 

4.  A  detector  according  to  claim  3,  wherein  the  end 
of  each  rib  overlaps  in  the  lateral  direction  with  an 
end  of  the  same  or  another  rib. 

40 

Patentanspruche 

1.  Blattdickenmeligerat  mit  einer  ersten  und  einer 
45  zweiten  bewegbaren  Fuhrungsf  lache  (1  ,  4;  2,  5), 

die  einen  Spalt  (7,  8)  begrenzen,  durch  den  ein 
Blatt  wahrend  der  Benutzung  hindurchlauft,  und 
einem  Fuhler  (32)  zum  Erfassen  einer 
Relativtrennbewegung  der  Fuhrungsflachen,  da- 

50  durch  gekennzeichnet,  dali  die  erste  Flache  eine 
Rippe  (16,  17)  tragt,  die  sich  im  wesentlichen 
langs,  jedoch  unter  einem  Winkel  zur  Bewe- 
gungsrichtung  der  Flache  erstreckt,  so  dali  sich 
die  Rippe  im  Spalt  seitlich  relativ  zur  zweiten  Fuh- 

55  rungsflache  bewegt  und  irgendein  sich  in  Bewe- 
gungsrichtung  des  Blattes  erstreckender  Blattteil 
mit  einer  Dicke,  die  grolierals  dergrolite  Bereich 
desjenigen  Blattabschnitts  ist,  der  durch  den 
Spalt  hindurchlauft,  wobei  die  Dicke  des  Teils 
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nicht  grolier  als  die  Tiefe  der  Rippe  ist,  im  wesent- 
lichen  keine  Anderung  der  relativen  Trennung  der 
Flachen  bewirkt,  ausgenommen  dann,  wenn  der 
Teil  zwischen  der  Rippe  und  der  zweiten  Flache 
liegt. 

2.  Meligerat  nach  Anspruch  1,  bei  dem  die  Fuh- 
rungsflachen  durch  Rollen  (1,  4,  2,  5)  bestimmt 
sind. 

3.  Meligerat  nach  Anspruch  1  oder  2,  bei  dem  die 
erste  Fuhrungsf  lache  eine  Anzahl  langs  der  Fuh- 
rungsf  lache  auseinanderliegender  Rippen  (17) 
tragt. 

4.  Meligerat  nach  Anspruch  3,  bei  dem  sich  das  En- 
de  jeder  Rippe  in  seitlicher  Richtung  mit  einem 
Ende  derselben  oder  einer  anderen  Rippe  uber- 
lappt. 

I'extremite  de  chaque  nervure  se  chevauche 
dans  la  direction  transversale  avec  une  extremite 
de  la  meme  ou  d'une  autre  nervure. 

5 
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15 

Revendications 

1.  Detecteur  d'epaisseur  de  feuille  de  la  sorte  25 
comprenant  des  premiere  et  seconde  surfaces 
mobiles  de  guidage  (1  ,  4  ;  2,  5)  def  inissant  une  li- 
gne  de  pincement  (7,  8)  par  laquelle,  en  utilisa- 
tion,  passe  une  feuille  ;  et  un  detecteur  (32)  pour 
detecter  le  deplacement  d'ecartement  relatif  en-  30 
tre  les  surfaces  de  guidage,  caracterise  en  ce 
que  la  premiere  surface  porte  une  nervure  (16, 
17)  s'etendant  globalement  suivant  la  direction 
de  deplacement  de  la  surface,  mais  selon  un  cer- 
tain  angle  par  rapport  a  celle-ci,  ce  par  quoi  la  35 
nervure  se  deplace  lateralement  par  rapport  a  la 
seconde  surface  de  guidage  au  droit  de  la  ligne 
de  pincement,  et  ce  par  quoi  une  partie  quelcon- 
que  d'une  feuille  s'etendant  dans  la  direction  de 
deplacement  de  la  feuille  et  ayant  une  epaisseur  40 
plus  grande  que  la  majorite  de  la  section  de  la 
feuille  passant  dans  la  ligne  de  pincement, 
I'epaisseur  de  ladite  partie  n'etant  pas  plus  gran- 
de  que  la  hauteur  de  la  nervure,  ne  provoquera 
sensiblement  aucun  changement  dans  I'ecarte-  45 
ment  relatif  des  surfaces,  excepte  lorsque  ladite 
partie  est  prise  en  sandwich  entre  la  nervure  et 
la  seconde  surface. 

2.  Detecteur  selon  la  revendication  1,  dans  lequel  so 
les  surfaces  de  guidage  sont  definies  par  des 
rouleaux  (1,  4,  2,  5). 

3.  Detecteur  selon  la  revendication  1  ou  la  revendi- 
cation  2,  dans  lequel  la  premiere  surface  de  gui-  55 
dage  porte  un  certain  nombre  de  nervures  (17) 
espacees  le  long  de  la  surface  de  guidage. 

4.  Detecteur  selon  la  revendication  3,  dans  lequel 
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