1 DESCRIPTION  METHOD AND EQUI PMENT FOR

PRODUCTI ON. OF LAM NATED METAL SHEET. Technical Field {Qgéfr serfc
invention relates to a nethod and equipkrent for production of {l n&ee?
metal sheet, and in particular to a nethod for producing |am nated t al
sheet used for can containers at apedcrRipBperd and an equi pnent for
production for carrying out the nethod. Background Art Recent |y,
| am nat ed nmetal sheet, in which plastic filnms such as polyester filns are
| am nated on one side or both sides of a thin netal sheet (in particular,
a col d rMETEOD AMNPeEQYRBMENTVFIOR PREDUCHTI QN 0FSEAMINATEINMETRS: SHERT38 nm) ,
instead of a tin-plated steel sheet is being used as material for can
container. In such a lamnated netal sheet, for lamnating a plastic film
to a netal sheet , there are the nethod for heat-bonding by applying the
sel f - adhBerhrbeal Fdelohe film and the nethod for bonding a plastic film
with a netal sheet through bonding agent. In both cases, _a netal sheet is

“heated, cold BhesPresent nknventing ahqs fQafefjethod and equipment for

‘production of laminated metal sheet, and in particular to a method
for producing laminated metal sheet used for can containers at a
high speed and an equipment for production 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



netal - sheet, and then-the netal sheets are pressed together using a pair
of lamnating rolls. For exanple, when lam nating plastic filns on bot h

sides of a metal sheet, the netal sheet2is heated to a tenperature higher
than the softening point of the films through such apparatus as an

el ectri c coddl ipl@sadRAFalus and Ehﬁhhéb%ﬁﬁeﬁ\eia_lhEﬁEE'Egai‘Qp?EQEHg’ tﬁrpﬁbﬂ
bl ast stove and others, a cold plastic filmis put on bo sides O e

heat ed mbediweencat padincot Namilddting rolls having a rubber lining so that?2-
~cold plastic filmand the heated netal sheet are passed through between a

pai r of [thei pdestgcer Sils havbomded ribiite higtialg sheethdirerele tbl 3aphfiek! M

i s bonded to the netal sheet (refer to Japanese Patent Laid Open No.

8335/ 199F@Menichak) Ppen No. 8335 /1199 4¢Bedertli @npl nethod for production of a
| am nated netal sheet in which a netal sheet is heated in | am nating,
there is no probiken GpRYerbhenat | mgthedcfori edodmctdona dfbva spamiinatetihe
order of th) I n. However, when | am nat i_ng{'at a_hi gh speed beyond 150
mnin, tNE Pg?r%eﬁ 1% ¥Rich i matdbisheet he heates dn baminatibng edhenst ishe

| am nat ed netal .sheet obtained reaches 10 to_30 % by the area ratio. \Wen
the |am N3t B§° | WOfBeANALIRE 45 captbefleQul at nixdewi sPaedpofr e t o

oS e o8l £ b IR "Hohever VBl farifiat fng at"a Bigh Speadefona O
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



| am. nat ed netal sheet, which causes the deterioration of products.
Further, when the are cases in which lanmination is carried out at a high
speed beyond 200 mMmn, there are cases3 Fn which the adhesion strength

. becones uneven, which causes the lowering of the strength of adhesion.

1t s a §EENihRnRP BTl shbst NaRHPLsidly Hd 3% chOoB! Pihfifat fng GLULt i ON
met hod of a | am nated netal sheet in which the taking-in of air bubbles is

| ow and pigstHeVEINRSSn Cdt SRSt Whé SsidedVb e e d g atiedt iy Gaid i ed
out at a high speed, and to provide an equi pnent for the production of a

| am nat eplast bt £heamt toisedtémperhturanahilchn®eridid expove- Heatt-bodd Al ens
of the conventional nethod. Di scl osure of Invention The

pr oduct i phasetddtilod wd thabheatedth Inshale tshaed tiie piastpicefihin is\bardught | S
characterized in that in a production nethod

-3- of intemuessatrercoapteiicetthh dhe meitad sheettistobferi the ihepiing.
plastic filmon at |east one side of a nmetal strip, heating the plastic
filmto Bttdigepardretinpdeidind & is Qﬁ?éétﬁ%%tgﬁﬁ the pdesEic FHMidH the
metal sheet, and the plastic filmis brought into pressure conatct with

t he met a]pegh%gttq Eﬁenm@tq%oﬁgﬁqmn 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.



I A thiss production nethod, it is desirable that the plastic filmis heated
to a tenperature of between the glass transition tenperature of the
plastic filmand a tenperature at whi<l +he thermal shrinkage of the film
attains 3 %when the filmis kept for 30 mnutes at a constant

‘tenper atgHi@r PUsEPLHtibh JSDESwiAGE! € that the lanination is practiced
while giving tension of from2 to 14 NmmJ[err] to the film The

equi pnent forpidie proguat sefefhtac! aideakaw vt Bndf exdif1E" 68CAL
invention is characterized in that in an equi pnent for the production of a

| am nat gtavtiidlalshede 66nthé Sgdipmedd Fo@f thé apiddicilon W ThedpiFekantsheet
feeding neans for continuously feeding a netal strip to the I am nating

rol | s adeheenftilom.f eedi ng neans for feeding plastic filns to be | am nated
on at |least one side of the netal sheet, the equipnent further conprises a
fil mheati ng Figard ¥ra taddle mjevwhofplansessenitimlt paxtf showingnpaoihere
just before lamnating. It is desirable that the above-nentioned film
heat i ng pragitddad medenef whheheauapment tfior Prefuatifan of othe peegendt ure
of between the glass transition tenperature of the plastic filmand a

t enper ati®V@™dLo%hi ch the thermal shrinkage of the filmattains 3 % when
the filmis kept for 30 mnutes at a constant tenperature, and further, it
is desirable that it further conprises a neans for applying tension of

from2 tBoes]tA'Mo:I;'clig@021': Egr_;[:{}:emg %uatSELg fr{\}erRtion

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.



-4- Brief Description of Draw ngs Fig. 1 is a schematic side view
showi ng one exanple of a practical node of the equipnent for the
production of the present invention.-5 - Fig. 2 is a side view of an
essential part showi ng another practical node of the equipnent for

production of phbensresent a 'cBY&Eh‘tQBnal m8ehbaDdRenOla EAA Y £ilim L{1¢
I nvention In a conventional nethod, since a platstic filmis cold

until ibrooght cigly preseusentestast vt #h EERBtashaedet tihrdilgashl paltldf i s
hard to adhere to the netal sheet, due to the stiffness of the film itslf,

~and so themphating folbsjshéatcéd trahemhttedhfrion dheopreteatdd mdétel
nmetal sheet by neans of |lamnating rolls. Therefore, it is considered that
when t hesheet neo ithe plasidc £ilwutherugh Hihgh hepdéetiranainisbibhl astben dme apt
to be taken in (caught in ) between the film and the netal sheet. However,
in the pvidtichttihs pheside §Llmhks meddeanto e anfion andl pfieri theipiasticat ed
to a tenperature at which the filmcan heat-bond to the netal sheet, is

sof t enedt bR dSeSepParabad £19% sheaminating ropd . ikt 45 Gpeled atradiasmak

it is considered that the _rr)ll stic filmsuffici entl‘% adheres to_t he netal
- temperature. Accordingly, there is no problem when the supply speed

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



sheet, .and air bubbles are hard to be trapped (air bubbles are hard to be
formed between the nmetal sheet and the plastic film). And when the
plastic filmis brought into pressure-dontact with the netal sheet right
after the heating of the platic filmand before the tenperature of sane

falls, the plrekts fidFerranydhes ednen dieringy 2l asheehbikt hide UBEVaRESS
by the self adherability of the plastic film wherein by heating al so the

netal sheedqudeiadheeithod aind hegplipmehe fof nthe iPreswitnl ifkestiean ke
| mpr oved. : : - 5- Further, in a
convent iexplaimedhodFigwhdnis plschematic mide viiegughowingoope essample wft act
with a netal sheet through a pair of lamnating rolls, heat is transmtted
f rom t hedprehteakdods af anlequtipmentthacpdrding td thet bresemt tinyvendsion .
transm ssion action by which the plastic filmis nmolten to be soft, and
after thHelpt Zsis@ sifdpiiew ofrn gssgnitiah pakt showiRg apother practicalol ed
at a normal tenperature. Accordingly, there is no probl em when the supply
speed dRO9$ 0% 2R SAudpmen tRAGCPRRELRY 1o the pmesend iBvVentboRver, when the
supply speed jncreases, the tenperature of the film.is hard to be .
ol ovat ed. andFifle LRBOURRIR SHANBLALRT SEILEMESt PR dANIRAtHAT BIRMAT 'Y | | m
whi ch caus E‘ unev ess._qf adﬁlie I ve St nghh However. .. i n.t he
Foduct | DRt RETCARaEa P EBRFel R AR of 1Ll Ac2 oF RS, BAle £F 17 el
P .
pr eheatleghégt q .f'![ﬁepié.e@eﬁeﬁlgfgl 3t ﬁgsignates a roll of £ilm 2, numeral 4
designates a tension controlling means for controlling tension of
f£ilm 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 suppliers of metal sheet 1 and an obtained
laminated sheet, 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 smoothness of the £ilm.
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



dirstribution of the tenperature in the thickness direction in the plastic
filmis uniform and the lamnation is efficiently carried out even in

hi gh speed operati on. In the predueti on nmethod of the present

i nvention, in case where a plastic filmis heated to a tenperature of

bet veen fdte S 455 okl Aed t EQMmt eRRFAle € of tike @bastas1di W® a8dta the
tenperature at which the thermal shrinkage of the filmattains 3 % when

the fil nténtperdeetiird W hdriHBE RN rol It Qs bhdtveet gl igliaes Airanyidiloes are
caught in between the plastic filmand the netal sheet even when

| am nat i temperaiaire @y aft syntheltighrestrdforming altdef Hdhegidaldfowatle fil m
to the netal sheet is inproved. Further, in case where |amnation is

carri ed Tiim wshird ngingngtemperaiuxd Trom The oaldokabdeerfilmt shiriakiinign

air bubbl es being caught in between the plastic film and the netal sheet

i s efficienpexapirgyexedis theatsmperature corresponding to thermal

- 6- Next, referring to the draw ngs, desirable node of the ]

pr oduct. i B FREaERI o&n?d SR phdm oBtained yihefohheifllghbasPean kepd at dd®

Fig. 1 is a schematic side view show ng one exar;__pl e of a _practical node of

an equi FRFRCZREIFQERT 88 MR tees Mhen HhefismRerature is 16wer than the

glass transition temperature Tg, the filrﬁ is hard to be kept smooth,

while when the temperaturé is higher than the allowable film
shrinking temperature Tx, the shrinkage of the f£film increases so

that it is difficﬁlt to maintain the size of the film. Further, as
the film excessively stretches to slacken, wrinkles are apt be

caused when the f:i.lm 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. 01_1e to four cooling rolls 20 are arranged around

laminating rolls 6 and 7 so that the temperature of laminating



Fi'lg. ' 2-is a side view of an essential part show ng another practical node
of an equi pment according to the present invention. Fig. 1 shows one
exanpl e of equipnent for lamnating a-pgastic film( hereinafter referred
to as "filnt') 2 on one side of a netal sheet 1. In Fig. 1, nunmeral 3

dési gnat £618s7@!dndf7 balnbe, cHeBE Ao be MRPLINAERInAAL fﬂﬁé@%&ﬂﬁéi&éﬁf@g
means for controlling tension of film2 being sent out, and nuneral 5

desi gnat e&nge e@bfivéntibrali BgppRliessi eahi be dpbaiadf ipead supflelledt 8 €of
Further, nunmeral 6 and 7 desigte lamnating rolls for pressing film2 to

met al sheetal shwets andenalplieand of lamigaded shagetd ers of nmetal sheet 1
and an obtained |am nated sheet, respectively. The above-nenti oned

t ensi on cont r @hl they egrapmeh tcoopposed as abave-nétionedomdrileggihdecomtses 10
and 11, in between which a novable guide roll 12 is arranged; a tention
control | pRgidav2 cllél'W.'EBmd frowmixid Biishchahgeddyistationaryaauide rold 10,
novabl e guide rolls and a tension controlling device 18, provided with
a novabl BOVabiaLgyile rgg.l {J\B.@fi@a&rl&ﬂaaradgw% ro1brkl oMp¥erscierd| bad

cell 4, | aced ti)ret ween thﬁhabove nent j oned UI de roll 11 and anot her
st at i onaf'§2gHFrae ot Pad £ekih L3RR P ah Jrf‘ggﬁégﬁsrqﬂ-:'sé?veguFEheﬁi vi ng

Sul LoDl ke A0, bagHHE L4 MENE £ uhdh il 150 pB5 b P 08 FRCR S
0 g S50 AR iR
6 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.



and .7.: The tenperature of heating roll 19 varies depending on

:7- materials of the film However, it is desirable to set the
tenperature of the heating roll 19 betWeen the glass transition
tenperature Tg of synthetic resin forming its filmand allowable film
shrinking terge¢e} Uurerd¥rid§ets! kﬁ‘gﬁbbe fdrd JerY | phkd i cA RS &St BEe the | S
the tenperature correspondl ng to thermal shrinkage of 3 %which is

obt ai nehrdiihtt Aavientiohassbeeplbpéd at Figy. 2t EHPRE &N Exdris 16 A T kods .
When the tenperature is lower than the glass transition tenperature Tg,
the fil Milmsh@ dreo lamikeapedsonobbth shdés oharetidle shagteriat Waainatingher
than the allowable film shrinking tenperature Tx, the shrinkage of the
filminactddseé and 7 hae steelk rdilflki kaving @ mabbézri hinig s respeicttivelfyi.| m
Further, as the filmexcessively stretches to slacken, winkles are apt be
caused wnshhene relatively dayge Ahaweperst foxr elsamnl;e MQ mm he 75@mm) ,

sheet. Heating roll may be one. However, I s desirable to use

pl ural i thn Wlpﬁeﬁhﬁor‘é@?ﬁff dipingaistHksq Ft%clko(df%” YESRMR 8 4 P M r Je- Aé\ﬂen in
hi gh speed ogeratlon A heat i n% roll heated by steam (heat _nedium) and

ot hers d&IP béRSPRRFed fs RETPPRAtREENSE of G offOldise 6 Iaﬁldca"ﬁ B€ nade

DY 225 % L B RO RS Aol S04 L6 128 90 UL, having  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 T, 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
lam:.natlng speed of 200m/m1n And the fluctuation in the rate of

air bubbles ( the ratio of area ) is investigated in case where the



Further, lamnating rolls 6 and 7 are steel rolls having a dianeter of the
order of 460 mMmmto 670 nm provided with a rubber-1ining having thickness
of the order of 20 to 40 nmon the sul®ace of it and has a | arger dianeter
than that of conventional I|am nating rolls. In case where the |am nating

rol|'s hadid g denberaige GEaRBLEEi#ncandCthe SreEonidIDithe tHilk Gaisthe
taken so that secure |lamnating can be nmade even if the | am nating speed

i's incrssark lemeénheibawrevakieg.rolls 20 are arranged around |am nating
rolls 6 and -7 so that the tenperature of |am nating

-8- rolls 6 asd heeasunrbagowetkod tof bhekepte it hir bubbkes, t#ow exaiiple
range. Conventional suppliers can be applied for supplier 8 of netal
sheets &l asdgpiinaited shepini tlae sthtiegifsarea S2 ofi aire phileemgadasiosed
as above-netioned, while the course of film2 unwound fromroll 3 is

changed BAse a&xeR0R LY yagia e thel 1aie of abyakbIfs d82/81 X1208hdls ERAWENar y

guide roll 11, upward |oad is neasured by |oad cell 13 provided at novable
gui de r &% ajval l?ﬁ"%vrther whil e the course of the filmis changed by novabl e

gui de roll 16 g}%ﬁtlona UId roll he film egsion i s measured
by | oad cell BP 884 St eﬁHPGe | MQRSURRY o KVe MRARRE PHI 2 12

s movedio o] Rir§HEHP! S é@ggeégpeg, BN dediBab PReh AL B Yot
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



so that the filmtension can constantly be controlled within a fixed
r.ange. Then, film2 is brought into contact wwth heating roll 19,
heatedto a fixed tenperature, and is hdtl-bonded on netal sheet 1 by neans
of lamnating rolls 6 and 7. In this case, since film2 is heated to the
t enper at gperheyend phetdkassthkansbyi en iﬁager é&ﬂéﬁa i8 éaﬂpe%éeﬁéaeby
allowable filmshrinking tenperature Tx, 'the film can securely be

hot - bondeHith the aekal rakest ofaﬁdr’QEShSeﬁa‘tfﬂﬁgﬁair BHbbD&8 0o Opotbohs! M
is low Further, as lamnating is practiced while tension is being applied
to the fwhmhouheaxs;uaﬁ&cmwlébanamnmmhmbb calciPaked: snooth.

Any of netal sheets used in the conventional |am nate sheet, such as TFS,
al um ni um she&@heandsulhsmedmuied) bytvakyisg conditidnsoare. Sowmminaflabke
applied for netal sheet 1 used in the above-mentioned production mnethod.
Further, lany of films used in the conventional |aninate sheet, such as

pol yester fil m pol yet hyl ene, pol ypropyl ene, pol yethyl ene napht hal ate and
ot hers ha®i Figblent cKirdsdnothe colpmm fox: £Llm tapshen dsane@ SEALE| Whepe
-9- Next, referri n to Fig, 2, another practical node of the resent
i nventi oﬁeP§18£‘pP§| ﬁ%élgh h’ gang-B%%t%rF é&%ﬁ’bl’é‘ |SHC\RhPBheXFPPﬁst§a5r he

| am nat e%l?.lrl]l bé)c;[ehs shggs run IEaLvawsrgg?t a%ld Ls?u s Pgally "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.



roll's 6 and 7 are steel rolls having a rubber lining, respectively, and

have relatively large dianeter ( for exanple 700 nmto 750 nm),
the rubber lining is also thick ( for-a2arsple 40 Mm).

~ tenperature of lamnating rolls 6 and 7 is

rolls 20paH3ed I Ol

the tine

needed f or

whi ch gi ves secured

having a | ar
ni ppi ng

ger

controll ed by

di amet er provides | onger
can be secured even in high speed operation,
adhesion of the filmto the netal

And

Further, as tension of 2 to 14 Nmjerr] is applied to the
t aki ng- i nfef—atr—btpbtres—r—betweeen—the—+m retg
Therefore} the ratef|of air bubbl the obtained
(the rate]l of air bubBlesst)inyg bdFanlbd % bjRatthe arfa adtn
According|ly, high-qyality |Iam ndted sheet | can be produced
speed opef ati on. tempevria tugtelkiend iooncr rubhesniRds and
exmapl es,| a producti on nethod df the2 resent invention i9
(Exanpl es| 1 to 10) [of £1lmh Eqdi|dMMm) i n hich the arrang
Fig. 2 arp substitdted for thode in the portion surroundi
rolls 6 pnd 7 1n the equiprment [shown in Fg. 1, Is provi
film of PET resin t gl ass tiransition fenperature Tg:
al | owabl e %’FWQ@ r ki 5: Ofenperdture Tx: 1B0%err]C) havi
and 25 mt.hi esglis m nat ed o prehgated Cr-pl ated
havi ng %Jéﬁfﬁ#%lt% angibg. 26 mmit ht tkness, at’ a

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

ExamplelO 200 2,1 2

Examplell 70 - 10

Examplel2 70 4.1 7

.

in which
the increase in

means of cooling

nip | ength,

sheet .

film the
|  sheet is | ow.
| am nat e sheet

o and | ow.

even in high
conparative
expl ai ned.
ements shown in
ng | am nating
ed, by which a
74 [err]C, the
ng 980 nm w dth
steel sheet




| am.nating speed of 200m mn. And the fluctuation in the rate of air
bubbles ( the ratio of area ) is investigated in case where the

- 10 - heating tenperature of the fidkBand the tension of the filmjust
before |lam nation are vari ed. As a neasuring nethod of the .rate of
ai'r bubbl @SomdHFatexadBRkAmphBs3 | am nated sheet, the ratio of area S2 of air
bubbl es agai nst base area Sl1, nanely the rate of air bubbles (S2/S1 X 100)
is shown as Regalts.of laminéthiohukdiefed duthenqes e damadcoRAstien dyy
means of a netallurgical mcroscope, for exanple at around 400 power

magni f i cetabnin Terapplésold d¢b di2r dudeytesthanid idefipor isokeptamtbaoom
clearly distinguished, when observing the |lam nated sheet in which air
bubbl es terpéxatwre agenshewmdnaTabtei2cal m croscope. Portions which | ook

| i ke bubbl es observed with a netal lurgical mcroscope correspond to air
bubbl es. After taking a photograph of the whole visual field of the

m croscope,_outlines of the bubbly portions in the finished photograph are
traced, €%e inside of traced outlines is smeared ( for exanple the
inside is sneared with black), thereby the sneared portions are

di stingui shed fromthe other portions. Then, the ratio of the sneared
portions agai nst other

IFilm 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




portions is determined using a picture area anal yzer and such and is

nunerical ly expressed. : It can be deduced by taking a m crophotograph,
at what rate air bubbles are fornmed-pk4 -base area, wherein a circle having
a dianeter of 2 mmis avail able for base area Sl. Al so, since air

bubbl es are nRstitAk el £AHEAhHIRAN I IR Sidfp1&sidesooiosiy it thle
| am nat ed sheet in |am nating operation, the average of neasured val ues,

neasur ethdatiimy agmperdtulfe ¢ eplaPpidéi Pitmansd Righesi thansthe Yladisst ant
fromthe edge portions of the |am nated sheet, respectively can be

avai | abltransitiorrutémperatureasthefl lamandtedg sheletaldfy Wighngualliagi nati ng
operation, pictures taken by an inmage canera is conputerized by which the
ar ea r athavigfg pbet fabs diaaimgbubblés i @sto @ pocan des praduked: evey al &

bubbl e can automatically be cal cul at ed. The results neasured by

varyi ng hsighiispegdsoperathomn Hurthey .cExamples 2al4,e61,8 'and 19, tIme whdichm

for filmtension nmeans a state where tensi,on is slightly applied to a film
in such BHRxteRE1PRatOf hé - 1f i ton Fods Nomm ywera @inan éﬁd stfddmsal | y
"0". In these  exa Igs, the dianeter, of the |am natiﬁrj)% rolls was 750 nm

the thika§REItBeke hayspERe matengt RRPDARSIFRISHA S AboUtod I BHRY JoweT -

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.



wer e provi ded on one-side of the lamnating rolls and set at a tenperature
i0 [err]C lower than that of the lamnating rolls. Lamnating pressure
was Max 120, 000N, wherein in this caselBip |ength was 105mm (Exampl es
11 to 12) The cases where the filmwas kept at 70 [err]C, the film
tension is substantially "0", and 4.1 Nmjerr] are shown as Exanples 11,

12 in Table 1, respectively. - -12-
Tabl e 1 Industrial Applicabiddttiyng Film o Rate of air .
tenperature tention bubbl es (% of film([err]Q
(Nmierr]) Accexdippetd thelpgoduction method of the gresémbmgheer’tion 00
3.5 7 Exanple 3 130 - 7 Exanpl e 4 130
2.5 the gaking-in of air 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.



Exanple 5 _ 150 - - 6 Example 6 150 2.9

5 Exarrp: e 7 175 16 4 Exarrp:_ e 8 175 - 2.4
> eanpt o IR AN Illl 10 Bxample 12 70 i
7 CLAIMS- (Conpar ati ve exanpl es)

Results of lamnation carried out under the sane condition as that in
exanples 1 to 12 except that the filmis kept at room tenperature are
shown in Table 2. Table 2 Film Rate of air
tention 1. ljupbbdgc(;s@n method of a laminatekl mefal rsheet cofpmpsiey. the

) step of 1am:|_nat1ng of a plastic £ilm on at least 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



ex. 3 2.1 17
-14

ex ”“’ﬂ“@“i '.!” M“abl e 1, +d7exanples 1 to 10 in which the

heatl ng terrperature of a plastic filmis higher than the glass transition
t enper at ﬁéﬁgei’aﬁufénbﬁaitﬁé pheetief fMieh sddld themderdtitrd her WHEcOf tRé I
bubbl es of to 8 % can be produced even at a high speed operation.

Furt her, thsamal eshZinkagé ofStR8AElln attadisch % whlel thesfilm dfs RepttHoB. 5
N nmierr] were given to the filns, respectively, have the rate of bubbles
whi ch i s3amimutilespatra cooastantt tempetmwisere n exanples 1, 3, 5, 7 and 9 in
which tension is not given to the film Therefore, it is seen that if

ot her cofditi egnpraductien egwipmenke foxt 2 laminatadubetad sheaimes ¢babmedhen
tension is applied to the film Further, it is seen that when the heating
t enper at &#peclaim Sherié Whereim gherequmqmt &ugthgrr compbl ees Fomeans| H0Fr .
Further, even in exanple 11 in which the heating tenperature is 70[err]C,
whi ch i saEB%'?\ﬁgttefIEﬁﬁé?n tRae Rdagtasstiimnsi ti on tenperat ure, and the
fllmtenlonls iven to the fil e rat iy b es fherep

10 5 andBso | (& (Bt i Ry hent M ctadibd it oldn “AdhStel TR von
to the f' | inssfb:gcéggf]?gxgg téLns:chlTlT[to 1:]he plasst:.c film serves as giving

tension of from 2 to 14 N/mm ?



),-the.rate of air bubbles is 7 % that is about the sane as that in
exanples 2 and 3. However, it is seen that in case of exanples 1 to 10,
even if tension is not given to the fill®-or even if tension given to the
filmis in the relatively controllable range of from1 to 3.5 Nmerr],

t hese exanples are nore preferable, Sigweride rate of air bubbles becomnes
to be below 8 %in which a lamnated netal sheet is hard to take flaws in
deep draw ng. On the other hand, in any case of conparative exanpl es
1to4 inwhich filmis not heated, the rate of air bubbles is 12 to 40 %
in which fl awhehapeodedind@ saningte@imdtdll BRked, StitetaimbdbbRedr Bakéy
are increased and so | am nated nmetal sheets of the conparative exanples
ar e unsuihaitien flaminatinigocknrise desslened so that a laminated metal sheet

- 15 - I ndustrial Applicability. According to the production :
nmet hod oWithelqw redetof @mignbubbles tdan bealkdbitpined{ Forr thiblpuwpase | dw aand
unevenness of adhesion is |ow even when lam nation is practiced at high
speed. |Rreduetinpreethedafvp laminpieddnettnl shegtegomprisingethakse@Ps n of
air bubbles can be nore | essened, The equipnent of the present invention

enabl es 95 JaHMAGRY PRPLARIVEE FaAR HRABRHISAFE: PR Sikiengf a metal sheet

strip 1, the plastic £ilm 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
plastiq film is kept for 30 minutes at a constant temperature, and
just after the heating, the plastic film_ is brought into pressure
contact with the metal sheet, by which laminated metal sheet in
which air bubbles are hard to be taken in when laminating, and the

rate of air bubbles is low can be obtained.



AN - 1. A production nethod of a lam nated nmetal sheet conprising the
tep of lamnating of a plastic filmon at |east one side of a netal sheet
Jstrip, wherein the plastic filmis heated to a tenperature which enables
“to heat-bond the plastic filmwth thergretal sheet, and just after the
heating, the plastic filmis brought into pressure conatct with the netal
sheet. 2. ~ A production nethod as clainmed in claim1l wherein the plastic
filmis heated to a tenperature of between the glass transition '
tenperature of the plastic filmand a tenperature at which the therm
shrinkage of the filmattains 3 %when the filmis kept for 30 m nutes at

a constant tenperature. 3. A production nethod as clained in claim1l or
2 wherein lamnating is practiced while further applying tension to the
film 4. ﬁhpi duction nethod as clainmed in claim3 wnerein the

| ami nating i $%rdcticed while giving tension of from2 to 14 Nmjerr]. to
the plastic film 5. A production equi pnment for a | am nated netal sheet

conprising a pair of lamnating rolls, a nmetal supplying neans for
continuously supplying a netal sheet strip to the lamnating rolls




.a filmsupplying.-neans for supplying plastic filns to be |amnated on
t | east one side of the nmetal sheet, is characterized in that the
equi pnent further conprises a filmheating neans for heating the plastic
- filmto a fixed tenperature just beforgf’aaninating. 6. A production
equi pnent for a lam nated netal sheet as clained in claim5 wherein said
filmheating neans serves as heati.ng the plastic filmto a tenperature of
between the glass transition -17-. tenperature of the plastic film
and a tenperature at which the thermal shrinkage of the filmattains 3 %
when the filmis kept for 30 mnutes at a constant tenperature. 7. A
production equi pnent for a l.am nated netal sheet as claimed in claim5 or
-6 wherein the equipnment- further conprises a neans for applying tension to
the plastic fé%qg 8. A production equipnment as clained in claim7 wherein
said nmeans figKg. %plying tension to the plasstic filmserves as giving
tension of from2 to 14 NNmmjerr].




