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Claim

A method of manufacturing a biaxially oriented

film wherein a tubular original film obtained by rapidly

cooling molten thermoplastic resin which has been

extruded from an annular extruding die is simulti.neously

biaxially oriented by heat supplied from heating means i

during the conveyance of said tubular original £film
between two sets of nip rolls each having an individual
circumferential speed and by being fgrmed in a shape of a
bubble due to the pressure of a gas which has been
injected and enclosed in.said tubular original film,

said method of manufacturing biaxially oriented film

comprising: /2
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detecting a thickness distributiohvof said
original film and/or said biaxially oriented film;
detecting a temperature distribution around said annular
extruding die and/or a temperature distribution around
said heating means which corresponds to each of said
thickness distributions; changing said temperature
distribution around said extruding die and/or said
heating means on the basis of the relationship between
each of said thickness distributions and said temperature
diétributions, whereby said thickness distribution of
said original film and/or said biaxially oriented film is
made uniform.
5. An apparatus for‘manufacturing a biaxially
oriented film wherein a tubular original film obtained by
rapidly cooling molten thermoplastic resin which has been
extruded from an annular extruding die is biaxially
oriented by heat applied “hereto between two sets of nip
rolls and a gas pressure injected into the inside portion
thereof, said apparatus for manufacturing a biaxially

oriented film comprising:

first heating means enabling a temperaturé
distribution around said extruding die to be division-
controlled and/or second heating means enabling a
temperature distribution around said biaxially oriented
film to be divisior -controlled;

means capable of detecting a thickness
distribution of said original film which has been
extruded from said extruding die and/or a thickness

distribution of said biaxially orierited film;

. /3
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temperature distribution detecting means
capable of detecting a temperature distribution around
said extruding die realized by said first heating means
and a temperature distribution around said biaxially
oriented film realized by said second heating means; and

control means capable of division-controlling
heating temperature around said extruding die supplied
from said first heating means and heating temperature
around said biaxially oriented film supplied from said
second heating means on the basis of the relationship
between the thus-detected thickness distribution and said

temperature distribution.
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. ABSTRACT OF THE DISCLOSURE

The present invention relates to a method of
and an apparatus for manufacturing biaxially oriented
film. A tubular original film which has been extruded by
an extruding die is biaxially oriented by heat and air
injected to the inside portion thereof being conveyed to
nip rolls each having an individual circumferential
tpeed. The temperature of heat *o be applied to the film
is controlled on the basis of the detected film thickness
for the purpose of obtainin§ a uniform film thickness

ofa' e distribution. Furthermore;—the—fiim—canbemade—uniform

N by adjusting the outer diameter of the bubble-sh

eno oriented film by adjusting the distance bet n two sets

0 "% of nip rolls on the basis of the sured width of the

e ° film. In addition, whe he thus-oriented film is

subjected to a h treatment, temperature of heat is

co o arranged be a predetermined temperature as to prevent

esion of the films.
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METHOD OF AND APPARATUS FOR

MANUFACTURING BIAXTALLY ORIENTED FILM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of
and an apparatus, for manufacturing biaxially oriented
film, and, more particularly, to a method of and an
apparatus for manufacturing film for wrapping foods and
films for wrapping variety of industrial products.

2. Description of the Related Art

With a method of and an apparatus for
manufacturing film of the type described above, such film
is manufactured by performing a simultaneous biaxial
orientation by expanding a tube-shaped film as to make it
in the form of a bubble shape by introducing a gas such
as air into heeted-thermoplastic resin between two sets
of nip rolls each having an individual circumferential
speed.

A conventional tubular method of manufacturing
biaxially oriented films is schematically illustrated in
Fig. 10. Referring to this figure, thermoplastic resin
which has been supplied from a hopper 1 to an extruder 2
is heated and molten by this extruder 2 so that the thus-
molten thermoplastic resin is extruded from an annular

extruding die 3. A heater for controlling the

temperature of the molten resin to be extruded from the
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extruding die 3 is disposed on the outer surface of this
extruding die 3.

A gas outlet portion 4 for introducing a gas
(for example, air) into molten tubular resin to be
discharged from the extruding die 3 is provided within
the extruding die 3, the gas being arranged to be
supplied from a pump or the like (omitted from
illustration) under a certain pressure.

When the molten tubular resin is continuously
extruded from the extruding die 3 and the gas 1is
simultaneously introduced from the gas outlet portion 4
into this tubular resin, the tubular resin is extruded in
the form of a tube from the extruding die 3.

On the other hand, an air ring 5 and a cooling
device 6 for supplying water whose temperature has been
cooled down to a desired level are disposed at a certain
interval maintained from each other in the direction in
which the tubular resin is extruded from the extruding
die 3 with a predetermined distance also respectively
maintained from the extruding die 3. As a result, the
fhus-extruded tubular resin is cooled down by air sprayed
by the air ring 5 and cooling water supplied from the
cooling device 6 so that the tubular resin becomes a
tubular original film A4 having a predetermined thickness
and an outer diameter.

The front end portion of the original film Aq

which has passed through the cooling device 6 is pressed

P E
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by a nip roll 8 as a result of the introducing of the
original film A, by means of a guide plate 7 so that air
can be enclosed within the tubular original film A,.

The original film A, which has passed through
the nip roll 8 becomes a folded original film Ay, and
this folded original film A, is transmitted to a nip
roller 11 via a guide rolls 9 and 10.

A preheater 12 is provided, if necessary, on
the conveyance line through which the folde< original
film A, which has passed through the nip roll 11 is
conveyed. In addition, an air ring 13 and a ring heater
14 are respectively provided at a predetermined intervals
maintained therebetween. As a result, the folded
original film A, which has passed through the nip roller
11 is heated by the ring heater 14, and a gas is forcedly
injected into the folded original film A, by an air
injecting means (omitted from illustration) by a desired
quantity so that the folded original film A, is expanded
to form a bubble shape.

As a result, the portion in the vicinity of the
front end portion of the bubble-shaped oriented film A4
is introduced into a nip roll 16 after it has passed
along a flat guide roll 15 after the bubble-shaped
oriented film A3 has been given a desired hardness and an
outer diameter. At this time, since the circumferential
speed of the nip roll 16 is determined to be higher than

that of the nip roll 11, the bubble-shaped oriented film
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A3 is formed as a result of a simultaneous and biaxial
orient performed in association with the operation of the
thus-introduced air under a pressure.

The bubble-shaped oriented £film A3z which has
passed through the nip roll 16 is introduced into a
heating furnace 18 via a conveying roll 17 in the form of
a folded oriented film A, wherein it is subjected to a
final heat treatment. Then, thus-treated folded oriented
film Ay is introduced into a conveying roll 19 so that it
becomes an oriented film B. Next, this oriented film B
is wound to a winding roll as to be accommodated with the
two side ends thereof opened by cutting.

Air to be injected from the air ring 13 is
arranged to form an angle X with respect to the central
axis of the bubble-shaped oriented film Aj;. As a result
of the thus-arranged structure, the point at which
orienting the bubble-shaped oriented film A3 starts is
properly stabilized.

In order to uniform the thickness of the
oriented film B, the tubular original film A; and the
bubble-shaped oriented film A3 need to have a uniform
thickness respectively. In order to achieve this, a
structure is conventionally employed in which the width
of a lip provided for the extruding die 3, that is the
width of an outlet port through which the molten tubular
resin is discharged is arrangedvto be varied and this

width (the degree of lip opening) is adjusted by a

.
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multiplicity of adjusting bolts.

BEowever, a local adjustment by using the
adjusting bolts can be difficult to be performed since
the extruding die 3 is designed to be an annular shape.

That is, if the width of a certain lip were
reduced, the width of the other lip is necessarily
widened. It will therefore be impossible to perform the
adjustment that does not influence the overall
arrangement. In other words, it involves a certain
limitation in improving the thickness accuracy of the
tubular original fiim A4y by such an adjustment, and the
accuracy that can be realized is within a insufficiently
narrow range of + 2 to 6%.

On the other hand, since the tubular original
film Aq is expanded as to be a bubble-shaped oriented
film A3, the fine adjustment performed with the extruding
die 3 is amplified by 1.5 to 4 times and influences the
thickness distribution of the bubble-shaped oriented film

Aj. Therefore, the thickness distribution of the final
product, that is, the oriented film B is difficult to be
made uniform.

As a result, a serious problem arises when used
as an industrial purpose film such as generation of
defective appearance of a roll formed by winding the
elongated biaxially oriented film, and defects generated

at a secondary work such as printing, laminating and bag

manufacturing.
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Therefore, although the tubular biaxially
orienting method exhibits an excellent advantage of a
sufficient uniformity in the biaxial directions, the
insufficient thickness accuracy involved therein prevents
the wide use of this tubular biaxially orienting method.

In addition, since the adjustment by using the
adjusting bolts can be varied depending upon the
operation conditions of the overall manufacturing
apparatus, working environment or the like, it needs to
depend upon skilled workers. As a result, the following
problems arise: the apparatus automation is difficult to
be realized and the working efficiency is insufficient.

Therefore, attempts have been made as to
improve the accuracy in the thickness distribution by the
following techniques from (1) to (3).

(1) A technique in which a heating cylinder is rotated in
one direction or in a reciprocated manner so that the
appearance of the roll is improved (see Japanese Patent
Publication No. 47-28696).

(2) A technique in which the temperature of air to be
sprayed through a hot air outlet port divided into
sections along the circumference is adjusted on the basis
of the displacement of the tube which has not as yet been
oriented or which is being oriented (see Japanese Patent
Publication No. 57-30369).

(3) A technique employed in a case where flat polyester

films are oriented in the widthwise direction and
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arranged in such a manner that a heating device whose
heating temperature distribution can be varied in the
widthwise direction is provided in a region in which the
magnification of orient exceeds twice so that the heating
temperature is raised when a portion of the film having a
large width is heated (see Japanese Patent Laid-Open No.
52-47070).

However, the problem of nonuniform thickness
cannot be essentially overcome by the technique (1) since
the nonuniform thickness exceeds :+ 10% as described in an
embodiment of the disclosure although the appearance of
the roll can be improved.

With the technique (2), since the structure is
so arranged that hot air is used, that is, air is heated,
heating in a divided manner cannot be correctly performed
even if the heating air is divided into sections, it
involving a certain limit. In addition, as can be
clearly seen from the embodiment disclosed, the structure
in which a temperature difference is provided by
performing a preheating before the film is oriented
cannot assure the thus-provided temperature difference to
be kept at the time of performing the orient.

Furthermore, with the technique (3), since the
heating conditions required at the widthwise ends of the
flat film are different from the heating conditions
required at the central portion of the same, a

satisfactorily control cannot be performed, causing the
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thus-performed control to become discontinued.

In order to obtain a film of uniform properties
such as the thickness of the film, it needs for the shape
(outer diameter) of the bubble-shaped oriented film A, to
be kept constant.

There has therefore been a known art (see
Japanese Patent Publication No. 46-154395) arranged in
such a manner that a flat guide roll 15 is arranged to be
able to be opend/closed relative to the base portion of
the same adjacent to the nip roll 16 to form a sector,
the outer diameter of the bubble-shaped oriented film Aj
can be detected, and the flat guide roll 15 is
opened/closed on the basis of the thus-detected outer
diameter of the bubble-shaped oriented film A3, and
control is thereby so performed that the outer diameter
of the bubble-shaped oriented film A3 becomes constant.
As a result, a rather uniform property oriented film can
be obtained.

However, since the bubble-shaped oriented film
A3 can be moved and the shape of it is not the true
circle in the above-described structure in which the
operation of the flat guide roll 15 is controlled, the
outer diameter of the bubble-shaped oriented film Aj
cannot be detected exactly. It leads to a fact that the
control of the flat guide roll 15 cannot be performed
properly.

In addition, it is difficult to considerably
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change the inner pressure of the bubble-shaped oriented
film A3 only by controlling the operation of the flat
guide roll 15. Therefore, it needs for the quantity of
the gas to be injected under pressure and enclosed within
the bubble-shaped oriented film A3 to be maintained at an
extremely correct level. However, the gas which has been
thus injected under pressure will gradually flow out
during the operation of the apparatus. It arises a
necessity to stop the operation of the.apparatus after a
cerfain quantity of the thus-enclosed gas has flowed out
as to start forming the bubble-shaped oriented film Aj
again by enclosing the gas. Therefore, there arises a
problems that a continuous stable operation cannot be
performed, and as well the operation, resin, and film
involves to generate an excessive amount of loss.

Furthermore, a disadvantage is involved that
when the flat guide roll 15 is moved to form a sector,
the angle at which the bubble-shaped oriented film Aj is
flattened is changed. As a result, the manner in which
the bubble-shaped oriented film A3 runs can be changed,
causing a problem in which this bubble-shaped oriented
film A3 to be damaged.

In particular, since a controllable region of
the capacities of each of the bubbles is limited to an
extremely narrow region in the conventional method, it
needs for forming the bubbles by injecting air at the

time of starting the orienting the film to be performed
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precisely. Therefore, such operation cannot be readily
performed in a large sized apparatus.

In the method of manufacturing the biaxially
oriented film, a certain heat treatment is conducted for
the purpose of stabilizing the dimensions of the film by
fixing the orientation of the film molecules.

However, when nylon-6, which is a polyamide
film, is subjected to a heat treatment nearly at 200°c
with this tubular oriented film A; folded to form a flat
shape, the upper film and the lower film can be
inevitably adhered to each other, and the thus-adhered
two films cannot be separated from each other after the
heat treatment. Therefore, the thus-adhered films will
lose its quality as a product. The problem of the type
described above will apparent in the case of the crystal
thermoplastic resin film made of the polyamide.

In view of the foregoing, a tube method has
been, for example, disclosed in which the oriented film
folded to form a flat shape is subjected to a heat
treatment, and an oveun method has been also disclosed
wherein the two sides of the oriented film is cut as to
make the oriented film two films, the thus-obtained twvo
films are introduced into a tenter with a space hela
between the two films by an endless belt, and the-thus
introduced films are subjected to a heat treatment with
the two ends of the films held by clips (see Japanese

Patent Publication No. 46-15439).

4
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In accordance with the above-described tube
method, the adhesion of the two films can be prevented
due to the presence of air between them. However, if a
heat treatment exceeding 180°C were applied to the film
in order to obtain an excellent stability upon the
dimensions of the same, the bubbles can be staggered,
causing a stable heat treatment to become impossible to
be performed. As an alternative, a low temperature heat
treatment cannot provide a sufficiently stable dimension
stability.

On the other hand, in accordance with the oven
method, the following problems involved:

(i) Since the apparatus for interposing the endless belt
between the films needs to become a large scale
apparatus, disadvantages in view of the working space and
cost for apparatus installation are arisen.

(ii) The film can be easily damaged.

(iii) The mechanism for holding the two ends of the film
with the endless belt interposed therebetween becomes too
complicated.

(iv) If the holding mechanism were not formed strong, the
film can be separated from this holding mechanism, and a
continuous treatment becomes impossible to be performed
because the contraction stress at the time of performing
the heat treatment is too large.

SUMMARY OF THE INVENTION

e

A—éifs%iobject of the present invention is to
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provide a method of and an apparatus for manufacturing
biaxially oriented film with which films displaying an
extremely uniform thickness distribution can be
manufactured as the product, and adjustment and control
of the thickness distribution can be automatically
performed when the film is manufactured.

In order to achieve the above-described object,
\S PCQV.\ )

a method of manufacturing a biaxially oriented filﬁ}

according to the present invention wherein a tubular
original film obtained by rapidly cooling molten
thermoplastic resin which has been extruded from an
annular extruding die is simultaneously biaxially
oriented by heat supplied from heating means during the
conveyance of the tubular original film between two sets
of nip rolls each having an individual circumferential
speed and by being formed in a shape of a bubble due to
the pressure of a gas which has been injected and
enclosed in the tubular original film, the method of
manufacturing biaxially oriented film comprising:
detecting a thickness distribution of the
original film and/or the biaxially oriented film;
detecting a temperature distribution around the annular
extruding die and/or a temperature distribution around
the heating means which corresponds to each of the
thickness distributions; changing the temperature
distribution around the extruding die and/or the heating

means on the basis of the relationship between each of
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the thickness distributions and the temperature distributions, whereby the
thickness distribution of the original film and/or the biaxially oriented
film is made uniform.
In order to also achieve the above-described object, there is
5 provided according to the present invention an apparatus for manufacturing
a biaxially oriented film wherein a tubular original film obtained by
rapidly cooling molten thermoplastic resin which has been extruded from an
annular extruding die is biaxially oriented by heat applied thereto between
two sets of nip rolls and a gas pressure injected into the inside portion
10  thereof, the apparatus for manufacturing a biaxially oriented film
comprising:
first heating means enabling a temperature distribution around the
extruding die to be division-controiled and/or second heating means
enabling a temperature distribution around the biaxially oriented film to
be division-controlled;
et means capable of detecting a thickness distribution of the original
: film which has been extruded from the ex*ruding die and/or a thickness
s "ece distribution of the biaxially oriented film;
coneet temperature distribution detecting means capable of detecting a
.. 20 temperature distribution around the extruding die realized by the first
« ° ¢ heating means and a temperature distribution around the biaxially oriented
film realized by the second heating means; and
control means capable of division-controlling heating temperature
vesio.t around the extruding die supplied from the first heating means and heating |
25: temperature around the biaxially oriented film supplied from the second '
o heating means on the basis of the relationship between the thus-detected :
¢« thickness distribution and the temperature distribution. i
‘ The resins applicable to the prevent invention can be exemplified by: ‘
, polyamide such as nylon 6, nylon 6, 6, polyolefin such as polypropylene, ‘
: :30 polyethylene terephthalate, polyvinylidene chloride, ethylene vinyl alcohol
copolymer, and polystylene. Such films may be formed by a monolayer film

formed by the above-described resins, multilayered films, or a multilayered 1
film with polyethyrene, EVA, ionomer or the like. ;
BRIEF DESCRIPTION OF THE DRAWINGS » {
35 Fig. 1 is a schematic overall structural view which illustrates an ?

embodiment of an apparatus for manufacturing biaxially oriented film
according to the present invention; i
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Fig. 2 is an enlarged view taken along line II of Fig. 1;

Fig. 3 is a schematic overall structural view which illustrates
another embodiment;

Fig. 4 is an enlarged view taken along line IV - IV of Fig. 3;

Fig. 5 is a view which illustrates the thickness accuracy of an
original film;

Fig. 6 is a view which illustrates the thickness accuracy of an
oriented film;

Fig. 7 is a schematic overall structural view which illustrates the
apparatus of a further manufacturing process for manufacturing a biaxially
oriented film of accurate width in which the biaxially oriented film
according to the present invention may be used;

Fig. 8 is a schematic structural view which illustrates an essential
portion of the apparatus for a heat treatment process in which the
biaxially oriented film according to the present invention may also be used;

Fig. 9 is a perspective view which illustrates a roll provided with a
groove used in the apparatus of Fig. 8; and

Fig 10. is a schematic structural view which illustrates a
conventional apparatus for manufacturing biaxially oriented film.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of a method of and an apparatus for manufacturing
biaxially oriented film according to the present invention will now be
described with reference to drawings. The same or identical portions to
the portions described in the above-described conventional apparatus are
given the same reference numerals, and the descriptions upon them are
omitted or made briefly.

Fig. 1 is a schematic view which illustrates an apparatus for
manufacturing biaxially oriented film according to the present invention
(to be abbreviated to "manufacturing apparatus" hereinafter). Referring to
this drawing, an annular extruding die 3 is, as will be understood from
Fig. 2, provided with eight heaters 3A at the same intervals on the outer
surface thereof, these eight heaters 3A forming a first heating means.

These heaters 3A are provided for the purpose

e o e etk SO i 7 e
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of controlling the temperature of the molten resin which
has been extruded from an extruder 2, these heaters 3A
being capable of generating heat of individually
predetermined temperature. As a result, the temperature
distribution around the extruding die 3 can be varied
properly.

Furthermore, the extruding die 3 is provided
with temperature detectors 3B which are individually
capable of detecting the temperature around the extruding
die 3, that is, the temperature of the heaters 3A, these
temperature detectors 3B forming a temperature
distribution detecting means. The eight signals
representing the detected temperatures obtained by the
temperature detectors 3B are taken in by a control
portion 21. As a result, the temperature distribution
around the extruding die 3 can be detected.

A plurality of thickness distribution detectors
22 capable of detecting the thickness of the outer
periphery of the tubular original film A, are disposed
outside this tubular original film Ay, these thickness
distribution detectors 22 forming a thickness
distribution detecting means such as a radiation
thickness meter using ﬂ rays or [ rays. The detection
signals obtained from these thickness distribution
detectors 22 are also arranged to be taken in by the
control portion 21.

An oriented film B which has been thermoset by
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a heating furnace 18 forming a second heat treatment
means is divided into two oriented films B; and B, by a
cutter 24 after it has passed through a conveying roll
19. The thus-obtained oriented film B 4 is wound to a
winding roll 28 after it has passed through three guide
rolls 25, 26, and 27 so that it is accommodated in the
winding roll 28. The oriented film B, is also wound to a
winding roll 32 after it has passed through the three
guide rolls 29, 30, and 31 so that it is accommodated in
the winding roll 32. At this time, the division of the
oriented film B into two oriented films B4y and B, may be
performed in a previous portion to the heating furnace
18.

Thickness distribution detectors 34 capable of
individually detecting the widthwise thickness of the
oriented films By and B, are disposed at positions along
a direction perpendicular to a conveying line for the
oriented films B4 and By, these thickness distribution
detectors 34 forming a thickness distribution detecting
means using g rays or the like. The detection signals
obtained from these thickness distribution detectors 34
are arranged to be taken in by the control portion 21.

The detection signal obtained by the thickness
distribution detector 22 is stored by a portion 35 (which
is structured by a RAM or the like) for storing data on
thickness distribution of the original film Ay through

the control portion 21. The detection signals obtained

e o e et —

==

e e N, e A 28—

s e g i AT e 1.




T
by the thickness distribution detectors 34 are stored by
a portion 36 (which is structured by a RAM or the like)
for storing data on the thickness distribution of the
oriented films B4y and B, through the control portion 21.

The control portion 21 comprises a computing
means and a temperature distribution control means, and
in this control portion 21, the relationship between the
thickness distribution of the original film A, and the
temperature distribution axound the extruding die 3 and
as well the relationship between the widthwise thickness
distribution of the oriented films B; and B, and the
temperature distribution around the extruding die 3 are
respectively computed in response to each of the taken-in
detection signals.

The control portion 21 transmits, on the basis
of the results of the calculations, an instruction to
perform the adjustment and change of the temperature
distribution around the extruding die 3 to a temperature
adjustment control device 37 via the temperature
distribution control means of the control portion 21.

The temperature adjustment control device 37 is
capable of individually control the temperature around
the extruding die 3, that is, the temperature of each of
the heaters 3A. Since each of the heaters 3A is, as
described above, provided with a function that the
temperature thereof can be individually determined, the

temperature distribution around the extruding die 3 can
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be determined and changed by setting different
temperatures to the heaters 3A.

Then, a method of manufacturing the oriented
films B, and B, by using the manufacturing apparatus
according to the present invention will be described.

First, the original film Aq is manufactured
similarly to the conventional method. At this time, the
degree of opening of the lip is adjusted by adjusting
bolts (omitted from illustration) in a conventional
manner, and the thickness of the original film Aq is
adjusted as uniform as possible.

Next, the original film A, which has been
folded as a result of being pressed and deformed by the
nip roll 8 is transmitted to the nip roll 11.

A bubble-shaped oriented film Aj is formed by
heating the folded original film A, which has passed
through the nip roll 11 by the ring heater 14, by
spraying air from the air ring 13 to the point at which
the orienting is started and by injecting the gas under
pressure and enclosing the gas in the original film A,y.
At this time, the angle at which air is sprayed is
arranged in such a manner that angle &« of the oriented
film A3 with respect to the center axis of the oriented
film A3 is 30 to 60 degrees, preferably 45 degrees. The
thus-formed bubble-shaped film A3 is made a folded

oriented film A, after it has passed through the nip roll
16.
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Then, the folded oriented film B obtained by
applying the heat treatment to the folded oriented film
Ay by a heating furnace 18 is divided into two oriented
films B4 and B, by using the cutter 24, and the thus-cut
oriented films B, and B, are wound to winding rolls 28
and 32.

The control potion 21 computes the relationship
between the thickness distribution of the original film
Ay, oriented films B4y and B, and the temperature
distribution around the extruding die 3 in response to
the detection of the detection signals which has been
transmitted from the thickness distribution detectors 22
and 34 and the detection signals representing the
temperature distribution around the extruding die 3.

Then, the temperature distribution around the
extruding die 3 is changed by adjusting and changing the
temperature of each of the heaters 3A of the extruding
die 3 via the temperature adjustment control device 37 on
the basis of the results of the calculation.
Furthermore, the thickness distribution of the original
film Aq, in its turn, the thickness distribution of the
oriented films B; and B, is made uniform by changing the
viscosity of the resin. The temperature around the
extruding die 3 may be controlled by, for example,
adjusting the voltage.

Then, an experimental example 1 will be

described.
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Experimental Example 1

Polyamide resin (nylon-6) of a relative
viscosity 3.7 was, as the thermoplastic resin, extruded
from the extruding die 3 of a diameter of 60mm, and was
quickly cooled down by cooling water of a temperature of
40°C supplied from the cooling device 6.

The extruding die 3 included, as described
above, eight heaters 3A on the outer periphery thereof
which could be individually temperature-controlled.

As a result, the original film A, became a
tubular shape of diameter of 80mm and having a thickness
of 100 4.

An infrared ray heater was employed as the ring
heater 14 for forming the bubble-shaped oriented film Ag,
air to be injected from the air ring 13 was arranged in
its angle  with respect to the central axis of the
bubble-shaped oriented film A3 to be 45 degrees, a point
at which the injected air strikes the bubble-shaped
oriented film A3 was made the point at which the
orientation starts, and the orienting magnification was
arranged MD/TD = 3.0/3.2.

As a result, the accuracy of the oriented films
By and B, was x 8.5% in the case where the temperature
distribution around the extruding die 3 had been made
constant, the accuracy was improved to + 4.0% in this
experimental example 1.

As described above, and according to this
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embodiment, the thickness distribution of the original
film A4 is detected by the thickness distribution
detector 22, while each of the widthwise thickness
distributions of the oriented films By and B, is detected
by the thickness distribution detectors 34. Furthermore,
the temperature of the eight heaters 3A are individually
detected by the temperature detectors 3B as to be taken
in the control portion 21. As a result, the relationship
between each of the thickness distribution and the
temperature distribution around the extruding die 3 is
computed in the control portion 21. Furthermore, the
temperature of each of the heaters 3A is adjusted and
changed, that is, individually controlled, by the
temperature adjustment control device 37 as to make the
thickness distribution of the original film Aqy the
oriented films By, and B, uniform. As a result, the
oriented films B4 and B,, that is the products, exhibit
an excellent uniformity upon the thickness distribution.

Consequently, the appearance of a roll formed
by the elongated oriented films By and B, can be
improved, and the readiness at secondary machining such
as, printing on this film, coating, laminating with
another film, and forming a bag, can be improved.
Therefore, in addition to the obtained uniform
properties, its applicable range can be significantly
widened as the material used in wrapping and industrial

fields.
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Since the temperature distribution around the
extruding die 3 is automatically controlled by the
control portion 21 and the temperature adjustment control
device 37, the working efficiency in manufacturing the
film can be improved, and thereby the manufacturing cost
can be significantly reduced.

Furthermore, the apparatus for manufacturing
the biaxially oriented film can employ the conventibnally
installed apparatus substantially as it is. Therefore,
the facility investment or the like can be achieved with
a reduced cost.

In the above~described embodiment, the
structure is so arranged that both the thickness
distribution arouad the original film A4 and the
widtlhwise thickness distribution of the oriented films B4
and B, are detected by the thickness distribution
detectors 22 and 34. As an alternative, the structure
may be so arranged that either of the thickness
distributions is detected, and the temperature adjustment
around the extruding die 3 is performed. Furthermore,
the positions at which the thickness distribution
detectors 22 are disposed may be replaced by the
positions between the nip roll 11 and the air ring 13.

Although, in the above-described embodiment,
the number of the heaters 3A to be provided around the
extruding die 3 is arranged to be 8, it may preferably be

arranged to be from 4 to 20. If a Peltier device or the
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like were used as the heater 3A, a combined control
composed of heating and cooling can be performed.

Furthermore, although the structure is so
arranged that the temperature distribution around the
extruding die 3 is adjusted after all of the detection
signals transmitted from the thickness distribution
detectors 22 and 34 have been taken in by the control
portion 21, a manner may be employed in which the control
portion 21 controls the temperature adjustment control
device 37 in response to each of the detection signals
transmitted from the thickness detectors 22 and 34.

In this case, the manufacturing apparatus can
be simplified by arranging the structure in such a manner
that the results of the calculations performed in the
control portion 21 are displayed on, for example, a CRT
display for the purpose of manually adjusting the
temperature adjustment control device 37 with the display
observed.

Fig. 3 is a view which illustrates another
embodiment of the present invention. This embodiment is
characterized in that: the heating temperature obtained
by the ring heater 14 is arranged to be capable of being
controlled in the circumferential direction in a divided
manner, and the thickness distribution detector 22 is
provided in the region in which the bubble-shaped
oriented film A, is conveyed.

That is, as shown in Figs. 3 and 4, a plurality
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of, for example, 16 infrared ray heaters 14A are disposed
with a certain intervals maintained therebetween on the
inner surface of a cylindrical casing 14S of the ring
heater 14, this inner surface of the casing 14S being
formed by a reflection surface. The infrared ray heaters
14A are arranged to bes capable of generating heat of an
individual temperatures, A temperature detector 14B is
provided for each of the infrared ray heater 14A, these
temperature detectors 14B forming a temperature
distribution detecting means capable of detecting
individual heating temperatures generated by the infrared
ray heaters 14A.

As a result of the structure above, since the
infrared ray heaters 14A are prevented from being heated
excessively by virtue of the temperature detection, these
infrared ray heaters 14A can be positioned closer as
possible to the portion in which the film is being
oriented.

Furthermore, the thickness distribution
detectors 22 capable of detecting the thickness
distribution in the direction along the diameter of the
bubble-shaped oriented film A5 arc disposed in the
vicinity of positions at which this bubble-shaped
oriented film A5 starts being introduced along the flat
guide rolls 15. These thickness distribution detectors
22 are preferably disposed at a position at which the

bubble-shaped film A3 can be stably conveyed, that is, at
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a position closer to the flat guide rolls 15 as possible
for the purpose of obtaining accurate measurement
results. In this state, since the bubble-shaped oriented
film A3 is measured in the form of a cylindrical film,
the thickness distribution around this cylindrical film
can be simultaneously measured. In addition, since the
position at which the thickness distribution is measured
and the position at which the heating is performed by the
infrared heater 14A which is the component to be
controlled are position closer to each other, the output
upon the detected thickness distribution to be fed back
to the control portion 21 substantially includes no
delay. Therefore, the treatment in the control portion
21 can be quickly completed.

According to this embodiment, the relationships
expressed by the following formula (1) are established
between the ratio Y,_, (thickness accuracy of the
oriented film/mean thickness of the overall body of the
film) of thickness accuracy (%) of the oriented films B4
and B, obtained as a result of the control performed by
the control portion 21 and mean thickness of the overall
body of the film, control coefficient P required for
controlling, amount Xq.n ©of change in temperature of the
ring heater 14, thickness accufécy Qq_p of the oriented
films By and B, assuming that the temperature of the ring
heater 14 is maintained at a constant temperature.

Y1_n=P'X1_n+Q1_n e e e (1)
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Therefore, thickness change rate of the
oriented films B4 and B, corresponding to the amount of
change in temperature per unit temperature for each of
the portions of the ring heater 14 is obtained in prior
to manufacturing the film, the temperature of the ring
heater 14 to be controlled is obtained on the basis of
the thickness distribution of the oriented films B4 and
B, so that control is performed as to realize the thus-
obtained temperature when the film is manufactured.

The other structure and the operation are
substantially the same as those of the above-described
embodiment.

According to the above described embodiments,
in addition to the effects obtained by the above-
described embodimert, an additional excellent effect can
be obtained since the film is heated by the ring heater
14 immediately before or during orienting the film on the
basis of the film thickness distribution when the film
thickness distribution is made uniform by performing the
temperature different division control.

Furthermore, since the structure according to
these embodiments is so formed that the infrared ray
heater 14A can come closer to the bubble shaped oriented
film A3 to the possible extent, a considerably excellent
heat efficiency can be obtained with respect to that
obtained by the system disclosed in, for example,

Japanese Patent Publication No. 57-30369 in which the
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temperature of the hot air is controlled.
Next, experimental examples 2 and 3 carried out
for the purpose of confirming the effects obtained from
the above-described embodiment will be described.

Experimental Example 2

In this experimental example 2, polyamide resin
(nylon-6) of a relative viscosity of 3.7 serving as
thermoplastic resin was extruded from the extruding die 3
having an outlet port through which molten resin was
discharged and having a diameter of 60mm. The thus-
extruded molten resin was cooled down by 20°C cooling
water so that a tubular original film A, having a
diameter of 80mm and a thickness of 100 K was
manufactured.

Although omitted from illustration in this
experimental example 2, 8 heaters were provided around
the extruding die 3 similarly to the above-described
embodiment, these heaters being arranged to be
individually temperature-controlled.

The simultaneous biaxial orientation was
performed in such a manner that the angle « at which air
is injected from the air ring 13 to the point at which
the orienting starts was arranged to be 45 degrees, and
the arranged orienting magnification was MD/TD = 3.0/3.2.

The thickness accuracy around the original film
is shown in Fig. 5. The widthwise thickness accuracy of

the oriented film B4 and B, which have been oriented by
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the ring heater 14 of a constant temperature of 300°C in
the direction of the circumference is designated by a
curved line L4 of Fig. 6.

An oriented film having a thickness
distribution designated by a curved line L, of Fig. 6 was
obtained by performing an orientation with the
temperature difference of the 16-sectioned ring heater 14
set manually within a temperature range of & 60°C on the
basis of the obtained widthwise thickness distribution of
the oriented film designated by the curved line L4 of
Fig. 6.

As can be clearly seen from Fig. 5 and Fig. 6
which are view illustrating the chafacteristics, the
original film involves an ununiformity ranged from minus
7% to plus 5%. The oriented film involves an
ununiformity ranged from minus 13% to plus 11% as
designated by the curved line Ly of Fig. 6 when the ring
heater 14 is not division-temperature controlled.
However, the widthwise thickness accuracy was improved to
the range of minus 3% to plus 4% as designated by the
curved line L, of Fig. 6 when the ring heater 14 was
division-temperature controlled.

Experimental example 3

This experimental example 3 was performed in a
manner on the basis of the above-described experimental
example 2 and the widthwise thickness distribution of the

oriented film was continuously measured by the thickness
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distribution detectors 22 and 34, the signals
representing the results of the measurements were
supplied to a computing device, that is the control
portion 21 of Fig. 3, and each of the detection signals
from the temperature detectors 14B was also supplied to
the control portion 21. The heat to be applied to the
thermoplastic resin when the oriented films B4 and B,
were manufactured from the original film Aq was computed
in response to the detection signals which had been
supplied@ to the control portion 21 by using a relational
expression giving the relationship between the thickness
distribution of the oriented film and the temperature
distribution. The ring heater 14 was automatically
division-temperature controlled with the temperature
adjustment control device 37 on the basis of the result
of the calculation so that the biaxial oriented film was
manufactured.

The manufacturing work was continued for 12
hours, and the thickness accuracy of the biaxial oriented
film during the operation was within % 4% exhibiting an
excellent appearance of the roll.

If the output representing the detection
obtained from the thickness distribution detectors 22 and
34 were a certain constant wvalue, that is, if the
thickness distribution of the bubble-shaped oriented film
Az, oriented films B4y and B, were made uniform, the

adjustment of the ring heater 14 is not performed, but
g
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the orienting work is continued as it is.

In the above-described embodiment, a structure may be employed in
which the number of the infrared ray heaters 14A to be provided for the
ring héater 14 is arranged to be 10 to 100, and a part of these infrared
ray heaters 14A, that is, 10 to 60 infrared ray heaters 14A are subjected
to the division-control.

Another structure may be employed in which 2 to 20 infrared heaters
14A are arranged vertically on the inner surface of the casing 14S in the
direction to the axis of this casing 14S, and a part of the infrared ray
heaters 14A, that is, 2 to 10 infrared ray heaters 14A are division-
controlled. The necessity is that the heat to be applied around the
bubble-shaped oriented film A3 can be division-controiled.

The biaxially oriented film of the invention can be used in a further
manufacturing process capable of manufacturing a biaxially oriented film of
accurate width. This further process will be described with reference to
Fig. 7. The components which are the same as those described above are
given the same reference numerals, and the description upon the same
components are omitted.

In this further manufacturing process the width of the folded
oriented film is detected, and the distance between the two sets of the nip
rolls is arranged to be adjustable on the basis of the thus-obtained

results of the detection.
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Referring to Fig. 7, the nip rolls 16 are
connected, with brackets 39, to ends of movable frames 41
which can reciprocate in the dirzaction of the height of
the mounting member 40, that is in the axial direction of
the bubble-shaped oriented film A3. Nut members 42 and
43 such as ball-nuts are provided in the movable frame 41
at two places. A feed screw shaft 44 such as a ball
screw engages with the nut member 42, and a feed screw
shaft 45 engages with the nut member 43.

The length of the feed screw shafts 44 and 45
is arranged to respectively project over the engaged nut
members 42 and 43 and to project downward (viewed in this
drawing) over a plate 46 to which the mounting member 40
is secured. Sprockets 47 and 48 are secured to the
corresponding projections, and a chain 49 is arranged
between the sprockets 47 and 48.

Two guide rods 51 capable of moving within
bearings 50 penetrate the movable frame 41, and each end
of the guide rods 51 is secured to the plate 46 while
another end of the same is secured to the mounting member
40.

An end of the projecting feed screw shaft 45 is
connected to a motor 52 so that the rotation of the motor
52 is transmitted to the feed screw shaft 45 via a
deceleration mechanism (omitted from illustration) with
which the rotational speed of the motor is decelerated to

a required level. Since the other feed screw shaft 44 is
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rotated in synchronization with the feed screw shaft 45
with the sprocket 48, chain 49, and the sprocket 47, the
movable frame 41 is reciprocated along the direction of
the height of the mounting member 40 with being held by
the guide rod 51.

As a result, the nip rolls 16 are reciprocated
in the direction of the height of the mounting member 40
with the movable frame 41, that is, in the axial
direction of the bubble-shaped oriented film Aj.

Thus, means for moving the nip rolls 16 is
formed by the feed screw shafts 44 and 45, motor 52 and
so on. This moving means may be replaced by a hydraulic
control structure using a booster pump or a cylinder, an
air pressure control structure, or the like.

The above-described brackets 39 are capable of
opening and closing in the direction in which the nip
rolls 16 come closer to or away from each other so that
the front end of the expanded bubble-shaped oriented film
A3 can be held or released. The distance between the
bracket 39 illustrated and a bracket 39 (omitted from
illustration) which is positioned away from this drawing
sheet, that is the length of one nip roll 16, is arranged
to be longer than the width of the mounting member 40 in
the direction perpendicular to this drawing sheet. As a
result, when the nip rolls 16 have moved in the direction
in which the bubble-shaped oriented film A3 is opened,

the mounting member 40 is introduced into the two
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brackets 39 so that the movement of the two brackets 39
are not prevented.

A detecting portion 55 of a width measuring
device 54 forming a film width detecting means for
measuring the width of the folded oriented film A, is
provided on the conveyance line through which the
oriented film A, which has been folded by the nip rolls
16 is conveyed. As a result of this structure, an
electric signal representing the width of the folded
oriented film A, measured in the width measuring device
54 is taken in by a control portion 56 serving as a
control means.

It is preferable for the width measuring device
54 to comprise a photoelectric cell. Alternatively, a
structure may be employed that the detection portion 55
detects the width of the bubble-shaped oriented film,
that is, the outer diameter of the same.

The control portion 56 controls the rotation of
the motor 52 with a motor driving circuit (omitted from
illustration) in response to the fact that the electric
signal which has been transmitted from the width
measuring device 54 is taken thereto. As a result, the
positions of the nip rolls 16 are changed vertically in
this drawing in order to make the width of the folded
oriented film A, constant.

Next, a method of manufacturing the oriented

film B by using the above-described manufacturing
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apparatus will be described.

The bubble-shaped oriented film A3 which has been extruded from the
extruding die 3 in a manner similar to the method of the invention is
flattened by the nip rolls 16. The width of the thus-flattened film is
measuréd by the detecting portion 55 of the width measuring device 54 after
it has passed through feeding rolls 17. The results of the measurement are
supplied to the control portion 56.

Next, the rotation of the motor 52 is controlled by the control
portion 56 on the basis of the results of the measurement so that the nip
rolls 16 are moved in the axial direction of the bubble-shaped oriented
film A3. That is, if the width of the folded oriented film A4 is
larger than a predetermined width, the nip rolls 16 are moved in the
direction (downward in this drawing) in which the distance between the two
sets of the nip rolls 16 is elongated so that the diameter of the bubble is
reduced. On the other hand, if the width of the folded oriented film A4
is smaller than a predetermined width, the nip rolls 16 are moved in the
direction (upward in this drawing) in which the distance between the two
sets of the nip rolls 16 becomes shorted so that the diameter of the bubble
becomes large.

Therefore, according to this further manufacturing process, the
positions of the nip rolls 16 are moved in response to the fact that data
on width of the folded oriented film A4 is suppiied from the width
measuring device 54 to the control portion 56. As a result, the width of
the folded oriented film Ay s maintained at a constant width.

Furthermore, since the nip rolls 16 are capable of reciprocating, an
excellent accuracy of the width of the bubble-shaped oriented film A3 is

not necessary when the manufacturing starts. Furthermore, the quantity of
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gas to be injected under pressure into the bubble-shaped orien{ed film A3
also does not need to be a correct value because such error can be absorbed
by adjusting the positions of the nip rolls 16. As a result, the gas
injection work can be completed in a short time, and the time taken for the
width of the film to become a stable width can be shortened so that the
operation efficiency can be improved.

In addition, even if the gas overflows the bubble-shaped oriented
film A3 during the operation of the apparatus, the interrai pressure of
the bubble-shaped oriented film A3 can be adjusted by moving the
positions of the nip rolls 16. Therefore, a disadvantage of necessity to
stop the operation and start the work for forming the bubble-shaped
oriented film A3 again can be overcome. As as result, a stable and
continuous operation can be performed.

Furthermore, since the manufacturing apparatus for the further
manufacturing process is automatically controlled by the control portion
thereof after the operation has been started, an excellent operation
efficiency can be obtained.

As the mechanism to reciprocate the nip rolls 16 can be replaced by a
mechanism arranged in such a manner that a motor capable of rotating in
response to the operation of a predetermined lever, or a structure arranged
in such a manner that handles for handling the feed screw shafts 44 and 45
are attached to these feed screw shafts 44 and 45, these handles being
rotated manually. In this case, it is preferable to form the structure in
such a manner that the results of the measurement performed by the width
measuring device 54 is displayed on a CRT display and a lever or a handle
is rotated with the display observed for the purpose of moving the nip

rolls 16. Thanks to such a structure, since the electric structure becomes
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needless in the control portion 56, the design and assembly of the
apparatus can be readily completed.
Fig. 8 is a view which illustrates an apparatus of yet another
further manufacturing process arranged in such a manner that the
bubble-shaped oriented film A3 is made the flat oriented film A, after

4

the bubble-shaped oriented film A, has been folded, and this flat

3
oriented film A4 is subjected to the heat treatment.

Referring to Fig. 8, the apparatus according to this manufacturing
process comprises: a first heating furnace 18 serving as a first heating
means for having the folded oriented film A4 subjected to the heat
treatment, specifically a hot air furnace; and a trimming device 59
including blades 58 and serving as a trimming means for cutting two
sides of the oriented film A4 which has been conveyed through a
plurality of guide rolls 56 for the purpose of dividing the oriented film
A4 into two films B] and BZ‘ This apparatus further comprises: a
pair of rolls 60 and 60 positioned vertically away from each other
serving as means for laminating two films B] and 82 which have passed
through the guide rolls 56 with air interposed between two films
B] and Bz; three and preferably groove-provided rolls 61A to 61C
(see Fig. 9) positioned in this sequence order in the direction in which
the films B] and B2 are conveyed; a tenter 62 serving as means for

holding two ends of the laminated films B] and B,; and a second

93
heating furnace 63, specifically a hot air furnace serving as heat
treatment means for having the two films B] and B2 whose two ends are
held subjected to the heat treatment. The above-described
groove-provided rolls 61A to 61C comprises rolls to which a plating has

been applied after the groove has heen formed thereon. 1In addition, this
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apparatus comprises a winding machine 28, 32 serving as
winding means for winding the films By and B, which have
been subjected to the second heat treatment after they
have passed through a plurality of guide rolls 64.

In the structure described above, the oriented
film A5 is folded to form a flat shape, and the thus-
flattened film A, is previously heated in the first
heating furnace 18 as the first heat treatment at a
temperature that is higher than the temperature at which
the contraction of the film A, starts and lower than a
temperature that is lower than the melting point of the
film A, by 30°C. As a result of the thus-formed
structure, the crystallinity of the film A, can be
increased, causing the smoothness at sliding the folded
films to be improved. Then, the two sides of the thus-
folded film A, is cut by the blades 58 of the trimming
device 59 so that the film A, is divided into two films
B, and B,. The film Ay may be cut in such a manner that
a marginal edge portion is created as a result of inward
positioning of the blade 58 by a slight distance from two
ends, or no marginal edge is created as a result of
positioning the blade 58 at the simple of the film Ay.

Next, air is brought into contact with the inner surface

- of each of the films By and B, by conveying the films B4

and B, above and below the corresponding rolls 60 with
the two films By and B, separated from each other.

Next, as shown in Fig. 9, the films By and B,
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successively pass through the three rolls 61A to 61C each
having a groove 61. As a result, the two films By and B,
are laminated on each other with air interposed
therebetween. As a result of the provision of the
groove-provided rolls 612 to 61C, a satisfactorily
contact between the films By and B, and air can be
established by wvirtue of the groove 61. Next, the thus-
laminated films B4 and B, are conveyed to the second
heating furnace 63 wherein the two films By and B, are
subjected to the second heat treatment arranged at a
temperature below the melting point of the film and
higher than a temperature which is lower by 30°c. The
films By and B, applied with the heat treatment are
lastlv wound to the winding machine 28, 32 after they
have passed through the guide rolls 64.

Then, experimental examples and comparative
examples of the heat treatment with the above-described
heat treatment device performed in such a manner that the
treatment conditions were varied will be described.

Experimental Example 4

Polyamide nylon-6 of a relative viscosity of
3.7 serving as the cyrstalline thermoplastic resin was
employed, and this polyamide nylon-6 was extruded through
an annular die of a diameter of 60mm. Then it was
qui.ckly cooled down by 15°C cooling water so that a
tubular nylon film (whose temperature at which

contraction starts was 45°C, and melting point was 215°)
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of a diameter of 90mm and thickness of 120 UL was
manufactured. The thus-manufactured original film is
heated by the infrared ray heater at the position between
a pair of nip rolls so that simultaneous and biaxial
orientation was performed at an orie.i ..g magnification
MD/TD = 3.0/3.2.

Next, this nylon film was successively supplied
to the guide rolls 15 and the pinch rolls 16 as to be
folded. Consequently flat tubular nylon film was
obtained.

Then, the thus-obtained flat nylon film was
introduced into the first hot air type heating furnace 18
(ciip system) wherein the nylon film was subjected to a
first heat treatment arranged ‘o be 60° and 5 seconds,
thus the nylon film was previously thermally set.

Next, the two ends of the flat nylon film were
cut by the trimming device 59 as to be divided into two
nylon films. Then, the thus-divided nylon films were
separated from each other by the rolls 60, and the inner
surface of each of the films was brought into contact
with air. Next, the nylon films were laminated again by
being passed through rolls with no groove (omitted from
illustration).

Then, these nylon films was subjected to a
second heat treatment arranged to be 210° and 10 seconds
in the second hot air type heating furnace 63 with the

two ends thereof held by the tenter 62 for the purpose of
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thermally setting these nylon films.

Next, the thus-thermally set nylon films were
wound to the winding machine 28, 32.

The nylon films obtained as a result of the
above-described heat treatment did not show any adhesion
of the films so that they were able to be divided into
two sheets. The contraction ratio in 115°C water was
MD/TD = 4.0/4.0 (%), and a nylon film exhibiting
excellent dimension stability and capable of being used
as a retort film was obtained.

Experimental Examples 5 to 13

Nylon films corresponding to experimental
examples which were each arranged to have different
conditions upon the heating temperature of the first
heating furnace 18 and the second heating furnace 63 and
the presence of the groove 13 on the rolls 61A to 61C
were obtained. The properties of the nylon film and the
other factors were the same as those of the experimental
example 4. In the experimental examples 5 to 9, rolls
without a groove were used. In the experimental examples
10 to 13, the rolls 61A to 61C with the groove were used.
These rolls 61A to 61C with the groove comprises rolls
obtained by forming double grooves crossing each other at
a pitch of 10cm on the surface of a metallic roll, and
the surface was applied with a chrome plating.

Comparative Example 1

Similarly to the above-described experimental
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example, polyamide nylon-6 was used and a tubular nylon
film was manufactured. Then, this original film was
biaxially oriented.

Then, this nylon film was folded as to form a
flat shape, and the thus-obtained flat nylon film was
subjected to ¢ .. rst heat treatment arranged at 150° for
5 seconds in a hot air type heating furnace. Next, this
flat nylon film was subjected to a second heat treatment
arranged at 190° for 10 seconds in the hot air type
heating furnace without any air interposed between the
divided two nylon films.

Then, although it was intended to wind this
film by dividing into two pieces, the resulted adhesion
prevented this.

Comparative Examples 2 to 6

Nylon films corresponding to each of the
comparative examples were obtained by having the heating
temperature of the heating furnace and the presence of
the air to be interposed varied. The properties of the
nylon film and the other factors were the same as those
of the comparative example 1. ‘*he comparative examples
3, 4, and 6 were performed in such a manner that the film
was divided into two pieces, and air was interposed
between the two nylon films by using the groove-provided
rolls.

In the case of the comparative example 2, since

no air was interposed between the films similarly to the
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comparative example 1, the film adhesion occurred. In
the comparative examples 3 and 4, although air was
interposed between the films, the adhesion occurred since
the second stage heating temperature was 220° which
exceeded the melting point (215°C) of nylon-6. In the
comparative example 5, the adhesion occurred in the first
stage of heat treatment because the first stage heat
treatment temperature was 190°C which is higher than the
temperature (185°C) that was lower than the melting point
by 30°C. In the comparative example 6, the heating
treatment temperature in the second stage was 180°C which
was lower than the melting point by 30°C or more.
Therefore, the contraction rate became enlarged.

The treatment conditions corresponding to the
experimental examples 4 to 13 and the comparative
examples 1 to 6 and the resulted properties of the nylon
films obtained by these experimental and comparative
examples are collectively shown on Table 1. The
properties evaluation was made upon the degree of curl,
adhesion, and contraction rate, and final evaluation was
made upon each of the examples. Referring to this
drawing, as for the degree of curl, mark Q represents no
curl, A represents small curl, X represents large curl.
The levels superior to the mark A represent the levels at
which no mechanical problem occurs. The degree of
adhesion was a result obtained from observation for 24

hours, in which mark © represents no adhesion, mark O
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represents 1 to 2 portions of adhesion, mark A represents
3 to 10, mark X represent excessive adhesion, and mark XX
represents adhesion of entire surface. The levels
designated by the marks O and A are the levels in which
the adhered porticn can be mechanically separated from
each other since the adhesion intensity was small, the
level designated by the mark X is the level in which the
mechanical separation cannot be performed. The
contraction rate is a result of measurement of the
contraction rate in each of 95°C and 115°C water. 1In the
final evaluation block, mark © indicates the product can
be most suitably manufactured continuously, mark O
indicates the product can be manufactured continuously
without involving any problem, mark A . irdicates the
product can be manufacture continuously with slight
problems, mark X indicates the product is difficult to be
continuously manufactured due to serious problems, and
mark XX indicates the product is impossible to be
continuously manufactured.

As can be clearly seen from this table, the
nylon films obtained in the experimental examples exhibit
satisfactory results upon all of the factors such a
degree of curl, degree of adhesion, and contraction rate.
Therefore, a nylon film exhibiting excellent dimension
stability can be obtained.

As described above and according to the present

invention, a method of and an apparatus for manufacturing
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biaxially oriented film is provided, this method and apparatus exhibiting
the following excellent advantages: a film exhibiting an excellent uniform
film thickness distribution can be manufactured as a product; the thickness
distribution can be automatically adjusted and controlled when the film is
manufactured; the film of the invention can be used in a further
manufacturing process wherein an oriented film can be manufactured in a
constant orienting conditions; an excellent working efficiency can be
realized at the time of starting the orientation and forming work and a
continuous operation can be performed; and the film of the invention or the
film resulting from the further manufacturing process can be used in yet
another further manufacturing process wherein thermosetting can be applied
to the folded film without adhesion.
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7 TABLE 1
\\ 'iégignggﬁr AIR INTERPOSE gggggﬁs:};m EVALUATION
\ %ERA- TIME NO AIR ‘-’ROVlIDED %5‘““ TIME | DEGREE OF | DEGREE OF gggERMTION (%) PINAL
\| ©o) |(secomn womi croove |omoove 0T | ¢y  |secomn) R FPHESION | 950c 115°¢c | EVALCATION
E.E. 4 60 5 O 210 10 A A 2 4 A
E.E. 5| 100 5 O 210 10 O O 2 4 O
E.E. 6| 1560 5 O 210 10 O @) 2 4 O
E.e. 7| 180 5 O 210 10 O O 2 4 @)
E.E. 8 60 5 O 190 10 A O 5 11 O
E.E. 9100 5 O 190 10 O O 5 117 @)
E.E. 11# 60 5 O 210 10 A © 2 4 O
E.e. 13 100 5 O 210 10 O (©} 2 4 @]
E.E. 12 180 5 O 210 10 O © 2 4 ©
E.E. 13 60 5 O 190 19 O © 5 11 ©
c.e. 150 5 O 190 10 - X 5 11 X
c.e. 22150 5 O 210 10 - X X 2 4 X X
c.e. 3150 5 O 220 10 O X X 1 2 X X
c.e. 4 50 5 O 220 10 X X X 1 2 X X
C.E. 5190 5 X X
c.e. 6150 5 O 180 10 O O 11 20 X

I

E.E represents experimental example
C.E represents comparative example
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‘WHAT—ES—CRAIMED—IES-:

The claims defining tﬁé invention are as follows:
1. A method of manufacturing a biaxially oriented

film wherein a tubular original film obtained by rapidly
cooling molten thermoplastic resin which has been
extruded from an annular extruding die is simultaneously
biaxially oriented by heat supplied from heating means
during the conveyance of said tubular original £film
between two sets of nip rolls each having an individual
circumferential speed and by being formed in a shape of a
bubble due to the pressure of a gas which has been
injected and enclosed in said tubular original film,
said method of manufacturing biaxially oriented film
comprising:

detecting a thickness distribution of said
original film and/or said biaxially oriented film;
detecting a temperature distribution around said annular
extruding die and/or a temperature distribution around
said heating means which corresponds to each of said
thickness distributions; changing said temperature
distribution around said extruding die and/or said
heating means on the basis of the relationship between
each of said thickness distributions and said temperature
distributions, whereby said thickness distribution of
said original film and/or said biaxially oriented film is
made uniform.
2. A method of manufacturing a biaxially oriented

film according to claim 1, wherein each heating
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temperature around said extruding die and said heating
means is division-controlled.

3. A method of manufacturing a biaxially oriented
film according to claim 2, wherein heating conditions for
division-controlling around said extruding die and said
heating means performed on the basis of said thickness
distribution are computed from said measured thickness
distribution by using a predetermined formula expressing
a change rate of said oriented film per unit temperature
with respect to a case where heating conditions are
arranged to be constant, and said division control of
heating is automatically performed on the basis of the
results of this calculation.

4. A method of manufacturing a biaxially oriented
film according to claim 1, wherein air is sprayed to a
point at which film orienting starts, and an angle
defined by a direction in which sprayed air injects and a
direction in which said film is conveyed is arranged to
be 30 to 60 degrees.

5. An apparatus for manufacturing a biaxially
oriented film wherein a tubular original film obtained by
rapidly cooling molten thermoplastic resin which has been
extruded from an annular extruding die is biaxially
oriented by heat applied thereto between two sets of nip
rolls and a gas pressure injected into the inside portion
thereof, said apparatus for manufacturing a biaxially

oriented film comprising:

N




Rae

o
[
4

s 8 s &

- 49

first heating means enabling a temperature
distribution around said extruding die to be division--
controlled and/or second heating means enabling a
temperature distribution arcund said biaxially oriented
film to be division-controlled;

means capable of detecting a thickness
distribution of said original film which has been
extruded from said extruding die and/or a thickness
distribution of said biaxially oriented film;

temperature distribution detecting means

capable of detecting a temperature distribution around

said extruding die realized by said first heating means -

and a temperature distribution around said biaxially
oriented film realized by said second heating means; and

control means capable of division-controlling
heating temperature around said extruding die supplied
from said first heating means and heating temperature
around said biaxially oriented film supplied from said
second heating means on the basis of the relationship
between the thus-detected thickness distribution and said
temperature distribution.
6. An apparatus for manufacturing a biaxially
oriented film according to claim 5, wherein said control
means includes:

computing means capable of computing a proner
temperature distribution around said extruding die

realized by said first heating means and a proper
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| temperature distribution around said biaxially oriented
film realized by said second heating means on the basis
of the thus-measured temperature distribution and
thickness distribution; and

a temperature adjustment control device capable
of division-controlling temperature around said extruding
die realized by said first heating means and temperature
around said biaxially oriented film realized by said
second heating means on the basis of the thus-computed

temperature distribution.

7. An apparatus for manufacturing a biaxially

e & » & a

oriented film according to claim 5, wherein said control

LY

means further includes means for storing data on

o
o ®a

thickness distribution of said original film and means

obo
-

for storing data on thickness distribution of said
AR oriented film.
o & 8. An apparatus for manufacturing a biaxially I
oriented film according to <laim 5 further comprising an

air ring capable of spraying air to a point at which

orienting of said biaxially oriented film starts and

arranged in such a manner that an angle formed by a
direction in which sprayed air injects and a direction in
which said biaxially oriented film is conveyed is :
arranged to be 30 to 60 degree.

9. A method of manufacturing & biaxially ori -
film wherein a tubular originakﬁm:j:

co i molten thermoplastic resin which has been
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9. A method of manufacturing a biaxially oriented film, as defined
in claim 1 and substantially as herein described with reference to Figures
and 2 or Figures 3 and 4.

10. An apparatus for manufacturing a biaxially oriented film, as
defined in claim 5 and substantially as herein described with reference to
Figures 1 and 2 or Figures 3 and 4.

11. A method of manufacturing a biaxially oriented film, as defined
in claim 1 and substantially as herein described with reference to any one
of Experimental Examples 1 to 3.

12. An apparatus for manufacturing a biaxially oriented film, as
defined in claim 5 and substantially as herein described with reference to
any one of Experimental Examples 1 to 3.

DATED this THIRTEENTH day of FEBRUARY 1991
Idemitsu Petrochemical Co., Ltd.

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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