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(54)  Apparatus  for  producing  plastic  film 

(57)  Apparatus  for  producing  plastic  film,  of  the  type 
in  which  molten  plastic  is  extruded  through  an  annular 
die  to  form  a  tubular  bubble  which  is  expanded  by  air 
blown  into  the  bubble  (10),  and  a  collapsing  frame  for 
forming  the  bubble  into  a  flat  tube  (10a)  prior  to  passing 
the  tube  through  a  nip  formed  between  rollers  (20),  in 
which  opposed,  converging  reaches  of  endless  belts 
(16,17)  are  used  for  the  collapsing.  The  belts  (16,17) 
have  their  upstream  ends  held  by  a  pair  of  first  rollers 
(18)  spaced  apart  on  opposite  sides  of  the  bubble,  and 
have  their  downstream  ends  held  by  a  pair  of  nip  rollers 
(20)  which  hold  the  belts  together  to  form  a  nip  for  the 
collapsed  tube  (10a).  Pulleys  (25,26)  and  a  belt  (16,17), 
or  gears,  are  provided  which  rotatably  interconnect  the 
pinch  rollers  (20)  and  ensure  that  the  belts  (16,17) 
entering  the  nip  travel  at  the  same  surface  speed. 
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Description 

Background  of  the  Invention. 

1  .Field  of  the  Invention 

[0001  ]  The  present  invention  relates  to  apparatus  for 
extruding  blown  plastic  film.  More  particularly,  it  relates 
to  means  for  collapsing  a  tubular  bubble  of  blown  plastic 
film. 

2.Prior  Art 

[0002]  All  blown  plastic  film  is  extruded  either  verti- 
cally,  up  or  down,  or  horizontally,  from  an  annular  die. 
Once  the  plastic  or  polymer  leaves  the  die,  it  forms  a 
tubular  "bubble"  and  is  drawn  from  the  die  by  means  of 
two  rollers  (usually  known  as  "nip  rollers")  which  contact 
a  collapsed  outer  end  of  the  bubble.  As  it  leaves  the  die, 
the  bubble  is  inflated  with  air  by  blowing  means  which 
supply  air  through  the  die,  and  once  the  requisite  diam- 
eter  has  been  reached  inflation  ceases  and  the  air  is 
trapped  between  the  face  of  the  die  and  the  nip  rollers. 
[0003]  When  extruding  blown  film,  the  material  in  the 
form  of  a  bubble  is  drawn  from  the  die  through  the  set  of 
nip  rollers,  which  are  operated  at  variable  speeds.  This 
speed  sets  the  final  thickness  of  the  film,  which  is 
dependent  on  how  quickly  the  material  may  be  drawn 
from  the  die.  An  apparatus  commonly  known  as  an  air 
ring  is  mounted  on  top  of  the  die.  The  air  ring  is 
designed  to  deliver  a  constant  and  precise  flow  of  air 
from  a  pressure  blower.  This  airflow  reduces  the  tem- 
perature  of  the  polymer  sufficient  to  crystallise  the  mol- 
ecules,  which  will  set  the  final  film  diameter  known  as 
the  freeze  line  or  frost  line. 
[0004]  Once  the  conditions  are  set,  the  bubble  diame- 
ter  is  constantly  being  guided  vertically  through  the  bub- 
ble  glides,  and  other  guiding  apparatus  to  the  top  nip. 
Immediately  prior  to  the  top  nip,  a  set  of  collapsing 
frames  mounted  at  an  adjustable  angle  from  the  bubble 
diameter,  at  its  entrance,  to  close  to  zero  at  the  top,  cre- 
ates  the  transition  of  the  bubble  from  cylindrical,  to  a 
tubular  layflat  sheet.  This  tubular  layflat  sheet  is  con- 
veyed  to  the  winding  apparatus  where  the  film  can  be 
rolled  for  further  processing  such  as  printing  and  bag 
making. 
[0005]  Current  advances  in  technology  including  pol- 
ymer  chemistry,  innovative  cooling  devices,  and  crea- 
tive  guiding  devices,  have  resulted  in  increased 
extrusion  or  production  speeds.  With  this  combination 
of  softer  polymers  and  high  extrusion  rates,  the  collaps- 
ing  frame  technology,  prior  to  the  top  nip  has  been  a  lim- 
iting  factor,  unable  to  handle  the  increased  flow  rates, 
resulting  in  deformed  layflat  sheet,  creating  unaccepta- 
ble  quality  and  reduced  production  rates  of  the  finished 
product.  Numerous  methods  have  been  tried  to  mini- 
mize  this  problem.  Examples  include  Teflon  roller  col- 
lapsing  frames,  air  collapsing  frames,  air  tables,  and 

tendency  roller  collapsing  frames,  all  of  which  have  had 
limitations,  in  either  lack  of  quality  or  reduction  in  pro- 
duction  capabilities. 
[0006]  Various  so-called  collapsing  frames  have  been 

5  used  in  the  prior  art  for  guiding  and  collapsing  the  tubu- 
lar  bubble  before  it  passes  into  the  nip  between  the 
pinch  rollers.  Such  frames  originally  consisted  of 
wooden  slats,  rollers  either  driven  or  idle  and  driven  by 
the  film,  "Teflon"  (Trademark)  rollers  or  beads,  or  bars  or 

10  strips  having  air  outlets  to  minimize  contact  with  the  soft 
plastic  film.  One  problem  with  the  usual  types  of  collaps- 
ing  frame  is  the  difficulty  of  providing  a  smooth  transition 
across  the  gap  which  exists  between  the  outer  end  of 
the  frame,  where  the  transverse  dimension  of  the  tube  is 

15  smallest,  and  the  roller  nip.  This  gap  allows  the  film  to 
expand  slightly,  under  the  pressure  of  air,  and  this  in 
turn  tends  to  cause  wrinkles  as  the  film  is  drawn  into  the 
nip. 
[0007]  Proposals  have  been  made  for  using  converg- 

20  ing  belts  to  provide,  in  effect,  a  part  of  the  collapsing 
frame.  So  far  as  Applicant  is  aware,  such  proposals 
have  not  been  adopted  in  practice.  The  problem  with 
using  converging  belts  is  that  any  slight  discrepancy 
between  the  surface  speed  of  the  belts  will  cause  wrin- 

25  Wes  as  the  blown  tube  enters  the  nip.  The  present 
invention  overcomes  this  problem. 

Summary  of  the  Invention 

30  [0008]  The  present  invention  endeavours  to  provide 
an  improved  film-collapsing  device.  The  device  com- 
bines  a  collapsing  frame  and  top  nip  assembly  in  order 
to  overcome  the  quality  and  yield  problems,  blow  film 
processors  currently  encounter,  associated  with  the 

35  processing  of  newer  softer  polymers  and  the  require- 
ment  for  higher  extrusion  rates.  This  provides  a  means 
to  control  and  optimize  the  collapsing  frames  operating 
parameters. 
[0009]  The  present  invention,  utilizes  two  conveyors 

40  which  converge  and  encompass  the  top  nips.  Rather 
than  as  conventionally  occurring  in  two  stages,  the  col- 
lapsing  process  occurs  in  one  continuous  flow.  Collaps- 
ing  from  round  to  flat,  the  centre  of  the  layflat  tube 
moves  with  the  conveyor  while  the  outside  of  the  tubular 

45  film  will  not  drag,  but  will  systematically  be  laid  down  on 
the  surface  of  the  conveyors.  The  upper  drive  rollers  of 
the  conveyors  form  the  top  nip. 
[0010]  The  present  invention  endeavours  to  mitigate 
the  following  problems: 

50 
wrinkling  during  collapse; 
use  of  expensive  additives; 
friction  between  top  nip  and  collapsing  frame; 
film  stretch  between  top  nip  and  collapsing  frame; 

55  -  small  collapsing  angles  (less  than  30°);  and 
low  production  speeds. 

[001  1  ]  In  accordance  with  this  invention,  apparatus  for 
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producing  plastic  film  of  the  type  described,  and  having 
means  for  collapsing  the  bubble  into  a  flat  tube  prior  to 
passing  the  tube  through  a  nip  formed  between  rollers, 
is  characterized  in  that  the  collapsing  means  includes 
opposed  reaches  of  endless  belts  having  their  upstream 
ends  held  by  a  pair  of  first  rollers  spaced  apart  on  oppo- 
site  sides  of  the  bubble,  and  having  their  downstream 
ends  held  by  a  pair  of  nip  rollers  which  hold  the  belts 
together  to  form  a  nip  for  the  collapsed  tube;  and  in  that 
drive  means  are  provided  which  rotatably  interconnect 
the  pinch  rollers  and  ensure  that  the  belts  entering  said 
nip  travel  at  the  same  surface  speed. 
[001  2]  The  drive  means  may  include  a  pulley  mounted 
to  rotate  with  each  of  the  pinch  rollers,  and  a  single  drive 
belt  having  an  inside  surface  frictionally  driving  a  first  of 
the  pulleys  and  having  an  outside  surface  frictionally 
driving  the  second  of  the  pulleys.  Alternatively  the  drive 
means  may  include  a  gear  wheel  mounted  to  rotate  with 
each  of  the  pinch  rollers,  the  gear  wheels  being  of  the 
same  size  and  meshing  with  each  other  to  ensure  that 
the  pinch  rollers  rotate  at  the  same  speed. 

Brief  Description  of  the  drawings. 

[0013]  Preferred  embodiments  of  the  invention  will 
now  be  described  by  way  of  example  with  reference  to 
the  accompanying  drawings,  in  which; 

Fig.  1  shows  a  side  elevation  of  a  first  bubble  guide 
unit  and  collapsing  frame  in  accordance  with  the 
invention,  and 
Fig.  2  shows  a  similar  view  of  a  second  collapsing 
frame  in  accordance  with  the  invention; 
Fig.  3  shows  a  view  on  lines  3-3  of  Fig.2  of  the  sec- 
ond  collapsing  frame; 
Figs.4  and  5  show  views  similar  to  Figs.2  and  3  of  a 
third  embodiment  of  collapsing  frame. 

Detailed  Description. 

[0014]  Fig.1  shows  an  upper  portion  of  apparatus  for 
upwardly  extruding  plastic  film  to  form  a  tubular,  gener- 
ally  cylindrical  bubble  10.  The  extrusion  apparatus,  not 
shown,  is  of  conventional  form,  and  includes  an  annular 
die  with  means  for  extruding  molten  plastic  through  the 
die  and  blowing  means  for  supplying  air  into  the  bubble. 
The  size  and  shape  of  the  bubble  may  be  controlled  by 
a  cooling  ring,  and  stabilized  by  a  so-called  bubble 
guide  or  cage  12,  also  of  known  form. 
[0015]  In  accordance  with  the  invention,  there  is  pro- 
vided,  downstream  of  the  bubble  guide  12,  a  collapsing 
means  provided  by  opposed  converging  reaches  of  two 
belts  1  6  and  1  7.  The  upstream  ends  of  the  two  belts  are 
held  by  a  pair  of  first  rollers  1  8  spaced  apart  on  opposite 
sides  of  the  bubble  10  and  mounted  on  roller  shafts  19. 
The  downstream,  or  upper,  ends  of  the  two  belts  are 
held  by  a  pair  of  nip  rollers  20,  of  considerably  larger 
diameter  than  the  rollers  18,  and  which  are  between  the 

belts  as  they  pass  around  these  rollers  20.  The  flattened 
tube  10a  is  drawn  off  from  one  side  of  the  pinch  rollers. 
The  belts  16  and  17  are  driven  at  the  same  surface 
speed  to  provide  a  gradually  converging  inlet  into  the 

5  nip  in  which  there  is  no  uncontrolled  expansion  of  the 
bubble  and  substantially  no  wrinkles. 
[0016]  Both  the  rollers  20  are  positively  driven,  how 
being  a  matter  of  design  choice,  but  as  shown  here  by 
means  of  pulleys  25  and  26  mounted  on  the  same  pinch 

10  roller  shafts  21  as  the  rollers  and  which  rotate  with  the 
rollers.  Both  of  these  pulleys  are  driven  by  a  single  drive 
belt  22  (or  by  two  timed  independent  drives)  having  an 
outer  loop  portion  which  passes  around  drive  pulley  24. 
The  belt  22  has  an  inside  surface  frictionally  driving  the 

15  first  pulley  25  and  an  outside  surface  frictionally  driving 
the  second  pulley  26,  so  that  both  pulleys  are  driven  at 
precisely  the  same  speed  by  the  belt.  This  arrangement 
ensures  that  the  pinch  rollers  20  are  driven  at  the  same 
surface  speed,  and  that  the  plastic  film  10  is  not  wrin- 

20  Wed  as  it  passes  between  the  rollers. 
[001  7]  Figs.2  and  3  show  a  variation  of  the  arrange- 
ment  which  uses  gears  instead  of  pulleys  to  maintain 
the  relation  between  the  speeds  of  the  pinch  rollers; 
these  figures  also  show  mounting  arrangements  for  the 

25  belt  rollers. 
[0018]  Referring  to  Figs.2  and  3,  a  fixed  support  100 
has  front  and  back  plates  1  1  0  and  1  1  2  held  spaced 
apart  by  pillars  103.  The  plates  between  them  support 
the  shaft  1  19  of  a  first  roller  1  18  and  a  pinch  roller  shaft 

30  121  of  a  pinch  roller  120.  Shaft  119  is  an  idler  shaft, 
while  shaft  121  extends  out  through  the  back  plate  112 
to  drive  means  not  shown.  Shaft  119  is  adjustable  in 
position  in  adjusting  slot  104.  Both  shafts  are  supported 
preferably  in  cantilever  fashion,  the  respective  rollers 

35  being  held  outside  the  support  with  their  inner  ends 
spaced  slightly  from  front  plate  110.  The  latter  plate  also 
carries  a  fixture  130  for  a  spring  biassed  arm  131  which 
holds  the  shaft  of  a  tensioning  roller  133,  but  which  may 
be  dispensed  with.  The  two  rollers  118  and  120  hold 

40  respectively  the  upstream  and  downstream  ends  of  an 
endless  belt  1  16  which  is  tensioned  by  the  roller  133. 
[001  9]  A  movable  support  1  02  has  a  front  plates  1  1  0a 
similar  to  plate  1  1  0  and  a  back  plate  (not  shown)  similar 
to  plate  1  12.  The  movable  support  102  is  connected  at 

45  a  lower  corner  to  the  fixed  support  100  by  a  pivot  105 
(which,  however,  may  be  dispensed  with),  and  the  sup- 
ports  are  also  connected  near  their  upper  ends  by  a 
pressure  fluid  cylinder  1  06,  specifically  a  pneumatic  cyl- 
inder.  A  relatively  fixed  end  of  this  cylinder  is  mounted 

so  on  the  fixed  support  by  a  bracket  107  extending 
between  the  front  and  back  plates  110  and  112,  while  a 
relatively  movable  end  of  the  cylinder  is  connected  to  a 
bracket  which  joins  the  front  and  back  plates  of  the  mov- 
able  support  102.  The  pneumatic  cylinder  106  may  be 

55  an  electric  or  air  motor  for  moring  plates  100  and  102  by 
either  pivoting  or  horizontal  displacement  by  sliding  one 
or  both  plates. 
[0020]  The  front  plate  1  1  0a  and  back  plate  of  the  mov- 
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able  support  between  them  support  the  shaft  1  1  9a  of  a 
first  roller  1  18a  and  a  pinch  roller  shaft  121a  of  a  pinch 
roller  120a.  Both  shafts  1  19a  and  121a  are  supported  in 
cantilever  fashion  in  the  same  manner  that  the  shafts 
119  and  121  are  supported,  the  shaft  119a  being  5 
adjustable  in  slot  104a.  The  front  plate  110a  carries  a 
fixture  130a  for  a  spring  biassed  arm  131a  which  holds 
the  shaft  of  a  tensioning  roller  133a.  The  two  rollers 
118a  and  120a  hold  respectively  the  upstream  and 
downstream  ends  of  an  endless  belt  1  1  7  which  is  ten-  jo 
sioned  by  the  roller  1  33a.  This  belt  cooperates  with  the 
belt  1  1  6  so  that,  as  in  the  first  embodiment,  the  opposed 
inner  reaches  of  the  belts  can  contact  opposite  sides  of 
a  tubular,  air  inflated  plastic  bubble  (shown  at  10  in 
Fig.  3)  to  collapse  it  and  pass  it  between  the  nip  rollers  75 
120,  120a.  The  tensioning  rollers  133  and  133a  are 
positioned  on  the  outer  reaches  of  the  belts  away  from 
the  bubble. 
[0021  ]  This  embodiment  also  has  means  for  ensuring 
that  the  nip  rollers  move  the  belts  1  1  6  and  1  1  7  at  pre-  20 
cisely  the  same  speeds.  These  means  include  gear 
wheels  140,  140a  mounted  on  the  respective  nip  roller 
shafts  121,  121a  between  the  front  and  back  plates  of 
these  supports  to  rotate  with  the  nip  rollers.  These  gear 
wheels  (which  may  be  replaced  by  timing  belt)  are  the  25 
same  size  as  each  other,  and  mesh  together  to  ensure 
that  the  nip  rollers  rotate  at  the  same  surface  speed. 
The  teeth  of  the  rollers  are  sufficiently  large  that  minor 
movements  which  occur  in  operation  between  the  fixed 
and  movable  supports  do  not  disengage  these  gear  30 
wheels. 
[0022]  Figs.4  and  5  show  a  variation  of  the  design  of 
Figs.2  and  3,  having  the  same  fixed  and  movable  sup- 
ports  100  and  102,  and  other  features  which  are  the 
same  as  the  previous  embodiment  and  are  indicated  by  35 
the  same  reference  numbers  as  in  Figs.2  and  3;  how- 
ever  in  this  case  the  first  rollers  118  and  1  18a  are  only 
indirectly  supported  by  the  supports  1  00,  1  02.  Here,  the 
first  roller  shafts  119,  1  1  9a  are  held  at  the  outer  ends  of 
arms  pivoted  at  upper  ends  to  the  pinch  roller  shafts  40 
121,  121a,  these  arms  including  front  arms  200,  200a, 
and  back  arms  201,  201a.  The  separation  between 
these  arms,  and  therefore  the  separation  of  the  first  roll- 
ers,  is  controlled  by  a  screw  adjustment  mechanism 
including  a  lead  screw  210  supported  by  brackets  21  1  ,  45 
212  held  by  the  front  plate  1  10  of  the  fixed  support,  and 
rotatable  by  a  handle  214  accessible  from  a  side  of  the 
fixed  support.  The  lead  screw  has  first  and  second 
threaded  portions  210a  and  210b  which  have  opposite 
hand  threads,  these  threaded  portions  passing  through  so 
brackets  216  attached  to  the  rear  of  the  back  arms  201  , 
201a.  Clearly,  rotation  of  the  handle  214  in  one  sense 
causes  the  arms  201  ,  201a  to  move  apart  and  rotation 
in  the  opposite  sense  permits  the  arms  and  the  rollers  to 
move  back  by  themselves,  thus  adjusting  the  separation  55 
of  the  rollers  1  1  8  and  1  1  8a. 

Claims 

1.  Apparatus  for  producing  plastic  film,  of  the  type 
comprising  an  annular  die  and  means  for  extruding 
molten  plastic  through  the  die  to  form  a  tubular  bub- 
ble,  blowing  means  for  supplying  air  into  the  bubble, 
and  means  for  collapsing  said  bubble  into  a  flat  tube 
prior  to  passing  the  tube  through  a  nip  formed 
between  rollers; 

characterized  in  that  said  collapsing  means 
includes  opposed  reaches  of  endless  belts 
having  their  upstream  ends  held  by  a  pair  of 
first  rollers  spaced  apart  on  opposite  sides  of 
the  bubble,  and  having  their  downstream  ends 
held  by  a  pair  of  nip  rollers  which  hold  the  belts 
together  to  form  a  nip  for  the  collapsed  tube; 
and  wherein  drive  means  are  provided  which 
rotatably  interconnect  the  pinch  rollers  and 
ensure  that  the  belts  entering  said  nip  travel  at 
the  same  surface  speed. 

2.  Apparatus  according  to  claim  1  ,  wherein  said  drive 
means  include  a  pulley  mounted  to  rotate  with  each 
of  said  pinch  rollers,  and  a  single  drive  belt  having 
an  inside  surface  frictionally  driving  a  first  of  the  pul- 
leys  and  having  an  outside  surface  frictionally  driv- 
ing  the  second  of  the  pulleys. 

3.  Apparatus  according  to  claim  1  ,  wherein  said  pinch 
rollers  are  considerably  larger  in  diameter  than  said 
first  rollers. 

4.  Apparatus  according  to  claim  1  ,  wherein  the  drive 
means  include  a  gear  wheel  mounted  to  rotate  with 
each  of  the  pinch  rollers,  said  gear  wheels  being  of 
the  same  size  and  meshing  with  each  other  to 
ensure  that  the  pinch  rollers  rotate  at  the  same 
speed. 

5.  Apparatus  according  to  claim  1  ,  wherein  one  of  said 
first  rollers  and  one  of  said  nip  rollers  are  each 
mounted  on  roller  shafts  carried  by  a  first  support, 
and  another  of  said  first  rollers  and  another  of  said 
nip  rollers  are  each  mounted  on  roller  shafts  carried 
by  a  second  support,  and  wherein  said  second  sup- 
port  is  movably  mounted  relative  to  said  first  sup- 
port,  said  supports  being  connected  by  a  power 
cylinder  which  urges  together  the  two  nip  rollers. 

6.  Apparatus  according  to  claim  5,  wherein  the  two 
supports  each  carry  an  idler  roller  which  contacts 
one  of  the  endless  belts  to  maintain  tension  in  said 
belt. 

7.  Apparatus  according  to  claim  1  ,  wherein  the  appa- 
ratus  is  arranged  for  upwards  extrusion  of  the  plas- 
tic  tube. 

4 
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8.  Apparatus  for  producing  plastic  film,  of  the  type 
comprising  an  annular  die  and  means  for  extruding 
molten  plastic  through  the  die  to  form  a  tubular  bub- 
ble,  blowing  means  for  supplying  air  into  the  bubble, 
and  means  for  collapsing  said  bubble  into  a  flat  tube  5 
prior  to  passing  the  tube  through  a  nip  formed 
between  rollers,  characterized  in  that  said  collaps- 
ing  means  comprises: 

fixed  and  movable  supports  each  supporting  10 
first  and  second  roller  shafts,  said  first  roller 
shafts  carrying  a  pair  of  first  rollers  and  said 
second  roller  shafts  carrying  a  pair  of  nip  roll- 
ers,  so  that  a  combination  of  one  first  roller  and 
one  nip  roller  are  supported  by  each  of  said  15 
supports, 
a  said  first  roller  carrying  an  upstream  end  of  a 
first  endless  belt  the  downstream  end  of  which 
is  held  by  a  said  nip  roller  mounted  on  said 
fixed  support,  and  another  said  first  roller  carry-  20 
ing  an  upstream  end  of  a  second  endless  belt 
the  downstream  end  of  which  is  held  by  a  said 
nip  roller  mounted  on  said  movable  support, 
whereby  opposed  reaches  of  the  endless  belts 
can  contact  opposite  sides  of  said  tubular  bub-  25 
ble  to  collapse  it  and  pass  it  between  said  nip 
rollers; 
power  cylinder  means  connected  between  the 
two  supports  for  applying  pressure  between 
said  nip  rollers;  30 
and  wherein  drive  means  are  provided  which 
rotatably  interconnect  the  pinch  rollers  and 
ensure  that  the  belts  entering  said  nip  travel  at 
the  same  surface  speed. 

35 
9.  Apparatus  according  to  claim  8,  wherein  the  drive 

means  include  a  gear  wheel  mounted  to  rotate  with 
each  of  the  pinch  rollers,  said  gear  wheels  being  of 
the  same  size  and  meshing  with  each  other  to 
ensure  that  the  pinch  rollers  rotate  at  the  same  40 
speed. 

1  0.  Apparatus  according  to  claim  8,  wherein  said  first 
rollers  are  mounted  on  shafts  carried  by  the  respec- 
tive  first  and  second  supports.  45 

1  1  .  Apparatus  according  to  claim  8,  wherein  said  first 
rollers  are  mounted  on  shafts  carried  by  arms  pivot- 
ally  attached  to  said  second  roller  shafts. 

50 
12.  Apparatus  according  to  claim  11,  wherein  said 

arms  are  connected  to  lead  screw  means  usable  to 
adjust  the  separation  of  said  arms. 

55 
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