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DESCRIPTION 

METHOD AND APPARATUS FOR PRODUCTION OF LAMINATED METAL SHEET 

Technical Field 

The present invention relates· to method and apparatus for 

production of laminated metal sheet. 

Background Art 

Recently, a laminated metal sheet, in which synthetic resin 

films such as polyester films are laminated on one side or both 

sides of metal sheet such as thin steel sheet or plated thin steel 

sheet, is applied for materials of can for bevarage and others. In 

case of forming of this laminated metal sheet into a can by 

deep-drawing forming, the laminated resin film protects the metal 

sheet from corrosion caused by the contents in the can. Further, 

when the laminated metal sheet is formed, there is an advantage that 

it does not need to be coated with lubricant and to be rinsed, since 

the synthetic resin film functions as a lubricating layer. 

When· the laminated metal sheet is formed by deep-drawing, 

cracks and pinholes are sometimes generated in the synthetic resin 

film depending on the forming conditions. As these cracks are 

formed right under the flange portion, the appearance becomes 

unattractive. Further, the metal substrate is apt to corrode, which 

causes durability trouble. Accordingly, the inventors of the 

present application give various suggestions on preventing cracks, 

such as partial controlling of the orientation degrees of the 

synthetic resin film, increasing of adhesion between the metal 

substrate and the synthetic resin film and others (refer to 
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International Application No. PCT/JP94/01260 and others) . 

Generation of cracks could be substantially reduced by such means. 

However, pinholes generated at random could not sufficiently 

be reduced even by the above-mentioned means, and the metal 

substrate could not· sufficiently be prevented from being corroded 

by the contents oozing out through pinholes of the can, which 

deteriorates durability. It . is the objective of the present 

invention to provide a laminated metal sheet in which generation of 

pinholes can be minimized in the deep-drawing forming and others, 

and the durability of can for bevarage and others to be improved 

thereby. 

It was found that the incidence of the above-mentioned 

pinholes can be reduced to some degree by changing the condition of 

the synthetic resin film and the condition of the surface roughness 

of the metal sheet. However, some elements · remained almost 

unaffected by the change in condition of the base materials. Thus, 

inventors of the present invention noticed the existence of fine 

particles floating in the air. as the condition other than those 

related with the base material. Namely. they considered that since 

such fine particles are adsorbed on a film surf ace and thereby 

exist between a metal sheet and a film, pinholes are generated 

originating from fine particles when the laminated metal sheet is 

formed into a can. And as a result of the cleanliness of air being 

heightened in the environment of laminating (doubling) process, it 

was recognized that there is a high correlative relation betweeen 

the class cleanliness (Federal Standards No. 2090). the standard of 

cleanliness of air. which shows the number of fine particles beyond 

0.5 ~m existing within a space of 1 ft 3
, and the incidence of 

pinholes. Further. inventors of the present invention considered 
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that fine particles having a mean particle diameter below 3 µ, m do 

not mainly attribute to generating piholes, and they noticed that 

for controlling the generation of pinholes, it is more desirable 

that standards for measuring the cleanliness in the environment of 

laminating (doubling) process is based not on the Federal 

Standards, but on the concentration of fine particles having a mean 

particle diameter exceeding 3 /..L m, and also that an excess of the 

cleanliness of air is not needed. These matters led the inventors 

to accomplish the present invention. 

Disclosure of Invention 

Method for producing a laminated metal sheet of the present 

invention is characterized in that it is a method for the 

production of a laminated metal sheet in which while superimposing 

the heated metal sheet on the synthetic resin film unwound from a 

film roll, the heated metal sheet and the synthetic resin film are 

passed through one pair of laminating ro.lls so that the two are 

laminated with each other under pressure, and the laminating 

process is carried out in the environment in which the 

concentration of fine particles having a mean particle diameter 

exceeding 3 /..L m is kept below 1 O O pieces I ft 3 
• 

The above-mentioned laminating process is desirably 

practiced in the environment with the cleanliness below class 5000. 

Further, it is desirable that unwinding of synthetic resin film 

from a film roll is carried out in the environment of the 

cleanliness below class 20000, and thereafter laminating of the 

synthetic resin film with the heated metal sheet is carried out. 

Further, the whole production line of laminated metal sheet is. 

desirably carried out in the environment of the cleanliness below 
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class 100000. Furthermore, it is preferable that the laminating 

process and unwinding process are carried out under somewhat 

elevated atmospheric pressure than surrounding atmospheric 

pressure. 

Apparatus for production of laminated metal sheet of the 

present invention is characterized in that in apparatus for 

production of laminated metal sheet comprising an uncoiler part for 

unwinding systhetic resin film from a film roll, and a laminating 

part for laminating the unwound synthetic resin film with heated 

metal sheet, the laminating roll part is provided in a laminating 

chamber for isolating the laminating roll part from other part, and 

an air cleaner is provided for keeping the laminating chamber in 

such a manner that the concentration of fine particles having a 

mean particle diameter exceeding 3 µ,mis kept below 100 pieces/ft 3
• 

In such an apparatus for production, the air cleaner · 

preferably serves as keeping the laminating chamber to be below 

class 5000. Further, it is desirable that the uncoiler part is 

provided in an uncoiler chamber for isolating the uncoiler part 

from other part, and a second air cleaner is provided for keeping 

the uncoiler chamber to be the cleanliness below class 20000. 

Further, it is preferable that a line stru9ture houses the whole of 

the production line of laminated metal sheet including the uncoiler 

chamber and the laminating chamber, and a third air cleaner is 

provided for keeping the cleanliness of the line structure to be 

below 100000. It is desirable that . a pressuring equipment is 

provided for keeping the uncoiler chamber and the laminating 

chamber is kept at somewhat elevated atmospheric pressure than the 

surrounding atmospheric pressure. 
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Brief Description of Drawings 

Fig. 1 is a sectional side view showing the essential part of one 

practical mode of an apparatus for the production of the present 

invention. 

Fig. 2 is a partially enlarged view showing the apparatus for the 

production shown in Fig. 1 . 

Fig. 3 is a sectional side view showing the whole apparatus for 

the production shown in Fig. 1. 

Fig. 4 is a schematic enlarged sectional view showing one 

example of a laminated metal sheet obtained by the method for 

production of the present invention. 

Fig. 5 is a sectional view showing on·e example of a can container 

formed of the laminated metal sheet. 

Fig. 6 is a graph showing the relation between the concentration 

of fine particles in the environme~t of the laminating process 

according to the present invention and the incidence of pinholes. 

Fig. 7 is a graph showing the relation between the concentration 

of fine particles having a mean particle diameter exceeding 3 µ, m 

and the cleanliness of air of Federal Standards. 

Best Mode for Carrying Out the Invention 

Fine particles which cause pinholes in a laminate film has a mean 

particle diameter exceeding 3JJ,m. If the concentration of fine 

particles in the environment of the laminating process is below 100 

pieces/ft3
, the number of fine particles inserted between a film and 

a metal sheet by fine particles adhering to the surf ace of 

synthetic resin film can be of the order of 1000 pieces/m2
• To this 

extent, since the incidence of pinholes is nearly below O .1 % when 

the laminated metal sheet is formed into a can, pinholes scarcely 

- 5 -



affect the practical production of a can. Further, since the 

above-mentioned concentration of fine particles corresponds 

nearly to c"lass 5000 of cleanliness of Federal Standards when the 

fine particles are normally distributed, nearly the same effect can 

be obtained, even if the laminating process is carried out in the 

environment of class 5000, in which "to be below class" means that 

the concentration of fine particles is lower than the numerical-

value of its class. 

In the unwinding process of a laminate film from a laminating 

roll, particularly high cleanliness is not needed. However, if the 

environment of the unwinding process is class 20000, the number of 

fine particles adhering to a synthetic resin film , which is 

carried to the laminating process, can be kept to be of the order of 

about 6000 pieces/m 2
• Further, it is difficult to airtightly divide 

the unwinding process from the laminating process. However, if the 

cleanliness in the unwinding process is beyond class 20000, the 

cleanliness in the laminating process can easily be kept. Therefore, 

the incidence of piholes can be reduced more by the addition of a. 

relatively simple instrument. Further, keeping the environment of 

the whole production line to be beyond class 100000 can also reduce 

more incidence of piholes by the addition of a relatively simple 

instrument. 

In the above-mentioned method for production, since 

penetrating of air having fine particles from the outside can be 

restrained by elevating somewhat the atmospheric pressure in the 

laminating process and the unwinding process than the surrounding 

atmospheric pressure, air cleanliness in each process can easily be 

kept. 

The above-mentioned method for production can be carried out 
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using the apparatus for production of the present invention. 

Then, referring to drawings, desirable practical modes of the 

apparatus for production and the method for production of the 

present invention are explained. Fig. 1 is a sectional side view 

showing the essential part of one practical mode of apparatus for 

the production of the present invention. Fig.2 is a partially 

enlarged view showing the apparatus for the production shown in Fig. 

1. Fig. 3 is a sectional side view showing the whole apparatus for 

the production shown in Fig.1. Fig.4 is a schematic enlarged 

sectional view showing one example of a laminated metal sheet 

obtained by the method for production of the present invention. Fig. 

5 is a sectional view showing one example of can container formed of 

the laminated metal sheet. Fig. 6 is a graph showing the rela-:f:ion 

between the concentration of fine particles i~ the environment of 

the laminating process according to the present invention and the 

incidence of pinholes. Fig. 7 is a graph showing the relation 

between the concentration of fine particles having a mean pa.rticle 

diameter exceeding 3 µ, m and the cleanliness of air of Federal 

Standards. 

In Figs. 1 and 2, numeral 1 designates a laminating chamber, 

numerals 2 and 3 designate uncoiler (unwinder) chambers which are 

provided on both sides of the laminating chamber 1 enclosed by 

partition walls 4, respectively. Heating furnace 5 for heating a 

metal sheet is provided at the upper portion of laminating chamber 

1, and a duct 8 is provided which extends from heating furnace 5 

through ceiling 6 of laminating chamber 1 so as to enclose metal 

sheet 7. Heating furnace 5 is connected with blast port 12 of air 

sent from an air cleaner comprised of a blower 9 and filters 10 and 

11, and further with an exhaust port 13 for exhausting internal air. 
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Further, heating furnace 5 is provided within it a large 

number of heating rollers 14 for elongating the path of metal sheet 

7 in such a manner that contacting pressure and contacting area can 

be increased so that the efficiency of heating can be improved. 

Gu.ide rollers are provided· in an outlet of the lower end of duct 8. 

Heating f~rnace 5 is preferably a heat exchanger system heater in 

order to lessen the generation of fine particles. It is desirable 

that rubber seal 16 is provided at an inlet of heating furnace 

(right end on the drawing) , which rubs both sides of metal sheet 7 so 

that metal sheet 7 which enters into heating furnace 5 is not 

accompanied by dust. Further, it is desirable that the same rubber 

seal 17 is provided at an outlet of duct 8. Further, a filter can be 

used in order to pick up powdered dust in the heater and remove it 

from the heater. 

One pair of laminating rollers 21 and 21 is provided downward 

of an outlet of the above-mentioned duct 8 at the center of 

laminating chamber 1, so as to be in contact with each other and 

rotatable on axes which are parallel to each other. Backup rolls 22 

which serve for cooling rolls contact the respective laminating 

rolls 21 and 21. Further, guide rollers 24 are provided for guiding 

synthetic resin films 23 which enter into the laminating chamber 1 

from uncoiler chambers 2 and 3 adjacent to the laminating chamber 1. 

The ceiling of laminating chamber 1 is equipped with blast port 26 

provided with an air filter for removing dust from air sent from a 

booster fan 25 for sending air under pressure and thereafter 

sending air to laminating chamber 1. The above-mentioned booster 

fan 25 and blast port 26 comprise the first air cleaner. An opening 

for sending out laminated metal sheet 27 and an exhaust port 28 are 

provided at the lower part of laminating chamber 1. Further, the 

- 8 -



opening is desirably provided with a seal for preventing air 

accompanied by dust from getting into the laminating chamber 1 from 

the outside. Further, it is desirable that a flow of wind is in the 

vertical direction, in order to stabilize the flow of wind within 

the laminating chamber. 

Uncoilers (unwinders) 30 on which rolls of synthetic resin 

films 23 are rotatably loaded are arranged in uncoiler chambers 2 

and 3. . Numeral 31 and 32 seen within the uncoiler chambers 

designate film rolls which are provided for the next use, 

respectively. Ceilings of uncoiler chambers 2 and 3 are also 

equipped with blast ports 34 provided with air filters for removing 

dust from air sent from the above-mentioned booster fan 25 and 

thereafter sending air to the uncoiler chambers. The 

above-mentioned booster fan 25 and blast port 34 compris~ the 

second air cleaner. 

Any material which has air tightness and strength needed for 

keeping cleanliness of the inside can be used for ceilings, walls, 

and floors of laminating chamber 1 and uncoiler chambers 2 and 3; 

the usual ceiling materials, wall materials and floor materials for 

clean room can be used. The filter of the first air cleaner is of a 

high performance HEPA film having finer meshes in such an extent 

that the concentration of fine particles of powdered dust having a 

mean particle diameter exceeding 3 J.l m is kept to be below 100 

pieces/ft 3 in laminating chamber 1. Further, the filter of the 

second cleaner has finer meshes in such an extent that the 

cleanliness beyond class 10000 can be kept within uncoiler chambers 

2 and 3. 

Numeral 35 in Fig. 1 designates a film preparing chamber. The 
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ceiling of the film preparing chamber 35 is equipped with a blast 

port 37 for sending air sent from a cleaning blower 36 to film 

preparing chamber 35. Exhaust ports 28 and 38, which are provided 

in the floors of laminating chamber 1 and a film preparing chamber 

35, are connected with the above-mentioned booster fan 25 through a 

package air-conditioner 39, or connected directly to cleaning 

blower 36. Therefore, air filters of booster fan 25 and cleaning 

blower 36 have only to serve as removing fine particles generated 

newly in the respective chambers so that cleaning of air in the 

respective chambers can effectively be accomplished. 

As shown in Fig. 3, the above-mentioned laminating chamber 1 

and uncoiler chamber 3 a,re arranged within line structure 40 which 

houses the the above all of the chambers above-mentioned. The line 

structure 40 is kept at a moderate temperature and at the 

cleanliness of air below class 100000, by means of a blower 41 for 

introducing outer air and an air filter 43 provided with an 

electric heater 42. Further, the ceiling of line structure 40 is 

provided with a roof fan 44 for exhaust, and the wall of it is 

provided with an exhaust fan 45. Conventional electric heater of 

which the filter is exchanged with one having finer meshes can be 

used for the air filter 43 and the like. However, a filter for clean 

room can also be used. 

Numeral 55 in Fig. 3 designates a known quenching bath for 

quenching produced laminated metal sheet 27. Numeral 56 designates 

a delivery looper for accumulating the laminated metal sheet in 

exchanging of coil. Numeral 57 designates a tension reel for 

winding laminated metal sheet 27 alternately . In the present 

practical mode, airtight chamber 59 which is partitioned by 

partition wall 58 houses the quenching bath 55, the delivery looper 
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56 and the tension reel 57. The airtight chamber 59 is kept at the 

cleanliness below class 5000 by sending clean air into the airtight 

chamber 59 by air fan 60 with a filter. Accordingly, few fine 

particles adhere to metal sheet 2 7 , which is the product , when it is 

wound on tension reel 5 7. 

Herein, numeral 62 in Fig. 3 designates an entry looper for· 

. accumulating metal sheet 7 before lamination, ·and numeral 63 

designates payoff reels for supplying alternately metal sheets, 

respectively. Since these instruments and other supplementary 

instruments shown in the drawings are substantially the same as the 

conventional ones, detailed explanation about them is omitted. 

In the apparatus for production of laminated metal sheet 

composed as mentioned above, metal sheet 7 unwound from payoff reel 

63 passes entry reel looper 62, thereafter is heated to 200 to 280 °C 

in heating furnace 5, and enters into laminating chamber 1 through 

duct 8. In the laminating chamber, synthetic resin films 23, sent 

out from uncoiler chambers 2 and 3 adjacent to the laminating 

chamber, are entered into the laminating chamber and are 

superimposed on both sides of metal sheet 7, and bonded to each 

other when the superimposed synthetic resin films and the metal 

sheet pass through between a pair of laminating rolls 21. The 

obtained laminated metal sheet 27 passes through quenching bath 55 

and deli very looper 56 and is wound on tension reel 5 7. 

The above-mentioned bonding process of lamination is carried 

out in the environment in which the concentration of fine particles 

with diameter 3 µ, m is below 10 O pieces I ft ·3 
• Accordingly, when a can 

container shown in Fig. 4 is formed of the laminated metal sheet 27, 

for example, few pinholes are caused. Further, since uncoiler 

chambers 2 and 3 adjacent to laminating chamber 1, are kept at the 
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cleanliness below class 20000, fine particles which enter into 

laminating chamber 1 accompanied by synthetic resin film 23 are 

extremely few. Therefore, it is easy to keep the cleanliness of 

laminating chamber 1 to be higher. Further, since a compartment 

having higher cleanliness is enclosed by other compartments having 

high cleanliness in such a manner that the whole. of line structure 

40 is kept at the cleanliness below class 100000, each chamber can 

effectively be purified. 

As metal sheets applicable in the method for the production of 

the present invention, steel sheet, aluminium, cupper plate, 

stainless steel sheet, TFS, tin-plated s:teel sheet and others can 

be used: However, they are not limited to the above-mentioned 

materials. Further, as synthetic resin films, polyethylene, 

polyethylene terephthalate, polypropylene, polyethylene 

naphthalate and others can be used: However, they are not limited 

to the above-mentioned materials. Further, the pressure of air 

supplied by the booster fan is usually about of the order of 20 Aq: 

However, it is not limited to this pressure. 

Example 

Next, the actual effect of the manufacturing method of the 

present invention is explained showing concrete examples. As an 

example, using the apparatus for production shown in Figs. 1 to 3, a 

laminated metal sheet in which TFS having O. 26 nun thickness and 980 

nun width is laminated with polyethylene terephthalate having 25 µ, m 

thickness and 980 nun width is produced, wherein a mixture of air 

sent from an air cleaner having high filterability with air sent 

from another cleaner having higher f il terabili ty are supplied into 

the laminating chamber with various ratios of mixture and at 25 Aq 
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so that the concentration of fine particles is varied. 

Fig. 6 shows the results of the incidence of pinholes of each 

· of obtained laminated metal sheet which is measured at intervals of 

1 m. The incidence of pinholes is expressed by the number of 

pinholes per meter length of metal sheet (%), in which the full 

length of the sample is about 2000 m. 

From this graph it is seen that when the concentration of fine 

particles is below 100 pieces/ft 3
, the incidence of fine parti9les 

is below O .1 % and it does not very wildly. It is also seen that in 

the region of from 100 to 200 pieces/ft 3
, it varies from O % to 1%, 

and in the region exceeding 200 pieces/ft 3
, the incidence of fine 

particles rises together with the rise of the concentration of fine 

particles. 

Further, Fig. 7 shows the results of the correlative relation 

between the concentration of fine particles with diameter 3 µ, m and . . 

class indication of the cleanliness of air based on Federal 

Standards which is a general standard for showing the cleanliness 

of an air-purified enviroment (clean room) obtained from measuring 

the data. From this graph it is seen that 100 pieces/ft 3 

concentration of fine particles with diameter 3 µ, m corresponds 

nearly to class 5000. However, strictly speaking, the cleanliness 

of clean room is classified by the concentration of fine particles 

of powdery dust having diamter beyond O . 5 µ, m in Federal Standards , 

and therefore when distribution of fine particles having diameter 

below O. 5 µ, m, fine particles having diameter from O. 5 µ, m to 3. O µ, m, 

and fine particles having diameter exceeding 3. O µ, m is 

significantly different, the above-mentioned correlative relation 

is not maintained. However, in air purified by an usual air cleaner, 

the above-mentioned correlative relation is maintained nearly on 
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straight line R. Therefore, in the present invention, class 5000 of 

Federal Standards can be applied instead of the concentration of 

fine particles with diameter exceeding 3 .Um. 

Industrial Applicability 

According to the method for production of the present 

invention, the incidence of piholes can be reduced to such an 

extent that it can be neglected, and so defective products caused 

by pinholes can be almost removed in mass production . Further, by 

means of the apparatus for the production of the present invention, 

the above-mentioned method for production can be carried out . 
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CLAIMS 

1 . A method for a production of a laminated metal sheet 

comprising of superimposing the heated metal sheet on the synthetic 

resin film unwound from a film roll, passing the heated metal sheet 

and the synthetic resin film through one pair of laminating rolls 

and pressing the two to be laminated with each other, characteriz.ed 

in that the laminating process is carried out in the environment 

having the concentration of fine particl~s with a mean particle 

diameter exceeding 3 J.l m being kept below 100 pieces/ft 3 • 

2. A method for a production as claimed in claim 1, wherein said 

laminating process is carried out in the environment having the 

cleanliness below class 5000. 

3. A method for a production as claimed in claim· 1 or 2, wherein 

said synthetic resin film is unwound from a film roll in the 

environment of the cleanliness below class·20000, and thereafter 

laminated to the metal sheet. 

4 . A method for a production as claimed in claim l, 2 or 3, 

wherein the whole production line of a laminated metal sheet is 

enclosed in the environment of the cleanliness below class 100000. 

5. A method for a production as claimed in claim 1, 2, 3 or 4, 

wherein sai.d laminating process and unwi.nding process are carried 

out under somewhat higher atmospheri.c pressure than the 

surroundi.ng atmospheric pressure. 

6 • An apparatus for a proQ.uction of laminated metal sheet 

comprising an uncoil.er di.vision for unwinding systhetic resin film 

from film roll, and a laminating di vision for laminating the 

unwound synthetic resin film with heated metal sheet, wherein said 

laminating roll portion is provided in a laminating chamber 

isolated from other portions, and an air cleaner is provided for 
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keeping said laminating chamber clean in such a manner that the 

concentration of fine particles having a mean particle diameter 

exceeding 3 µ,mis kept below 100 pieces/ft 3
• 

7. An apparatus for a production as claimed in claim 6, wherein 

said air cleaner keeps the cleanliness of said laminating chamber 

to be below class 5000. 

8. An apparatus for a production as claimed in claim 6 or 7, 

wherein said uncoiler division is provided in an uncoiler chamber 

for isolating said uncoiler division from other divisions, and a 

second air cleaner is provided for keeping the cleanliness of said 

uncoiler chamber to be the cleanliness below class 20000. 

9. An apparatus for a production as claimed in claim 6,7 or 8, 

wherein a line structure houses the whole production line of a 

laminated metal sheet including said uncoiler chamber and said 

laminating chamber, and a third air cleaner is provided for keeping 

the cleanliness of said line structure to be below 100000. 

·10. An apparatus for production as claimed in claim 6, 7, 8 or 9, 

wherein a pressuring equipment is provided for keeping the pressure 

in said uncoiler chamber and said laminating chamber at somewhat 

higher atmospheric pressure than the surrounding atmospheric 

pressure. 

ABSTRACT 

A method for a production of a laminated metal sheet which can 

reduce the ratio of pinholes being caused in a synthetic resin film 

(the incidence of pinholes) in deep drawing forming of a laminated 

metal sheet is provided. In order to accomplish this, a method for 

a production of laminated metal sheet comprising superimposing the 

heated metal sheet 7 on the synthetic resin film 23 unwound from a 
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film roll. passing the heated metal sheet and the synthetic resin 

film through one pair of laminating rolls 21 and 21 and the two to be 

laminated with each other. the laminating process is carried out in 

the laminating chamber 1 in which . the concentration of fine 

particles having a mean particle diameter exceeding 3 µ, m is kept 

below 100 pieces /ft 3 • 
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