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1. A blown-film extrusion method for thermo-
plastic synthetic resin, wherein:

a tubular film extruded from an extrusion die is
transferred while erought into contact with a bubble
stabilizer constructed of a plurality of filament
elements which extend axially in an adequate

portion between said extrusion dié¢ and a frost line

of said film and are arranged intc a substar<ially

cylindrical shepe.
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Field of the Invention:

The present invention relates to a method
and apparatus for producing a blown film, and more
particularly to those in which an improvéd bubble
stabilizer is employed.

Description of the Prior Art:

In a blown-film extrusion for producing
a tubular resin film, it is important to prevent
molecular orilentation and thickness deviation from
occurring in the {ilm in order to produce a uniform
film, which molecular orientation and thickness devia-
tion result from material deformations occurring
in flow or extension of the resin material which
is extruded from a die in molten state and solidified.
As shown in Fig. 11, one of such preventive measure
is disclosed in a blown-{ilm extrusion described
in Japanese Patent Publication No. 55-2180 in which
a bubble is extruded from a die while brought into
contact with a small-diameter bubblée stabilizer which
projects from a surface of the die.

However, in such conventional blown-film
extrusion, since a tubular bubble stabilizer employing

a bubble stabilizer lacks cushioning properties in
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its portion contacting a tubular molten material,
such stabilizer can not adapt itself to the changes
of the bubble's shape corresponding to the changes

in room temperature, cooling effect, resin temperature,
an extrusion amount of the reisn, thickness of the
bubble and extrusion speed of the film, so that the
extruded film is often broken by occurrence of knock-
ing. In addition, in the conventional blown-film
extrusion, the molten resin extruded from the die

is cooled by a cool air supplied from an air ring
while extruded into a tubular molten resin element.
However, such cooling action depending only on the
cooling through the air ring restricts an extrusion
amount of the resin and therefore is not adequate

in increasing a production amount of the film per
hour.

Further, in the conventiocnal blown-film
extrusion, since the bubble stabilizer is fixed in
its size and shape, it is necessary to provide various
tubular bubble stabilizers having various sizes and
various shapes corresponding to various sizes and
thickness of the blown films to be produced. Conse-
quently, various types of dies are required to lead
to a cumbersome maintenance which is another problem

inherent in the conventional blown-film extrusioin.
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SUMMARY OF THE INVENTION (non-limiting)

It is an object of the present invention to
provide a blown-film extrusion method of thermoplastic
synthetic resin, in which a tubular film extruded
from the die is transferred while brought into contact
with a bubble stabilizer constructed of a plurality

resi\\vent
oﬁifilament elements which axially extend in an ade-
quate portion between the die and a frost line of
the film and are arranged into a substantially cylin-
drical shape.

It is another object of the present invention
to provide a blown-film extrusion apparatus in which
a pair of supporting members are mounted on a supporting
axle so as to be separated from each other by a certain
distance, which supporting axle is fixed to a die,
between which supporting members are provided a bubble
stabilizer constructed of a plurality of filament
elements which are mounted on peripheral edge portions
of the supporting members at intervals of a predeter-

mined distance in circumferential directions of the

supporting members in an expanded condition. Preferments follow.

According to the present invention, the
filament elements extend between the supporting members
in an expanded condition through engaging means pro-

vided in both of the supporting members.
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Accroding to the present invention, the
filament elements may be substantially parallel to
the axis >f the supporting axle, or may be obligue
to such axis.

The engaging means may be a plurality of
holes provided in a peripheral edge portion of each
of the supporting members, or may be a plurality
of U-shaped holes an opening of each of which is
directed outward, which U-shaped holes are provided
in the peripheral edge portions of the supporting
members, or may be a plurality of hook-1like pro-
jected tongues provided in the peripheral edge por-
tions of the suppoérting members.

The plurality of the filament elements
may separately extend between the supporting members
in an expanded condition.

Further, the filament elements may consti-
tute an elongated endless-ring type single element
as a whole, to make it possible that such single
element extends between the supporting members through
the engaging means in an expanded condition, the
number o6f which endless-ring type element may be
more than one.

Preferably, the filament elements are con-

structed of resilient material, for example such
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as wire, filaments of hard synthetic resin materials,
coil springs and rubber strings.

The coil springs may be double-coil springs.

The supporting members may be disks or
rings.

Of the supporting members such as the disks
or the rings, one near the die has a small diameter
so that the thus formed bubble stabilizer has prefer-
ably a conical shape.

Of the supporting members, one or both
of them may be preferably rotatable about the support-
axle and/or one or both of them may be preferably
movable in a longitudinal direction of the supporting
axle.

Other elements of the bubble stabilizer
and the blown-film extrusiion apparatus may be conven-
tional ones.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a longitudinal sectional view
of the blown-film extrusion apparatus of the present
invention;

Fig. 2 is a view similar to Fig. 1, in
which the bubble stabilizer is different in construc-
tion from one shown in Fig. 1;

Fig. 3 1s a cross-sectional view taken
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along the line B-B of Fig.1l;

Fig. 4 is an enlarged view of a portion
encivcled with the lines A-A and A"-A" of Fig. 1;

Figs. 5 and 6 are longitudinal sectional
views of another embodiment of the bubble stabilizer
of the blown-film extrusiion apparatus of the present
invention, which embodiment is different from that
shown in Fig. 1; in which Fig. 5 is a view for explain-
ing the longitudinal section of the bubble stabilizer;
and Fig. 6 is a view showing in section the essential
parts of the blown-film extrusion apparatus of the
present inventionj;

Fig. 7 is a perspective view of the bubble
stabilizer, showing one embodiment of the engaging
means for the filament elements of the supporting
disks, and showing the extending condition of the
elongated endless ring of the bubble stabilizer of
the present invention;

Fig. 8 is a partially sectional view of
the elongated coil spring, showing its end connection;

Figs. 9 and 10 are perspective views of
other engaging means of the supporting disks, which
are different from that shown in Fig. 7, respectively;
and

Fig. 11 is a longitudinal sectional view
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of the conventional blown-film extrusion apparatus
provided with the bubble stabilizer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be hereinbelow
described in detail with reference to the drawings
showing the embodiments of the present invention,
which have no intention to limit the present invention.

In Fig. 1, the reference numeral 1 denotes
a die; 2 a tubular resin film; 3 an air ring; and
4 a bubble stabilizer provided between the die 1
and a frost line 5 of the film 2.

In the bubble stabilizer 4, a supporting
axle 6 is fixed to the die 1, to which supporting
axle 6 are respectively fixed through screws 9 a
pair of supporting disks 7 and 8 one of which is
a small-diameter supporting disk 7 disposed in a
position near the die 1 and the other of which is
a large-diameter supporting disk 8, each of which
7 and 8 is provided with a boss.

As shown in Fig. 3 in the clearest manner,
a coil spring 10 which is made of stainless steel
and acting as a filament element extends between
the supporting disks 7 and 8 in parallel to an axis
of the supporting axle 6.

These supporting disks 7 and 8 may be rotat-
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able about the supporting axle 6 and longitudinally
slidable along the same 6 by slightly releasing the
screws 9.

Since the filament element 10 is constructed
of the coil spring, it is expandable to make it possi-
ble to rotate one of the supporting disks 7, 8 rela-
tive to the other thereof about the axis of the sup-
porting axle 6, so that, as shown in Fig. 2, the fila-
ment element 10 may be tilted relative to the axis
of the supporting axle 6, i.e., a cylindrical wall
surface of the bubble stabilizer 4 constructed of
at least one of the filament element 10 is put into
a twisted condition.

Although it is not shown in the drawings,
it is possible to adjust the distance between the
supporting disks 7 and 8 so as to change a frusto-
conical shape of the bubble stabilizer 4.

Thus, it is possible to provide various
sizes and shapes by the use of a single bubble stabi-
lizer 10, to make it possible to adequately select
the optimum conditions of the blown-film extrusion
in tilting angle in circumferential direction, radius
of conic section, and in resilient force of the fila-
ment element 10.

As shown in Fig. 1, the filament element 10
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contacts the tubular resin film 2 through a tiny
contact area. In addition, since the film 2 curves
naturally to contact the filament element 10 and

is separated from the latter 10 while expanded,

the expansion of the film 2 does not suffer from
resistance to make it possible that such expansion
is smoothly conducted. In such expansion of the film
2 or bubble, the bubble is put under the influences
of the room temperature; cooling action, resin temper-
ature, extrusion amount of the resin, thickness of
the bubble, éxtrusion speed of the film 2 and the
like factors to be deformed in a complex manner so
that the bubble changes in its outer diameter and
its position contacting the filament element 10 in

a bubble's portion 12 immediately before a funnel-
shaped enlarged portion 11 of the tubular resin film
2. However, such changes of the bubble can be immedi-
ately absorbed by the filament element 10 through
its resiliency to make it possible te resolve the
breakage problem of the film 2 through the knocking
thereof. In addition, as shown in the drawings, the
air supplied into the tubular resin film 2 through
an air blowing port 13 prevents the tubular resin
film 2 from being heated to a high temperature when

the air passes through the funnel-shaped enlarged
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portion 11 so as to support the cooling action of
the air ring 3 inside the tubular resin film 2, to
make it possible to increase the extrusion amount
of molten resin to be extruded, whereby the production
of the film 2 per hour is increased.

In addition, since the contacting area
is tiny, the tubular resin film can substantially
keep its thickness uniform even when there is an
uneven thermal conductivity in the film 2 during
its extrusion, so that there is no fear to produce
a defective part of the film or defective product.

In case that the blown film 2 is produced
by the use of the blown-film extrusion apparatus
of the present invention, the tubular resin film
2 extruded through the die 1 is brought into contact
with the filament element 10 of the bubble stabilizer
4 slightly at an inner surface of its portion 12
immediately before the funnel-shaped enlarged portion
11 of the film 2. Consequently, particularly in case
that the filament element 10 is tilted relative to
the axis of the supporting axle 6, the inner surface
portion of the tubular resin film 2 reaching the
above portion 12 isé kneaded obliquely by the filament
element 10 to give uniformity to the film 2 in its

polymer orientation in lateral and, longitudinal direc-
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tions. At this time, the film 2 is simultaneously
evened in its thickness through such oblique kneading
action of the filament element 10 while transferred
to the funnel-shaped enlarged portion 11, so that

the film 2 is extended in lateral and longitudinal
directions, whereby the film 2 is evened in its me-
chanical properties, for example such as tensile
strength, tear propagation strength, thickness and
the like.

In Figs. 5 and 6, there is shown another
embodiment of the present invention, which is differ-
ent from that shown in Figs. 1 and 2,

In such embodiment,; in order to adjust
the distance between the upper 7 and lower 8 support-
ing disks, a telescopic cylinder element 14 is mounted
on the supporting axle 6 between these supporting
disks 7, 8. The telescopic cylinder element 14 is
constructed of an inner cylinder 15 abutting against
the lower supporting disk 8 and an outer cylinder
16 abutting against the upper supporting disk 7 to
keep these supporting disks 7, 8 in their adjusted
positions. The cylinder element 14 is fixed to the
supporting disk 7 through screw 17. The upper sup-
porting disk 7 is provided with a rib 18 which is

inserted into the euter cylinder 16 of the cylinder
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element 14 one side of which is fixed to the upper
supporting disk 7 at the rib 18 through the screw
17.

In Fig, 7, there is shown another embodiment
of the filament element 10, i.e., an elongated endless
ring 19. In this embodiment, a plurality of c¢ircular
holes 20 acting as the engaging means for the endless
ring 19 are provided in a peripheral edge of each
of the upper 7 and lower 8 supporting disks at inter-
vals of a certain distance. The elongated endless
ring 19 passes through one circular hole 20 from
the outside of the supporting disks 7, 8 to the inside
of the sames, and then passes through another e¢ircular

hole 20 adjacent to the first one from the inside

of the supporting disks 7, 8 to the outside of the

sames. The elongated endless ring 19 thus passed
through the circular holes 20 of one of the supporting
disks 7, 8 is then extended toward the other of the
supporting disks 7, 8 so as to be passed through

the circular holes 20 of the other of the supporting
disks 7, 8 in the same manner as in the case of the
circular holes 20 of the first one of the supporting
disks 7, 8, whereby such passing operation of the
elongated endless ring 19 is repeated with respect

to the circular holes 20 to make it possible to extend

-12-
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the elongated endless ring 19 tetween the supporting
disks 7 and 8 in an expanded condition so as to form
a cylindrical wall surface of the bubble stabilizer

4.

The engaging means provided in the upper
7 and lower 8 suppeorting disks, which are the circular
holes 20, may be replaced with another embodiment
of the engaging means as shown in Fig. 9 in which
the circular holes 20 is replaced with U-shaped holes
21 an opening of each of which is directed outward
to form a tongue portion 22 which engages with the
filament element 10, i.e., the elongated endless
ring 19.

In addition, as shown in Fig. 10, the circu-
lar holes 20 may be repiaced with further another
embodiment of the engaging means, which takes a hook-
like tongue 23 provided in outer surfaces of the
supporting disks 7, B and directed radially inward
of the sames 7, 8.

These embodiments make it possible that
the upper 7 and lower 8 supporting disks are rotated
about the supporting axle 6 relative to each other
to twist the cylindrical wall surface formed by the
filament element 10, or that the upper 7 and lower

8 supporting disks are éxially moved relative to

-13-
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each other to change the form of the bubble stabilizer
4 as is in the former embodiments of the present
invention.

Further, as shown in Figs. 7 and 8, in
case that the elongated endless ring 19 is extended
between the upper 7 and lower 8 supporting disks
in an expanded condition, it is possible to form
such endless ring 19 by press-fitting a short coil
spring 24 to the opposite ends of the ring 19 in
an insertion manner, which short coil spring 24 is
slightly larger in its outer diameter than the inner
diameter of the coil spring constituting such endless
ring 19, to make it possible to provide such endless
ring 19 acting as the filament element 10 without
causing any deterioration in resiliency and flexibil-
ity of the ring 19.

In the bubble stabilizer 4 provided with
the above-mentioned engaging means, it is possible
to easily mount and replace the filament element

10 according to the present invention.

-14-



10

25

[P

The Claims defining the invention are as follows:-

1. A blown-film extrusion method for thermo-
plastic synthetic resin, wherein:

a tubular film extruded from an extrusion die 1is
transferred while brought into contact with a bubble
stabilizer constructed of a plurality of filament
elements which extend axially in an adequate

portion between said extrusion die and a frost line
of said film and are arranged into a substantially
cylindrical shape.

2. The blown-film extrusion method as set
forh in <¢laim 1, wherein: said filament element

is made of resilient material.

3. A blown-film extrusion apparatus in which

a palr of supporting members are mounted on a support-

ing axle so as to be separated from each other by
a certain distance, said supporting axle being fixed

to an extrusion die, between which supporting members

are provided a bubble stabilizer constructed of a

plurality of filament elements whieh are mounted

on peripheral edge portions of said supporting members
at intervals of a predetermined distance in circumfer-
ential directions of said supporting members in an
expanded condition.

4, The blown-film extrusion apparatus as set

~15-
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forth in claim 3, wherein: said filament elements
extend substantially parallel to an axis of said
supporting axle.

5. The blown-film extrusion apparatus as set
forth in claim 3, wherein: said filament elements
extend obliquely relative to an axis of said support-
ing axle.

6. The blown-film extrusion apparatus as set
forth in claim 3, whHerein: said filament elements
extend separately between said supporting members.

T The blown-film extrusion apparatus as set
forth in claim 3, wherein: said filament elements

are shaped into a single elongated endless ring extended
between said supporting members through engaging

means.

{h——~—————$he-biown-fii:;iffififii:fggfzézg§:as=set
forth in claimfg}’uhep T said Fiiament elements

e

—
agre—made—of—presilient—matertestr—mm—mM8Mm—— - ————

95?" The blown-film extrusion apparatus as set
each
forth in claim43, wherein: said filament element
is constructed of a coil spring.
I@uq- The blown-film extrusion apparatus as set
3 each
forth in claim43, wherein:ysaid filament element

is constructed of a rubber string.

=, 10 The blown-film extrusion apparatus as set

-16-
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forth in claim 3, wherein: said supporting members
are shaped into supporting disks.

iﬁ;“' The blown-film extrusion apparatus as set
forth in claim 3, wherein: s.id supporting members
are shaped into supporting rings.

Ignlﬁ The blown-film extrusion apparatus as set
forth in claim:%i, wherein: of said supporting disks,
one near said extrusion die is smaller in diameter
than the other.

. 13, The blown-film extrusion apparatus as set
forth in claiml;a, wherein: of said supporting rings,
one near said extrusion die is smaller in diameter
than the other.

tajh‘ The blown-film extrusion apparatus as set
forth in claim 3, wherein: said supporting members
are rotatable about the axis of said supporting axle.
.S, The blown-film extrusion apparatus as set
forth in claim 3, wherein: said supporting members
are movable in a longitudinal direction of said sup-
porting axle.

IiJGV The blown-film extrusion apparatus as set
forth in c¢laim 3, wherein: said supporting members
are rotatable about said supporting axle while movable
in a longitudinal direction of said supporting axle.

w7 The blown-film extrusion apparatus as set

‘)3 /
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1 forth in claim 3, wherein: said filament elements
are extended between said supporting members through
engaging means provided in said supporting members.
taJ?’ The blown-film extrusion apparatus as set

5 forth in claim:éﬁ, wherein: said engaging means are
constructed of a plurality of circular holes provided
in peripheral edge portions of said supporting members.
Z&Jq' The blown-film extrusion apparatus as set
forth in claimgéﬁ, wherein: said engaging means are

10 constructed of a plurality of U-shaped holes an open-
ing of each of which is directed outward, said U-
shaped holes are provided in peripheral edge portions
of said supporting members.

(o)
szi ’ The blown-film extrusion apparatus as set
17

forth in CIaimi%, wherein: said éngaging means are

fo]
\Ji

constructed of a plurality of hook-like tongues pro-
vided in peripheral edge portions of said supporting

members.
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or any novel apparatus or apparatus ¢ set forth herein,

the said method, aratus or comporient being
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DATED this 6th day of August 1986

SUPER BAG COMPANY, LIMITED

By Its Patent Attorneys
ARTHUR S. CAVE & CO.
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