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The  present  invention  relates  to  sheet 
transport  apparatus  and,  more  particularly  to 
such  apparatus  comprising  a  rotatable,  hollow 
drum  and  vacuum  means  for  applying  vacuum 
through  holes  in  the  cylindrical  shell  of  the  drum 
to  attract  and  hold  a  sheet  onto  the  drum. 

The  use  of  a  rotary  drum  for  transporting 
sheet-like  material  is  well  known.  Rotary  drums 
are  often  used  in  printing  systems.  In  addition  to 
the  transport  function,  these  drums  support  the 
sheet-like  material  during  the  printing  process. 
Prior  art  printing  systems  are  further  fitted  with 
paper  handling  mechanisms  which  load  and 
unload  a  sheet  of  paper  onto  the  drum. 

A  necessary  component  of  the  prior  art  print 
system  is  the  means  used  to  attach  the  sheet 
onto  the  drum.  The  prior  art  often  used 
mechanical  fingers  for  clamping  sheets  onto  the 
drum.  By  way  of  example,  US  2,451,079 
discloses  a  rotary  drum  for  supporting  a  sheet  in 
a  facsimile  printing  system.  The  drum  is  fitted 
with  two  linear  rows  of  pins.  The  rows  of  pins 
are  spaced  circumferentially  and  extend  out- 
wardly  from  the  surface  of  the  drum.  One  row  of 
pins  releasably  secures  the  leading  edge  of  the 
sheet  while  the  other  row  releasably  secures  the 
trailing  edge  of  the  sheet.  A  loading  plate  and  a 
stripper  bar  are  positioned  relative  to  the  drum. 
The  loading  plate  loads  a  sheet  onto  the  drum 
while  the  stripper  bar  strips  a  sheet  from  the 
drum. 

Although  the  above-described  mechanical 
clamping  system  works  satisfactorily  for  its 
intended  purpose,  the  system  tends  to  be 
relatively  slow  and  complex.  The  slowness 
stems  from  the  fact  that  the  response  time  in 
which  the  mechanical  system  clamps  and 
releases  a  sheet  is  relatively  long.  As  such,  print 
drums  using  mechanical  fingers  for  gripping  the 
sheet  are  used  with  relatively  low  performance 
printing  systems. 

For  high  performance  printing  systems,  the 
prior  art  generally  uses  pneumatics  and/or 
electrostatic  means  for  taking  the  sheet  onto 
the  drum.  Prior  art  printing  systems  generally 
use  coronas  as  the  source  for  generating  the 
electrostatic  force.  An  example  of  a  prior  art 
printing  system  using  a  combination  of  pneu- 
matics  and  corona  for  attaching  a  sheet  onto  a 
print  drum  is  disclosed  in  DE-2,803,698,  FR- 
2,379,458  and  GB-1,579,900,  in  which  is 
disclosed  a  low  inertia  rotary  drum  for  transport 
of  flexible  sheets  such  as  paper.  The  drum  has 
two  longitudinal  slots  disposed  on  its  surface, 
with  each  slot  being  connected  to  internal 
segments  by  spaced  ports  extending  there- 
through.  These  slots  enable  a  vacuum  to  be 
applied  to  the  leading  and/or  trailing  edge  of  the 
sheet  separately.  A  valving  system  is  used  to 
control  the  vacuum  to  these  slots  indepen- 
dently  through  the  internal  segments.  The 
spacing  of  the  slots  about  the  circumference  of 

the  drum  is  dependent  on  the  size  of  the  sheet 
to  be  processed.  A  charge  corona  is  disposed 
relative  to  the  drum  and  attaches  the  sheet  to 
the  drum  by  means  of  electrostatic  attraction. 
The  drum  handles  a  single  size  sheet  and 
requires  the  use  of  a  corona  for  attaching  the 
sheet  to  the  drum. 

As  for  pneumatic  systems,  the  general 
scheme  is  to  use  a  segmented  drum  to  trans- 
port  the  sheet.  Vacuum  for  attaching  and/or 
dislodging  the  sheet  is  selectively  applied  to 
various  zones  or  segments  on  the  drum.  The 
drum  is  referred  to  as  being  segmented  because 
at  times  during  the  operation  of  the  system, 
segments  of  the  drum  may or  may  not  have 
vacuum  present. 

US-3,545,746  discloses  a  document  trans- 
port  consisting  of  a  hollow  cylindrical  seg- 
mented  transport  drum  and  document  loading 
and  unloading  means  disposed  relative  thereto. 
The  cylindrical  surface  of  the  drum  is  fitted  with 
longitudinal  and  circumferential  slots.  The  inside 
of  the  drum  is  vented  to  atmosphere  by 
communicating  holes.  A  static  partition  divides 
the  interior  of  the  drum  into  two  pneumatically 
independent  compartments.  By  rotating  the 
drum  and  applying  a  vacuum  to  one  of  the 
compartments,  a  document  can  be  carried 
around  with  it,  to  a  limited  extent,  determined 
by  the  size  of  the  evacuated  compartment. 

US-4,145,040  discloses  another  example  of 
a  prior  art  segmented  type  vacuum  drum.  The 
drum  is  adapted  for  transporting  flexible  sheets. 
The  drum  is  fabricated  with  an  active  suction 
zone  or  sector  for  gripping  the  sheets.  The  drum 
consists  of  an  inner  stationary  cylindrical 
member  and  an  outer  rotary  cylindrical  member. 
The  stationary  member  is  fitted  with  a  suction 
source  and  a  pressure  source.  Both  sources  are 
displaced  relative  to  each  other  about  the 
circumference  of  the  stationary  cylindrical 
member.  The  suction  source  is  vented  through  a 
groove  to  the  outside  surface  of  the  inner 
stationary  member  to  the  outside  surface.  A 
common  duct  interconnects  a  row  of  apertures 
to  the  groove  or  the  recess.  Each  duct  is  fitted 
with  a  piston.  The  piston  controls  the  pressure 
(negative  or  positive)  to  the  apertures.  Vacuum 
(negative  pressure)  and/or  puffs  of  air  (positive 
pressure)  is  applied  to  the  sector  of  the  drum  as 
the  outer  member  is  rotated  relative  to  the 
inner. 

In  US-4,202,542,  DE-2,850,747,  FR- 
2,410,619  and  GB-1,581,419,  there  is 
disclosed  a  sheet  transport  device  including  a 
low  inertia  rotary  drum  for  handling  various  size 
materials.  The  drum  has  a  plurality  of  sets  of 
longitudinally  spaced  ports  formed  on  its 
surface.  The  ports  are  spaced  arcuately  from 
each  other  about  the  surface  of  the  drum,  with 
one  set  enabling  a  vacuum  to  be  applied  to  the 
leading  edge  of  a  sheet,  while  only  one  of  the 



other  sets  of  ports  applies  a  vacuum  to  the 
trailing  edge  of  the  sheet  in  accordance  with  the 
dimension  of  the  sheet  in  the  circumferential 
direction  around  the  drum.  The  sheet  transport 
device  further  controls  how  many  of  the  ports  of 
the  two  sets  of  ports  apply  a  vacuum  in 
accordance  with  the  dimension  of  the  paper 
along  the  length  of  the  drum.  A  rotary  valve  is 
used  to  control  the  vacuum  flow  in  accordance 
with  the  size  of  the  sheet.  The  drum  requires  a 
rotary  valve  for  controlling  vacuum  flow. 

It  is  also  well  known  in  the  prior  art  to  use 
valves  as  a  means  to  control  vacuum  flow  to  the 
active  segment  of  the  drum.  By  way  of  example, 
US-3,663,012,  and  US-3,466,029  disclose 
sectored  vacuum  transport  drums  wherein 
valves  are  used  to  control  vacuum  to  the  active 
sector  of  the  drum. 

Although  the  use  of  pneumatics  or  a 
combination  of  pneumatics  and  electrostatics  is 
a  significant  improvement  over  the  use  of 
mechanical  gadgets  for  tacking  sheets  onto  a 
drum,  the  prior  art  pneumatic  document  trans- 
port  systems  still  have  several  disadvantages.  In 
the  first  instance,  the  segmented  drum  design 
tends  to  be  complex.  The  complexity  increases 
as  the  number  of  sheet  sizes,  which  the  trans- 
port  system  handles,  increases. 

A  complex  valving  system  is  generally 
needed  in  the  prior  art  pneumatic  systems.  The 
valving  system  is  needed  to  select  which  port 
receives  flow  at  any  particular  time.  The  valving 
system  increases  as  the  sheet  size,  which  the 
system  handles,  increases.  Another  require- 
ment  for  a  valving  system  is  that  the  system 
must  know  the  paper  size  to  enable  the  supply 
of  vacuum  to  the  proper  ports.  This  requires  the 
intervention  of  an  operator  to  make  a  sheet  size 
selection  or  the  use  of  logic  to  detect  the  sheet 
size.  Moreover,  with  a  valving  system,  extra  care 
is  needed  in  selecting  the  valve  and  in  position- 
ing  its  relative  to  the  drum.  Both  valve  selection 
and  valve  positioning  are  important  since  the 
response  time  of  the  drum  is  directly  dependent 
on  both  variables.  Due  to  their  complexity,  the 
prior  art  pneumatic  document  transport  system 
has  relatively  low  reliability. 

Another  prior  art  problem  area  is  in  the  type 
of  vacuum  system  used.  The  vacuum  system  is 
needed  to  evacuate  the  drum  and  to  create  the 
force  for  tacking  a  sheet  onto  the  drum.  The 
problem  in  this  area  stems  from  the  fact  that  in 
the  prior  art  type  of  vacuum  system,  there  is  a 
wide  swing  in  the  vacuum  between  load  and 
no-load  conditions  on  the  drum.  By  way  of 
example,  at  no-load  condition  (that  is  with  no 
paper  on  the  drum),  the  vacuum  is  relatively 
low.  At  load  condition  (that  is  with  paper  on  the 
drum),  the  vacuum  is  substantially  higher. 

The  wide  swing  in  vacuum  has  several 
undersirable  repercussions.  In  the  first  instance, 
there  is  a  large  mismatch  between  the  vacuum 
requirements  to  attach  and  retain  a  sheet  onto 
the  drum.  Generally,  a  relatively  high  flow  is 
required  for  attachment,  but  a  relatively  low 

vacuum  force  is  required  for  retainment. 
In  addition,  high  vacuum  tends  to  damage  a 

sheet  on  the  drum.  More  important,  in  some 
types  of  application,  such  as  ink  jet  printing,  the 
high  vacuum  is  totally  unacceptable.  The  reason 
is  that  the  high  vacuum  sucks  the  ink  through 
the  paper.  The  prior  art  attempts  to  solve  the 
problem  by  using  a  relief  valve  to  reduce  the 
pressure  at  the  drum.  The  use  of  a  relief  valve 
tends  to  complicate  the  system  and  increase 
cost. 

GB-A-2006168  discloses  sheet  transport 
apparatus  comprising  a  rotatable  hollow  drum 
to  the  interior  of  which  is  connected  vacuum 
means  constituted  by  a  low-pressure,  high  flow- 
rate  exhauster.  The  exhauster  applies  vacuum 
through  holes  to  circumferential  vacuum 
grooves  in  the  cylindrical  shell  of  the  drum  to 
attract  and  hold  a  sheet  onto  the  surface  of  the 
drum.  The  holes  constitute  unvalved  ports 
communicating  directly  with  the  interior  of  the 
drum.  With  a  sheet  in  position,  the  vacuum 
grooves  are  uncovered  at  the  edges  of  the 
sheet. 

Between  the  vacuum  grooves  are  annular 
grooves  to  receive  the  ends  of  stacking  wheels 
to  remove  sheets  from  the  drum. 

In  IBM  Technical  Disclosure  Bulletin,  Vol.1 9, 
No.5,  October  1976,  pages  1645  and  1646,  is 
disclosed  a  vacuum  sheet  transport  drum  with 
sets  of  three  leading  edge  longitudinal  grooves 
with  vacuum  ports  and  three  trailing  edge 
longitudinal  grooves  with  vacuum  ports.  The 
article  proposes  the  addition  of  circumferential 
grooves  in  the  drum  surface  which  are  to  be 
evacuated  by  the  leading  edge  vacuum  ports,  as 
they  do  not  have  their  own  ports.  In  illustrated 
variations  of  the  configuration  of  these  circum- 
ferential  grooves  for  accomplishing  greater 
adherence  of  attached  sheets,  the  longitudinal 
grooves  are  shown  divided  into  separate 
lengths. 

The  present  invention  seeks  to  provide  sheet 
transport  apparatus  which  is  simple  and  low 
cost,  providing  high  reliability  and  fast  response, 
requiring  no  valving  or  internal  segmentation  for 
controlling  the  vacuum  in  the  drum,  a  controlled 
flow  in  different  zones  on  the  surface  of  the 
drum,  and  the  ability  to  handle  different  size 
sheets. 

Accordingly,  the  invention  is  characterised  in 
that  the  holes  open  into  circumferentially 
separated  longitudinal  grooves  in  the  surface  of 
the  drum,  in  that,  to  enable  different  sized 
sheets  to  be  transported,  the  longitudinal 
grooves  at  one  end  are  discontinuous  and 
separated  to  match  the  dimension  of  the  sheet 
to  be  transported,  in  that  one  row  of 
longitudinally  aligned  grooves  is  disposed  in  a 
first  zone  to  attract  and  hold  a  leading  edge  of 
the  sheet,  in  that  a  multiplicity  of  rows  of 
longitudinally  aligned  grooves  is  disposed  in  a 
second  zone  to  attract  and  hold  the  main  body 
of  the  sheet,  in  that  two  rows  of  longitudinally 
aligned  grooves  are  disposed  in  a  third  zone  to 



attract  and  hold  a  trailing  edge  of  the  sheet,  in 
that  the  population  of  holes  in  each  groove  in 
the  first  and  third  zones  is  greater  than  the 
population  of  holes  in  each  groove  in  the  second 
zone  to  provide  relatively  higher  rates  of  airflow 
from  the  first  and  third  zones  than  from  the 
second  zone  therebetween,  and  in  that  the 
longitudinal  grooves  are  also  discontinuous 
along  their  lengths  at  locations  where  circum- 
ferential  grooves  are  formed  in  the  surface  of 
the  drum  between  the  lengths  of  grooves  to 
receive  fingers  movable  thereinto  to  strip  an 
attached  sheet  from  the  drum. 

An  embodiment  of  the  present  invention 
accomplishes  the  foregoing  by  generating 
variable  flow  zones  on  the  surface  of  the  drum 
during  loading  and  variable  vacuum  force  zones 
on  the  surface  of  the  drum  during  the  period  of 
time  when  the  sheet  is  retained  on  the  drum. 
The  vacuum  force  and  flow  zones  are  highest  at 
predetermined  zones;  particularly,  in  the  zones 
whereat  the  leading  and  trailing  edge  of  the 
sheet  attaches  to the  drum.  The  vacuum  and 
flow  are  generated  by  grooves  and 
communicating  holes  disposed  on  the  surface  of 
the  drum.  By  varying  the  sizes  of  the  grooves 
and  the  number  and/or  size  of  holes,  the 
variable  vacuum  force  and  flow  zones  are 
created. 

The  present  sheet  handling  apparatus 
includes  a  low  inertia  rotary  drum  which 
supports  variable  size  sheets  of  paper.  The  drum 
is  journaled  at  its  opposite  ends  for  rotation.  A 
plurality  of  spaced  elongated  grooves  is 
fabricated  on  the  cylindrical  surface  of the  drum. 
The  grooves  are  placed  along  the  longitudinal 
and  circumferential  dimensions  of  the  drum. 
The  grooves,  along  the  longitudinal  dimension 
of  the  drum,  are  configured  to  support  three 
sizes  of  sheets.  The  grooves  around  the  circum- 
ference  of  the  drum  are  configured  into  a 
leading  edge  groove  and  a  plurality  of  trailing 
edge  grooves.  The  leading  edge  groove 
supports  the  leading  edge  of  all  sized  sheets, 
while  each  trailing  edge  groove  supports  the 
trailing  edge  of  a  different  sized  sheet.  The 
spacings  between  the  leading  edge  grooves  and 
the  trailing  edge  grooves  are  dictated  by  the  size 
of  the  sheets.  A  high  flow,  low  vacuum  blower  is 
coupled  to  the  drum.  Communicating  holes  are 
fabricated  in  the  grooves.  The  holes 
communicate  the  vacuum  to  the  surface  of  the 
drum. 

. The  scope  of  the  invention  is  defined  by  the 
appended  claim;  and  how  it  can  be  carried  into 
effect  is  hereinafter  particularly  described,  with 
reference  to  the  accompanying  drawings,  in 
which: 

FIGURE  1  is  a  schematic  view  of  the  sheet 
transport  apparatus  according  to  the  present 
invention; 

FIGURE  2  is  a  schematic  of  the  print  drum  of 
Fig.  1; 

FiGURE  3  is  a  cross-sectional  view  of  the 
print  drum  on  the  line  III-III  of  Fig.  2; 

FIGURE  4  is  a  side  view  of  the  apparatus; 
FIGURE  5  is  a  schematic  view  of  the  vacuum 

drum  shell  unfolded  to  show  the  grooves;  and 
FIGURE  6  is  a  graph  showing  the  relation- 

ship  between  the  characteristics  of  a  prior  art 
vacuum  system  and  the  vacuum  system  used  in 
the  invention. 

As  used  in  this  specification,  the  word 
"pump"  means  a  type  of  air  compressor  charac- 
terized  as  a  high  pressure,  low  mass  flow  rate 
device  usually  of  the  positive  displacement  type. 

As  used  in  this  specification,  the  word 
"blower"  means  a  type  of  air  compressor 
characterized  as  a  high  mass  flow  rate  device 
usually  of  the  nonpositive  displacement 
(dynamic)  type. 

Although  the  present  invention  can  be  used 
in  any  environment  wherein  flexible  sheet-like 
materials  are  transported,  the  invention  is  well 
suited  for  use  in  a  printing  environment,  and  as 
such,  will  be  described  accordingly. 

Referring  to  the  drawings,  and  particularly  to 
Figs.  1  and  4,  conventional  elements  such  as 
support  frame,  mechanical  coupling,  bearings, 
etc.  are  omitted. 

A  document  handling  system  10  (Fig.  1) 
includes  a  low  inertia  rotary  drum  12  having  a 
cylindrical  shell  14  mounted  on  end  members 
16  and  18  at  opposite  ends.  A  tubular  member 
20  is  secured  to  the  end  member  16  and 
communicates  with  the  interior  of  drum  12.  A 
shaft  22  is  attached  to  the  end  member  18.  The 
shaft  22  and  member  20  are  rotatably 
supported  by  bearings  (not  shown)  in  a  machine 
frame  (not  shown).  A  drive  motor  (not  shown)  is 
coupled  to  drive  the  shaft  22  and  rotate  the 
drum  in  a  direction  shown  by  arrow  24.  The 
tubular  member  20  extends  through  a  rotary 
seal  32  into  a  vacuum  plenum  26  coupled  to  a 
low  vacuum,  high  volume  flow  blower  28  by  a 
tube  30.  The  interior  of  drum  12  is  evacuated  by 
the  blower. 

A  loading  station  32  and  an  unloading 
station  34  are  peripherally  spaced  about  the 
surface  of  the  rotating  drum.  At  the  loading 
station  32  the  drum  is  loaded  with  a  single 
sheet  of  flexible  sheet-like  material  such  as 
paper.  Paper  sheets  are  fed  seriatim  from  a 
stack  36  of  sheets  on  support  tray  38.  The 
topmost  sheet  in  the  stack  is  fed  along  guide 
channel  40  and  the  leading  edge  78  of  the 
sheet  44  is  first  attached  by  vacuum  to  a 
predetermined  zone  on  the  cylindrical  surface  of 
the  drum.  Downstream  from  the  loading  station, 
in  the  direction  of  drum  rotation,  an  arcuate 
elongated  guide  member  42  is  mounted  and 
spaced  from  the  cylindrical  surface  of  the  drum. 
The  function  of  the  guide  member  42  is  to  force 
a  sheet  to  conform  to  the  surface  of  drum  12. 
The  guide  member  has  a  length  substantially 
equivalent  to  the  length  of  the  drum  and  runs  in 
a  direction  parallel  to  the  axis  of  rotation  of  the 
drum.  In  the  preferred  embodiment  of  this 
invention,  the  space  between  the  cylindrical 
surface  of  the  drum  and  the  inner  surface  of  the 



guide  member  is  approximately  0.05 
centimetres.  The  paper  sheet  44  is  attached  by 
vacuum  to  the  cylindrical  surface  of  the  drum 
and  is  processed  by  a  processing  station  (not 
shown)  which  is  preferably  positioned  between 
the  loading  and  unloading  stations.  The 
processing  station  may  be  an  ink  jet  head  which 
writes  readable  characters  on  the  paper  as 
paper  sheet  is  transported  through  the 
processing  station.  Such  processing  may 
require  several  rotations  of  the  drum.  After 
processing,  the  sheet  44  is  stripped  from  the 
drum  by  four  stripping  fingers  46  which  are 
pivotally  mounted  so  that  their  free  ends  may  be 
spaced  from  the  surface  of  the  drum  (Fig.4)  or 
lowered  to  enter  four  circumferential  grooves 
48  (Fig.2)  fabricated  in  the  circumferential 
dimension  of  the  drum  shell.  The  detached 
sheet  travels  over  the  top  surface  of  a  guide 
member  50  onto  an  output  tray  53.  An  operator 
can  then  remove  the  processed  sheet  from  the 
output  tray. 

Although  four  circumferential  grooves  and 
fingers  are  used  to  detach  the  sheet  from  the 
drum,  a  single  groove  and  finger  are  sufficient 
and  any  convenient  number  of  grooves  and 
fingers  may  be  used  to  detach  a  processed 
sheet  from  the  surface  of  the  drum. 

Projecting  through  the  guide  channel  40 
upstream  of  the  loading  station  in  the  direction 
of  paper  feed  is  a  pivoted  paper  gate  62  (Fig.4) 
coupled  by  a  mechanical  linkage  64  to  a 
solenoid,  66.  Upstream  of  the  paper  gate  in  the 
direction  of  paper  feed,  a  feed  roller  52  projects 
through  the  guide  channel  40  and  is  spaced 
from  a  drive  roller  50  rotatable  by  motor  means 
(not  shown).  The  roller  50  is  connected  by  a 
mechanical  linkage  54  to  a  solenoid  56  to  be 
movable  into  driving  contact  with  the  roller  52. 
The  space  between  the  rollers  50  and  52  is 
relatively  small,  but  sufficient  to  allow  free 
passage  of  a  sheet  therebetween. 

In  operation,  a  sheet  of  paper  is  fed  from  the 
top  of  a  paper  stack  on  tray  38  by  a  feed 
mechanism  (not  shown),  but  which  may  be  a 
shingler  such  as  described  in  US-4,113,245, 
DE-2,815,567,  FR-2,387,886  and  GB- 
1,565,629  or  US-4,175,741.  The  paper  passes 
through  the  opening  between  rollers  50  and  52 
and  the  leading  edge  is  stopped  by  paper  gate 
62.  Enabling  signals  are  output  by  a  controller 
60  on  conductors  58  and  68  to  the  solenoids 
56  and  66,  respectively.  Activation  of  the 
solenoid  66  causes  the  gate  62  to  pivot  from 
the  leading  edge  of  the  sheet,  and  activation  of 
the  solenoid  56  forces  the  drive  roller  50  down 
to  grip  the  sheet  between  the  rollers.  The  roller 
50  is  then  rotated  clockwise  at  a  surface  speed 
equal  to  that  of  the  drum  12,  thus  feeding  the 
sheet  onto  the  cylindrical  surface  of  drum  12. 
The  timing  of the  actuation  of  the  solenoids  and 
rotation  of  the  drive  roller  is  synchronised  with 
the  rotational  position  of  the  drum  to  bring  the 
leading  edge  of  the  sheet  into  contact  with  the 
drum  at  a  predetermined  zone  of  the  surface. 

Vacuum  within  the  drum  attaches  the  sheet  to 
the  drum  for  loading.  The  drum  is  rotated  slowly 
during  loading  and  is  then  speeded  up  for 
processing,  after  which  it  slows  down  again 
when  a  sheet  is  to  be  removed  therefrom. 

The  stripping  fingers  46  have  free  ends 
which  are  fabricated  with  an  upper  sloping 
surface  and  are  substantially  cone-shaped  with 
the  bottom  surface  of  the  cone  having  a 
concave  surface  corresponding  to  the  convex 
surface  of  the  drum.  The  fingers  46  are  fixed  to 
a  shaft  70  coupled  by  a  mechanical  linkage  72 
to  a  solenoid  74.  When  a  sheet  is  processed  and 
ready  to  be  stripped  the  controller  60  puts  out 
an  enabling  signal  on  conductor  76  to  the 
solenoid  74  to  pivot  the  fingers  counterclock- 
wise.  The  signal  is  timed  to  be  synchronised 
with  drum  rotation  so  that  the  fingers  46  enter 
the  grooves  48  between  the  trailing  and  leading 
edges  of  the  sheet  44  on  the  drum.  When  the 
shaft  70  has  pivoted  the  stripping  fingers  into 
the  grooves  48,  the  sheet  44  which  is  on  the 
drum  rides  along  the  upper  inclined  surfaces  of 
the  fingers  48  over  guide  member  51  and  into 
tray  53. 

Other  types  of  loading  and  unloading  devices 
may  be  used,  for  example,  those  described  in 
US-4,252,307,  DE-2,803,698,  FR-2,379,458 
and  GB-1,579,900  and  US-4,202,542,  DE- 
2,850,747,  FR-2,410,619  and  GB-1,581,419. 

To  apply  the  vacuum  in  the  interior  of  the 
drum  to  attach  a  sheet  to  the  drum,  a  plurality  of 
grooves  and  holes  are  provided  in  the  surface  of 
the  shell  14.  These  enable  variable  force 
vacuum  zones  to  be  present  on  the  cylindrical 
surface  of the  drum.  No  valving  or  segmenting  is 
needed  to  establish  the  variable  force  vacuum 
zones  on  the  drum.  On  the  surface  of  the  drum 
shell  14  (Fig.5)  are  inscribed  a  longitudinal 
scribe  line  74  and  a  circumferential  scribe  line 
76.  The  scribe  lines  are  the  alignment  lines  on 
the  drum.  Generally,  the  leading  edge  78  (Fig.1 ) 
of  the  sheet  is  aligned  with  or  close  to  the  scribe 
line  74.  The  lengthwise  dimension  of  the  sheet 
is  usually  aligned  with  the  longitudinal  scribe 
line  74.  Similarly,  the  widthwise  dimension  of 
the  sheet  is  usually  around  the  drum  with  the 
top  edge  aligned  with  or  close  to  the  circum- 
ferential  scribe  line  76. 

Elongated  grooves  are  formed  in  the 
cylindrical  surface  of  the  drum  to  allow  the 
vacuum  to  be  effective  over  a  wide  area  of 
paper.  The  grooves  are  arranged  in  linear  rows 
parallel  to  the  longitudinal  axis  of  the  drum  and 
the  scribe  line  74  and  spaced  around  the 
circumference  of  the  drum.  The  grooves  in  each 
row  are  spaced  apart  in  the  longitudinal 
direction  of  the  drum  to  allow  for  the  grooves 
48  and  for  different  lengths  of  paper.  The 
groove  86  is  one  of  a  row  of  leading  edge 
grooves  which  generate  the  vacuum  force 
which  attaches  the  leading  edge  of  the  sheet  to 
the  drum.  Grooves  88,  90,  92,  94,  96,  98,  100 
and  102  are  in  intermediate  rows  and  function 
to  attach  the  main  part  of  the  sheet  onto  the 



drum.  Grooves  104  and  106  are  in  closely 
spaced  trailing  edge  rows  and  function  to  attach 
the  trailing  edge  of  a  sheet  onto  the  drum.  The 
width  of  the  grooves  may  vary.  Thus  the 
grooves  of  the  leading  edge  and  trailing  edge 
rows  are  wider  than  the  grooves  by  the  inter- 
mediate  rows.  This  enables  a  slightly  higher 
vacuum  force  to  be  present  at  the  leading  and 
trailing  edges  of  the  sheet. 

The  lengths  of  the  corresponding  grooves  in 
each  row  are  the  same,  though  this  is  not 
essential.  The  lengths  are  determined  basically 
by  the  positioning  of  the  grooves  48  in  relation 
to  the  scribe  line  76.  However,  beyond  the 
groove  48  furthest  from  the  scribe  line  76,  the 
grooves  are  divided  into  different  length  grooves 
to  suit  different  length  sheets.  Considering 
columns  of  grooves  around  the  circumference  of 
the  shell  14,  the  leading  edge  grooves  86  are 
located  close  to  the  scribe  line  74,  the  inter- 
mediate  grooves  88,  90,  92,  94,  96,  98,  100 
and  102  are  equally  spaced  and  the  trailing 
edge  grooves  104  and  106  are  closely  spaced. 
The  grooves  are  configured  into  groups  adapted 
for  different  size  sheets.  A  first  group  of  slots 
within  the  rectangle  identified  by  lines  108  and 
118,  extends  in  the  longitudinal  dimension  of 
the  drum  between  scribe  line  76  and  dotted  line 
110,  and  in  the  circumferential  dimension 
between  the  scribe  line  74  and  the  trailing  edge 
grooves  106.  The  first  group  of  grooves  would 
be  covered  by  a  first  size  sheet,  in  this  case  8.5" 
x  11"  (215.9mm  x  279.4mm). 

A  second  group  of  grooves  (some  of  them 
common  with  those  of  the  first  group)  within 
the  rectangle  identified  by  lines  112  and  116 
extend  in  the  circumferential  dimension  of  the 
drum  between  scribe  line  74  and  trailing  edge 
grooves  104,  and  in  the  longitudinal  dimension 
between  dotted  line  109  and  scribe  line  76.  The 
second  group  of  grooves  would  be  covered  by  a 
second  size  of  sheet,  in  this  case  the  inter-' 
national  paper  A4.  The  size  of  the  A4  paper  is 
approximately  210  x  297mm  (8.25"  x  11.7"). 

A  third  group  of  grooves  (including  all  those 
of  the  first  and  second  groups)  within  the 
rectangle  identified  by  the  lines  114  and  118 
would  be  covered  by  a  third  size  of  sheet,  in  this 
case  8.50"  x  14"  (215.9mm  x  355.6mm). 

The  third  group  of  grooves  extend  in  the 
longitudinal  dimension  between  dotted  line  111 
and  scribe  line  76  and  in  the  circumferential 
dimension  between  scribe  line  74  and  trailing 
edge  groove  106. 

The  grooves  may  be  so  configured  as  to 
provide  more  than  or  fewer  than  three  sizes  of 
rectangle  to  be  covered  by  different  sizes  of 
sheet. 

The  discontinuities  in  the  grooves  furthest 
from  the  scribe  line  76  are  such  that  the  sheets 
for  which  they  are  designed  would  cover 
complete  grooves,  rather  than  only  part  of  some 

grooves.  This  ensures  that  the  bottom  edge  of  a 
sheet  is  firmly  attached  by  vacuum  to  the  drum. 

Each  of  the  grooves  communicates  with  the 
interior  of  the  drum  through  at  least  one 
communicating  port  120,  in  the  form  of  a  radial 
role  fabricated  in  the  cylindrical  surface  of  the 
shell  14.  Thus  air  is  drawn  from  the  grooves  by 
the  blower  28  to  generate  flow  zones  on  the 
surface  of  the  drum.  The  number  and/or  size  of 
the  ports  120  communicating  with  the  grooves 
may  be  different,  so  that  different  variable  flow 
zones  are  generated  on  the  cylindrical  surface  of 
the  drum.  A  relatively  high  number  of  ports 
open  into  the  leading  edge  grooves  86.  Thus  a 
relatively  high  flow  zone  is  generated  which 
attaches  the  leading  edge  of  the  sheet. 
Similarly,  a  relatively  high  number  of  ports  open 
into  the  trailing  edge  grooves  104  and  106,  so 
that  a  relatively  high  flow  zone  is  generated  for 
attaching  the  trailing  edge  of  the  sheet.  Only  a 
single  port  opens  into  each  intermediate  groove, 
so  that  a  relatively  low  flow  zone  is  generated 
between  the  leading  and  trailing  edges.  The  size 
of  the  ports  may  be  different  to  achieve  or 
enhance  this  effect.  In  a  preferred  embodiment 
of  the  present  invention  (not  shown)  the 
population  and/or  size  of  the  ports  in  the  trailing 
edge  grooves  are  greater  than  those  in  the 
leading  edge  grooves.  This  creates  a  higher flow 
zone  at  the  trailing  edge  of  the  sheet  than  at  the 
leading  edge. 

The  leading  and  trailing  edge  zones  on  the 
drum  are  the  most  critical  areas  for  attachment 
and  retention  of  a  sheet.  For  attachment  of  the 
leading  and  trailing  edges  of  a  sheet,  high  flow 
is  required  which  is  provided  by  a  large  port 
flow  area  (ie.,  number  of  holes  and/or  size).  For 
retention  of  the  leading  and  trailing  edges,  a 
certain  vacuum  force  is  required  which  is 
provided  by  wide  grooves.  Zones  intermediate 
the  leading  and  trailing  edge  zones  have  lower 
flow  and  vacuum  force  requirements  for 
attachment  and  rentention.  These  zones  only 
need  a  low  flow  and  a  low  vacuum  force  which 
are  provided  by  smaller  port  flow  areas  and 
narrower  grooves,  respectively. 

By  the  use  of  a  high  volume  flow  blower,  the 
requirements  for  the  different  zones  can  be  met 
in  the  no-load  condition,  where  all  the  ported 
grooves  are  open,  in  the  partial  load  condition, 
where  some  of  the  ported  grooves  are  not 
covered  by  a  sheet,  and  in  the  full  load 
condition,  where  all  of  the  ported  grooves  are 
covered  by  a  sheet. 

Although  the  particular  combination  of 
grooves  and  ports  may  be  chosen  for  particular 
application,  so  that  the  number  of  grooves  and 
the  sizes  of  the  ports  can  be  different,  the 
following  tables  1  and  2  given  an  example  of 
groove  size  and  number  of  port  size  and 
number. 







The  columns  in  table  1  identify  the  particular 
row  of  grooves,  the  circumferential  width  of  the 
grooves  in  that  row,  the  angular  displacement  in 
degrees  of  the  groove  centreline  from  the  scribe 
line  74,  the  longitudinal  displacement  of  one 
end  and  the  length  of  each  groove  in  the  row. 
The  grooves  in  each  row  are  identified  by  a  SEG 
number  SEG1  being  the  groove  nearest  the 
scribe  line  76. 

The  columns  in  table  2  identify  the  particular 
row  of  grooves,  the  diameter  of  the 
communicating  ports  for  that  row,  the  total 
population  of  communicating  ports  for  that  row, 
and  the  number  of  communicating  ports  for  the 
individual  grooves  in  that  row. 

The  graph  (Fig.6)  showing  the  relationship 
between  the  characteristics  of  a  traditional 
vacuum  pump,  such  as  used  in  prior  art  vacuum 
systems,  and  a  blower  suitable  for  use  in  the 
present  invention,  is  helpful  in  understanding 
the  fluctutation  in  vacuum  experienced  on  the 
surface  of  the  rotary  drum.  It  is  also  helpful  in 
understanding  the  problem  previously  described 
relative  to  the  prior  art.  Vacuum  pressure  in 
pound  per  square  inches  (PSI)  is  plotted  along 
the  ordinate  of  the  graph  and  flow  in  cubic  foot 
per  minute  (CFM)  is  plotted  along  the  abscissa 
of  the  graph.  Curve  120  represents  the  charac- 
teristic  operating  curve  for  a  0.9  horsepower 
(HP)  blower.  Similarly,  curve  122  represents  the 
operating  characteristic  curve  for  a  1.0  horse- 
power  (HP)  vacuum  pump.  The  pump  has  a 
relatively  low  flow  with  a  relatively  high  vacuum 
and  its  characteristic  operating  curve  is  almost 
parallel  to  the  ordinate  of  the  graph.  The  blower 
has  a  relatively  high  flow  with  relatively  low 
vacuum,  and  its  characteristic  curve  is  much 
less  steep  and  closer  to  the  abscissa  of  the 
graph.  Different  flows  were  applied  to  a  drum 
both  with  and  without  a  sheet  attached,  and  the 
vacuum  measured  and  plotted  on  the  graph. 
Curve  124  represents  the  result  with  no  paper 
attached  to  the  drum.  Curve  126  represents  the 
result  with  paper  attached  to  the  drum.  The 
operating  points  of  the  system  occur  at  the 
intersections  where  the  vacuum  pump 
characteristics  curve  122  and  the  blower 
characteristics  curve  120  intersect  the  no-load 
and  load  drum  curves  124  and  126.  As  can  be 
seen  the  no-load  drum  curve  124  intersects  the 
blower  curve  120  at  point  3  whose  height  along 
the  ordinate  of  the  graph  indicates  the  effective 
vacuum  present  in  the  grooves.  The  load  drum 
curve  126  intersets  the  blower  curve  120  at 
point  4,  whose  height  along  the  ordinate  of  the 
graph  shows  the  effective  pressure  in  the 
grooves.  As  can  be  seen,  there  is  little  change  in 
effective  pressure  between  no-load  and  load 
conditions,  the  vacuum  remaining  substantially 
constant.  This  shows  that  for  optimum 
operation  a  vacuum  system  including  a  blower 
having  a  relatively  high  flow  with  relatively  low 
vacuum  is  very  desirable. 

The  no-load  drum  curve  124  intersects  the 
pump  curve  122  at  point  1,  and  the  load  drum 

curve  126  intersects  the  pump  curve  122  at 
point  2. 

It  will  be  seen  that  there  is  a  wide  swing  in 
the  vacuum  in  the  drum  between  no-load  and 
load  conditions.  This  is  undesirable  and  the 
traditional  vacuum  pump  is  not  suitable  for  use 
in  the  evacuating  system  of  a  paper  transport 
system  unless  the  drum  is  segmented  and  a 
vacuum  relief  mechanism  is  used. 

The  advantages  associated  with  the 
document  transported  of  the  present  invention, 
may  be  summarized  as  follows: 

The  system  is  simple  and  low  cost,  which 
provides  high  reliability  and  fast  response. 

The  system  requires  no  valving  or  internal 
segmentation  for  controlling  the  vacuum  in  the 
drum.  The  population  and/or  size  of  the  holes 
control  the  flow  and  provide  the  source  of 
vacuum  to  the  slots  when  covered. 

Another  advantage  of  the  present  invention 
is  that  it  enables  different  size  sheets  of  flexible 
material  to  be  handled  by  a  nonsegmented 
vacuum  drum. 

Sheet  transport  apparatus  comprising  a 
rotatable  hollow  drum  (12)  and  vacuum  means 
(28)  constituted  by  a  low  vacuum,  high  flow 
blower  connected  to  the  interior  of  the  drum  to 
apply  vacuum  through  holes  (120)  to  grooves  in 
the  cylindrical  shell  (14)  of  the  drum  to  attract 
and  hold  a  sheet  (44)  onto  the  surface  of  the 
drum,  the  holes  constituting  unvalved  ports 
communicating  directly  with  the  interior  of  the 
drum,  characterised  in  that  the  holes  open  into 
circumferentially  separated  longitudinal  grooves 
(86,  88,  90,  92,  94,  96,  98,  100,  102,  104, 
106)  in  the  surface  of  the  drum,  in  that,  to 
enable  different  sized  sheets  to  be  transported, 
the  longitudinal  grooves  at  one  end  are  discon- 
tinuous  and  separated  to  match  the  dimension 
(108,  112,  114)  of  the  sheet  to  be  transported, 
in  that  one  row  of  longitudinally  aligned  grooves 
(86)  is  disposed  in  a  first  zone  to  attract  and 
hold  a  leading  edge  of  the  sheet,  in  that  a 
multiplicity  of  rows  of  longitudinally  aligned 
grooves  (88,  90,  92,  94,  96,  98,  100,  102)  is 
disposed  in  a  second  zone  to  attract  and  hold 
the  main  body  of  the  sheet,  in  that  two  rows  of 
longitudinally  aligned  grooves  (104,106)  are 
disposed  in  a  third  zone  to  attract  and  hold  a 
trailing  edge  of  the  sheet  (116,118),  in  that  the 
population  of  holes  in  each  groove  in  the  first 
and  third  zones  is  greater  than  the  population  of 
holes  in  each  groove  in  the  second  zone  to 
provide  relatively  higher  rates  of  airflow  from 
the  first  and  third  zones  than  from  the  second 
zone  therebetween,  and  in  that  the  longitudinal 
grooves  are  also  discontinuous  along  their 
lengths  at  locations  where  circumferential 
grooves  (48)  are  formed  in  the  surface  of  the 
drum  between  the  lengths  of  grooves  to  receive 
fingers  (46)  movable  thereinto  to  strip  an 
attached  sheet  from  the  drum. 



Bogentransportvorrichtung  mit  einer  dreh- 
baren  hohlen  Trommel  (12)  und  Unterdruck- 
mitteln  (28),  die  durch  ein  Niedrigvakuum- 
Hochströmungsgebläse  gebildet  sind,  das  mit 
dem  Inneren  der  Trommel  verbunden  ist  und 
einen  Unterdruck  durch  Löcher  (120)  an  Nuten 
im  zylindrischen  Mantel  (14)  der  Trommel  legt, 
wodurch  ein  Bogen  (44)  an  die  Oberfläche  der 
Trommel  angezogen  und  dort  gehalten  wird, 
wobei  die  Löcher  ventillose  Öffnungen  bilden, 
die  direkt  mit  dem  Inneren  der  Trommel  in 
Verbindung  stehen,  dadurch  gekennzeichnet, 
daß  die  Löcher  in  in  Umfangsrichtung  getrennte 
Längsnuten  (86,  88,  90,  92,  94,  96,  100,  102, 
104,  106)  in  der  Trommel  führen,  daß  zur 
Ermöglichung  des  Transports  von  Bögen 
verschiedener  Größe  die  Längsnuten  zur 
Anpassung  an  die  Abmessung  (108,  112,  114) 
des  zu  transportierenden  Bogens  an  einem  Ende 
diskontinuierlich  und  getrennt  sind,  daß  eine 
Reihe  von  in  Längsrichtung  ausgerichteten 
Nuten  (86)  zum  Anziehen  und  Festhalten  einer 
Vorderkante  des  Bogens  in  einer  ersten  Zone 
angeordnet  ist,  daß  mehrere  Reihen  von  in 
Längsrichtung  ausgerichteten  Nuten  (88,  90, 
92,  94,  96,  98,  100,  102)  zum  Anziehen  und 
Festhalten  des  Hauptkörpers  des  Bogens  in 
einer  zweiten  Zone  angeordnet  sind,  daß  zwei 
Reihen  von  in  Längsrichtung  ausgerichteten 
Nuten  (104,  106)  zum  Anziehen  und  Fest- 
halten  einer  Hinterkante  des  Bogens  (116,  118) 
in  einer  dritten  Zone  angeordnet  sind,  daß  die 
Besetzung  mit  Löchern  in  jeder  Nut  der  ersten 
und  dritten  Zone  größer  als  die  Besetzung  mit 
Löchern  in  jeder  Nut  der  zweiten  Zone  ist,  um 
relativ  höhere  Luftströmungsgeschwindig- 
keiten  aus  der  ersten  und  dritten  Zone  als  aus 
der  dazwischenliegenden  zweiten  Zone  zu 
schaffen,  und  daß  die  Längsnuten  entlang  ihrer 
Längen  auch  an  Stellen  diskontinuierlich  sind, 
wo  Umfangsnuten  (48)  in  der  Oberfläche  der 
Trommel  zwischen  den  Nutenlängen  zur 
Aufnahme  von  Fingern  (46),  die  in  diese  zum 
Abstreifen  von  einem  angebrachten  Bogen  von 
der  Trommel  hinein  beweglich  sind,  ausgebildet 
sind. 

Appareil  pour  le  transport  de  feuilles 
comprenant  un  tambour  creux  rotatif  (12)  et  un 
moyen  à  dépression  (28)  constitué  par  un 
ventilateur  à  faible  dépression  et  à  fort  débit 
relié  à  l'intérieur  du  tambour  pour  appliquer  une 
dépression,  par  l'intermédiaire  de  trous  (120),  à 
des  rainures  ménagées  dans  la  virole  cylindrique 
(14)  du  tambour  afin  d'attirer  et  maintenir  une 
feuille  (44)  sur  la  surface  du  tambour,  les  trous 
constituant  des  orifices  sans  valves  communi- 
quant  directement  avec  l'intérieur  du  tambour, 
caractérisé  en  ce  que  les  trous  débouchent  dans 
des  rainures  longitudinales  circonférentielle- 
ment  séparées  (86,  88,  90, 92,  94,  96,  98,  100, 

102,  104,  106)  ménagées  dans  la  surface  du 
tambour,  en  ce  que,  pour  permettre  le  transport 
de  feuilles  de  dimensions  différentes,  les 
rainures  longitudinales  sont,  à  une  extrémité, 
discontinues  et  séparées  pour  une  adaptation  à 
la  dimension  (108,  112,  114)  de  la  feuille  à 
transporter,  en  ce  qu'une  rangée  de  rainures 
longitudinalement  alignées  (86)  est  disposée 
dans  une  première  zone  pour  attirer  et  maintenir 
un  bord  avant  de  la  feuille,  en  ce  qu'une 
multiplicité  de  rangées  de  rainures 
longitudinalement  alignées  (88,  90,  92,  94,  96, 
98,  100,  102)  est  disposée  dans  une  seconde 
zone  pour  attirer  et  maintenir  le  corps  principal 
de  la  feuille,  en  ce  que  deux  rangées  de  rainures 
alignées  longitudinalement  (104,  106)  sont 
disposées  dans  une  troisième  zone  pour  attirer 
et  maintenir  un  bord  arrière  de  la  feuille  (116, 
118),  en  ce  que  le  nombre  de  trous  dans  chaque 
rainure  de  la  première  et  de  la  troisième  zone 
est  plus  grand  que  le  nombre  de  trous  dans 
chaque  rainure  de  la  seconde  zone  de  façon  à 
établir  des  débits  d'air  relativement  plus  élevés 
à  partir  de  la  première  et  de  la  troisième  zone 
qu'à  partir  de  la  seconde  zone  intermédiaire,  et 
en  ce  que  les  rainures  longitudinales  sont 
également  discontinues  sur  leurs  longueurs  en 
des  endroits  où  des  rainures  circonférentielles 
(48)  sont  formées  dans  la  surface  du  tambour 
entre  les  longueurs  de  rainures  de  manière  à 
recevoir  des  doigts  (46)  pouvant  pénétrer  dans 
celles-ci  pour  enlever  une  feuille  attachée  du 
tambour. 
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