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(57) Abréegée/Abstract:
A method of producing a blown film with a controlled thickness profile, comprises the steps of: extruding molten plastic through an

annular extrusion die; cooling the molten plastic using an annular blower around the extrusion die, positioning one or more sources
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(57) Abrege(suite)/Abstract(continued):

of supplemental air at one or more desired circumferential positions about the annular extrusion die and adjacent to the extruded
molten plastic, the annular blower and the one or more sources of supplemental air being operated to supply cooling air to the
molten plastic between the annular extrusion die and the frost line where the molten plastic solidifies; and controlling the one or
more sources of supplemental air to form one or more areas of increased thickness along a circumferential thickness profile of the

blown film, the one or more areas of increased thickness having a thickness that Is greater than an average thickness of the
circumferential profile.




ABSTRACT OF THE DISCLOSURE
A method of producing a blown film with a controlled thickness profile, comprises the
steps of: extruding molten plastic through an annular extrusion die; cooling the molten plastic
using an annular blower around the extrusion die, positioning one or more sources of
5 supplemental air at one or more desired circumterential positions about the annular extrusion
die and adjacent to the extruded molten plastic, the annular blower and the one or more
sources of supplemental air being operated to supply cooling air to the molten plastic between
the annular extrusion die and the frost line where the molten plastic solidifies; and controlling
the one or more sources of supplemental air to form one or more areas of increased thickness
10  along a circumierential thickness protile of the blown film, the one or more areas of increased
thickness having a thickness that is greater than an average thickness of the circumierential

protile.
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METHOD AND APPARATUS FOR EXTRUDING BLOWN FILM WITH A
CONTROLLED THICKNESS PROFILE

TECHNICAL FIELD
S [0001} This relates to a method and apparatus for extruding blown film with a controlled

thickness profile.

BACKGROUND |
[0002] Blown film is often produced using an apparatus as shown in FIG. 4. The

10 apparatus includes a source of molten plastic 102, an extrusion die 104 through which the
plastic is extruded, and an annular blower 106 that supplies a consistent supply of cooling air
to the molten plastic that has extruded out through extrusion die 104. The molten plastic
travels along a film travel path 107, solidifies at a frost line, and is collected by a film
collector 108 at the end of film travel path 107. There is also typically an air supply (not

15 shown) within the bubble of plastic that is used to maintain the diameter of the film by
controlling the air pressure within the film. While some cooling may be applied within the
plastic film, the primary source will be applied using an annular blower 106. While FIG. 1
shows a typical arrangement for producing and collecting a blown film, variations may be
used, as 1s known 1n the art.

20 [0003] In order to control the thickness of the blown film, various control techniques may
be used, an example of which is described in United States patent no. 5,676,893 (Cree)
entitled “Cooling and thickness control for extruded products”. The goal of this control is to

produce a film that has a consistent thickness.

25 SUMMARY
[0004] According to an aspect, there is provided a method of producing a blown film
with a controlled thickness profile, comprising the steps of: extruding molten plastic through
an annular extrusion die; cooling the molten plastic using an annular blower that supplies a
consistent supply of air around a circumference of the extrusion die, the molten plastic

30  soliditying at a frost line axially spaced from the extrusion die; positioning one or more
sources of supplemental air at one or more desired circumferential positions about the annular
extrusion die and adjacent to the extruded molten plastic, the annular blower and the one or

more sources of supplemental air being operated to supply cooling air to the molten plastic
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between the annular extrusion die and the frost line; and controlling the one or more sources
of supplemental air to form areas of increased thickness along a circumferential thickness
protile of the blown film, the areas of increased thickness having a thickness that is greater
than an average thickness of the circumferential profile.

5 [0005] According to other aspects, the method may include one or more of the following
features, along or in combination: the annular blower and the one or more sources of
supplemental air supply cooling air to the molten plastic, and the areas of increased thickness
correspond to the position of the one or more sources of supplemental air; the blown film
comprises a stretch hooder for packaging objects having a rectangular cross-section, and

10 wherein the blowers are positioned at locations corresponding to the corners of the object; and -
the one or more sources of supplemental air are positioned between the annular blower and
the frost line.

[0006] According to an aspect, there is provided an apparatus for producing a blown film
with a controlled thickness profile. The apparatus comprises an annular extrusion die, a

15  source of molten plastic connected to supply molten plastic to the extrusion die, a film travel
path that extends from the extrusion die to a film collector where the molten plastic travels
along the film travel path and cooling to a solid at a frost line, and an annular blower that
supplies a consistent supply of air around a circumference of the film travel path. The
apparatus also includes one or more sources of supplemental air positioned at one or more

20  desired circumferential positions about the annular extrusion die and adjacent to the extruded
molten plastic, the annular blower and the one or more sources of supplemental air being
positioned to supply air to the film travel path below the frost line.

[0007] According to other aspects, the apparatus may include one or more of the
following features, alone or in combination. The blown film comprises a stretch hooder for

25  packaging objects having a rectangular cross-section, and the blowers are positioned at
locations corresponding to the corners of the object. The annular blower is positioned
adjacent to the extrusion die and the one or more sources of supplemental air are positioned
between the annular blower and the frost line.

[0008] In other aspects, the features described above may be combined together in any

30  reasonable combination as will be recognized by those skilled in the art.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0009] These and other features will become more apparent from the following
description in which reference is made to the appended drawings, the drawings are for the
purpose of illustration only and are not intended to be in any way limiting, wherein:
5 FIG. 1 1s a side elevation view of an extruder designed to control the thickness of
the plastic film.
FIG. 2 1s a top plan view of the extruder of FIG. 1.
FIG. 3 1s graph of a thickness profile of a film with a controlled thickness.
FIG. 4 1s a side elevation view of a prior art apparatus that extrudes a plastic film,
10 into which the extruder of FIG. 1 may be incorporated.
FI1G. 5 1s an example of a prior art extruder.

FIG. 6 is a chart depicting the thickness of a film produced from the extruder of
FIG. 5.

15 DETAILED DESCRIPTION
10010} An apparatus for extruding blown film with a controlled thickness profile will
now be described with reference to FIG. 1 through 6.
[0011] A general apparatus 100 for extruding blown film is shown in FIG. 4. Apparatus
100 includes an extrusion die 104 that is supplied by a source of molten plastic 102, an
20 annular blower 106 for cooling the molten plastic, and a film collector 108 that collects the
extruded, solidified film. Typically, the film is folded to reduce its cross-section, and then
rolled onto a roll of film.
[0012] The presently described apparatus and method was initially conceived for use in
applications that use stretch hooder film, such as may be used to cover a pallet. By
25  controlling the thickness of the film, it is possible to produce a film with a greater thickness at
locations at which additional strength or reinforcement would be beneficial, such as at corners
where tearing 1s more likely to occur. For example, if the film is to be used as stretch hooder
for a rectangular pallet, the film may be thickened at four locations along the circumference of
the film, corresponding to the corners of the pallet. The number of areas of increased
30 thickness and their location can be selected according to the intended use, and may only

require one area of increased thickness, such as to thicken a handle or other point load. There
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may also be other uses other than as stretch hooder film that may benefit from areas of greater
thickness around the circumference of the film, or along the width of the film, including uses
that may require the film to be cut and/or opened.
[0013] Referring to FIG. 1, annular blower 106 provides a consistent supply of air around
5  acircumference of extrusion die 104 that is used to cool and solidify the molten plastic that is
extruded through die 104 as it travels along film path 107. It will be understood that the
extrusion die and annular blower 106 may take various forms, including some designs that
correct the air flow through annular blower 106, or molten plastic flow through extrusion die
104, to produce a film with a consistent thickness. As a result of the cooling air, the extruded
10 molten plastic will solidify at a frost line 110. Referring to FIG. 5, in a prior art system, frost
line 110 is typically linear, or approximately linear, as the film will cool and solidify at
approximately the same height above die 104. This results in a film with a relatively constant
thickness, as shown in FIG. 6. Many prior art systems are designed to monitor this type of
chart, which can be done in real time, and correct the process to maintain the thickness within
15  acceptable tolerances.
[0014] Reterring again to FIG. 2, the present apparatus includes one or more sources of
supplemental air 112, such as four discrete air nozzles as shown, positioned at desired
circumterential positions about annular extrusion die 104 and adjacent to molten plastic
extruded therethrough. Annular blower 106 and sources of supplemental air 112 operate
20  together to supply cooling air to the molten plastic as it travels between annular extrusion die
104 and frost line 110, and possibly beyond to further cool the film, if necessary. Anmilar
blower 106 and sources of supplemental air 112 are shown as being supplied by the same

source of pressurized air or fan 114, although separate sources of air may be provided, as is

known in the art. As shown, annular blower 106 is outside and slightly below annular
25 extrusion die 104, while sources of supplemental air 112 are above annular blower 106, but

below frost line 110. It will be understood that different configurations and designs may be

used. For example, rather than sources of supplemental air 112 made up of individual nozzles
that are movable as shown, there may be other designs, such as a single annular blower 106
with portions blocked to create discrete streams of cooling air. By providing cooling air at
30  specific locations, it has been found that the thickness of the film can be increased in those

locations. Furthermore, it may also be possible to control the thickness of the areas of
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increased thickness by controlling the amount of airflow through sources of supplemental air
112, and therefore the rate of cooling. Typically, the volume of supplemental air will be a
fraction of the volume of air through annular blower 106, although the actual amount will
depend on the desired results and the equipment design. The width of the area of thickness
5  may be controlled at least in part by the width of supplemental air source 112. For example,

in one trial, round nozzles that were about 2 or 3 inches across was able to increase the
thickness across a width of about 6 to 8 inches. It may also be possible to control the profile
of the thickened area by controlling the shape of the nozzles. In addition, control of the
thickness may be enhanced using any control that may be provided with respect to those

10 previously used with annular blower 106, if desired.
[0015] An example of a thickness measurement is shown in FIG. 3, where the increase in
thickness can be seen. In addition, referring to FIG. 1, it can be seen that frost line 110 is less
linear, with frost line 110 being noticeably lower in locations corresponding to sources of
supplemental air 112. These areas correspond to a thicker film that has a thickness greater

15  than the average thickness of the film. Referring to FIG. 2, it can be seen that sources of
supplemental air 112 may be repositioned, depending on the preferred dimensions.
Alternatively, if sources of supplemental air 112 are provided by a single ring with flow
restrictions (not shown), the areas of increased thickness may be provided by moving the
restrictions and therefore controlling the flow of supplemental air.

20 [0016] In this paient document, the word "comprising” is used in its non-limiting sense to
mean that items following the word are included, but items not specifically mentioned are not
‘excluded. A reference to an element by the indefinite article "a" does not exclude the
possibility that more than one of the clements is present, unless the context clearly requires
that there be one and only one of the elements.

25 [0017]  The scope of the following claims should not be limited by the preferred
embodiments set forth in the examples above and in the drawings, but should be given the

broadest interpretation consistent with the description as a whole.
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What 1s Claimed is:

1. A method of producing a blown film with a controlled thickness profile, comprising
the steps of:

extruding molten plastic through an annular extrusion die;

cooling the molten plastic using an annular blower that supplies a consistent supply of
air around a circumference of the extrusion die, the molten plastic solidifying at a frost line
axially spaced from the extrusion die;

positioning one or more sources of supplemental air at one or more desired
circumferential positions about the annular extrusion die and adjacent to the extruded molten
plastic, the annular blower and the one or more sources of supplemental air being operated to
supply cooling air to the molten plastic between the annular extrusion die and the frost line;
and

controlling the one or more sources of supplemental air to form one or more areas of
increased thickness along a circumferential thickness profile of the blown film, the one or
more areas of increased thickness having a thickness that is greater than an average thickness

of the circumferential profile.

2. The method of claim 1, wherein the annular blower and the one or more sources of
supplemental air supply cooling air to the molten plastic, and wherein each area of increased

thickness correspond to the position of each source of supplemental air.

3. The method of claim 1, wherein the blown film comprises a stretch hooder for
packaging objects having a rectangular cross-section, and wherein the blowers are positioned

at locations corresponding to the corners of the object.

4. The method of claim 1, wherein the one or more sources of supplemental air are

positioned between the annular blower and the frost line.

3. An apparatus for producing a blown film with a controlled thickness profile,

comprising:
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an annular extrusion die;

a source of molten plastic connected to supply molten plastic to the extrusion die:

a film travel path that extends from the extrusion die to a film collector, the molten
plastic travelling along the film travel path and cooling to a solid at a frost line:

S an annular blower that supplies a consistent supply of air around a circumference of

the tilm travel path;

a one or more sources of supplemental air positioned at one or more desired
circumferential positions about the annular extrusion die and adjacent to the extruded molten
plastic, the annular blower and the one or more sources of supplemental air being positioned

10 to supply air to the film travel path below the frost line.

0. The apparatus of claim 5, wherein the blown film comprises a stretch hooder for
packaging an object having a rectangular cross-section with corners, and comprising sources
of supplemental air positioned at circumferential positions corresponding to the corners of the

15  objects.

7. The apparatus of claim 5, wherein the annular blower is positioned adjacent to the
extrusion die and the one or more sources of supplemental air are positioned between the

annular blower and the frost line.

20
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