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(54)  Method  and  apparatus  for  placing  bands  around  articles 

(57)  Apparatus  (20)  for  banding  articles  (140)  with 
plastic  bands  (29)  torn  off  from  plastic  tubing  (2')  having 
transverse  perforations  (27)  equispaced  along  the  plas- 
tic  tubing  at  predetermined  intervals  L,  comprising  a 
floating  mandrel  (50),  feed  rollers  (56),  sets  of  freely- 
rotatable  upper  and  lower  suspension  rollers  (58,59) 
mounted  inside  of  the  mandrel,  the  feed  rollers  in  coop- 
eration  with  their  respective  sets  of  opposed  suspen- 

sion  rollers  serving  dual  functions  of  suspending  the 
mandrel  and  also  of  feeding  the  perforated  tubing,  con- 
tinuously  rotating  tearoff  rollers  (62)  for  tearing  off  from 
the  opened  perforated  tubing  at  the  transverse  perfora- 
tions  successive  plastic  bands  of  length  L,  and  push-off 
means  (76,84)  for  pushing  torn-off  bands  downstream 
along  the  mandrel  and  ejecting  them  onto  the  articles. 
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Description 

The  invention  relates  to  method  and  apparatus  for 
placing  bands  around  articles  to  be  banded  and  more 
particularly  relates  to  such  method  and  apparatus  s 
wherein  bands  are  torn  off  from  continuous  tubing  along 
predetermined  perforated  tear  lines,  and  the  individual 
bands  are  accelerated  along  and  ejected  from  a  floating 
mandrel  aimed  toward  the  articles  to  be  banded. 

The  use  of  banding  with  shrinkable  plastic  film  is  to 
well  known  for  sealing  articles  such  as  bottles,  jars,  con- 
tainers,  cans,  tubs  and  the  like  in  an  effort  to  make  the 
article  tamper-proof,  or  at  least  tamper-evident.  Such 
articles  may  be  filed  with  medicine,  foodstuff,  drink,  toi- 
letries,  and  similar  products.  Plastic  bands  also  may  be  is 
used  for  labelling,  as  well  as  for  packaging  purposes, 
e.g.,  to  fasten  two  or  more  articles  together  or  to  hold 
coupons,  informational  cards,  pamphlets  or  the  like 
against  an  outer  surface  of  an  article  in  position  for  sub- 
sequent  convenient  removal  and  use  by  a  purchaser.  20 

In  a  packaging  operation  for  efficient  product  han- 
dling  it  is  desirable  that  banding  of  articles  be  suffi- 
ciently  rapid  to  keep  up  with  the  rate  at  which  the 
articles  are  travelling  along  a  production  line.  Moreover, 
increased  sophistication  of  production  equipment  and  25 
computer-enhanced  controls  are  enabling  production 
lines  to  run  at  higher  speeds  than  usually  were  attaina- 
ble  in  previous  years.  These  requirements  of  efficiency 
and  higher  speeds  make  it  desirable  to  have  banding 
machines  capable  of  high  speed  operation  using  thin,  30 
plastic  tubing  and  of  separating  bands  from  the  tubing 
and  placing  the  resulting  bands  around  the  articles  to  be 
banded  in  a  rapid,  accurate  and  dependable  manner. 

U.S.  Patent  No.  4,497,156  -  Scheidegger  issued 
February  5,  1  985,  shows  a  machine  in  which  a  flattened  35 
tubular  sheath  is  drawn  intermittently  from  a  reel  by  a 
pair  of  counterrotating  feed  rollers  and  is  cut  into  clip- 
pings  of  predetermined  length.  Prior  to  cutting  clippings 
from  the  intermittently  drawn  sheath  in  the  Scheidegger 
machine,  the  sheath  which  has  been  flat  with  original  40 
creases  in  a  first  longitudinal  plane  is  re-flattened  and 
re-creased  in  another  longitudinal  plane  P0  perpendicu- 
lar  to  the  first  plane  to  produce  a  sheath  with  two  sub- 
stantially  flat  sides  bearing  traces  of  the  original  pair  of 
creases  while  being  bounded  by  the  second  pair  of  45 
creases.  Each  of  a  pair  of  spaced,  parallel  guide  mem- 
bers  has  a  V-groove  facing  the  V-groove  in  the  opposite 
guide  member.  The  second  pair  of  creases  in  the  clip- 
pings  resulting  from  re-creasing  the  sheath  wall  are  in 
plane  P0  and  are  moved  along  these  V-grooves.  These  so 
V-grooves  are  shaped  so  as  to  converge  the  second 
pair  of  creases  toward  each  other  for  progressively 
deforming  each  clipping  so  that  its  sides  containing  the 
original  creases  separate  from  each  other  under  pres- 
sure  exerted  by  the  converging  V-grooves  acting  against  55 
the  second  pair  of  creases.  The  original  creases  or  fold 
lines  begin  to  reappear  and  diverge  concurrently  with 
convergence  of  the  second  pair  of  creases.  In  summary, 
the  re-creased  wall  of  each  clipping  is  substantially  flat 

in  plane  P0  when  first  engaged  by  the  V-grooved  guide 
members.  Then,  the  clipping  becomes  progressively 
deformed  by  the  V-grooves  into  a  substantially  square 
leading  end  with  a  generally  rhomboidal  trailing  end. 

This  converging  V-groove  arrangement  requires 
that  the  re-creased  wall  of  clippings  be  relatively  thick 
and  stiff  with  resiliency  so  as  to  retain  traces  of  the  orig- 
inal  pair  of  creases  and  so  as  to  resist  crumpling  or  col- 
lapsing  of  the  clippings  while  their  two  sides  are  moving 
apart  under  pressure  being  exerted  by  the  converging 
V-grooves  and  so  as  to  resist  crumpling  or  collapsing 
under  driving  force  exerted  by  two  belt  flights  both 
located  on  the  same  side  of  plane  P0  and  thus  both 
engaging  against  a  rear  edge  of  the  same  half  of  a 
rhomboidal  trailing  end  of  a  clipping,  thereby  being  an 
unbalanced  or  non-symmetrical  pushing  engagement 
against  the  rhomboidal  trailing  end  of  the  clipping.  To 
provide  the  requisite  thickness,  stiffness  and  resiliency 
for  such  clippings  it  has  been  usual  practice  in  a  con- 
verging  V-groove  machine  as  shown  in  this  Scheidegger 
patent  to  use  a  plastic  sheath  whose  wall  has  a  thick- 
ness  of  at  least  about  0.102  mm  (about  0.004  of  an 
inch).  Such  relatively  thick  sheath  wall  consumes  a  con- 
siderable  amount  of  the  shrinkable  plastic  with  attend- 
ant  considerable  cost. 

It  is  among  the  advantages  resulting  from  employ- 
ing  the  method  and  apparatus  embodying  the  present 
invention  that  a  high-speed  dependable  banding  is 
achieved  wherein  the  bands  are  torn  off  from  plastic 
tubing  along  predetermined  tear  lines  defined  by 
spaced  rows  of  perforations  in  the  tubing  wall,  wherein 
the  tubing  wall  is  enabled  to  be  film-like  in  thickness  for 
example  being  only  about  0.051  mm  (about  0.002  of  an 
inch)  in  thickness,  thereby  conserving  plastic  and  sav- 
ing  cost  relative  to  the  prior  sheath  wall  thickness  of 
about  0.102  mm  (about  0.004  of  an  inch)  and  wherein 
the  resulting  torn-off  film-like  bands  are  accelerated  for 
becoming  propelled  at  high  speed  along  and  then 
ejected  from  a  floating  mandrel  aimed  toward  the  arti- 
cles  to  be  banded. 

Moreover,  by  virtue  of  this  high-speed  acceleration 
the  ejected  bands  are  enabled  to  be  propelled  relatively 
far  down  around  the  outside  of  elongated  articles  with- 
out  needing  much  dwell  time  for  each  article  in  a  band- 
ing  station.  Also,  label  bands  having  relatively  long 
tubular  lengths  can  be  accelerated  for  their  resulting 
kinetic  energy  to  propel  the  bands  down  to  positions 
near  the  bottom  of  articles  without  needing  much  dwell 
time  for  each  article  in  the  banding  station. 

In  accordance  with  the  present  invention  as  shown 
embodied  in  a  machine  wherein  articles  to  be  banded 
are  conveyed  through  a  banding  station,  the  individual 
bands  are  provided  by  tearing  them  off,  one-by-one, 
from  the  end  of  elongated  plastic  tubing  having  trans- 
verse  perforated  tear  lines  located  at  predetermined 
intervals  uniformly  spaced  at  lengths  L  along  the  tubing. 
The  perforated  tubing  is  flat,  and  it  is  fed  downwardly 
around  a  floating  mandrel  which  opens  the  perforated 
tubing  and  keeps  the  tubing  open.  Feed  rollers  provide 
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feed  action  to  move  the  perforated  tubing  down  around 
the  mandrel.  Continuously  rotating  tear-off  rollers  are 
positioned  a  predetermined  distance  downstream  from 
the  feed  rollers.  This  predetermined  distance  is  less 
than  2L.  These  continuously  rotating  tear-off  rollers  pull  5 
downwardly  on  the  lower  end  of  the  perforated  plastic 
tubing,  thereby  tearing  off  successive  bands  moving 
downstream  along  the  mandrel. 

In  one  embodiment  of  the  invention,  feeding  of  the 
perforated  tubing  is  continuous,  and  tear-off  motion  is  10 
faster  than  feed  action,  thereby  providing  acceleration 
for  tearing  off  successive  lengths  L  of  the  tubing  at 
transverse  perforated  tear  lines  for  forming  successive 
bands  moving  at  high  speed  downstream  along  the 
mandrel.  In  this  example  of  the  invention,  four  continu-  is 
ously  revolving  endless  belts  are  located  at  substantially 
symmetrically  spaced  positions  around  the  mandrel. 
These  belts  have  elongated  projecting  pusher  elements 
at  equispaced  locations  along  the  belts.  In  operation, 
four  of  these  pusher  elements  are  arranged  simultane-  20 
ously  to  push  downwardly  against  four  regions  of  an 
upper  edge  of  each  band  as  the  pusher  elements  simul- 
taneously  enter  into  and  travel  downstream  along  four 
longitudinal  channels  provided  in  the  mandrel.  Thus, 
these  pusher  elements  propel  each  band  downwardly  at  25 
high  speed  along  the  mandrel.  The  four  channels  are 
substantially  symmetrically  spaced  around  the  circum- 
ference  of  a  circular  cylindrical  lower  portion  of  the  man- 
drel.  Advantageously,  such  pusher  elements 
simultaneously  engage  four  substantially  uniformly  30 
spaced  regions,  i.e.,  regions  in  four  different  quadrants, 
of  an  upper  edge  of  each  circular  band  for  substantially 
uniformly  distributing  stress  around  the  circumference 
of  the  upper  edge  of  each  band  for  minimizing  distortion 
of  a  film-like  band  as  it  is  being  pushed  downwardly  at  35 
high  speed  along  the  mandrel.  The  pusher  elements 
eject  each  band  off  from  a  lower  end  of  the  mandrel 
aimed  at  each  article  to  be  banded.  During  ejection  of 
each  band  from  the  mandrel,  the  outer  ends  of  the  four 
elongated  pusher  elements  now  are  revolving  around  40 
an  axis  and  so  they  are  effectively  moving  faster  than 
the  belt  for  imparting  a  final  kick  to  the  ejected  band  in  a 
second  acceleration  to  increase  or  maintain  kinetic 
energy  of  the  band  aimed  at  the  article  to  be  banded. 

In  the  banding  machine  shown  as  one  embodiment  45 
of  the  invention,  the  flattened  plastic  tubing  is  being  con- 
tinuously  fed  and  is  being  perforated  near  an  upstream 
end  of  a  floating  mandrel.  This  machine  also  may  han- 
dle  plastic  tubing  which  is  preperforated. 

In  other  embodiments  of  the  invention  as  shown,  so 
perforated  plastic  tubing  is  fed  with  intermittent  motion. 
Tear-off  rollers  are  continuously  rotating.  Downstream 
from  the  continuously-rotating  tear-off  rollers  are  contin- 
uously-turning  acceleration  push-off  members  shown 
as  rollers  in  one  embodiment  or  belts  in  another  embod-  ss 
iment.  These  continuously-turning  acceleration  push-off 
members  have  a  first  peripheral  speed  matching  the 
peripheral  speed  of  the  continuously-rotating  tear-off 
rollers  and  a  second  higher  peripheral  speed  which  is 

more  than  two  times  or  more  than  three  times  the 
peripheral  speed  of  the  tear-off  rollers.  The  higher 
peripheral  speed  occurs  after  the  bands  have  left  the 
tear-off  rollers  and  accelerates  the  bands  to  high  speed 
travelling  along  the  mandrel  and  ejecting  them  from  the 
end  of  the  mandrel  aimed  at  articles  to  be  banded. 
Thus,  dwell  time  of  articles  in  a  banding  station  is  mini- 
mized,  or  the  articles  may  be  continuously  conveyed 
through  the  banding  station  relatively  rapidly  for  achiev- 
ing  a  high  production  rate.  Also,  kinetic  energy  of  high- 
speed  ejected  bands  propels  them  substantially  down 
the  full  length  of  tall  articles  for  the  bands  to  be  applied 
as  encircling  sleeve  labels. 

As  used  throughout  the  specification  and  claims, 
the  term  "article"  is  intended  to  mean  one  or  more  arti- 
cles  to  be  banded  either  separately  or  together,  and 
also  is  intended  to  mean  any  suitable  container,  e.g.,  a 
bottle,  jar,  can,  etc.  to  be  sealed,  banded  or  labelled. 

As  used  herein  the  term  "mandrel"  is  intended  to 
mean  a  device  that  fits  inside  plastic  tubing,  serving  to 
open  and  to  keep  the  tubing  open  and  internally  sup- 
porting  the  plastic  tubing,  thereby  causing  it  to  be  con- 
formed  generally  to  the  shape  of  the  mandrel.  The  size 
of  the  mandrel  is  preferably  slightly  smaller  than  the 
inside  of  the  tubing  and  it  has  a  smooth  surface  over 
which  the  tubing  can  slide  easily.  The  mandrel  also  pro- 
vides  surfaces  and  internal  rollers  against  which  the 
tube  feeding  means,  the  tear-off  means  and  the  band 
acceleration  means  exert  pressure  in  order  to  perform 
their  respective  functions.  Also,  the  mandrel  supports 
the  relatively  thin  film-like  bands  for  preventing  them 
from  crumpling  or  collapsing  as  they  are  accelerated 
and  propelled  at  high  speed  along  the  mandrel  for  eject- 
ing  them  toward  the  respective  articles  being  banded. 

As  used  herein  the  terms  "up",  "upwardly",  "down", 
"downwardly",  "vertical"  and  "vertically",  "horizontal" 
and  "horizontally"  and  the  like  are  used  for  convenience 
of  description  with  reference  to  the  drawings  and  are  not 
being  used  in  a  limiting  sense,  because  the  operating 
components  of  the  machine  are  on  a  chassis  which  is 
adjustable  in  position  as  indicated  in  FIG.  1  so  that  the 
components  described  by  these  convenient  terms  may 
or  may  not  be  oriented  or  movable  in  true  vertical  or  hor- 
izontal  directions,  wherein  true  vertical  is  perpendicular 
to  a  horizontal  plane  on  the  Earth 

The  invention,  together  with  further  objects,  fea- 
tures,  advantages  and  aspects  thereof,  will  be  more 
clearly  understood  from  the  following  detailed  descrip- 
tion  considered  in  conjunction  with  the  accompanying 
drawings  illustrating  the  principles  of  the  invention.  Like 
reference  numerals  indicate  like  elements  or  like  com- 
ponents  throughout  the  different  views. 

The  accompanying  drawings,  which  are  incorpo- 
rated  in  and  constitute  a  part  of  the  specification,  illus- 
trate  presently  preferred  embodiments  of  the  invention 
and,  together  with  the  general  description  set  forth 
above  and  the  detailed  description  set  forth  below, 
serve  to  explain  the  principles  of  the  invention.  In  these 
drawings: 
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FIG.  1  Is  a  side  elevational  view  of  a  machine  in 
accordance  with  method  and  apparatus  embodying  the 
invention. 

FIG.  2  is  a  front  end  elevational  view  of  the  machine 
of  FIG.  1  as  seen  looking  downwardly  toward  the  input 
end. 

FIG.  3  is  an  enlargement  of  the  banding  method 
and  apparatus  shown  in  FIG.  2. 

FIG.  4  is  an  enlargement  of  a  transmission  housing 
and  components  of  the  transmission  seen  in  FIG.  1  with 
the  cover  removed.  FIG.  4  is  a  view  as  seen  from  the 
plane  4-4  in  FIG.  1. 

FIG.  5  is  an  enlarged  front  elevational  view  of  the 
floating  mandrel  corresponding  with  its  showing  in 
FIGS.  2  and  3  omitting  the  plastic  tube  of  banding  mate- 
rial  and  omitting  the  torn-off  bands  for  clarity  of  illustra- 
tion.  FIG.  5  shows  combined  suspension  and 
continuously  rotating  feeding  rollers,  higher-speed  con- 
tinuously  rotating  tear-off  rollers,  and  continuously 
revolving  band-propelling  push-off  belts. 

FIGS.  5A,  5B  and  5C  are  sectional  views  taken 
through  the  mandrel  along  planes  5A,  5B  and  5C  in  FIG. 
5  as  seen  looking  downwardly  from  these  planes. 

FIG.  6  is  a  side  elevational  view  of  the  floating  man- 
drel  as  seen  looking  from  the  right  in  FIG.  5,  showing 
the  same  side  of  the  mandrel  as  in  FIG.  1  . 

FIG.  6A  is  a  bottom  view  of  the  floating  mandrel  in 
the  orientation  of  FIG.  6. 

FIG.  7  is  a  further  enlarged  sectional  view  of  the 
mandrel  taken  generally  along  the  plane  5B-5B  in  FIG. 
5  as  seen  looking  upwardly,  with  mandrel  orientation 
corresponding  with  FIG.  6.  FIG.  7  shows  the  higher- 
speed  continuously  rotating  tear-off  rollers  and  the  con- 
tinuously  revolving  band-propelling  push-off  belts. 

FIG.  8  shows  method  and  apparatus  employing 
three  tiers  of  rollers  for  providing  three  different  cyclic 
speed  modes  in  sequence  for  accomplishing  high- 
speed  label  banding:  (1)  run  and  stop  feeding,  (2)  con- 
tinuous  tear-off  speed  matching  feeding  speed,  and  (3) 
acceleration  push-off  speeds  initially  matching  continu- 
ous  tear-off  speed  and  then  accelerating  to  more  than 
two  times  continuous  tear-off  speed.  One  cycle  of  oper- 
ation  is  defined  as  0°  to  360°,  wherein  360°  becomes  0° 
at  the  beginning  of  the  next  cycle. 

FIG.  8A-1  ,  8A-2  and  8A-3  show  plots  of  rotational 
rates  of  the  three  tiers  of  rollers  in  FIG.  8  plotted  for  one 
cycle  of  operation  from  0°  to  360°.  Upper  rollers  are  run 
and  stop  feed  rollers;  middle  rollers  are  continuously 
turning  tear-off  rollers;  and  lower  rollers  are  acceleration 
and  push-off  rollers. 

In  order  to  gain  a  better  understanding  of  the  appa- 
ratus  and  method  of  the  present  invention,  reference  is 
made  to  the  drawings.  FIGS.  1  and  2  illustrate  a 
machine  generally  indicated  at  10  in  which  flattened 
plastic  tubing  2  is  fed  from  a  suitable  supply  source  as 
indicated  by  an  arrow  1  ,  for  example  a  supply  source 
such  as  a  coil  or  reel.  The  tubing  passes  guide  rollers  3 
and  4  and  a  driven  feed-roller  5  having  an  opposed 
hold-down  roller  6  carried  by  an  arm  7  pivotally  mounted 

on  a  front  plate  8  forming  part  of  an  adjustable  chassis 
9  (FIG.  1)  to  be  described  later.  This  chassis  9  is  angu- 
larly  adjustable  about  pivots  1  1  (FIGS.  1  and  2). 

For  providing  isolation  between  the  tubing  supply 
5  source  1  and  banding  apparatus  20  mounted  on  plate  8, 

the  flat  tubing  2  is  shown  threaded  through  a  buffer  sta- 
tion  1  2  mounted  on  the  front  plate  8.  The  tubing  is  fes- 
tooned  through  this  buffer  station  by  running  over  an 
upper  roller  14  (FIG.  3)  fixed  in  position  and  under  two 

10  lower  rollers  1  5  carried  by  a  carriage  1  6  freely  movable 
up  and  down  along  fixed  vertical  guide  rods  17.  This 
carriage  is  movable  between  an  upper  position  shown  in 
full  lines  and  a  lower  position  shown  in  dashed  and  dot- 
ted  lines  with  reference  numbers  2',  15'  and  16'  (FIG.  3). 

15  Following  the  buffer  station  12  the  flat  tubing  2  is 
shown  in  FIG.  3  passing  guide  rollers  18  and  19  and 
entering  a  perforator  30  included  in  the  banding  appara- 
tus  20.  The  tubing  is  shown  running  up  from  roller  19 
and  half-way  around  an  anvil  roller  22  having  a  smooth 

20  surface  formed  of  suitable,  hard,  durable  material,  for 
example  being  made  of  tool  steel.  The  flat  tubing  2  runs 
down  between  this  anvil  roller  22  and  a  driven,  perfora- 
tor  rotor  24.  This  rotor  24  carries  several  peripherally 
equispaced  perforator  blades  26  (six  in  the  present 

25  instance)  which  extend  parallel  to  the  axis  28  of  rotor 
24.  Each  blade  26  includes  numerous  small  sharp  teeth 
with  small  spaces  between  the  teeth.  These  blades  26 
perforate  the  tubing  wall  with  numerous  small  perfora- 
tions  defining  transverse  tear-off  lines  27  (FIG.  3) 

30  extending  perpendicular  to  the  length  of  the  tubing  and 
being  equispaced  along  the  tubing.  The  spacing  along 
the  tubing  between  successive  tear-off  lines  27  (FIG.  3) 
and  thus  the  axial  length  L  (FIG.  3)  of  the  resultant 
bands  29  depends  upon  diameter  of  rotor  24  and 

35  number  of  its  blades  26.  The  rotor  24  can  be  replaced 
by  one  of  larger  or  smaller  diameter  and  having  fewer  or 
more  blades  26  for  changing  spacing  between  tear-off 
lines  27  and  thus  changing  resulting  band  length  L.  It  is 
preferred  that  anvil  roller  22  be  rotationally  driven,  as 

40  explained  later.  The  perforator  rotor  24  is  driven,  as 
explained  later,  so  that  peripheral  speed  of  tips  of  its 
perforator  blades  26  nearly  matches  but  is  very  slightly 
slower  than  travelling  speed  of  tubing  2  provided  by  con- 
tinuously-turning  tubing-feed  rollers  located  down- 

45  stream  of  the  perforator,  as  described  later. 
Anvil-roller  position-adjustment  means  32  are 

shown  for  precisely  positioning  the  cylindrical  surface  of 
anvil  roller  24  relative  to  sharp  tips  of  teeth  on  blades  26 
so  these  teeth  tips  fully  perforate  both  thicknesses  of  the 

so  flattened  wall  of  tubing  2  and  just  barely  touch  the 
smooth,  hard  surface  of  the  anvil  roller.  For  example, 
position-adjustment  means  32  are  shown  including  an 
adjustable  mount  34  carrying  anvil  roller  22  and  having 
a  plurality  of  adjusting  screws  36  each  threaded  into  a 

55  perforator  chassis  38  and  held  in  their  precision- 
adjusted  positions  by  suitable  locknuts  37  with  lock- 
washers  seated  against  the  perforator  chassis.  The 
adjustable  mount  34  includes  a  pair  of  sides  33  (only 
one  is  seen  in  FIG.  3)  each  having  a  pair  of  parallel 

4 



7 EP  0  763  498  A1 8 

edge  rims  35  slidable  along  grooves  in  wall  members  39 
of  perforator  chassis  38.  (Only  one  wall  member  39  is 
seen  in  FIG.  3.) 

The  perforator  30  is  adjustable  in  position  up  or 
down  along  chassis  plate  8  by  means  of  adjusting  s 
screws  40  received  in  slots  in  the  wall  member  39  for 
enabling  floating  mandrels  of  various  lengths  to  be 
installed  in  the  banding  apparatus.  Another  wall  mem- 
ber  41  (FIG.  1)  of  perforator  chassis  38  is  supported 
parallel  to  wall  member  39  by  a  plurality  of  stand-off  10 
posts  42  (FIG.  3).  Unintended  access  to  perforator  rotor 
24  is  prevented  by  a  removable  shield  44  extending 
around  the  perforator  adjacent  to  posts  42. 

As  will  be  understood  from  FIG.  1  ,  the  axial  lengths 
of  anvil  roller  22  and  perforator  rotor  24  may  be  consid-  is 
erably  greater  than  the  width  of  flat  tubing  2  for  enabling 
handling  of  flat  tubing  of  considerably  greater  width  than 
shown  for  providing  bands  of  larger  diameter  when 
desired. 

Immediately  after  being  perforated,  the  flat  tubing  is  20 
withdrawn  tangentially  from  the  surface  of  anvil  roller  22 
and  travels  downwardly  in  a  plane  P  between  a  pair  of 
closely-spaced,  opposed,  freely-rotating  guide  rollers 
45,  46  (FIG.  3)  mounted  on  perforator  chassis  38. 

The  axes  of  these  guide  rollers  are  parallel  with  the  25 
plane  P  of  the  downwardly  travelling  flat  tubing  and  also 
parallel  with  a  ridge  47  (FIGS.  5,  6  and  7)  which  extends 
across  the  top  of  a  wedge-shaped  upper  end  51  of  a 
floating  mandrel  50.  The  axial  lengths  of  these  two 
guide  rollers  45,  46  is  greater  than  the  width  of  the  per-  30 
forated  flat  tube  2'  (FIG.  3)  approaching  ridge  47  for 
enabling  handling  flat  tubing  of  considerably  wider 
width,  if  desired,  as  explained  regarding  width  of  the 
perforator.  These  guide  rollers  assure  that  both  sides  of 
the  perforated  flat  tube  are  smooth  and  are  lying  close  35 
to  the  plane  P  (FIGS.  2,  3  and  5)  with  which  is  aligned 
the  ridge  47. 

As  shown  in  FIGS.  5,  6  and  7,  the  floating  mandrel 
50  is  coated  with  or  formed  of  any  suitable  slippery 
metal  or  slippery  plastic  material,  for  example  such  as  40 
Teflon  polytetrafluoroethylene  (PTFE)  and  the  like,  over 
which  the  plastic  film-like  perforated  tubing  2'  (FIG.  3) 
will  slide  easily.  The  ridge  47  and  triangular  wedges  48 
(only  one  is  seen  in  FIG.  6)  of  a  tapered  upper  transition 
end  51  of  the  mandrel  smoothly  open  the  perforated  45 
tubing  2'  at  relatively  high  speed  as  it  slides  down 
around  the  mandrel.  This  ridge  47  and  wedges  48  are 
shaped  to  provide  a  smooth  transition  of  the  perforated 
tube  2'  from  flat  to  circular  cylindrical  configuration. 
Thus,  the  tapered  upper  end  51  of  mandrel  50  is  pre-  so 
ferred  to  be  shaped  to  provide  a  constant  distance 
around  its  periphery  at  each  successive  position  down- 
wardly  along  the  wedge  48.  This  constant  peripheral 
distance  is  desirably  closely  matched  with  (but  is  suffi- 
ciently  less  than)  the  circumferential  distance  around  55 
the  inner  wall  surface  of  the  perforated  tubing  2'  for  sup- 
porting  the  tubing  while  allowing  free  sliding  of  the  tub- 
ing  downwardly  around  the  mandrel. 

The  plane  P  extending  longitudinally  along  mandrel 

centerline  51  (as  seen  most  clearly  in  FIGS.  5  and  5C) 
is  the  plane  of  the  perforated  flat  tubing  2'  (FIG.  3)  trav- 
elling  downwardly  from  the  perforator  30.  As  explained 
above,  ridge  47  lies  in  plane  P.  Only  one  generally  trian- 
gular  wedge  face  48  is  seen  in  FIG.  6  of  two  triangular 
faces.  This  wedge  face  48  is  generally  isosceles  trian- 
gular  in  configuration  with  two  slightly  convex  edges  49 
meeting  at  a  vertex  55  as  seen  in  FIG.  6  looking  in  a 
direction  perpendicular  to  plane  P.  As  shown  in  FIG.  5, 
looking  in  a  direction  along  plane  P,  the  two  triangular 
faces  48  diverge  symmetrically  from  the  plane  P  in  a 
downstream  direction  with  an  included  angle  a  in  a 
range  of  about  35°  to  about  40°. 

As  seen  in  FIG.  1  ,  the  opened  perforated  tubing  is 
fed  down  around  the  mandrel  between  a  set  of  freely- 
rotatable  mandrel-positioning  and  stabilizing  rollers  52 
mounted  on  opposite  sides  of  the  mandrel  by  a  bracket 
53.  Only  one  of  these  mandrel-positioning  and  stabiliz- 
ing  rollers  52  is  seen  in  FIGS.  2  and  3.  Each  of  these 
rollers  has  an  opposed,  freely-rotatable  companion 
roller  mounted  inside  of  the  mandrel  for  providing 
aligned  rolling  contact  against  inner  and  outer  wall  sur- 
faces  of  the  perforated  tubing  2'.  These  rollers  52  are 
centered  on  the  plane  P  and  are  shown  located  at  roll- 
ing  contact  positions  54  at  a  vertical  level  on  the  man- 
drel  generally  aligned  with  the  vertical  level  of  vertices 
55  of  the  isosceles  triangular  wedge-faces.  Thus,  these 
rolling  contact  positions  54  are  shown  located  near  a 
level  of  the  vertices  55  at  downstream  ends  of  triangular 
wedge  faces  48  and  at  an  upstream  end  of  a  circular 
cylindrical  peripheral  shape  90  (FIGS.  5A,  5B,  5C,  6A 
and  7)  of  the  mandrel. 

Below  the  mandrel-positioning  and  stabilizing  roll- 
ers  52,  the  perforated  tubing  2'  is  shown  being  fed  down 
around  the  mandrel  50  by  a  pair  of  continuously  rotating 
feed  rollers  56  located  on  opposite  sides  of  plane  P. 
These  feed  rollers  56  have  rims  57  of  suitable  high  fric- 
tion  material  frictionally  gripping  the  perforated  tubing 
2',  for  example  such  as  polyurethane  and  the  like,  or  the 
entire  feed  roller  may  be  formed  of  such  material.  Feed 
rollers  56  press  the  perforated  tubing  wall  inwardly 
slightly  as  will  be  appreciated  from  FIG.  5  into  rolling 
contact  with  respective  sets  of  freely  rotatable  upper 
and  lower  suspension  rollers  58,  59  mounted  inside  of 
mandrel  50  and  spaced  equal  distances  above  and 
below  the  transverse  plane  5A-5A  (FIG.  5)  with  axes  60 
of  feed  rollers  56  being  in  this  transverse  plane  for  sus- 
pending  the  floating  mandrel.  In  other  words,  the  two 
feed  rollers  56  in  cooperation  with  their  respective  sets 
of  suspension  rollers  58,  59  serve  the  dual  functions  of 
suspending  the  mandrel  and  also  of  continuously  feed- 
ing  perforated  tubing  2'  downwardly  around  the  man- 
drel. 

In  FIG.  3,  the  feed  rollers  56  are  shown  having  their 
rotating  shafts  supported  by  mounting  plates  61  hori- 
zontally  adjustable  on  a  second  adjustable  mounting 
plate  65  by  machine  screws  67  engaging  in  horizontal 
slots,  thereby  enabling  adjustment  of  lateral  spacing 
between  the  feed  rollers  56  for  accommodating  floating 
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mandrels  of  various  diameters  for  handling  tubing  and 
bands  of  various  diameters.  The  second  mounting  plate 
65  is  adjustable  in  vertical  position  on  the  front  plate  8 
by  machine  screws  69  engaging  in  vertical  slots, 
thereby  enabling  adjustment  of  vertical  spacing  5 
between  feed  rollers  56  and  the  tear-off  rollers  62, 
which  are  described  below,  for  handling  bands  29  of 
various  lengths  L  The  suspension  rollers  58,  59  in  the 
mandrel  are  vertically  positioned  to  be  in  suitable  coop- 
erative  relationship  as  shown  in  FIG.  5  with  respect  to  w 
the  vertical  position  of  the  feed  rollers  56.  One  way  for 
providing  suitable  cooperative  relationship  between 
suspension  rollers  58,  59  and  vertically  repositioned 
feed  rollers  56  is  to  provide  means  in  the  mandrel  50  for 
adjusting  vertical  positioning  of  these  suspension  rollers  75 
relative  to  the  mandrel  itself.  Another  way  for  providing 
suitable  cooperative  relationship  between  suspension 
rollers  58,  59  and  vertically  repositioned  feed  rollers  56 
is  to  remove  the  mandrel  and  replace  it  with  another 
mandrel  in  which  the  suspension  rollers  58,  59  are  20 
appropriately  vertically  positioned  relative  to  the  feed 
rollers. 

Below  the  continuously  rotating  feed  rollers  56,  the 
perforated  tubing  2'  is  engaged  by  a  pair  of  continuously 
rotating  tear-off  rollers  62  located  on  opposite  sides  of  25 
plane  P  with  axes  64  in  the  transverse  plane  B-B.  These 
tear-off  rollers  have  rims  63  (FIG.  5)  of  suitable  high  fric- 
tion  material  similar  to  material  in  rims  57  of  the  contin- 
uous  feed  rollers.  Peripheral  speed  of  tear-off  rollers  62 
as  shown  is  more  than  three  times  peripheral  speed  of  30 
feed  rollers  56,  thereby  accelerating  the  resulting  torn- 
off  bands  to  a  velocity  more  than  three  times  the  contin- 
uous  feed  rate  of  perforated  tube  2'.  Each  of  these  tear- 
off  rollers  has  an  opposed,  freely-rotatable  companion 
roller  66  mounted  inside  of  the  mandrel  with  axes  68  in  35 
transverse  plane  B-B  for  providing  aligned  rolling  con- 
tact  against  inner  and  outer  surfaces  of  the  perforated 
tubing  2'. 

As  shown  in  FIG.  7,  the  continuously  turning  tear- 
off  rollers  62  are  mounted  on  and  are  keyed  to  a  pair  of  40 
drive  shafts  70  having  respective  axes  64.  These  shafts 
70  are  supported  by  mounting  plates  71  (FIG.  3)  hori- 
zontally  adjustable  on  front  plate  8  of  machine  chassis  9 
(FIG.  1)  by  machine  screws  72  engaging  in  slots  for 
accommodating  installation  of  floating  mandrels  of  vari-  45 
ous  diameters  for  handling  tubing  and  bands  of  various 
diameters. 

Two  flanged,  belt-drive,  toothed  pulleys  74  are 
mounted  on  and  are  keyed  to  each  of  the  shafts  70  with 
a  tear-off  roller  62  between  them.  An  endless  toothed  so 
belt  76  (FIGS.  3  and  7)  is  positively  driven  by  each 
toothed  pulley  74  and  revolves  in  an  elongated  oval  path 
around  its  drive  pulley  74  and  around  a  lower  idler  pulley 
78  mounted  by  a  bracket  80  (FIG.  3)  for  rotation  about 
an  axis  79.  Each  of  the  brackets  80  extends  down  from  ss 
the  mounting  plate  71  so  that  the  idler  pulleys  78  are 
positioned  on  opposite  sides  of  plane  P  and  are  located 
near  a  lower  end  82  of  the  mandrel  50. 

As  shown  in  FIG.  7,  there  are  four  belts  76,  and 

each  belt  has  a  plurality  of  outwardly  projecting  elon- 
gated  pusher  elements  84  secured  to  the  belt  at  equal 
spacings  along  the  belt.  For  example,  as  shown  in  FIG. 
3  it  is  preferred  to  have  at  least  three  pusher  elements 
84  on  each  belt  so  at  least  one  of  the  pusher  elements 
of  each  belt  always  is  moving  along  an  elongated  chan- 
nel  in  the  mandrel  as  will  be  explained.  These  elongated 
pusher  elements  project  outwardly  from  the  outer  sur- 
face  of  the  belt  a  substantial  distance.  For  example,  they 
project  out  from  the  belt  by  a  dimension  D  (FIG.  7)  of 
more  than  about  70%  of  the  radius  of  curvature  R  of  its 
drive  pulley  74. 

Each  revolving  belt  76,  in  a  straight  downward  por- 
tion  of  its  oval  path,  is  travelling  downwardly  parallel  with 
and  close  to  a  lower  portion  of  the  mandrel.  There  are 
four  pusher-clearance  channels  86  extending  longitudi- 
nally  in  the  lower  portion  of  the  mandrel.  These  chan- 
nels  extend  parallel  with  the  four  respective  downwardly 
travelling  belts. 

The  dash  and  dotted  oval  lines  88  (FIGS.  3  and  5) 
indicate  oval  paths  travelled  by  the  outer  ends  of  the 
elongated  pusher  elements  84  as  they  revolve  with  their 
respective  belts  76.  As  these  elongated  pusher  ele- 
ments  swing  around  their  drive  pulleys,  their  outer  ends 
enter  into  upper  end  portions  of  respective  clearance 
channels  86.  Thus,  four  pusher  elements  simultane- 
ously  are  propelling  a  torn-off  band  29  downwardly  at 
high  speed  along  the  circular  cylindrical  surface  90 
(FIGS.  5C  and  7)  of  the  mandrel  50.  This  mandrel  sur- 
face  advantageously  supports  the  fast-travelling  band 
against  collapsing  or  significantly  distorting.  Moreover, 
these  four  channels  86  are  substantially  equispaced,  as 
is  seen  most  clearly  in  FIG.  5C,  around  the  circular 
cylindrical  surface  90  of  the  lower  portion  of  the  man- 
drel.  Thus,  as  will  be  appreciated  from  FIG.  7,  the  four 
elongated  pusher  elements  84  in  entering  and  travelling 
along  these  channels  86  are  engaging  and  pushing 
downwardly  against  four  substantially  uniformly  spaced 
regions,  i.e.,  regions  in  four  different  quadrants,  of  an 
upper  edge  of  each  circular  band  29  (FIG.  3)  for  sub- 
stantially  uniformly  distributing  stress  around  the  cir- 
cumference  of  the  upper  edge  for  minimizing  distortion 
of  the  film-like  plastic  material  of  bands  being  pushed 
downwardly  at  high  speed  along  the  mandrel  toward  its 
lower  end  82. 

As  the  elongated  pusher  elements  84  exit  from 
lower  ends  87  (FIG.  5)  of  channels  86  they  are  swinging 
(revolving)  around  the  axes  79  of  idler  pulleys  78  as 
shown  by  curved  arrows  89.  Thus,  the  outer  ends  of 
these  swinging  pusher  elements  are  moving  faster  than 
their  belts  for  imparting  a  final  kick  to  the  ejected  band 
in  a  final  acceleration  to  increase  or  maintain  kinetic 
energy  of  the  band  29  being  ejected  and  aimed  toward 
an  article  to  be  banded. 

Each  of  the  four  idler  pulleys  78  (FIG.  5)  has  a 
radius  larger  than  the  radius  R  of  each  belt-drive  pulley 
74  (FIG.  7)  for  enlarging  a  radius  of  swing  of  the  tips  of 
elongated  pusher  elements  84  in  revolving  around  the 
idler  pulleys  relative  to  a  radius  of  swing  of  these  tips  in 
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revolving  around  the  belt-drive  pulleys.  This  enlarged 
radius  of  pusher  swing  prevents  the  final  swinging  kick 
of  the  elongated  pusher  elements  against  the  upper 
edge  of  each  ejected  band  from  applying  an  undue 
component  of  kick  motion  outward  in  a  direction  away  5 
from  plane  P  while  allowing  the  downward  component 
of  kick  motion  in  a  direction  parallel  with  plane  P  to  be 
significantly  effective  in  the  desired  downward  propul- 
sion  direction. 

FIG.  3  shows  one  circular  band  29  down  near  the  10 
lower  end  82  of  the  mandrel  being  propelled  down- 
wardly  at  high  speed  by  pusher  elements  84.  Another  is 
shown  in  FIG.  3  having  just  been  torn  off  by  the  tear-off 
rollers  62  from  the  lower  end  of  the  perforated  tubing  2' 
and  being  accelerated  downwardly  by  these  tear-off  roll-  15 
ers  to  a  speed  which  is  at  least  three  times  the  rate  of 
speed  imparted  to  the  perforated  tubing  2'  by  continu- 
ously  turning  feed  rollers  56.  FIG.  3  shows  pusher  ele- 
ments  84  swinging  around  axes  64  in  readiness  for 
entering  the  pusher-clearance  channels  86  above  the  20 
upper  edge  of  this  recently  torn-off  band  29.  It  is  noted 
that  the  pusher  elements  84  are  sufficiently  widely 
spaced  along  each  belt  76  for  allowing  only  one  pusher 
element  on  each  belt  to  come  into  contact  with  each 
torn-off  band  29.  25 

In  order  to  drive  feed  rollers  56,  higher-speed  tear- 
off  rollers  62  and  belt-drive  pulleys  74,  drive  and  trans- 
mission  means  100  are  provided  as  shown  in  FIGS.  1 
and  4  mounted  on  adjustable  chassis  9.  Drive  and 
transmission  means  1  00  are  shown  including  an  electric  30 
motor  102  turning  a  toothed  belt-drive  pulley  104  for 
running  a  double-sided  toothed  belt  105  in  sequence 
around  idler  pulley  106,  and  drive  pulleys  107,  108,  109 
and  110.  Drive  pulley  110  is  connected  via  drive  shaft 
1  1  1  (FIG.  1)  to  a  perforator-rotor-drive  shaft  1  12  (FIG.  1)  35 
on  the  axis  28  of  perforator  rotor  24. 

For  rotationally  driving  the  anvil  roller  22  (FIG.  3),  a 
drive  disc  115  (FIG.  1)  is  keyed  to  the  perforator-rotor 
drive-shaft  112.  This  drive  disc  115  has  a  rim  of  high 
friction  material  which  is  in  frictionally  driving  relation-  40 
ship  with  a  similar  rim  of  a  driven  disc  (not  shown)  which 
is  keyed  to  the  shaft  of  the  anvil  roller  22  for  rotating  it  at 
suitable  surface  speed. 

Drive  pulleys  108  and  109  are  identical  in  diameter 
and  rotate  in  opposite  directions,  being  connected  via  45 
identical  drive  shafts  1  1  3  (Only  one  is  seen  in  FIG.  1  .)  to 
respective  feed  rollers  56  (FIG.  3)  for  turning  them  in 
opposite  directions  at  identical  peripheral  speed  around 
their  respective  axes  60,  as  is  shown  by  curved  arrows 
in  FIG.  3.  so 

It  is  desired  that  the  peripheral  speed  of  feed  rollers 
56  be  slightly  faster  than  the  peripheral  speed  of  the  tips 
of  perforator  blades  26  for  reasons  explained  below.  To 
accomplish  this  slight  difference  in  peripheral  speed, 
the  diameter  of  feed-roller  drive  pulleys  108,  109  rela-  ss 
tive  to  a  larger  diameter  of  perforator-rotor  drive  pulley 
1  1  0  is  suitably  selected  with  reference  to  a  peripheral 
distance  travelled  during  one  revolution  by  tips  of  perfo- 
rator  blades  26  and  with  reference  to  a  smaller  periph- 

eral  distance  travelled  during  one  revolution  by  rims  57 
of  feed  rollers  56,  such  that  peripheral  speed  of  feed 
rims  57  is  very  slightly  faster  by  a  speed  difference  in  a 
range  of  about  0.03%  to  about  0.5%  than  peripheral 
speed  of  perforator  blade  tips.  This  slight  differential  in 
peripheral  speeds  is  designed  for  keeping  the  perfo- 
rated  tubing  2'  under  slight  tension  for  smoothly  flowing 
from  the  perforator  30  to  the  feed  rollers  56  without  sig- 
nificant  wrinkling.  The  resulting  slight  difference  in 
peripheral  speeds  may  be  accommodated  by  unperfo- 
rated  tubing  2  sliding  forwardly  slightly  upon  the  smooth 
surface  of  anvil  roller  22  and  may  be  accommodated  by 
the  frictional  drive  115  (FIG.  1)  of  the  anvil  roller. 

Drive  pulley  1  07  rotates  a  relatively  large  diameter 
gear  114  coaxial  with  pulley  107.  This  larger  gear  114 
meshes  in  driving  engagement  with  a  smaller  gear  116 
for  driving  another  gear  1  18  coaxial  with  gear  116.  Gear 
118  meshes  with  a  companion  gear  120  of  the  same 
diameter  for  providing  identical  counterrotational 
speeds  of  gears  118  and  120.  Gears  118  and  120  are 
connected  via  drive  shafts  1  22  (Only  one  is  seen  in  FIG. 
1  .)  to  respective  belt-pulley  drive  shafts  70  (FIG.  7)  for 
turning  shafts  70  in  opposite  directions  at  the  same 
speed. 

For  accommodating  up  and  down  adjustment  in 
positioning  of  perforator  30  for  enabling  installation  of 
mandrels  of  various  lengths  and  for  accommodating 
horizontal  adjustment  of  axes  60,  64  and  79  for  enabling 
installation  of  mandrels  of  various  diameters,  the  drive 
shaft  111  and  the  pairs  of  drive  shafts  113  and  122 
(FIG.  1)  include  universal  joints  at  each  end  of  the 
respective  drive  shafts  with  an  intermediate  telescoping 
length-adjusting  section  in  each  drive  shaft. 

It  is  preferred  that  the  peripheral  speed  of  rims  63  of 
tear-off  rollers  62  be  at  least  about  3  times  the  periph- 
eral  speed  of  feed  rollers  56  for  spacing  bands  29  along 
the  mandrel  by  intervening  spaces  greater  than  band 
length  L.  For  example,  as  shown  in  FIG.  4,  the  diameter 
of  pulley  107  may  be  equal  to  that  of  pulleys  108,  109. 
Then,  gear  1  14  may  have  a  diameter  3.4  times  that  of 
gear  1  1  6  for  turning  tear-off  rollers  62  at  a  rotational  rate 
3.4  times  the  rate  of  feed  rollers  56.  Since  the  diameter 
of  tear-off-roller  rims  63  substantially  equals  that  of 
feed-roller  rims  57,  the  peripheral  speed  of  the  tear-off- 
roller  rims  is  about  3.4  times  faster. 

For  driving  the  tubing  feed  roll  5  (FIGS.  1  ,  2  and  3) 
its  shaft  may  be  connected  through  an  electro-magneti- 
cally-actuated  clutch  124  (FIG.  1)  and  via  sprocket-and- 
chain  connection  126  to  the  perforator  rotor  shaft  112 
(FIG.  3).  It  is  desired  that  peripheral  speed  of  feed  roller 
5  slightly  exceed  peripheral  speed  of  perforator  blade 
tips  so  that  perforator  30  always  has  an  adequate  sup- 
ply  of  incoming  tubing  2.  To  provide  this  faster  periph- 
eral  speed,  feed  roller  5  diameter  may  be  slightly  larger 
as  shown  in  FIG.  3  than  blade-tip-to-blade-tip  diameter 
of  the  perforator  rotor. 

While  the  electromagnetic  clutch  124  is  engaged, 
the  faster  tubing  feed  rate  produced  by  roller  5  relative 
to  tubing  usage  rate  causes  tubing  2  to  accumulate  in 

7 



13 EP  0  763  498  A1 14 

the  buffer  station  12.  During  such  accumulation,  the  car- 
riage  16  moves  down  toward  its  lower  position  16' 
where  it  triggers  a  lower  position  sensor  1  28  in  a  control 
circuit  for  disengaging  the  clutch  124.  While  the  clutch 
1  24  is  disengaged,  tubing  withdrawal  from  buffer  station  5 
1  2  causes  carriage  1  6  to  rise  up  toward  its  upper  posi- 
tion,  where  it  triggers  an  upper  sensor  130  in  a  control 
circuit  for  engaging  clutch  124.  Thus,  the  feed  roller  5 
and  buffer  station  1  2  cooperate  for  providing  an  appro- 
priate  feeding  of  tubing  2  into  the  perforator.  w 

As  shown  in  FIG.  2,  frame  132  of  machine  10 
includes  a  pair  of  spaced  parallel  racks  134  with  feet  for 
standing  the  racks  on  opposite  sides  of  a  product  con- 
veyor  frame  135.  The  adjustable  carriage  9  (FIG.  1)  is 
supported  above  the  product  conveyor  frame  135  by  15 
these  racks  134  by  a  pair  of  pivots  1  1  mounted  on  the 
two  racks.  Inclination  of  carriage  9  is  adjusted  by  use  of 
an  arcuate  slot  1  36  on  each  side  of  the  chassis  cooper- 
ating  with  suitable  position-locking  means  138  (FIG.  2) 
on  the  racks  engaging  in  the  arcuate  slots.  20 

Articles  1  40  to  be  banded  are  carried  on  a  conveyor 
142  (FIGS.  1  and  2).  A  banding  station  144  is  a  position 
on  the  conveyor  1  42  toward  which  the  lower  end  82  of 
the  mandrel  is  aimed.  To  control  positioning  of  each  arti- 
cle  relative  to  the  banding  station  144  a  timing  screw  25 
146  cooperates  with  an  opposite  guide  rail  148.  The 
conveyor  1  42  moves  somewhat  faster  than  the  effective 
article-advancement  rate  of  timing  screw  146.  Thus, 
after  passing  through  the  banding  station  144,  banded 
articles  140'  released  from  the  timing  screw  become  30 
uniformly  separated  one  from  an  other  as  seen  in  FIG. 
1. 

In  order  to  control  a  product  handling  drive  (not 
shown)  turning  timing  screw  146,  there  is  a  synchro- 
nizer  disc  1  50  (FIG.  4)  removably  mounted  on  the  same  35 
axle  154  as  the  drive  pulley  1  10  for  the  perforator  rotor. 
This  rotating  synchronizer  disc  150  is  interchangeable 
with  other  similar  discs  each  having  a  number  of  equis- 
paced  sensing  points  152  (six  in  this  instance)  equal  in 
number  to  the  number  of  perforator  blades  26  on  the  40 
perforator  rotor  being  used.  A  stationary  sensor  156 
produces  one  sync  pulse  per  passage  of  each  sensing 
point,  and  these  sync  pulses  are  used  to  control  turning 
of  the  timing  screw  1  46  for  positioning  each  article  in  the 
banding  station  144  aligned  with  the  aimed  position  of  45 
each  band  29  being  ejected  from  the  lower  end  82  of  the 
mandrel. 

Adjusting  inclination  of  chassis  9  around  pivots  1  1 
serves  to  adjust  the  height  of  the  lower  end  82  of  the 
mandrel  above  the  level  of  a  conveyor  142  for  accom-  so 
modating  runs  of  articles  140  of  predetermined  different 
heights  and  for  optimizing  aiming  and  spacing  relation- 
ships  between  the  lower  mandrel  end  82  and  the  tops  of 
articles. 

For  using  pre-perforated  tubing  to  make  and  apply  55 
bands  29  to  articles  140,  the  perforator  rotor  24  is  dis- 
connected  from  its  drive  shaft  1  1  2  and  is  removed  from 
the  perforator  30.  An  infra-red  source  and  an  optical 
sensor  158  (FIG.  3)  may  be  used  as  a  photo  sensor  for 

sensing  the  passage  of  each  separated  band  29  for  pro- 
viding  sync  pulses  for  controlling  turning  of  the  timing 
screw  1  46. 

FIG.  8  includes  a  sequence  of  eight  side  elevational 
views  showing  a  second  embodiment  of  the  invention 
portraying  repeated  cycles  of  operation  occurring  from 
0°  to  360°.  360°  at  the  completion  of  one  cycle  corre- 
sponds  with  0°  at  the  beginning  of  the  next  cycle.  For 
example,  as  shown  in  FIG.  8A  one  complete  cycle  may 
occur  in  0.12  seconds  for  label  banding  articles  140  at  a 
rate  of  500  banded  articles  140'  per  minute.  Articles  are 
advanced  toward  a  banding  station  144  by  a  continu- 
ously  moving  conveyor  1  42  which  also  removes  banded 
articles  140'  from  the  banding  station.  The  incoming 
articles  are  controlled  by  a  timing  screw  (not  shown) 
such  as  screw  146  in  FIGS.  1-3.  Release  of  each  article 
1  40  from  the  timing  screw  so  as  to  travel  with  the  con- 
veyor  142  is  correlated  to  correspond  with  feeding  of 
each  torn-off  band  29  downwardly  along  mandrel  50. 
For  example  such  correlation  may  be  provided  by  synch 
pulses  from  a  photo  sensor,  such  as  sensor  1  58  shown 
in  FIG.  3.  A  releasable  clamp  (not  shown)  momentarily 
restrains  each  article  in  alignment  with  the  banding  sta- 
tion  144,  causing  the  restrained  article  to  dwell  there  for 
an  interval  160  (FIG.  8)  corresponding  to  cycle  time  0° 
to  120°,  i.e.,  a  dwell  for  one-third  of  a  cycle  amounting  in 
time  to  0.04  of  a  second. 

Another  way  to  correlate  feeding  of  bands  29  with 
arrival  of  articles  140  in  the  banding  station  144  is  to 
provide  a  photo  sensor  1  59  for  sensing  each  article  1  40 
approaching  toward  the  banding  station  144.  Then,  the 
operation  of  the  banding  method  and  apparatus  20  may 
be  timed  to  correlate  with  arrival  of  the  articles  sensed 
at  159  as  they  approach  the  releasable  restraining 
clamp  in  the  banding  station. 

As  shown  by  a  plot  162  in  FIG.  8A-1  upper  (feed) 
rollers  56  provide  start  and  stop  feeding.  They  are 
shown  having  a  diameter  of  63.5  mm  (2.50  inches)  (cir- 
cumference  of  199.4  mm,  7.85  inches).  Their  starting 
may  be  correlated  by  photo  sensor  159  with  arrival  of 
each  conveyed  article  140.  They  are  shown  rotating 
during  cycle  time  0°  to  250°  at  437  RPM,  providing 
peripheral  speed  of  8,712  cm  per  minute  (3,430  inches 
per  minute)  (about  87.  1  meters  per  minute)  (about  286 
feet  per  minute)  for  feeding  the  perforated  tubing  2' 
downwardly  along  mandrel  50  at  a  feed  rate  of  about 
87.1  meters  per  minute  (about  286  feet  per  minute).  A 
control  program  and  an  electromagnetic  clutch-brake 
166  causes  feed  rollers  56  to  run  from  cycle  time  0°  to 
cycle  time  250°  and  to  be  stopped  from  250°  to  360°.  A 
continuously  rotating  DC  motor  1  64  is  shown  driving  the 
feed  rollers  56  through  the  electromagnetically  actuated 
clutch-brake  166  via  suitable  drive  shafts  113.  This 
motor  164  also  continuously  drives  middle  (tear-off)  roll- 
ers  62  via  suitable  drive  shafts  122.  It  is  to  be  under- 
stood  that  there  are  a  pair  of  drive  shafts  1  1  3  and  a  pair 
of  drive  shafts  1  22  suitably  driven  so  as  to  rotate  each 
pair  of  drive  shafts  in  opposite  directions  at  the  same 
rotational  rate  for  counterrotating  feed  rollers  56  and  for 
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counterrotating  middle  rollers  62. 
The  rotational  rate  of  DC  motor  164  may  be  control- 

led  by  an  operator  by  adjusting  a  potentiometer  in  a 
direct  current  energizing  circuit  for  this  motor.  An  RPM 
sensor  associated  with  this  motor  provides  signals  to  a  s 
suitable  RPM  display  for  indicating  to  an  operator  the 
rotational  rate  at  which  the  motor  164  is  running. 

A  plot  168  in  FIG.  8A-2  shows  middle  (tear-off)  roll- 
ers  with  a  diameter  of  63.5  mm  (2.50  inches)  rotating 
continuously  at  437  RPM,  thereby  providing  peripheral  to 
speed  matching  feed  rollers  56  while  the  latter  are  feed- 
ing  tubing  downwardly  during  cycle  time  0°  to  250°. 
Between  cycle  times  60°  and  120°  as  shown  in  FIG.  8, 
namely  at  about  cycle  time  90°,  the  lower  end  of 
descending  tubing  2'  comes  into  contact  with,  i.e.,  is  15 
engaged  by,  continuously  turning  tear-off  rollers  62 
which  begin  helping  the  feed  rollers  56  in  pulling  tubing 
downwardly  around  the  mandrel  during  cycle  time  from 
90°  to  250°.  The  length  L  of  the  label  tubing  between 
transverse  perforations  27  is  sufficient  for  its  lower  end  20 
to  come  into  contact  with,  i.e.,  to  be  engaged  by,  accel- 
eration  push-off  rollers  170  while  still  engaged  by  tear- 
off  rollers  62.  These  acceleration  push-off  rollers  also 
are  shown  having  a  diameter  of  63.5  mm  (2.50  inches) 
and  rotating  at  437  RPM  during  cycle  time  120°  to  360°  25 
as  shown  by  plot  172  (FIG.  8A-3)  for  matching  their 
peripheral  speed  with  the  middle  and  upper  rollers  dur- 
ing  that  portion  of  a  cycle.  Thus,  as  shown  in  FIG.  8,  the 
acceleration  and  push-off  rollers  170  are  helping  in 
cooperating  with  upper  and  middle  rollers  for  feeding  30 
the  tubing  farther  down  around  the  mandrel  during  cycle 
time  230°  to  250°,  when  tear-off  occurs  as  explained 
below.  The  acceleration  and  push  off  rollers  170  are 
suitably  driven  in  opposite  directions  at  equal  rotational 
rates  by  a  servomotor  1  74  via  suitable  drive  shafts  1  76  35 
(only  one  of  which  is  shown  in  FIG.  8). 

To  control  the  servomotor  1  74  so  that  it  rotates  in 
synchronism  with  and  at  the  same  rate  as  motor  164 
during  cycle  time  120°  to  360°,  as  is  shown  by  plot  172 
(FIG.  8A),  there  is  a  shaft  encoder  178  which  is  on  a  40 
shaft  of  motor  1  64.  This  shaft  encoder  controls  the  rota- 
tional  rate  of  servomotor  1  74  so  it  is  synchronized  with 
rotational  rate  of  DC  motor  164  during  cycle  time  120° 
to  360°. 

At  cycle  time  250°,  feed  rollers  56  are  stopped  by  45 
clutch  166  thus  stopping  descent  of  tubing  2'  for  ena- 
bling  tear-off  of  a  band  29  from  the  tubing.  Middle  and 
lower  rollers  are  both  turning  at  the  same  peripheral 
speed  as  the  tubing  2'  previously  was  descending,  and 
so  they  cooperate  with  each  other  in  tearing  off  a  band  so 
29  from  the  now-stopped  tubing.  Cycle  time  270°  shows 
a  band  29  recently  torn  off  from  tubing  2'  and  being  pro- 
pelled  down  along  the  mandrel  50  by  cooperative  pro- 
pelling  action  of  the  middle  and  lower  rollers.  This 
cooperative  propelling  action  of  middle  and  lower  rollers  55 
continues  through  cycle  time  300°  and  continues  until 
the  trailing  edge  of  the  band  27  has  passed  the  middle 
rollers  which  occurs  after  cycle  time  300°  and  prior  to 
cycle  time  360°  (0°).  Thus,  prior  to  cycle  time  0°  the 

descending  label  band  29  becomes  engaged  only  by 
acceleration  and  push-off  rollers  170;  so  it  is  positioned 
ready  to  be  accelerated. 

At  about  cycle  time  360°  (0°)  a  photosensor  158 
(FIG.  8),  which  may  be  similar  to  the  photosensor  158 
(FIG.  3),  signals  that  the  torn-off  band  29  now  has  pro- 
gressed  far  enough  down  for  its  upper  edge  to  be  below 
contact  with  the  tear-off  rollers  62.  Thus,  the  torn-off 
band  is  free  of  the  tear-off  rollers  and  is  ready  to  be 
accelerated.  This  signal  from  sensor  158  causes  a  con- 
trol  program  to  increase  servomotor  speed  to  a  prede- 
termined  higher  speed,  for  example  in  this  instance  992 
RPM,  at  which  the  servomotor  runs  from  cycle  time  0° 
to  120°.  This  sudden  increase  in  speed  of  rollers  170 
from  437  RPM  to  992  RPM  provides  a  peripheral  speed 
of  19,780  cm  per  minute  (7,790  inches  per  minute)  or 
about  197.8  meters  per  minute  (649  feet  per  minute), 
namely  about  2.27  times  faster  than  their  slower  rate 
which  was  synchronized  with  motor  164.  This  faster 
band-propelling  rate  continues  as  described  above  from 
cycle  time  0°  to  120°  for  accelerating  a  lengthy  label 
band  29  and  for  propelling  it  downwardly  along  the  man- 
drel  at  a  speed  about  2.27  times  faster  than  the  speed 
at  which  the  tubing  is  fed.  With  this  fast  travel  the  band 
is  ejected  from  the  lower  end  82  of  the  mandrel,  and  its 
kinetic  energy  carries  it  down  around  an  article  140  dur- 
ing  dwell  time  160  (FIG.  8)  of  0.04  of  a  second.  At  cycle 
time  120°,  the  servomotor  174  is  programmed  again  to 
be  running  controlled  by  shaft  encoder  178  so  as  to  run 
synchronized  with  speed  of  DC  motor  1  64. 

Auxiliary  push-down  means  (not  shown)  such  as 
rapidly  counterrotating  cloth  buffing  wheels  or  brushes 
mounted  on  opposite  sides  of  the  conveyor  142  may  be 
employed  in  or  near  the  banding  station  144  for  lightly 
applying  downwardly-acting  frictional  force  against 
opposite  sides  of  a  label  band  29  after  cycle  time  120° 
when  the  band  is  intended  to  be  down  around  the 
banded  article  1  40'  for  assuring  that  the  label  band  is 
fully  seated  down. 

It  is  noted  that  there  may  be  two  or  four  of  the  accel- 
eration  push-off  rollers  170.  They  each  have  an 
opposed,  reely-rotating  companion  roller  mounted 
inside  of  the  mandrel.  When  there  are  four  rollers  170 
they  are  substantially  symmetrically  spaced  around  the 
circular  cylindrical  periphery  90  of  the  mandrel  50  for 
substantially  uniformly  distributing  acceleration  stresses 
in  the  film-like  wall  of  each  label  band. 

Since  other  changes  and  modifications  varied  to  fit 
particular  operating  requirements  and  environments  will 
be  recognized  by  those  skilled  in  the  art,  the  invention  is 
not  considered  limited  to  the  examples  chosen  for  pur- 
poses  of  illustration,  and  includes  all  changes  and  mod- 
ifications  which  do  not  constitute  a  departure  from  the 
true  spirit  and  scope  of  this  invention  as  claimed  in  the 
following  claims. 

Claims 

1  .  Apparatus  (20)  for  banding  articles  (140)  with  plas- 
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tic  bands  (29)  torn  off  from  plastic  tubing  (2')  having 
transverse  perforations  (27)  equispaced  along  the 
plastic  tubing  at  predetermined  intervals  L,  said 
apparatus  (20)  comprising: 

a  floating  mandrel  (50)  sized  to  fit  slidably 
inside  of  the  perforated  tubing  (2')  for  entering 
the  flattened  perforated  tubing  for  opening  it 
and  for  holding  open  the  perforated  tubing; 
feed  rollers  (56)  engaging  the  opened  perfo- 
rated  tubing  adjacent  to  the  mandrel  (50)  for 
feeding  the  opened  perforated  tubing  down- 
stream  along  the  mandrel; 
said  feed  rollers  (56)  having  axes  (60)  lying  in  a 
first  transverse  plane  extending  transversely 
with  respect  to  the  mandrel; 
sets  of  freely-rotatable  upper  and  lower  sus- 
pension  rollers  (58,  59)  mounted  inside  of  the 
mandrel  (50),  the  upper  and  lower  suspension 
rollers  in  each  set  having  their  axes  positioned 
above  and  below  said  first  transverse  plane 
with  a  set  of  said  suspension  rollers  (58,  59) 
being  in  opposed  relation  to  each  feed  roller  for 
suspending  the  floating  mandrel; 
said  feed  rollers  (56)  in  cooperation  with  their 
respective  sets  of  opposed  suspension  rollers 
(58,  59)  serving  dual  functions  of  suspending 
the  mandrel  (50)  and  also  of  feeding  the  perfo- 
rated  tubing  (2')  downwardly  around  the  man- 
drel; 
continuously  rotating  tear-off  rollers  (62)  posi- 
tioned  downstream  from  said  feed  rollers  (56) 
for  engaging  opened  perforated  tubing  (2') 
adjacent  to  the  mandrel  (50)  for  imparting 
downstream-directed  tear-off  motion  to  the 
opened  perforated  tubing  (2')  for  tearing  off 
from  the  opened  perforated  tubing  (2')  at  the 
transverse  perforations  (27)  successive  plastic 
bands  (29)  of  length  L; 
said  continuously  rotating  tear-off  rollers  (62) 
having  axes  (64)  lying  in  a  second  transverse 
plane  extending  transversely  with  respect  to 
the  mandrel  (50); 
each  of  the  tear-off  rollers  (62)  having  an 
opposed  freely-rotatable  companion  roller  (66) 
mounted  inside  of  the  mandrel  (50); 
said  companion  rollers  (66)  having  axes  (68)  in 
said  second  transverse  plane  in  aligned  rolling 
contact  of  said  companion  rollers  and  said  tear- 
off  rollers  against  inner  and  outer  surfaces  of 
each  band  (29)  which  is  torn  off  from  the 
opened  perforated  tubing  (2');  and 
push-off  means  (76,  84  in  FIGS.  3,  5  and  7,  and 
170  in  FIG.  8)  for  pushing  torn-off  bands  (29) 
downstream  along  the  mandrel  (50)  away  from 
the  tear-off  rollers  (62)  and  toward  an  and  (82) 
of  the  mandrel  for  ejecting  the  torn-off  bands 
(29)  from  the  end  of  the  mandrel  onto  articles 
(140)  for  providing  banded  articles  (140'). 

2.  Apparatus  (20)  claimed  in  Claim  1  ,  wherein: 
the  flattened  perforated  tubing  (2')  as  it 

approaches  the  floating  mandrel  (50)  is  in  a  plane  P 
(FIGS.  2,  3,  5  and  7),  which  extends  longitudinally 

5  along  a  centerline  of  the  floating  mandrel;  and 
stabilizing  rollers  (52)  are  mounted  on  oppo- 

site  sides  of  the  mandrel  (50)  centered  on  plane  P, 
and  each  stabilizing  roller  has  a  freely-rotatable 
companion  roller  mounted  inside  of  the  mandrel  in 

10  aligned  rolling  contact  against  inner  and  outer  sur- 
faces  of  the  perforated  tubing  (2')  moving  down- 
stream  around  the  mandrel. 

3.  Apparatus  (20)  claimed  in  Claim  2,  wherein: 
15  the  mandrel  (50)  has  a  wedge-shaped  tran- 

sition  end  (51)  with  a  ridge  (47)  lying  in  plane  P  and 
extending  transversely  of  the  mandrel  at  an 
upstream  end  of  the  mandrel; 

the  wedge-shaped  transition  end  (51)  has  a 
20  pair  of  generally  isosceles-shaped  triangular  faces 

(48)  extending  downstream  from  the  ridge  (47)  and 
being  on  opposite  sides  of  plane  P  and  diverging 
one  from  the  other  in  the  downstream  direction  and 
each  having  a  vertex  (55)  with  the  two  vertices  posi- 

25  tioned  directly  opposite  each  other  on  opposite 
sides  of  plane  P;  and 

the  stabilizing  rollers  (52)  are  at  rolling  con- 
tact  positions  (54  in  FIGS.  5  and  6)  located  near  a 
level  of  the  vertices  (55). 

30 
4.  Apparatus  (20)  claimed  in  Claim  3,  wherein: 

the  wedge-shaped  transition  end  (51)  pro- 
vides  a  constant  distance  around  its  periphery  at 
each  successive  position  downstream  therealong. 

35 
5.  Apparatus  (20)  claimed  in  Claim  1,  2,  3  or  4, 

wherein: 
the  feed  rollers  (56)  are  continuously  rotating 

with  their  rims  (57)  moving  at  a  first  peripheral 
40  speed;  and 

the  continuously  rotating  tear-off  rollers  (62) 
have  rims  (63)  moving  at  a  second  peripheral 
speed  faster  than  said  first  peripheral  speed  for 
tearing  successive  plastic  bands  (29)  from  the 

45  opened  perforated  tubing  (2')  at  the  transverse  per- 
forations  (27). 

6.  Apparatus  (20)  claimed  in  any  preceding  Claim, 
wherein: 

so  said  push-off  means  (76,  84  in  FIGS.  3,  5 
and  7)  comprises  continuously-rotating  toothed 
belt-drive  pulleys  (74)  positioned  on  opposite  sides 
of  the  mandrel  with  push-off  belts  (76)  continuously 
revolving  around  said  belt-drive  pulleys; 

55  said  continuously  revolving  push-off  belts 
(76)  have  teeth  engaging  in  positive  drive  relation- 
ship  with  the  toothed  belt-drive  pulleys  (74); 

each  of  said  continuously  revolving  push-off 
belts  (76)  have  a  plurality  of  pusher  elements  (84) 

10 
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secured  to  the  belt  equispaced  along  the  belt  pro- 
jecting  outwardly  from  the  outer  surface  of  the  belt; 

said  continuously  revolving  push-off  belts 
revolve  around  freely-rotating  idler  pulleys  (78) 
positioned  near  the  downstream  end  (82)  of  the 
floating  mandrel  (50); 

the  floating  mandrel  (50)  has  channels  (84) 
extending  downstream  along  the  mandrel;  and 

pusher  elements  (84)  simultaneously  enter 
into  respective  channels  for  simultaneously  pushing 
downstream  against  the  upstream  edge  of  each 
successive  band  (29)  for  ejecting  the  bands  from 
the  downstream  end  (82)  of  the  floating  mandrel. 

7.  Apparatus  (20)  claimed  in  Claim  6,  wherein: 
outer  ends  of  the  pusher  elements  (84)  in 

swinging  (89  in  FIG.  5)  around  the  axes  (79)  of  the 
idler  pulleys  (78)  are  moving  faster  than  the  push- 
off  belts  (76)  for  imparting  a  final  ejection  accelera- 
tion  kick  to  each  band  being  ejected  from  the  down- 
stream  end  (82)  of  the  floating  mandrel  (50). 

8.  Apparatus  (20)  claimed  in  Claim  7,  wherein: 
the  pusher  elements  (84)  project  outwardly 

from  the  outer  surface  of  each  push-off  belt  (76)  by 
a  distance  D,  which  is  at  least  70%  of  the  radius  R 
of  the  belt-drive  pulleys  (74). 

9.  Apparatus  (20)  claimed  in  Claim  7  or  8,  wherein: 
the  idler  pulleys  (78)  have  a  radius  larger 

than  the  radius  R  of  the  belt-drive  pulleys  for  enlarg- 
ing  the  radius  of  swing  (89)  of  the  tips  of  the  pusher 
elements  (84)  around  the  axes  (79)  of  the  idler  pul- 
leys  (78)  relative  to  their  radius  of  swing  around 
axes  (64)  of  the  belt-drive  pulleys  (74)  for  increas- 
ing  the  desired  downstream  final  ejection  accelera- 
tion  kick  being  applied  to  the  upstream  edge  of 
each  band  while  decreasing  the  component  of 
motion  outwardly  against  the  upstream  edge  of 
each  band. 

10.  Apparatus  (20)  claimed  in  Claim  6,  7,  8  or  9, 
wherein: 

at  least  one  belt-drive  pulley  (74)  is  mounted 
on  each  continuously  rotating  shaft  (70)  on  which  is 
mounted  a  tear-off  roller  (62). 

11.  Apparatus  (20)  claimed  in  Claim  10,  wherein: 
the  radius  R  of  the  belt  drive  pulley  on  each 

continuously  rotating  shaft  (70)  is  less  than  the 
radius  of  the  rim  (63)  of  the  tear-off  roller  (62)  on  the 
shaft. 

thereon  between  the  two  belt-drive  pulleys. 

13.  Apparatus  (20)  claimed  in  Claim  12,  wherein: 
the  floating  mandrel  (50)  has  four  channels 

5  (86)  substantially  equispaced  around  the  mandrel, 
and  four  pusher  elements  (84)  on  respective  four 
push-off  belts  (76)  simultaneously  enter  into  and 
travel  downstream  along  the  respective  four  chan- 
nels  for  simultaneously  pushing  against  four  sub- 

10  stantially  equispaced  regions  on  an  upper  edge  of 
each  band  (29)  for  simultaneously  pushing  each 
band  along  the  mandrel  at  a  high  speed  while  sub- 
stantially  equispacing  stress  along  the  upper  edge 
of  the  band. 

15 
14.  Apparatus  (20)  claimed  in  any  preceding  Claim, 

wherein: 
perforator  means  (30)  are  positioned 

upstream  from  the  floating  mandrel  (50),  and  said 
20  perforator  means  include  a  perforator  rotor  (24) 

positioned  in  opposed  relationship  to  an  anvil  roller 
(22); 

said  perforator  rotor  (24)  is  rotatably  driven 
around  an  axis  (28)  extending  transversely  relative 

25  to  tubing  length; 
said  perforator  rotor  (24)  carries  a  plurality  of 

perforator  blades  (26)  extending  parallel  with  said 
axis  (28); 

said  blades  have  tips  all  at  a  same  uniform 
30  radial  distance  from  said  axis  (28); 

flattened  plastic  tubing  (2)  travels  partially 
around  the  anvil  roller  (22)  and  then  travels 
between  the  anvil  roller  and  the  tips  of  blades  (26) 
of  the  rotating  perforator  rotor  (24)  for  forming 

35  equispaced  transverse  perforations  (27)  in  the  flat- 
tened  plastic  tubing  at  equispaced  distances  L 
along  perforated  flattened  tubing  (2');  and 

said  feed  rollers  (56)  have  rims  (57)  moving 
at  a  peripheral  speed  0.03%  to  0.5%  faster  than  tip 

40  speed  of  said  perforator  blades  (26)  for  maintaining 
the  flattened  perforated  tubing  (2')  under  tension  in 
travelling  from  the  perforator  means  (30)  toward 
and  onto  the  floating  mandrel  (50). 

45 

50 

12.  Apparatus  (20)  claimed  in  Claim  10  or  11,  wherein: 
there  are  two  belt-drive  pulleys  (74)  mounted  55 

on  each  of  two  parallel  continuously  rotating  shafts 
(70)  positioned  on  opposite  sides  of  the  floating 
mandrel  (50);  and 

each  shaft  has  a  tear-off  roller  (62)  mounted 
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