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DESCRIPTION
METHOD AND EQUIPMENT FOR PRODUCTION OF LAMINATED METAL SHEET.

Technical Field

The present invention relates to a method and equipment for
‘production of laminated metal sheet, and in pérticular to a method
for producing laminated metal sheet used for can containers at a
high speed and an equipment for pi‘oduction for carrying out the

method.

Background Arf

Recently, laminated metal sheet, in which plastic £ilms such
as polyester films are laminated on one s.ide or both sides of a thin
metal sheet (in particular, a cold rolled steel sheet with the
* thickness of from 0.13 to 0.38 mm), instead of a tin—pla_lted steel
sheet is being used as material for can container. In such a
laminated metal sheet, for lamina‘l_:ing a plastic filni to a metal
sheet , there are the method for heat-bonding by applying the
self-adhesiveness of thé £ilm, and the method for bonding a plastic
film with a metal sheet through bonding agent. In both ca.sesl, a
-metal sheet is heated, cold plastic films are put on the heated
metal sheet, and then the metal sheets are pressed together using a
pair of laminating rolls. For example, when laminating plastic
films on both sides of a metal sheet, the metal sheet is heated to a
temperature highe;r than the softening point of the f£ilms through
such apparatus as an electric heating apparatus, a high-frequency
heating apparatus, a hot blast stove and others, a cold plastic

film is put on both sides of the heated metal éheet, and then the
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cold plastic film and the heated metal sheet are passed through
between a pair of laminating rolls having a rubber lining so that
the plastic film is bonded to the metal shee.t. (refer to Japanese
Patent Laid Open No. 8335/1994(Heisei 6)) .

In the conventional method for production of a laminated
metal sheet in which a metal sheet is heated in laminating, there is
no problem when laminating is carried out at a low speed of the
order of 20 m/min. However, when laminating at a high speed beyond
150 m/min, the ratio of mixed air bubbles( the ratio of air
bubbles ) of the .laminated metal sheet obtained reaches 10 to 30 %
by the area ratio. When the laminated metal sheet _in which air
' bubbles are mixed ié deep-drawn to be formed into can containers,
flaws are apt to be caused at such portions on the surface of the
1aﬁlinated metal sheet, which causes the deterioration of products.
Further, when the are cases in which lamination is carried out at a
: high speed beyond 200 m/min, there are cases in which the adhesion
strength becomes uneven, which causes the lowering of the strength
of adhesion. |

It is a technical problem of the present invention to proiride
a production method of .a laminated metal sheet in which the
taking-in of air bubbles is low and the unevenness of adhesion is
low even when lamination is carried out at a high speed, and to
provide an equipment for the production of a laminated metal sheet
used for it, cancelling the above-mentioned problems of the

conventional method.

Disclosure of Invention
The production method of a laminated metal sheet of the

present invention is characterized in that in a production method
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of a laminated metal sheet comprising the step of laminating of a
plastic £ilm on at least one side of a metal strip, heating the
plastic film to a temperature which enables to heat-bond the
plastic £film with the metal sheet, and the plastic £ilm is brought
into pressure conatct with the metal sheet just after the heating.
in this production method, it is desirable that the plaétic film is
heated to a temperature of between the glass transition temperature
of the plastic film and a temperature at which the thermal
shrinkage of the film attains 3 $ when the film is kept for 30
minutes at a constant temperature. Further, it is desirable that
the lamination is practiced while giving tension of from 2 to 14
N/mm > to the £ilm.

The equipment fbr the production of a laminated metal sheet of
the present invention ié characterized in that in an equipment for
the production of a laminated metal sheet comprising a pair of
" laminating rolls, a metal sheet feeding means for continuously
feeding a metal strip to the laminating rolls and a £ilm feeding
means for feeding plastic £ilms to be la.minated on at least one side
of the metal sheet ., the equipment further comprises a £ilm heating
means for heating the Iilastic film to a fixed temperature just
before laminating. It is desirable that the above-mentioned £ilm
heating means is the one which can heat the plastic f£ilm to.a
temperature of between the glass transition temperature of the
plastic £ilm and a temperature at which the thermal shrinkage of
the film attains 3 % when the f£film is kept for 30 minutes at a
constant temperature, and further, it is desirable that it further
comprises a means for applying tension of from 2 to 14 N/mm ? to the

plastic £film.



lBrief Description of Drawings

Fig. 1 is a schematic side view showing one example of a
practical mode of the equipment for the production of the present
invention.

Fig. 2 is a side view of an essential part showing another
practical mode of the equipment for production of the present

invention.

Best Mode for Carrying Out the Invention

In a conventional method, since a platstic £film is cold until
it is brought into contact with a metal sheet, the plastic £film is
hard to adhere to the metal sheet, due to the stiffness of the film
itslf, and so the plastic fiim is forced to be brought .into contact
with the metal sheet by means of laminating rolls. Therefore, it is
considered that when the lamination is carried out at a high speed,'
> air bubbles become apt to be taken in (caught in ) between the £ilm
and the metal sheet. However, in the production method of the
present invention, a plastic £ilm, heated to a temperature at which
the film can heat-bond to the metal sheet, is softened before it
comes into contact with the metal sheet. Therefore, it is
considered that the plastic £film sufficiently adheres to .the metal
sheet, and air bubbles are hard to be trapped (air bubbles are hard
to be formed between the metal sheet and th«_a plastic £ilm ). And
when the plasi:ic film is brought into pressure contact with the
metal sheet right after the heating of the platic f£ilm and before
the temperature of same falls, the plastic film is adhered on the
metal sheet without unevenness by the self édherability of the
plastic £ilm, wherein by heating also the metal sheet,the adhesion’

of the plastic f£film to the metal sheet can be improved.
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Further, in a conventional method, when a plastic film is
brought into pressure contact with a metal sheet through a pair of
laminating rolls, heat is transmitted from the preheated metal
sheet to the plastic f£ilm through the heat transmission action by
which the plastic film is molten to be soft, and after the plastic
film is separated £from the laminating roll, it is cooled at a normal
_ témperature. Accordingly, there is no problem when the supply spéed
of the metal sheet and the plastic film is low. However, when the
supply speed increases, the temperature of the £ilm is hard to be
elevated, and the unevenness of temperature is caused in the
plastic f£ilm, which causes the unevenness of adhesive strength.
However, in the production niethod of the present invention, since
the plastic film is preheated to a fixed temperature, the
distribution of the temperature in the thickness direction in the
plastic £ilm is uniform, and the lamination is efficiently carried
- out even in high speed operation.

In the production method of the present invention, in case
where a plastic £film is heated to a temperature of between the glass
transition temperature of the plastic £ilm and a temperature at
which the thermal shrinkage of the £film attains 3 % when the £film is
kept for 30 minutes at a constant temperature, air bubbles are
caught in between the plastic film and the metal sheet even when
lamination is carried out at a high speed, and so the adhesion of
the film to the metal sheet is improved. Further, in case where
lamination is carried out while giving tension of from 2 to 14 N/mm 2

to the film, air bubbles being caught in between the plastic film

and the metal sheet is efficiently prevented.

Example
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Next, referring to the drawings, desirable mode of the
production method and equipment of the present invention is
explained. Fig. 1 is a schematic side view showing one example of
practical mode of an equipment according to the‘pfésent invention.
Fig. 2 is a side view of an essential part showing another practical
mode of an equipment according to the preseﬁt invention.

Fig. 1 shows one example of equipment for laminating a plastic

film ( hereinafter referred to as "film") 2 on one side of a metal
. sheet 1. In Fig. 1, numeral 3 designates a roll of £ilm 2, numeral 4
designates a tension controlling means for controlling tension of
film 2 being sent out, and numeral 5 designates a means for heating
plastic film 2 to a fixed temperature. Further, numeral 6 and 7
desigte laminating rolls for pressing £ilm 2 to metal sheet 1, and
numeral 8 and 9 designate suppJ.iers of metal sheet 1 and an obtained
laminatedsheet,respectively.
| The above-mentioned tension controlling means 4 comprises a
pair of stationary guide rolls 10 and 11, in between which a movable
guide roll 12 is arranged;. a tention controlling device 15,
provided with a force detector load cell 13 at movable guide rolls
12; and a tension controlling device 18, provided with a movable
guide roll 16, which is provided with a tention detector load cell 4,
placed between the above-mentioned guide roll 11 and anoctherxr
stationary guide roll 17. The tension controlling means 4 serves to
giving suitable tension to the £ilm 2 when running, so as to keep
the smoothnéss of the £film.

The above-mentioned heating means 5 is composed of a heating
roll which is heated by means of steam, electric heating and others.
It is arranged at the process immediately before laminating rolls 6

and 7. The temperafu're of heating roll 19 varies depending on

Qa.
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materials  of the film. However, it is desirable to set the
temperature of the heating roll 19 between the glass transition
temperature Tg of synthetic resin forming its f£ilm and allowable
film shrinking temperature Tx. The allowable f£film shrinking
temperature Tx is the temperature corresponding to thermal
. shrinkage of 3 % which is obtained when the £ilm has been kept at its
temperature for 30 minutes. When the temperature is lower than the
glass transition temperature Tg, the filrﬁ is hard to be kept smooth,
while when the temperatuﬁe is higher than the allowable film
shrinking temperature Tx, the shrinkage of the f£film increases so
that it is difficﬁit to maintain the size of the film. Further, as
the film excessively stretches to slacken, wrinkles are apt be
caused when the film is brought into pressure contact with the
metal sheet.

Heating roll may be one. However, it is desirable to use a
- plurality of them to securely heat the film to a fixed temperature
even in high speed operation. A.heéting roll.heated.by steam (heat
medium ) and others can be applied as heating means, or heating of
the £ilm can be made by passing the £ilm through an electric heating
device, high-frequency-heating device, hot blast stove and others.

Further, laminating rolls 6 and 7 are steel rolls having a
diameter of the order of 460 mm to 670 mm, provided with a
rubber-lining having thickness of the order of 20 to 40 mm on the
surface of it and has a larger diameter than that of conventional
laminating rolls. In case where the laminating rolls having such a
large diameter are used, enough nipping time can be taken so that
secure laminating can be made even if the laminating speed is
increased. One to four cooling rolls 20 are arranged around

laminating rolls 6 and 7 so that the temperature of laminating
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rolls 6 and 7 can be cooled to be kept within a fixed temperature
range. Conventional suppliers can be applied for supplier 8 of
metal sheets and supplier 9 of laminated sheets.

In the equipment cémpos,ed as above-metioned, while the course
of film 2 unwound from roll 3 is changed by stationary guide roll 10,
movable guide roll 12 and statidnary guide roll 11, upward load is
measured by load cell 13 provided at movable guide roll 12. Further,
while the course of the £ilm is changed by movable guide roll 16 and
stationary guide roll 17, the £film tension is measured by load cell
14 provided at movable guide roll 16. Movable guide roll 12 is moved
( for example traversed up and down ) based on the measured tension
so that the film -tension can constantly be controlled within a
fixed range ..

Then, film 2 is brought into contact with heating roll 19,
heated to a fixed temperature, and is hot-bonded on metal sheet 1 by
" means of laminating rolls 6 and 7. In this case, since film 2 is
heated to the temperature beyond the glass transition temperature
Tg and below the allowable film shrinking temperature Tx, the £ilm
can securely be hot-bonded to the metal sheet, and besides thermal
shrinkage of the £film is low. Further, as laminating is practiced
while tension is being applied to the film, the surface of the
_ laminated sheet can be kept smooth.

Any of metal shéets used in the conventional laminate sheet,
such as TFS, aluminium sheet .and others having thickness 6f 0.13 to
0.38 mm can be applied for metal sheet 1 used in the above-méntioned
" production method. Further, any of £films used in the conventional
laminate sheet, such as polyester film, polyethylene,
polypropylene, polyethylene naphthalate and others having

thickness of 12 to 25 & m can be applied for £ilm 2.
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Next, referring to Fig. 2, another practical mode of the
present invention is explained. Fig.2 shows an example in which
films 2 are laminated on both sides of metal sheet 1. Laminating
i:olls 6 and 7 are steel rolls having a rubber 1inirig, respectively,
and have relatively large diarnéter { for example 700 mm to 750 mm),
in which the rubber lining is also thick ( for example 40 mm ). And
.the increase in temperature of laminating rolls 6 and 7 is
controlled by means of cooling rolls 20. As a roll having a larger
diameter provides longer nip length, the time needed for nipping
can be secured even in high speed operation, which gives secured
adhesion of the £ilm to the metal sheet.

Further, as tension of 2 to 14 N/mm? is applied to the £ilm,
the taking-in of air bubbles in betweeen the film and the metal
sheet is low. Therefore, the rate of air bubbles taken in the
obtained laminate sheet (the rate of air bubbles ) is below 10 % by
* the area ratio and low. Accordingly, high-quality laminated sheet
can be produced even in high speed operation.

Next, showing concrete examples and comparative exmaples, a
production method of the present invention is explained.

(Examples 1 to 10)

An equipment, in which the arrangements shown in Fig. 2 are
substituted for those in the portion surrounding laminating rolls 6
and 7 in the equipment shown in Fig. 1, is provided, by which a film
of PET resin ( the glass transition temperature Tg: 74 C., the
allowable film shrinking temperature Tx: 130 C ) having 980 mm
width and 25 mm thickness is laminated on a preheated Cr-plated
steel sheet having 960 mm width and 0.26 mm thickness, at a
laminating speed of 200m/min. And the fluctuation in the rate of

air bubbles ( the ratio of area ) is investigated in case where the
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heating temperature of the £film and the tension of the £film just
before lamination are varied.

| As a measuring method of the.rate of air bubbles, for example
in a laminated sheet, the ratio of area S2 of air bubbles against
base area S1, namely the rate of air bubbles (S52/S1 X 100) is shown
as a value.

Air bubbles can be observed and measured by means of a
metallurgical microsdope, for exémple at around 400 power
magnification. The portion of air bubbles and other portions can be
clearly distinguished, when observing the laminated sheet in which
air bubbles are formed using a metallurgical microscope. Portions
which look like bubbles observed with a metallurgical microscope
correspond to air bub‘bies . After taking a photograph of the whole
visual field of thelnic;oscope, outlines of the bubbly portions in
the.finished photograph are traced, and the inside of traced
- outlines is smeared ( for example the inside is smeared with black ),
thereby the smeared portions are distinguished from the other
portions. Then, the ratio of the smeared portions against other
portions is determined using a picture area analyzer and such and
is numerically expressed . |

It can be deduced by taking a microphotograph, at what rate.
air bubbles are formed per base area, wherein a circle having a
diameter of 2 mm is available for base area S1.

Also, since air bubbles are most apt to be caused neaxr the side
edges of strips of the lé:ninated sheet in laminating operation, the
average of measured values, measured for example at the center
portions and at positions 25 mm distant from the edge portions of
the laminated sheet, respectively can be avaiiable.

Further, in case of measuring actually during a laminating
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operation, pictures taken by an image camera is computerized by
which the area ratio of portions having air bubbles to portions
without any air bubble can automatically be calculated.

The results measured by varying conditions are shown in Table
1.
In Table 1, "-" in the column for film tension means a state where
tension is slightly applied to a £ilm in such an extent that the
film does not run in waves, and subsfantially "0". In these
examples, the diameter of the laminating rolls was 750 mm, the
thickness of the rubber lining was 40 mm, and four cooling rolls
were provided on one side of the laminating rolls and set at a
temperature 10 T lower than that of the laminai:ing rolls.
Laminating pressure was Max 120,000N, wherein in this case nip

length was 105 mm.

(Examples 11 to 12)
The cases where the film was kept at 70 T, the film tension is
substantially "0", and 4.1 N/mm ? are shown as Examples 11, 12 in

Table 1, respectively.
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Table 1
|Heating Film Rate of air
temperature tentioh bubbles (%)
of £1lm (C ) | (N/mm?)
Exa.mﬁle 1 100 - 8
Example 2 100 3.5 7
Example 3 130 - . 7
Example 4| 130 - 2.5 6
Example 5 150 - 6
Example 6 - 150 2.9 5
Example 7 175 - 4
Example 8 175 2 4 3
Example 9 200 - 3
Examplel0 200 2,1 2
Examplell | 70 - 10
Examplel2 70 4.1 7
.
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(Comparative examples)
Results of lamination carried out under the same condition as

that in examples 1 to 12 except that the film is kept at room

temperature are shown in Table 2.

Table 2
1Film Rate of air
tention = |bubbles (%)
(N/mm?®)
Comp. ex. 1 - 40
Comp. ex. 2 2.9 20
Comp. ex. 3 2.1 17
Comp. ex. 4 4.1 - 12
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As it is clear from Table 1, in examples 1 to 10 in which the
heating temperature of a plastic film is higher than the glass
transition temperature, the laminated sheet of high quality
having the rate of air bubbles of 2 to 8 % can be produced even at a
high speed operaﬁion. Further, Examples 2, 4, 6, 8 and 10, in which
film tension of 2.1 to 3.5 N/mm?’ were given to the films,
respectively, have the rate of bubbles which is about 1 point lower
than those in examples 1, 3, 5, 7 and 9 in which tension is not given
to the £ilm. Therefore, it is seen that if other conditions are the
same, the rate of air bubbles becomes lower when tension is applied
to the £ilm. Further, it is seen that when the heating temperature
of the £ilm is higher, the rate of air bubbles become lower.

Further, even in example 11 in which the heating temperature
is 70°C, which is somewhat lower than the glass transition
temperature, and the £ilm tension is not given to the f£film, the rate
* of air bubbles _thereof is 10 % and so it is suffic;iently practical.
- In this case, when tensi_on given to the £film is increased( 4.1 N/mm z

}. the rate of air bubbles is 7 ¥, that is about the same as that in
examples 2 and 3. Howevér, it is seen that in case_of ekamples 1 to
10, even if tension is not given to the film, or even if tension.
given to the film is in the relatively controllable range of from 1
to 3.5 N/mm 2, these examples are more preferable, since the rate of
air bubbles becomes to be below 8 % in which a laminated metal sheet
is hard to take flaws in deep drawing.

On the other hand, in any case of comparative examples 1 to 4
in which film is not heated, the rate _of air bubbles is 12 to 40 % in
which flaws taken on the surface of laminated sheet in deep drawing
are increased and so laminated metal sheets of the comparative

examples are unsuitable for can stock material.
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Industrial Applicability.

According to the production method of the present invention,
the taking-in of ajir bubbles is low, and unevenness of adhesion is
low even when lamination is practiced at high speed. In case where

tension is applied to a heated f£ilm, the_taking-in of air bubbles
| can be more lessened. The equipment of the present invention

enables to carry out the above-mentioned production method.
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CLAIMS

1. A prdduction méthod of a laminated metal sheet comprising the
step of laminating of a plastic £ilm on at léast one side of a metal
sheet strip, wherein the plastic f£ilm is heated to a temperature
which enables to heat-bond the plastic £film with the metal sheet,
and just after the heating, the plastic film is brought into
pressure conatct with the metal sheet.

2. F production method as claimed in claim 1 wherein the plastic
f£ilm is heated to a temperature of between the glass transition
temperature of the plastic film and a temperature at which the
thermal shrinkage of the film attains 3 % when the £film is kept for
30 minutes at a constant temperature.

3. A production method as claimed in claim 1 or 2 wherein
laminating is practiced while further applying tension to the £ilm.
* 4., A production method as claimed in claim 3 wnerein the
laminating is practiced while giving tension of from 2 to 14 N/mm 2.
to the plastic £ilm.

5. A production equipment for a laminated metal sheet comprising
a pair of laminating rolls, a metal supplying meéns for
continuously supplying a metal sheet strip to the laminating rolls
and a film supplying means for supplying plastic films to be
laminated on at least one side of the metal sheet, is characterized
in that the equipment further comprises a film heating means fdr
heating the plastic film to a fixed temperature just before
laminating.

6. A production equipment for a laminated metal sheet as claimed
in claim 5 wherein said film heating means serves as heatiﬁg the

plastic film to a temperature of between the glass transition
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temperaturé of the lplastic film and a temperature at which the
thermal shrinkage of the £film attains 3 § when the £ilm is kept for
30 minutes at a constant temperature. |

7. A prddudtion equipment .for a laminated metal sheet as claimed
in claim 5 or 6 wherein the equipment further comprises a means for
applying tension to the plastic £ilm.

8. A production equipment as claimed in claim 7 wherein said
means for applying tension to the plasstic film serves as giving

tension of from 2 to 14 N/mm ?.



