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METHOD ANGRyvARFARAIYS FOR THE MANUFACTURE{OF PRI NTED AND EMBOFSHRUSDE 06260
COVERS NG Background of the Invention This invention concerns a printed and
enbossed material, suitable for use as a floor covering and a nethod and
apparatus for nmaking it in a continuous process. Mre particularly, it
concerns a multilayered material conbining a base |ayer.,, a printed |ayer
and a wear resistant layer, which is enbossed in register wwth the print.
Reverse printed | am nates have been made by | am nating separate sheets of
cal endered base nat er iMiTHEI AP 2ERATIVE HoxsiThE MANUFACTURE oFcently, in
conti nuous processes the ERINEED 08w FEMBISHED FEOOR ICOVERINGO random
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Background of the Invention
This invention concerns a printed and embossed

material, suitable for use as a floor covering and a method
and apparatus for making it in a continuous process. More
particularly, it concerns a multilayered material combining a
base layer, a printed layer and a wear resistant layer, which
is embossed in register with the print.

Reverse printed laminates have been made by
laminating separate sheets of calendered base material and a
preprinted plastic film. Until recently, in continuous
processes the printed designs have been limited to random
prints because of the difficulty of maintaining the desired
dimensions in the preprinted plastic film, in the laminate
and in some cases in the base material. The plastic film
tends to stretch when it is being printed and subsequently
dried. Since it is necessary to apply tension to the printed
film during lamination in order to eliminate trapped air and
wrinkles, the printed design can also be distorted during
lamination.

Alternatively, tiles can be formed in batch
processes with designs that are in register to the cut tile
by laminating preprinted plastic sheets of silk screen
designs to sheets of a suitable base material. The tiles can
then be hand clicked from. the sheets. The high cost of such
a batch process makes in-register printed tile quite
expensive and limits its acceptance.

An additional complication is imposed by the
desirability of providing a textured surface by embossing the
tile. Because the embossing step can be another cause of
distortion, some processes are limited to embossing of a
plastic surface layer that is integral with a nonplastic
stable substrate such as asbéstos or asphalt-saturated felt.
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prints becawer9ipdesatre difficulty of maintaining the desired dipEItisSooe6160

) the preprinted plastic filnmj in the laninate and in some cases in the base
material. The plastic filmtends to stretch when it is being printed and
subsequently dried. Since it is necessary t<-apply tension to the printed
filmduring lamnation in order to elimnate trapped air and winkles, the
printed design can also be distorted during |lam nation. Alternatively,
tiles can be formed in batch processes with designs that are in register to

the cut tile by |aninatihg fespriPeddinlthsti Farnh Faf- AW LSE&Hn designs
to sheets of aqseispbre, base §pies|oss, TAeidi |Bfe daitdirdtedanrain deed
fromthe sheets._ The high cosé,o{ sgch . . . '
. reference, the distortions which occur during printing and
laminating are minimized by printing the design on a stable
base, preferably release paper, and then transferring the
g Printed design to a hot plastic web made continuously by an
extruder. In the printing stage, the plastic web is
simultaneously adhered to a carrier belt which moves the web
through the printing, laminating and embossing stages. The
carrier web supports the web during these steps toc avoid
distortion thereof. A stress relieved hot plastic f£ilm is

then laminated to the printed web to provide a protective
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wear coat. To emboss in register with the printed'design,
the laminated product is‘first aligned by means of
registration marks as used for alignment during embossing.
As & result, individual tiles are cut automatically in
register to the printed and embossed pattern.

Although the methods described in the ‘686, 074,
and ‘959 patents are commercially successful, process lines
using these methods still could be improved. One difficulty
that may be encountered in operating a continuous process
20 line using these methods arises when transferring the printed
design to the sheet material. As indicated above, at the
same time the sheet material is adhered to the carrier belt.
Simultaneous printing and adhering of the sheet material
sometines produces back-calendering, or the bunching up of
the web material, at the printing stage resulting in smearing
and elongation of the design.
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Summary of the Invention
We have devised an improved process suitable for
continuously producing tiles in which an embossed design is
in register with the tile. The improved process generally
follows the steps disclosed in the ‘686 and 074 patents with
the addition, however, of a separate step adhering the
o
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a batch pro S in-register printed tile quite expensive I m
ifs acceptaﬁgg lﬁﬁ&zdditional conplication is inposed by the d%éﬂ&ggpﬂkﬁé)

of providing a textured surface by enbossing the tile. Because the
enbossi ng step can be anot her cause of d|§tort|on SOnMe processes are
limted to enbossing of a plastic surfacé~Tayer that is integral with a

nonpl astic stabl g1agBsEr @kB £HCEhaScasbest ObeDE PHIW €0 W Pt et 1R tstage.
[err] s In accordance with this process, a hot plastic material is
formed into a continuous layer or web supported by a
continuously moving support belt. A design which is printed
' on a stable base, preferably release paper, is then
g transferred to the plastic web. A wear coat is then
laninated ontec the printed web and this laminate is embossed
using a conventicnal engraved roll having raised sections
which are images of the printed design. Distortions in the
finished product are minimized by adhering and supporting the
j0 Pplastic web on a belt which is not an integral part of the
finished product and by maneuvering the belt to control the
plastic web.
In accordance with the present invention,
distortions in the printing process are minimized by adhering
15 the plastic web to the carrier belt prior to the printing
stage. By adhering the web to the support belt in a separate
stage, it is possible to operate the rolls of the printing
process at much lower pressures, thereby eliminating any back
calendaring at the printing stage and avoiding the
20 distortions in the printed design that are attendant thereto.

Brief Description of the Drawings
These and other objects, features and advantages of
our invention will be more readily apparent from the
25 following detailed description of a preferred embodiment of
the invention in which:
- ¥FIG. 1 is a block diagram illustrating the major
steps followed in the practice of our invention:
FIGS. 2A and 2B are partial schematic diagrams of a
30 preferred embodiment of apparatus used in the practice of our
invention;
FIG., ) is a cross-section of a base web used in the
practice of our invention;
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As described in U S Patent Nos. 4,312,686, 4,612,074, and 4,773,959, which
are |ncorpdVQ§@ﬂ“ﬂe}e|n by reference the dlstortlons whi ch o@%ﬂ? %ﬂVWﬂﬁo
printing and lam nating are mnimzed by printing the design on a stable
base, preferably rel ease paper, and then transferring the printed design to
a hot plastic web nmade continuously by an-extruder. In the printing stage,

the plastic web is sinmult us) y. adhered ta b h Sa the
web t hrough the prlntlng,q$i§% {uﬁﬁuf ?ﬁf%?nﬁb%gﬁng § ag eBBE$ﬁgéga??P¥§

supports the welpmint npyeér desthgan thransfierngids tor tlitonnt nepeeﬂanﬁesw‘éb sC”-lr
relieved hot plagljendidg? is then lamnated to the printed web to provide a

protective wear coat. To enmboss in regi ster with the printed de5|g
FIG. 5 is a cross-section of the base web after a

vinyl film has been laminated over the print layer;
5 FIG. 6 is a view of an embossing roll used in the
practice of our invention; )

FIG. 7 is a cross-section of the base web, print
layer and vinyl film after it has been embossed in register
with the print by the embossing roll ef FIG. 6; and

10 FIG. 8 is a plan view of a tile which has been
embossed in register with the print using the embossing roll
of FIG. 6.

‘Description of the Preferred Embodiments

15 FIGS. 1, 2a and 2B illustrate a preferred method
and apparatus for practicing our invention to make a solid
vinyl tile on which a decorative layer of print has been
embossed in register with the print. Substantial portions of
this method and apparatus are similar to those described in

20 the ’686, 074 and ‘959 patents. Crosse-sectional and plan
views of the finished tile are shown in FIGS. 7 and 8.

As shown in FIG. 1, the major steps followed in
making such a tile comprise: forming a continuous web of
vinyl, adhering this web to a carrier belt, transfer printing

25 on the web, laminating a protective wear c¢oat over the print
to form a composite, embossing the composite in register with
the print, and tile eutting in register with the print. 1In
accordance with the invention, the composite is embossed in
register with the print while maintaining proper tension in

30 the web as it is fed into the embossing roll. Preferably,
the embossed laminate is partially annealed before cutting:
and further annealing is performed on the tiles after they
are cut. Infrared heating is used to raise the web and the
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nt during enbossing. As a result, individual tiTes are cut

register to the printed and embossed pattern. Although the
dinthe '686, '074, and 959 patents are comercially
ess lines using these net%ods still could be inproved. one
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2E§ afl%iﬁ when transferrln qted deé n to the
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ometimes pradiGes KAt G EtUies For' PertiRnihgILHR Of
various step of the process described below will be apparent
to those skilled in the art from the teaching of the ‘959

patent.
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Specific apparatus for performing the steps of FIG
1 is shown in FIGS. 2A and 2B. A continuous base web of
vinyl is prepared by blending its constituents in blenders 2
and supplying the mix to a continuous mixer 22. Hot plastic
from mixer 22 is continuously supplied to a calender 30
comprising a pair of rolls 32, 34 which produces a continuou
hot plastic base web 10 having a surface smooth enough to
receive a layer of print. As is known in the art, a doctor
knife (not shown) may be used to separate base web 10 from
the calender rolls. A cross-section of a portion of base we
10 as it leaves the calender rolls is depicted in FIG. 3.
The thickness of this cross-section typically ranges from
about 30 to 120 mils (0.75 to 3 mm.). The width of this
cross=-section is about 14 inches (35 ¢m.) Other dimensions,
however, may be used in the practice of the inventien.

' As described in the ’686 patent, hot plastic web 1
flows continuously onto a moving carrier belt 40 which is
made of a material such that the web will adhere to the belt
when the web is hot, but can be removed from it when the web
is cool. Typically, such a carrier belt is made of woven
fiberglass impregnated with a sjlicone elastomer. Carrier
belt 40 moves base web 10 through the adhering, printing,

"laminating and embossing stages, supporting the web during

these steps. The belt is driven by a drive roll 46 that is
driven by means of a conventional line shaft 48. To avoid
distorting the plastic web and the design printed théreon,
the web is guided and aligned by adjusting the carrier belt
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t he web . mat@ig eds06427 the printing stage resulting in snmearing poryyUs90/06260
~elongdtion of the design. Summary of the Invention W have devi sed an

i mproved process suitable for continuousl y-§roducing tiles in which an
enbossed design is in register with the tile. The inproved process
generally follows the steps disclosed in the '686 and '074 patents with the

addi ti on, however, of a separate st adhering the [err - 3-
’ speed sensor f% s used ed Control the peéh of f%e carrier

belt so that the hot plastic web leaves calender rolls 32, 34
at a constant speed. )
As the web moves away from calendar 30, it is
heated to the temperature required to adhere the web to the
5 carrier belt. A first infrared heater 50 heats web 10
directly; and a second infrared heater 52 heats carrier belt
40 which, in turn, heats web 10.

Next, the web enters an adhering station 60 where
web 10 is adhered to carrier belt 40 prior to the printing
stage. As described above, belt 40 is made of a material
such that the web will adhere to the belt when hot, but can
be removed from the belt when cooled.

The heated web is fed along belt 40 through a
second calendar formed by adhering rolls 66, 67 which'apply
15 about 80 psi pressure to web 10 and belt 40 as they passed
therethrough. As a result, web 10 is pressed and. adhered to
carrier belt 40. 1In practicing our invention we have found
it useful to cool roll 66 to prevent the roll from sticking
to web 10. '

Adhering the web to the carrier belt prior to the
printing stage eliminates the problem of back-calendering
previously associated with that stage. Back-calendering is
generally encountered where heavy gauges are passed through
rollers. By adhering the web to the carrier belt, the
lateral and transverse bunching of the web is eliminated so
that the web does not become distorted during the printing
stage. As a result, production line throughput is greatly
increased and product quality is also improved.

Next, the web enters a transfer printing station
180 that transfers a layer of print from a preprinted release
paper 182 to web 10. The print layer can form any kind of
design. For high-volume commercial production of tiles the

10

20
25
30

35 o me e e e
This Sheet Has Been Reﬂlaoed

AR




: : : o /US90/06260
pl asti c, mebwpa‘fmzaarrl er belt prior to the printing stage. Incragcsor ance

with this process, a hot plastic material is formed into a continuous |ayer
or web supported by a continuously noving support belt. A design which is
printed on a stable base, preferably rel ease paper, is then transferred to
the plastic meb A wear coat is then laninated onto the printed web and

this Ianinat ;épﬁﬂ§ 2&&5 I Lol | La) sed
sections Whl | m%@%f rrnte sl gn Wt‘};i%% |1"(;,Jns}:>é|1§é{i driH
fini shed prod?thﬂ agssign rﬂ#ﬂfz@t?%y“acﬂ%ﬁr itig ark SiRTorit AF e r[ﬂ?&ﬁﬁﬁ? web

on a belt whighy SHWledyed WEX RS Pard,. of the finished product and by
maneuvering the belt to control the pjastl c web.
Transfer printing station 180 comprises transfer

rolls 186, 188, a supply roll 184, a paper guide 183, rollers
g 185, 189, a strip plate 187 and take up roll 150. The
preprinted paper is fed from supply roll 184, through paper
guide 183, over roller 185 and through transfer yrolls 186,
188. Thereafter, the preprinted paper is wound around an
edge of strip plate 187 before passing over roller 18% to
10 takeup roll 190. Since rolls 66, 67 in the previous stage
have already adhered the web to the support belt, there is no-
need to operate, print transfer rolls 186, 188 at comparable
pressures; and we have found that satisfactory transfer
printing is achieved when the rolls are operated at pressures
15 of about 20 psi. Because a relatively low pressure is
exerted by the transfer rolls, it also is not necessary to
cool rolls 186, 187.
To ensure proper alignment of the printed paper
in a transverse direction, an edge guidance system (not
20 shown) is used. Moreover, to permit splicing of rolls of
. preprinted paper it is preferable to use conventional
splicing equipment (not shown) including an unwind roll
stand, 3 splice table and a compensator that allows time to
splice the printed design in register.

To transfer the layer of print from the release
paper, paper 182 passes through paper guide 183 which aligns
the preprinted paper with the plastic web. Illustratively,
paper guide 183 is a Fife edge guide. Paper 182, web 10 and
carrier belt 40 pass through the nip formed by roils 186,
188; and the paper is then separated from the web by strip
plate 187 advantageously positioned at the point of
separation of paper 182 from web 10. Takeup roll 190 can be
provided with suitable tension control devices. A cross-
section of the printed web dépicting base web 10 and a print
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I n accor dano¥OWfe642he present invention, distortions in the pPGHYPYP/06260
process are mnimzed by adhering the plastlg web to the carrier belt prior
to the printing stage. By adhering the web 0 the support belt in a
separate stage, it is possible to operate the roll.s of the printing process
at nmuch | ower pressures thereby el imnating any back cal endaring at the

printing stage J?a[}"erg‘i D dirp ] qns gﬁatsh%r%%ng@@t%gl 98 hbet e e

attendant theré scrlptlon of’ the Wi ngs These an
obj ects, featursals m Wricknessnednthen PRANE BaYesr dsr g&atpysmall

appar ent from i, go2ls @M i oi@ %inl .90 taparieRl iten the @.PEeter BeAneTRAdERRRES
of the invention in which:
of base ueb 10.
The printed web is then heated indirectly by an

g infra red heater 72 that heats the underside of carrier belt
40. The web is next fed into a laminating station B0 where a
web B2 of vinyl film is laminated to the printed side of web
10 to provide a protective wear coat. Laminating station 80
comprises a heated rotating drum 83, an upper high intensity
infrared heater 93, a web guide 89, a supply reoll 86, and
rollers 87, B8, 91 and %2. 1In addition, the station
preferably includes conventional splicing equipment (not
shown) including an unwind roll stand, a hot splicer and a
compensating device which allows time to splice the film.

Drum 83 is driven by line shaft 48 which is coupled
to the drum by means of a speed contrel 85 such as a Specon
(Rez. T.M.) speed control manufactured by Fairchild Hiller.
As described in the ‘074 and ’$59 patents, the speed control
85 regulates the speed of the drum relative to that of the
embossing roll and backup roll.

Supply roll 86 provides a2 continuous web 82 of
preformed vinyl film. Typically, the vinyl film is from 3 to
12 mils (0.075 to 0.3 mm) in thickness.

' Web B2 passes through web guide 89 which moves web
82 in a transverse direction so. that web B82.is in register
with the printed web. Illustratively, web guide 89 is a Fife
edge guide. Web 82, the printed web and carrier belt 40 pass
through the nip formed by rotating drum 83 and roller 91; and
web 82-is pressed and laminated by drum B3 onto the printed.
web. These webs adhere to carrier belt 40 and strip away
from rotating drum B3 at roller 82 and pass on carrier belt
40 under heater 93. 1Infrared heater 93 heats the vinyl film
and, therefore, the printed web. For the films used in the
practice of the preferred embodiment of the invention, the
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FIG 1.s wosedd2di agramillustrating the major steps fol | oWR@TiUSIpIA6260
practice of our invention; FIG 2 is a schematic diagramof a preferred
enbodi ment of apparatus used in the practiE%'of our invention; FIG 3 is a
cross-section of a base web used in the practice of our invention; [err]
-4- FIG 4 is a cross-section of a base web after a

temperature of web 82 is raised by infrared heater 93 with

the result that the vinyl film is stress relieved and forms a

composite 16 in which print layer 12 is located between webs

82 and 10. A cross-section of composite 16 showing vinyl

vear coat 82 over print layer 12 is shown in FIG. 5.
5 The carrier belt then moves the composite to an
embossing station 110. This station comprises an embossing
roll 112, a rubber backup roll 113, and means for transverse
and longitudinal positioning of the laminated web. As shown
in FI1G. 6, embossing roll 112 is an engraved or etched steel
or copper roll having areas 122 that are raised above other
areas 123 on the roll. Typically the difference in height
between areas 122 and 123 averages about 6 to 14 mils (0.15
to 0.35 mm.). Preferably, areas 122 constitute an image of
the design that 1s transfer printed onto the base web. Both
the embossing roll and the backup roll are water cooled.

The positioning means includes two electric eyes

10

15

115, 116, a speed control means 117 and a positioning roll
118. Backup Yoll 113 is driven directly by line shaft 48 so
that its surface speed is the same as that of drive rolls 46.
Embossing roll 112 is also driven by line shaft 4B but its
speed is controlled by speed control. means 117. The electric
eyes sense registration marks which are printed on the web
along with the printed design. Electric eye 115 controls
positioning roll 118 which guides composite 16 in the
transverse direction so that the embossing roll areas 122 are
in register with the images on the printed web. Electric eye
116 is connected to speed control 117 and controls the phase
of the embossing roll so that embossing roll areas 122 are in
register in the longitudinal direction with the printed
pattern on.the web. Specific apparatus for producing
transverse and longitudinal registration with the embossing
roll include a Fife photoelectric line control and a Bobst
Champlain registron contreol, respectively. Numerous other
devices will be apparent to those skilled in the art.
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pri nt Iayer“nﬁguggag transferred to it in accordance with our poOFRISH0ME260
FIG 5 is a cross-section of the base web after a vinyl film has been

| am nated over the print layer; FIG 6 is «uag+ew of an enbossing roll used
in the practice of our invention; FIG 7 is a cross-section of the base
web, print layer and vinyl filmafter it has been enbossed in register with
the print by the enbossing roll of FIG 6; and FIG 8 is a plan view of a
tile which has been enb@eeduter alirfage wift lembiessimgnroddi 332t s €e9desi ng

roll of FIG 61 RS0N By A Witdd'SEFff ofieLd b ediiiebtay also cools the
upper surface of composite 16. Water spray 119 cools and
sets composite 16 to such a degree that stretching of
composite 16 by rolls 112 and 113 is minimized. Applying
water to roll 112 before composite 16 makes contact reduces
the likelihood that composite 16 will adhere to roll 112.
Composite 16 and belt 40 pass through the nip defined by
embossing roll 112 and backup roll 113; and raised areas 122
of the embossing roll form corresponding depressions in the
composite. A cross section of an embossed composite 1B as
formed ‘by this step is shown in FIG. 7 and a plan view in
FIG. B.

10

We have found it advantageous to control the
surface speed of rotating drum 83 relative to that of
embossing roll 112 and backup roll 113 so that the surface
speed of drum 83 is about 98B to 99% of that of rolls 112 and
113 and preferably is about 98.2%. aAdvantageously, this
speed relation can be maintained by setting speed contreol 85
so that its output rotational shaft speed is in the range of
8B to 99% of its input rotational shaft speed which is the
same rotational speed as that of line shaft . 48. With this
speed relationship, we have found that appropriate tension is
produced in composite 16 so that the composite does not
become distorted either by bunching up, which causes .lateral
expansion in the direction transverse to the direction of
% travel of the web, or by stretching in the direction which is
the same as the direction of travel of the web. As a result,
production line throughput is greatly increased and product
guality is also improved.

After passing through the nip formed by rolls 112
and 113, embossed composite 18 is cooled to a low enough
temperature that the embossed composite 18 can be stripped
from silicone carrier belt 40. Preferably, this cooling
operation is accomplished by immersing composite 18 and belt
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FIGS. 1 arwOX®1védaastrate -a preferred nethod and apparat us forPGE/ESPN/§6269
‘our | nvention to make a solid vinyl tile_3ﬁ~mhich a decorative |ayer of
print has been enbossed in register with e print. Substantial portions of
this method and apparatus are simlar to those described in the '686, '074
and ' 959 patents. Cross-sectional and plan views of the finished tile are

shown in FI GRy {1290, B¢ efSy5bEVI25N Fifd s e dNodL s SYas:dal | oved i
maki ng such a tile conprise: formng a contl s web of vi'nyl, adhering
this web to BeRBe¥pERTBerentTelndRELNG: 2kl | FRAEMNT he EXILSS MAFRY i ¥y then

protective Weghovedt £o¥Rr thBewabi By LOn{i®h Wal SOIPPSd 118, xSl 0SE 19 At
Compos {1 N} £9L3hEhath' feb"EsPEk M ppal ebbm oM bafk Tgl Ster Wih the
print. In
At this point the carrier belt 40 reverses

5 direction. The embossed web, however, moves onto a conveyor
belt 130 which carries it through a pre-annealing station 132
which partially removes the strains imparted by laminating
and embossing. After pre-annealing, the embossed web is
cooled. It then enters a tile cutting station 140 where it
is aligned and cut into tiles in register with the pattern

printed on the web. Tile cutting station 140 comprises a

10

tile cutter 142, electric eyes 144, 145, and equipment

responsive to signals from the electric eyes for aligning the

web in the transverse and longitudinal directions.
15 Specific apparatus for aligning embossed composite
18 will be apparent to those skilled in the art from the
teaching of Barchi et al.‘s U.S, Patent No. 3,465,384,
entitled "Apparatus for Registration of Plastic Web”, which
is incorporated herein by reference. As disclosed in that
patent, a plastic web 6 is fed on a conveyor belt 28 into a
tile cutter 36. Photocells 32, 34 are used to maintain the
desired transverse position of the plastic web by driving a
reversible motor 128 that contrels the lateral position of
conveyor 28. The photocells sense the lateral position of
the plastic web by sensing a continuous longitudinal stripe
92 that is embossed in the plastic web a2t the same time as a
design is embessed in the remainder of the web. 1In 1like
fashion in the present invention, electric eyes 144, 145
sense registration marks that are printed on the web along
with the printed design. Advantageously these registration
marks can be the same as those used to align the web at the
embossing station. Numerous clesed loop feedback systems for
control of both lateral and longitudinal position of the web
will be apparent.
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before cutting;
are cut.

wear coat to appropriate tenperatures for adhering,
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Infrared heating is used to raise the web and the [err]

¢}37i nvention, the conposite is embossed in rqq?gy
nalntalnlng proper tension in the web as it is |nto the
Preferably, the enbossed lamnate is partially anneal ed
and further annealing is perfld—med on the tiles after they
-5-

| am nating, and

Fi nal anneallng_ls .
The tiles are cut so that they are slightly

They are thgn annealed in an annealing oven 150 tc
: Finally they are cocled to
ambient temperature and packaged for shipment. Scrap from
the tile cutting operation is fed to a granulator 160 and
returned to blenders 20 for further use.

Suitable fermulations for base web 10, release
paper 182 and vinyl film 92 are set forth in the above
referenced ‘686 patent,
a vinyl compesition comprising a minor portion of plasticized
vinyl chloride polymer, and/or vinyl acetate copolymer,
containing at least 80% vinyl chloride, uniformly mixed with
a major proportion of mineral filler, said minor portion
constituting about 16 to 25% by weight of the composition and
said major portion constituting about 75 to 84% by weight of
the compesition,

oversize.
shrink them to their proper size.

Preferably the base web is formed of

As will be apparent, many of the individual pieces
of apparatus used in practicing our invention are
conventional. Extrusion eguipment, heaters, adhering
stations, printing stations, laminating stations, embossing
stations, die cutting eguipment and aligning apparatus are
old. However, the combination of this equipment to produce
tile that is embossed in register with print on a continuous
basis, at a hxgh output rate and yielding a high percentage
of usable tile is new,

While the invention has been described in
conjunction with specific embodiments, it js evident that
numerous alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the
foregoing descriptien.
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acconpl i shasioign/ggaot air oven. The specific tenperatures for REAYUSIND62EN
t'he various step of the process described below will be apparent ‘to those

skilled in the art fromthe teaching of tRé&37959 patent._ SpecifJ at us
for perforning the steps of FIG 1 is shown in FIG 2. ”ﬂllﬂg‘mmﬁmﬂﬂe
web of vinyl is prepared by blending its constituents i A and
supplying the . mx to cont i nuyous m xer 22. Hot plastic frommxer 22 is
continuouslyigﬁﬁﬂﬁﬁﬁélﬁggﬁée#%ﬁder 30 conprising a pair of rolls 32, 34
whi ch produces a conti ruousApparatustfer beaeinged ) taantinuong fhasd snot h
enough to recgg,yﬁogiégy@{nﬁ @ﬁé\tco,ﬁriﬁ}@pv\n in the art, a doctor knife
o means for forming a continuous base web on a
moving support surface, said web being formed from a vinyl
5 composition, said moving surface being made of a material
such that the base web will adhere to the surface when the
. web is hot but can be removed from it when the web is cooled,
means for raising the temperature of said web,
means for adhering sald continuous base web to
10 said moving surface,
rneans downstream of said adhering means for
transferring a printed design from a preprinted stable
carrier sheet to the continucus base web which has been
secured to said moving surface by said adhering means, said
printed design being formed by a vinyl material compatible
with said base web, said printed design including a first
portion which constitutes a decorative design for the
finished product and a second portion which provides
registration indicia for use in the manufacture thereof,
means for laminating a clear plastic wear
layer over the printed design on the base web,
means for aligning the web, after the base web
is laminated, by means of the printed registration indicia so
that the web is aligned with 1 embossing roll in both the
direction transverse to the direction of travel of the web
s and the direction that is the same as the direction of travel
of the web,

15

20

means for mechanically embossing the printed
side of the base web with depressions in registration with
the printed decorative design,

means for cooling the base web,

means for stripping the cooled web from the
moving surface, '

35 - ‘
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"



(not shownwowmwyobgrused to .separate base web 10 fromthe cal SMIUSIBI06260 A
cross-section of a portion of base web 10 as it |eaves.the .cal ender rolts

is depicted in FIG 3. The thickness of tb&% cross-section typicall nges
from about 30 to 120 mils (0.75 to 3 nm).~The Wi ﬁﬁlﬂﬂwnﬂiﬁtlon

e wdth o umuﬂ
I's about 14 inches (35 cm) O her dinensions, homever
practice of the invention. As described in the '686 patent hot pl astic web

10 flows continuously onto g,Jgnd rg:)ucadrlrxlge{mlgeltﬁégmﬁﬂb?hﬁbﬁngﬁg? Qh

mat erial such that the web wl| adhere
can be renov®FER iFeddairatiendhdiciaoge thas thel Vebsééhaélaaﬁr‘il E#tbel t

i s made of woyemttidmy dass inagnamd dirdttdon tiranseeekastamehe Carrier
direction of travel of the web and the direction that is the
same as the direction of travel of the web, and

5 means for cutting the base wed into tiles so
that the decorative design is in register with the edges of
the tile.

2. The apparatus of claim 1 wherein the adhering
means comprise a pair of oppositely rotating adhering rolls
forming a calender.

10

3.. The apparatus of claim 1 further comprising
means for coocling the web with water prior to mechanical
embossing so that stretching of the web by the embossing roll
will not occur. '

15

4. The apparatus of claim 1 further comprising:
means for pre-annealing the web after it has
been stripped from the moving surface, and

means for cooling the pre-annealed web before

20

it is cut.

5. The apparatus of claim 1 further comprising a
rotating drum for applying the wear layer to the base web,
the surface speed of said drum being less than that at which
the base web is driven through the embossing means.

25

6. The apparatus of claim 5 wherein the surface
speed of the rotating drum is approximately 98 to 99% of that

30
at which the base web is driven.

heet Has Been RTIlaoed
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. . . 90/06260
belt 40 mWR81964¥ web 10 through the adhering, printing, | alCha ?ng_ and

-enbossi ng stages, supporting the web during these steps. The belt is driven

by a drive roll 46 that is driven by nmean3s3t a convent [ tl m 48.
To avoid distorting the plastic web and the design pri44 l Jﬂﬁuﬂ ﬂ web
is guided and aligned by adjusting the carrier belt by neans of & gbi dance

system 42. Near cal ender 30, a | oo err -6- speed sensor 44 js used to
cgntrol the speed of t He CghpigppJggius %f cla?m Spwheregn the emLossing

means comprises a backup roll and an embessing roll and the
apparatus further comprises a rotating drum for applying the
wear layer to the base web, the surface speed of said drum
being less than the surface speed of said backup roll.

8. The apparatus of claim 7 wherein the surface
speed of the rotating drum is approximately 98 to 99% of the
surface speed of the backup roll.

10 - 8. The apparatus of claim 1 further comprising
means for continuously controlling the speed of the
continuously moving base web in the laminating step relative
to the speed of the continuocusly moving base web in the
embossing step in order to maintain proper web tension so

15 that the web does not expand laterally in the direction
transverse to the direction of travel of the web or stretch
in the same direction as the direction of travel of the web.

10. The apparatus of claim 1 wherein the tiles are
cut oversized and are shrunken to their proper size during
annealing.

20

11. The apparatus of claim 1 wherein the plastic
base web is formed from a vinyl composition cemprising a
minor portion of plasticized vinyl chloride polymer, and/or
vinyl acetate copolymer, containing at least 80% vinyl
chloride, uniformly mixed with a major proportion of mineral
filler, said minor portion constituting about 16 to 25% by
weight of the composition and said major portion constituting
about 75 to 84% by weight of the composition.

25

30

12. A method of making, on a continuous basis, a
composite vinyl tile comprising the steps of:

35
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belt so thq% pl astic web | eaves cal ender rolls 32, 34Pﬁﬂ?ﬂ5ﬂﬂ&ﬁ%&nt
speed. As t anes away fromcalendar 30, it is heated to the
t enperature reqU|red to adhere the web to the carrier belt. A first

infrared heater 50 heats web 10 directly; ~1%d a second 2
heats carrier belt 40 which, in turn, heats web 10. Nexmlllﬁmmwwum an
adhering station 60 where meb 10 is adhered to carrler belt €40 prtor® t6 the
Phe web u || Cadhere ot ho BORAIRLA RSPt IBYPREaReRe FeRoORAN rom ¢ he bel t
when cool ed. The heat &®nkdpvionsiay maving sappoxt snr@agh 4raveling in a
substantially horizontal direction, said web being
formed from a vinyl composition, said moving surface
being made of a material such that the base web will
5 adhere to the surtace when the web is hot but can be
removed from it when the web is cooled,
heating said base web,
adhering said heated continuous base web to
said moving surface, '
transferring a printed design from a pre-
printed stable carrier sheet to a surface of the
continuous base web after the base web has been
secured to said moving surface, said printed design
being formed by a vinyl material compatible with
15 said base web, said printed design including a first
portion which constitutes a decorative design for
the composite vinyl tile and a second portion which
provides registration indicia for use in
manufacturing thereof,

10

laminating a clear plastic wear layer over the
printed design on the base web,

after the base web is laminated, aligning the
web by means of the printed registration indicia so
that the web is aligned with an embossing roll in
both a direction transverse to the direction of
travel of the web and a direction that is the same
as the direction of travel of the web, )

mechanically embossing the printed surface of
the base web with depressions in registration with
the printed decorative design,

after the base web is embossed, cooling the
base web,

stripping the cooled web from the moving
surface, - '

20

25

30

35
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second cal eNOR1/6@2hed by adhering rolls 66, 67 which apply at?ﬂ"@@o’ﬂg?w
pressure to web 10 and belt 40 as they passed therethrough:- As—a result,

web 10 is pressed and adhered to carrier belt-g4Q In prac

i nvention we have found it useful to cool roll 66 to pr ev%h"!‘mﬂ@mg““““
sticking to web 10. Adhering the web to the carrier belt pPrRrok s =
printing stage elim nates the probl em of back-cal endering previously

ﬁssoci ated with that Séagﬁ- Baﬁhfelalh:e&deﬂbpﬂngﬁtnenbaﬁﬁlweﬁgfﬁmtﬁhedmm%g
eavy gauges are passed thro ro rs. By ering . the web to the_carrier
belt, the lateral and traﬁ§§§%§§'bﬁﬁgﬁPﬁBgOFgfhge&egyi@e ?fn?%aféﬁ 85?9%55

the web does not becone dirsgdsterdtden dgdikdapsponthay the web is aligned wit

10

15

20

25

30

a cutting tool in both the direction transverse to
the direction of travel of the web and the directio
that is the same as the direction of travel of the
wedb, and

after aligning the web, cutting the base web
into discrete tiles so that the decorative design i
in register with the edges of the tiles.

13. The method of claim 12 wherein the step of
adhering said heated continuous base web to said moving
surface comprises passing said web and said surface through
calender so that bunching of said web during the transfer of
said printed design will not occur.

14. The method of claim 12 further comprising the
step of cooling the web with water prior to mechanical
embossing so that stretching of the web by the embossing rol
will not occur.

15. The method of claim 12 further comprising the
steps of:
pre-annealing the web after it has been
stripped from the moving surface, and
¢cooling the pre~annealed web before it is cut

16. The method of claim 12 wherein the tiles are
cut oversized and are shrunken to their proper size by
annealing. '

This Sheet Has Been Rerlaced C
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stage. Agy@ojMsust, production |line throughput is greatly I ncreased and
. product quality is also inproved. Next, the web enters a transfer printing
station 180 that transfers a |ayer of print froma preprinted rel ease paper

182 to web 10. The print layer can formany,kind of Mgmmu“umm vol une
commercial production of tiles the [err] -7 desi li8¥ one
that permts tiles to be cut with the design centered in the il so that

it is in register

17. The method of claim 12 wherein the wear layer
is applied to the base’ web by a rotating drum whose surface
speed it less than that at which the base web is driven
during the embossing step.

5 18. The method of claim 17 wherein the surface
speed of the rotating drum is approximately 98 to 99% of that
at which the base web is driven during embossing.

18. The method of claim 12 further comprising the
step of continuously controlling the speed of the
continucusly moving base web in the laminating step relative

10

to the speed of the continuously moving base web in the
embossing step in order to maintain proper web tension so
that the web does not expand laterally in the direction
transverse to the direction of travel of the web or stretch
in the same direction as the direction of travel of the web.

15

20. The method of claim 12 wherein said plastic
base web is formed from a vinyl composition comprising a
minor portion of plasticized vinyl chloride polymer, and/or
vinyl acetate copolymer, containing at least 80% vinyl
chloride, uniformly mixed with 2 major propoition of mineral
filler, said minor portion constituting about 16 to 25% by
weight of the composition and said major portion constituting
about 75 to 84% by weight of the composition.

20
25

30
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with the edges of the tile. Tr ansfer pmgumgcmasl on 180 conpri ses

transfer rolls 18 188, S 184, a pa 185,
189, a strip plat E’%?V%Byt e %/ﬁ?rF%q‘P"i’Q@"rqaﬁ‘ 8?)r23p ?rﬁ? fﬁgagefbhegﬁ
fromsupply roll 184pekhilausd 20a2addud deothds, claims unchdnged P5paged)d hr ough
transfer rolls 186, 188. Ti2ar.eafTher ppphrapuepefncdadipadewheseiwthie smeamns fo

an edge of strlptggﬁkg$&%ﬁnaﬁgpgrlaggglagsg grﬁgghlgr gggrigt%@Kgggbigléarrl

190. since rolls evious sta ave al eady adher ed

to the support b&heet e &hes continugus,base: ek, °ﬁFPﬁ%5??a‘hs?%+rr%f-I8r{%%
188 at conpar abl eraneFel ¥o1leNdorhihgva hipndahBavhepeinfeké Opyessansf Sppli

printing is achi gved WAL A% iny aandringPebi189e8! sRIg58H €8nucus vase web
$ and said moving surface as they pass through the calendar
formed thereby is higher than the pressure applied by said
print transfer rolls to said continuous base web, said
preprinted carrier sheet and said moving surface as they pas
through the nip formed thereby.
10
22. The apparatus of claim 21 wherein the ratio o
pressure applied by said rotating adhering rolls to the
pressure applied by said print transfer rolls is approximate
4:1.
16
23. The apparatus of claim 22 wherein said rotati
adhering rolls apply approximately 80 psi pressure to said
continuous base wedb and said moving surface as they pass
through the calendar formed thereby and said print transfer
rolls apply approximately 20 psi pressure to said continuous
base web, said preprinted carrier sheet and said moving
surface as they pass through the nip formed thereby.

24. The method of claim 13, wherein the step of
transferring a printed design from a preprinted stable carr:
sheet to a surface of the continuous base web comprises
passing said web, said carrier sheet and said moving surface
through a nip, and wherein the pressure applied by passing
said web and said moving surface through said calendar is
higher than the pressure applied by passing said web, said
surface and said carrier sheet through said nip.

25

25. The method of claim 24 wherein the ratio of
ag Ppressure applied to said base web and said moving surface b:
passing them through said calendar to the pressure applied ¢
said web, said carrier sheet and said surface by passing the
through said nip is approximately 4:1.

““m‘ ﬁﬁlﬁllil |i|| . Y 8y m




of , about - 20W@s91/082Cause a rel atively | Qagpressure i s exerted PYT/AISS0/06260
transfer rolls, it also is not necessary to cool rolls 186, 187. To ensure
proper alignment of the printed paper in a transverse direction, an edge
gui dance system (not shown) is used. Mreover, to pernit splicing of rolls
of preprinted paper it is preferable to use conventlonal splicing equi pnent
(not shown) |nclud|ng an urdfi-nd The meshad] of; c3pimcasSt yhereingthe pressure

tcorme][l&'slt ?L t Ihat pIovER tﬁﬁdx@ sﬁ? %ﬁ‘:&l Qi isakgdcdeBiyUpatBihgUtRERT thFough
ransf er e |layer r|n ram the re a er.

t hrough paper guﬁf@‘(gi WEnaar 45 ?ﬁ%‘ﬁi@&g ﬁﬁeasg g&? \v}ﬁ?hgfﬁgg%fﬁs??ehe‘
web. |llustrativedie/ said web, said carrier sheet and said moving surface as

they pass through the nip is approximately 20 psi.
s

g

10
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25
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paper guide 183 is iWfe edge guk CaPRIAL soperTVBRALZ AR carri d
pass through the nigéﬁ med by rolli%gmf%,lmeé%&pwgwd tﬁ\e f)aper s thé

separated fr s ) b .
Separat ed 1 AEr0EaNBRADASTLIG AL, K7 ONARE IR PATEKT RS ERRIRI AledTiec
provi ded MSHHuterwitiombPaeot @usificstivnéont r ol  Hevi [qEpintedativfid Bdlicat@ M of t hBVO 91/(

printed web h g9 base web 10 and aj paint Ierr] -8- layer 12 is
shown in EI G : i's cross-section is hot t(f})‘ uternational Publication Daté: 16 May 1991 (16
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(54) Title: ME@S% AND APPARATUS FOR THE MANUFACTURE OF PRINTED AND EMBOSSED FL
CO ING : '

Granulosor

.(57) Abstract

An improved process and means are disclosed for continuously forming tiles that are embossed in register with a pr
design. In this process a base layer (10) is formed on 2 continuously moving support surface (40) and moved by the su
through printing (180), laminating (80) and embossing (110) stages wherein a printed design (12) s applied to the base layer
a wear coat (82) is laminated over the design, and the design is embossed. In sccordance with the invention, the base layer (
adhered to the support surface (40) prior to transfer of the printed design thereto.




scal e becawgr9tsbeszzhi ckness of the print |ayer ks quite smal IPW%@(?GO
0.025 mm) conpared to the 0.75 to 3 mm thlckness of base web 10. The
printed web is then heated indirectly by an infra red heater 72 that heats
t he underside of carrier belt 40. The web |s next fed into a | am nating

station 80 where a web 82 of vinyl fiIErG ;z]nm nated to the printed side of
web 10 to provide a protective .wear coat’. ~Lari nating station 80 conprises a
heated rotating drum 83, an upper high intensity infrared heater 93, a web
guide 89, a supply roll 86, and rollers 87, 88, 91 and 92. In addition, the

station preferably includes conventional splicing equipnment (not shown)
i ncluding an unwind roll stand, |a hothpMiﬁgerq and a

Continuous Web
of Vinyl

4

Adhering the
Web 1o the
Carrier Bell

I

Transter Printing
Onto the Web

'

Laminating ¢ Wear Coal
Over the Print
to Form a Composile

.

Embossing the
Compaosite in Register
With the Print

Tile Cutting in Register
With the Embossing and
Print
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PCT/US90/06260
conpensat wxgog@esze which allows time to splice the film Drum83 is driven

.by Line shaft 48 which is coupled to the drum by neans of a speed control
85 such as a Specon (Rez. T. M) speed control nmanufactured by Fairchild
Hller. As described in the '074 and;/3959 patents, the speed control 85
regul ates the speed of the drumrelative to that of the enbossing roll and
backup roll. Supply roll 86 provides a conti mmqs web 82 of prefornmed vinyl
film Typically, the vinyl filmis from3 to 8. mlms (075 to 0.3 nm in
thi ckness. Wb 82 passes through web gui de @rp_) s web 82 in a
transverse direction so that web 82 i's /) |ster:wub the printed web.
Il1lTustratively, web guide 89 is a Fifeg /

48

. This Sheet Has Been Replaced
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,edge gui WO 9IMBER232, the printed web and carrier belt 240 pasgq/ﬁ‘}sgﬂ/g%%e
nip formed by rotating drum83 and roller 91; and web 82 is pressed and

| am nated by drum 83 onto the printed web. These webs adhere to carrier
belt 40 and strip away fromrotati ngzdibaum 83 at roller 92 and pass on _
carrier belt 40 under heater 93. Infrared heater 93 heats the vinyl film
and, therefore, the printed web. For the filns used in the practice of the
preferred enbodi nent- of .t he invention, the -9 - tenperature of web 82 is
raised by infrared heater 93 with

28 .
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the Tesult t‘g t*%& yl nyI filmis stress relieved and forns a §b6/36il5%

ih which prin 12 is | ocated between 82 and 10. A cro ectron
of conposite 16 showi ng vinyl wear coat 82 over print layer 12 is shown in
FIG 5. The carrier belt then noves th OS+t € to an enbossing station
110. This station conprises an enbossiﬁaiigr %Eiz, a rubber backup rol

113, and neans for transverse and |ongitudinal positioning of th I0ani nat ed
web. As shown in FIG 6, enbossing roll 112 is an_engraved or et hed st eel
or copper roll having argaog

the roll. Typically the difference In bet ween ar eas > and 123

averages about 6 to 14 mls (0.15 to OF?iégn 4.Preferably areas 122

constitute an i mage of 12
L L 10
FIG. S 82
16 |
T\ SRR T X r g gy 12
L7772 702 i . SN
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- ois o sGoA
t he’ de5|gn that is transker pnunted,onto t he basewmeb Both the an@S$Pﬂb .....

. roll and the backup:.toll. @rmgmater ool ed. The pogiti.oni:ng nmeans.ig.nelpudab.ae.

two el gctric: eyesallﬁutiL@,dgxﬁp@ed control means,117 and a p03|tﬁoﬂungaLﬁ§

roll 118. -Backup: Folh”1;_0r§ _:::f directly by ¥ ne shatt 48" 59 3 hatnahbd ..
surface speed. is. pNQ¢SANE B35 dqnal [err] rolls ﬁG Enbossi‘ng roll 112 is
al so driven. by, I hat

pe shaft [err] it spged is controlled by speed Capjqro

means 1Ti7t-—The- ehéetrie regi stration_Rarks* Aihieh=ar ~pERtsd-en—
the web along with umqmmmmmz@us Etoammcmmmuwnorol S
positioning roll 118 whiH 2t i

so that the enbossing roll areas 122 are in reglster with the i mages on the
printed megacﬁag &nﬁ of Ythe Invention

This invention concerns a printed and embossed
material, suitable for use as a.floor covering and a method
and apparatus for making it in a continuous process. More
particularly, it concerns a multilayered material combining a

.base layer, a printed layer and a wear resistant layer, which
is embossed in register with the print.

Reverse printed laminates have been made by
laminating separate sheets of calendered base material and a
preprinted plastic film. Until recently, in continuous
processes the printed designs have been limited to random
prints because of the difficulty of maintaining the desired
dimensions in the preprinted plastic film, in the laminate
and in some cases in the base material. The plastic film
tends to stretch when it is being printed and subsequently
dried. Since it is necessary to apply tension to the printed
film during lamination in order to eliminate trapped air and

wrinkles, the printed design can also be distorted during
lamination.

Alternatively, tiles can be formed in batch
processes with designs that are in register to the cut tile
by laminating preprinted plastic sheets of silk screen
designs to sheets ok a suitable base material. The tiles can

" ‘then be hand clicked from. the sheets. The high cost of such
a batch process makes in-register printed tile quite
expensive and limits its acceptance.

An additional complication is imposed by the
desirability of providing a textured surface by embossing the

" tile. Because the embossing step can be another cause of
distortion, some processes are limited to embossing of a
plastic surface layer that is integral with a nonplastic
stable substrate such as asbéstos or asphalt-saturated felt.

REPLS &\CEMENE SHLE?
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116 is connected to speed control 117 and controls the phase of the
, enbossing roll so that enbossing roll areas 122 are in register in the

| ongi tudi nal direction with the printed pattern on the web. Specific
apparatus for producing transverse and | ongitudi nal

registration with the
enbossing roll include a Fife photoelectric line control and a Bobst
Chanpl ain regi stron control, respectively. Nunerous other devices wll be

apparent to those skilled in the art. [err] -10-

As described in U.S. Patent Nos. 4,312,686,
4,612,074, and 4,773,959, which are incorporated herein by
refereénce, the distortions which occur during printing and
laminating are minimized by printing the - design on a stable
base, preferably release paper, and then transferring the

_printed design to a hot plastic web made continuously by an
extruder. In the printing stage, the plastic web is
simultaneously adhered to a carrier belt which moves the web
through the printing, laminating and embossing stages. The
carrier web supports the web during these steps to avoid
distortion thereof. A stress relieved hot plastic film is
then laminated to the printed web to provide a protective
wear coat. To emboss in register with the printed design,
the laminated product is‘first aligned by means of
registration marks as used for alignment during embossing.
As a result, individual tiles are cut automatically. in
register to the printed and embossed pattern.

Although the methods described in the ‘686, ‘074,
and ‘959 patents are commercially successful, process lines
using these methods still could be improved. One difficulty
that may be encountered in operating a continuous process
line using these methods arises when transferring the printed
design to the sheet material. As indicated above, at the
same time the sheet material is adhered to the carrier belt.
Simultaneous printing and adhering of the sheet material
sometimes produces back-calendering, or the bunching up of

the web material, at the printing stage resulting in smearing
and elongation of the design.

Summary of the Invention

We have devised an improved process suitable for

continuously producing tiles in which an embossed design is

in register with the tile. The improved process generally

follows the steps disclosed in the 686 and 7074 patents with
the addition, however, of a separate step adhering the

REPLACEMENT SHEET
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The outer surface of enbossing roll 112 is cooled directly by a water spray
119, and this spray al so cools the upper surface of conposite 16. Water
spray 119 cools and sets conposite 16 to such a degree that stretching of
conposite 16 by rolls 112 and 113 is mnim zed. Applying water to roll 112
before conposite 16 makes contact reduces the |ikelihood that conposite 16
w || adhere to roll 112. Conposite 16 afd belt 40 pass through the nip
defined by enbossing roll 112 and backup roll 113; and raised areas 122 of

t he enmbossing roll form correspondi ng depressions in the conposite. A cross

section of, ALEDAASPE £ UROTaL? 148 B31EOpFREAL DYoL Bhe SEERLiRgSLOYiN FIG

7 and a plan view in FIG, 8. . . . .
In accordance with this process, a hot plastic material is
formed into a continuous layer or web supported'by a
continuously moving support belt. A design which is printed
on a stable base, preferably release paper, is then
transferred to the plastic web. A wear coat is then
laminated onto the printed web and this laminate is embossed
using a conventional engraved roll having raised sections
which are images of the printed design. Distortions in the
finished product are minimized by adhering and supporting the
plastic web on a belt which is not an integral part of the
finished product and by maneuvering the belt to control the
plastic web.

In accordance with the present invention,
distortions in the printing process are minimized by adhering
the plastic web to the carrier belt prior to the printing
stage. By adhering the web to the support belt in a separate
stage, it is possible to operate the rolls of the printing
process at much lower pressures, thereby eliminating any back
calendaring at the printing stage and avoiding the
distortions in the printed design that are attendant thereto.

Brief Description of the Drawings

These and other objects, features and advantages of
our invention will be more readily apparent from the
following detailed description of a preferred embodiment of
the invention in which:

FIG. 1 is a block diagram illustrating the major
steps followed in the practice of our invention:

FIG. 2 is a schematic diagram of a preferred
embodiment of apparatus used in the practice of our

invention;

FIG. 3 is a cross-section of a base web used in the
practice of our invention:
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We have found it advantageous to control the surface speed of rotating drum
83 relative to that of enbossing roll 112 and backup roll 113 so that the
surface speed of drum 83 is about 98 to 99% of that of rolls 112 and 113
and preferably is about 98.2% Advantageously, this speed relation can be
mai nt ai ned by setting speed control 85 so that its output rotational shaft
speed is in the range of 98 to 99% of itg-i nput rotational shaft speed
which is the sane rotational speed as that of |ine shaft 48. Wth this
speed rel ati onship, we have found that appropriate tension is produced in
conposite 16 so that the conposite does not becone distorted either by
bunchi ng up, which cdles 4 dSerarressansrbhonrnofha Basecvebnafrensyverse to

the directighid layer has been transferred to it in accordance with our
' invention;
FIG. 5 is a cross-section of the base web after a
vinyl film has been laminated over the print layer:

FIG. 6 is a view of an embossing roll used in the
practice of our invention:
FIG. 7 1s a cross-section of the base web, print
layer and vinyl film after it has been embossed in register
with the print by the embossing roll of FIG. 6; and ME
FIG. 8 is a plan view of a tile which has been

embossed in register with the print using the embossing roll
of FIG. 6.

pescription of the Preferred Embodiments

FIGS. 1 and 2 illustrate a preferred method and
apparatus for practicing our invention to make a solid vinyl
tile on which a decorative layer of print has been embossed
in register with the print. Substantial portions of this
method and apparatus are similar to those described in the
‘686, ‘074 and ‘959 patents. Cross-sectional and pian views
of the finished tile are shown in FIGS. 7 and 8.

As shown in FIG. 1, the major steps followed in
making such a tile comprise: forming a continuous web of
vinyl, adhering this web to a carrier belt, transfer printing
on the web, laminating a protective wear coat over the print
to form a composite, embossing the composite in register with
the print, and tile cutting in register with the print. 1In
accordance with the invention, the composite is embossed in
register with the print while maintaining proper tension in-
the web as it is fed into the embossing roll. Preferably,
the embossed laminate is partially annealed before cutting;
and further annealing is performed on the tiles after they

are cut. Infrared heating is used to raise the web and the
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travel of the web, or by stretching in the direction which is the sane as
the direction of travel of the web. As a result, production |ine t hroughput
is greatly increased and product quality is also inproved. After passing
through the nip formed by rolls 112 and 113, enbossed conposite 18 is
cooled to a | ow enough tenperature that the enbossed conposite 18 can be
stripped fromsilicone carrier belt 40._Preferably, this cooling operation
i s acconplished by i mrersing conposite and belt [err]

wear coat to appropriate temperatures for adhering,
laminating, and pre-annealing. Final annealing is
accomplished in a hot air oven.

The specific temperatures for performing the
various step of the process described below will be apparent

to those skilled in the art from the teaching of the ‘959
patent.

Specific apparatus for performing the steps of FIG.
1 is shown in FIG. 2. A continuous base web of vinyl is
prepared by blending its constituents in blenders 20 and "
supplying the mix to a continuous mixer 22. Hot plastic from
mixer 22 is continuously supplied to a calender 30 comprising
a pair of rolls 32, 34 which produces a continuous hot
plastic base web 10 having a surface smooth enough to receive
a layer of print. As is known in the art, a doctor knife
(not shown) may be used to separate base web 10 from the

calender rolls. A cross-section of a portion of base web 10

as it leaves the calender rolls is depicted in FIG. 3. The
thickness of this cross-section typically ranges from about

30 to 120 mils (0.75 to 3 mm.}. The width of this cross-

section is about 14 inches (35 cm.) Other dimensions,

hbwever; may be used in the practice of the invention.

As described in the 686 patent, hot plastic web 10
flows continuously onto a moving carrier belt 40 which is
made. of a material such that the web will adhere to the belt
when the web is hot, but can be removed from it when the web
is cool. Typically, such a carrier belt is made of woven
fiberglass impregnated with a silicone elastomer. Carrier
belt 40 moves base web 10 through the adhering, printing,
laminating and embossing stages, supporting the web during
these steps. The belt is driven by a drive roll 46 that is
driven by means of a conventional line shaft 48.

&
S

To avoid
distorting the plastic web and the design printed thereon,

the web is guided and aligned by adjusting the carrier belt

by means of a guidance systeﬁ 42, Near calender 30, a loop

e &y iy sy s v o
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40 in a water bath 125. This step permts accurate tenperature control

s during all seasons. Excess water is then renoved fromthe web by a high
velocity air knife 124; and the enbossed web is stripped fromcarrier belt

40. At this point the carrier belt 40 reverses direction. The enbossed web,
however, noves onto a conveyor belt 130 which carries it through a

pre-annealing station 132 which partialt+g-renoves the strains inparted by

| am nating and enbossi ng. After pre-annealing, the enbossed web is cool ed.

It then enters a tile cutting station 140 where it is aligned and cut into

tiles in register with t e atteranrlnted on_t he

UR tt t at
140 conpri ed mengoFuffedS1 4559 c???ﬁr%beghiﬁ?e‘ﬁf? 1 Cg’tﬁﬁ%?ﬁ?ﬁta on

belt so that the hot plastic web leaves calender rolls 32, 34
at a constant speed.

As the web moves away from calendar 30, it is
heated to the temperature required to adhere the web to the
carrier-belt. A first infrared heater 50 heats web 10
directly; and a second infrared heater 52. heats carrier belt
40 which, in turn, heats web 10.

Next, the web enters an adhering station 60 where
web 10 is adhered to carrier belt 40 prior to the printing

. stage. As described above, belt 40 is made of a material
such that the web will adhere to the belt when hot, but can
be removed from the belt when cooled.

The heated web is fed along belt 40 through a
second calendar formed by adhering rolls 66, 67 which apply
about 80 psi pressure to web 10 and belt 40 as they passed
therethrough. As a resu;t,‘web 10 is pressed and adhered to
carrier belt 40. 1In practicing our invention we have found
it useful to cool roll 66 to prevent the roll from sticking
to web 10.

Adhering the web to the carrier belt prior to the
printing stage eliminates the problem of back-calendering
previously associated with that stage. Back-calendering is

generally encountered where heavy gauges are passed through
rollers. By adhering the web to the carrier belt, the
lateral and transverse bunching of the web is eliminated so
that the web does not become distorted during the printing
stage. As a result, production line throughput is greatly
increased and product quality is also improved.

Next, the web enters a transfer printing station
180 that transfers a layer of print from a preprinted release
paper 182 to web 10. The print layer can form any kind of
design. For high-volume commercial production of tiles the
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responsive to signals fromthe electric eyes for aligning the web in the
transverse and | ongitudi nal directions. Specific apparatus for aligning
enbossed conposite 18 will be apparent to those skilled in the art fromthe

teaching of Barchi et al.'s U S. Patent No. 3,465,384, entitled "Apparatus
for Registration of Plastic Wb",

whi ch is incorporated herein by
reference. As disclosed in that patent,-a plastic web 6 is fed on a
conveyor belt 28 into a tile cutter 36. Photocells 32, 34 are used to

mai ntain the desired transverse position of the plastic web by driving a
reversible notor 128 that controls the |ateral position of conveyor 28. The

phot ocel | s desigp dRePraferablyosnei bhabiPemelts deiles b By Qndlitd a
cont i nuous thendesdidgnnalenseredein the tile so that it is in register

with the edges of the tile.

Transfer printing station 180 comprises transfer
rolls 186, 188, a supply roll 184, a paper guide 183, rollers
185, 189, a strip plate 187 and take up roll 190. The ’
preprinted paper is fed from supply roll 184, through paper
guide 183, over roller 185 and through transfer rolls 18§,
188. Thereafter, the preprinted paper is wound around an
edge of strip plate 187 before passing over roller 189 to
takeup roll 150. Since rolls 66, 67 in the previous stage
have already adhered the web to the support belt, there is no
need to operate, print transfer rolls 186, 188 at comparable
pressures; and we have found that satisfactory transfer
printing is achieved when the rolls are operated at pressures
of about 20 psi. Because a relatively low pressure is
exerted by the transfer rolls, it also is not necessary to
cool rolls 186, 187.

To ensure proper alignment of the printed paper
in a transverse direction, an edge guidance system (not
shown} is used. Moreover, to permit splicing of rolls of
preprinted paper it is preferable to use conventional
splicing equipment (not shown) including an unwind roll
stand, a splice table and a compensator that allows time to
splice the printed design in register.

To transfer the layer of print from the release
paper, paper 182 passes through paper guide 183 which aligns
the preprinted paper with the plastic web. Illustratively,
paper guide 183 is a Fife edge guide. ' Paper 182, web 10 and
carrier belt 40 pass through the nip formed by roils 186,
188; and the paper is then separated from the web by strip
plate 187 advantageously positioned at the point of
separation of paper 182 from web 10. Takeup roll 190 can be
provided with suitable tension control devices.

A cross-
section of the printed web depicting base web 10 and a print
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92 that is enbossed in the plastic web at the sane tine as a design is’
s enbossed in the remainder of the web. In |ike fasfjy®QR “~present

i nvention, electric eyes 144, 145 sense reglstrat|: 4 ,ﬁfﬂﬁa&ﬁgﬁ printed
on the web along with the printed design. Advant gdousiy gifstration
mar ks can be the sane as those used to align the jwgb aty $§ ﬁﬁpo Si
station. Nunerous closed | oop feedback systens fgr contro 3 bot ht | at er al
and | ongi tudi nal position of the web w FB-be appar :

[ ef rT'“*-w-

' layer 12 is shown in FIG. 4. This cross-section is not to

scale because the thickness of the print layer is quite small

{0.0025 to 0.025 mm.) compared to the 0.75 to 3 mm. thickness
of base web 10.

The printed web is then heated indirectly by an
infra red heater 72 that heats the underside of carrier belt
40. The web is next fed into a laminating station 80 where a
web 82 of vinyl film is laminated to the printed side of web

10 to provide a protective wear coat. Laminating station 80

comprises a heated rotating drum 83, an upper high intensity
infrared heater 93, a web guide 89,

a2 supply roll 86, and
rollers 87, 88, 91 and 92.

In addition, the station
preferably includes conventional splicing equipment (not
shown) including an unwind roll stand, a hot splicer and a
compensating device which allows time to splice the film.

Drum 83 is driven by line shaft 48 which is coupled
to the drum by means of a speed control 85 such as a Specon

(Rez. T.M.) speed control manufactured by Fairchild Hiller.

As described in the ‘074 and ‘959 patents, the speed control

85 regulates the speed of the drum relative to that of the
embossing roll and backup roll.

Supply roll 86 provides a continuous web 82 of

preformed vinyl film. Typically, the vinyl film is from 3 to
12 mils (0.075 to 0.3 mm) in thickness.

Web 82 passes through web guide 89 which moves web
82 in a transverse direction so that web 82 is in register
with the printed web. Illustratively, web guide 89 is a Fife
edge guide. Web 82, the printed web and carrier belt 40 pass
through the nip formed by rotating drum 83 and roller 91; and

web 82-is pressed and laminated by drum 83 onto the printed

web. These webs adhere to carrier belt 40 and strip away

from rotating drum 83 at roller 92 and pass on carrier belt

40 under heater 93. Infrared heater 93 heats the vinyl film

and, therefore, the printed web. For the films used in the

practice of the preferred emﬁodiment of the invention, the’
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-1 2- The tiles are cut so that they are slightly oversize. They are then
; anneal ed in an annealing oven 150 to shrink themto their proper size.
Finally they are cooled to anbient tenperature and packaged for shipnent.
Scrap fromthe tile cutting operation is fed to a granulator 160 and
returned to blenders 20 for further use. Suitable fornulations for base web
10, rel ease paper 182 and vinyl film92-are set forth in the above
referenced ' 686 patent. Preferably the base web is formed of a vinyl
conposition conprising a mnor portion of plasticized vinyl chloride

ol yner, and/or vinyl acetate copol r, .containing at | east 80% vi nyl
2h|gride Lﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁ>&£j%ﬁ ﬁz gs ¥g?sed by ?hfraged heater 93 3ithy
the result that the vinyl film is stress relieved and forms a

composite 16 in which print layer 12 is located between webs

82 and 10. A cross-section of composite 16 showing vinyl

wear coat B2 over print layer 12 is shown in FIG. 5.

The carrier belt then moves the composite to an

embossing station 110. This station comprises an embossing

roll 112, a rubber backup roll 113, and means for transverse

and longitudinal positioning of the laminated web. As shown
in FIG. 6, embossing roll 112 is an engraved or etched steel
or copper roll having areas 122 that are raised above other
areas 123 on the roll. Typically the difference in height

between areas 122 and 123 averages about 6 to 14 mils (0.15

to 0.35 mm.). Preferably, areas 122 constitute an image of

the design that is transfer printed onto the base web.
the embossing roll and the backup roll are water cooled.

The positioning means includes two electric eyes
116, a speed control means 117 and a positioning roll
Backup roll 113 is driven directly by line sh=ft 48 so
that its surface speed is the same as that of drix +~rolls 4s.
Embossing roll 112 is also driven by line shaft <= * at its
speed is controlled by speed control means 117. The electric.
eyes sense registration marks which are printed on the web
along with the printed design. Electric eye 115 controls
positioning roll 118 which guides composite 16 in the
transverse direction so that the embossing roll areas 122 are
in register with the images on the printéd web.

Both

115,
118.

Electric eye
116 is connected to speed control 117 and controls the phase

of the enbossing roll so that embossing roll areas 122 are in
register in the longitudinal direction with the printed
pattern on.the web. Specific apparatus for producing
transverse and longitudinal registration with the embossing
roll include a Fife photoelectric line controcl and a Bobst
Champlain registron control, respectively. Numerous other
devices will be apparent to those skilled in the art.
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a major proportion of mneral filler, said mnor portion constituting about
16 to 25% by wei ght of the conposition and said major portion constituting
about 75 to 84% by wei ght of the conposition. As will be apparent, many of
the individual pieces of apparatus used in practicing our invention are
conventional . Extrusion equi pnent, heaters, adhering stations, printing
stations, lamnating stations, enbossiﬁd°§tations, die cutting equiprent
and al i gning apparatus are old. However, the conbination of this equi pment
to produce tile that is enbossed in register with print on a continuous

basis, at a high outpie bateraBdryhekdbhlemddgindersantage of dae tile
IS new. directly by a water spray 119, and this spray also cools the

upper surface of composite 16. Water spray 119 cools and

sets composite 16 to such a degree that stretching of
composite 16 by rolls 112 and 113 is minimized. Applying
water to roll 112 before composite 16 makes contact reduces
the likelihood that composite 16 will adhere to roll 112.
Composite 16 and belt 40 pass through the nip defined by
embossing roll 112 and backup roll 113; and raised areas 122
of the embossing roll form corresponding depressions in the
éomposite. A cross section of an embossed composite 18 as

formed by this step is shown in FIG. 7 and a plan view in
FIG. 8.

We have found it advantageous to control the
surface speed of rotating drum 83 relative to that of
embossing roll 112 and backup roll 113 so that the surface

speed of drum 83 is about 98 to 99% of that of rolls 112 and

113 and preferably is about 98.2%. Advantageously, this

speed relation can be maintained by setting speed control 85
so that its output rotational shaft speed is in the range of
98 to 99% of its input rotational shaft speed which is the
same rotational speed as that of line shaft 48. With this
speed relationship, we have found that appropriate tension is
produced in composite 16 so that the composite does not
become distorted either by bunching up, which causes lateral
expansion in the direction transverse to the direction of

travel of the web, or by stretching in the direction which is

the same as the direction of travel of the web. As a result,

production line throughput is greatly increased and product
quality is also improved.

After passing through the nip formed by rolls 112
and 113, embossed composite 18 is cooled to a low enough

temperature that the embossed composite 18 can be stripped

from silicone carrier belt 40. Preferably, this cooling

operation is accomplished by immersing composite 18 and belt
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Whil e the invention has been described in conjunction with specific
enbodi nents, it is evident that numerous alternatives, nodifications,

and
variations will be apparent to those skilled in the art in light of the
foregoi ng description. [err] Cl ai s - 13 -
[err] 1. Appar atus for meking, on aitentinuous basis, a conposite vinyl
tile conprising: neans for formng a continuous base web (10) on a noving
support surface :

40 in a water bath 125. This step permits accurate

temperature control during all seasons. Excess water is then

removed from the web by a high velocity air knife 124; and
the embossed web is stripped from carrier belt 40.

At this point the carrier belt 40 reverses

direction. The embossed web, however, moves onto a conveyor

belt 130 which carries it through a pre-annealing station 132
which partially removes the strains imparted by laminating
and embossing. After pre-annealing, the embossed web is
cooled. It then enters a tile cutting station 140 where it
is aligned and cut into tiles in register with the pattern
printed on the web. Tile cutting station 140 comprises a
tile cutter 142, electric eyes 144, 145, and equipment
responsive to signals from the electric eyes for aligning the
web in the transverse and longitudinal directions.

Specific apparatus for aligning embossed composite
18 will be apparent to those skilled in the art from the
teaching of Barchi et al.’s U.S. Patent No. 3,465,384,

entitled "Apparatus for Registration of Plastic Web", which

is incorporated herein by reference. As disclosed in that

patent, a plastic web 6 is fed on a conveyor belt 28 into a

tile cutter 36. Photocells 32, 34 are used to maintain the

desired transverse position of the plastic web by driving a

reversible motor 128 that controls the lateral position of

conveyor 28. The photocells sense the lateral position of

the plastic web by sensing a continuous longitudinal stripe
92 that is embossed in the plastic web at the same time as a
design is embossed in the remainder of the web. 1In like
fashion in the present invention, electric eyes 144, 145

sense registration marks that are printed on the web along

with the printed design. Advantageously these registration

marks can be the same as those used to align the web at the

embossing station. Numerous closed loop feedback systems for

control of both lateral and longitudinal position of the web
will be apparent.
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(40), said web being formed froma vinyl conposition, said noving surface

* being nmade of a material such that the base web will adhere to the surface
when the web is hot but can be renoved,hromit when the web is cool ed.,
means (50,52) for raising the tenperature of said web, neans (180) for
transferring a printed design froma preprint stable carrier sheet (182) to
t he conti nuous base web(10) which has been secured to said noving surface
by sai d adheri ng ne&he, tdded prencetl dest@ﬁttmﬂex)éxnrﬁ&igntky\ﬂ nyI

material crmmaliidl, e e %%dthéﬁeaﬂﬁéaléé'ﬁnpéﬁ rﬁ:’ﬁ&’eé’f«‘ﬁ&%
first portion whi conStitytes a eco ative %ﬁ? or the flnlshed
product arfthrdnde &6 the r\/\RFeﬁeErﬁ fles ’Fg@? Ahoh 3R 9Dt Use in

][ he maméf2 aih fremtt Itetmp@fr,atmanan%ﬁ)ckaqe&agonashrmentl eaerczpimsﬁxrcméS wear
r ve 117,
1?8/»)6 fg)r ) l%;gminl;:ht%h&@ﬁ\ge%ggghggﬁg@gt PEa @%ea"@xbanm (1léo> and
urned to blenders 20 for further use.
- Suitable formulations for base web 10, release
paper 182 and vinyl film 92 are set forth in the above
referenced ‘686 patent. Preferably the base web is formed of
a vinyl composition comprising a minor portion of plasticized
vinyl chloride polymer, and/or vinyl acetate copolymer,
containing at least 80% vinyl chloride, uniformly mixed with
a major proportion of mineral filler, said minor portion
constituting about 16 to 25% by weight of the composition and

said major portion constituting about 75 to 84% by weight of
the composition.

g a

As will be apparent, many of the individual pieces
of apparatus used in practicing our invention are
conventional. Extrusion equipment, heaters, adhering
stations, printing stations, laminating stations, embossing
stations, die cutting equipment and aligning apparatus are
old. However, the combination of this equipment to produce
tile that is embossed in register with print on a continuous
basis, at a high output rate and yielding a high percentage
of usable tile is new.

While the invention has been described in
conjunction with specific embodiments, it is evident that
numerous alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the
foregoing description.
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| am nat ed, by neans of the printed registration i-ndi-cka—so-that—the web is
- aligned with an enbossing roll in both the direction tr

t he
direction of travel of the web and the directi onnum_m@jmg(ﬂ%[as the
direction of travel of the web, neans_£;;2) for ! sing the
printed side of the base web with depressions in registration with the
printed decorative design, neans (125) for cooling the base web, neans

(144, 145) for aligning the web by nmeans of the printed registration
i ndi ci a swhdatais tdleimedn iis:al i gned with a cuffing tool in both the

direction transversg toghg Mide FdyOmaRfin', 268! a0tohkenlel astEQ? a
direction that js the sane, as the direction of travel ‘of tﬁe web, and neans

(142) forcomPesHe (PPt MeFMRTd %3N9%6s so that the decorative design is
in register with the edgesarsd fidie fiddrdnge hacantdnuoas bpseeard 660x for
adhering Zai fng ORGP Po L SsbPefedeh 41 SRIF being formed from a vinyl
composition, said moving surface being made of a material
such that the base web will adhere to the surface when the
web is hot but can be removed from it when the web is cooled,
means for raising the temperature of said web,

means for'adhering said continuous base web to
said moving surface,

means downstream of said adhering means for
transferring a printed design from a preprinted stable
carrier sheet to the continuous base web which has been
secured to said moving surface by said adhering means, said
printed design being formed by a vinyl material compatible
with said base web, said printed design including a first
portion which constitutes a decorative design for the
finished product and a second portion which provides
registration indicia for use in the manufacture thereof,
R means for laminating a clear plastic wear
layer over the printed design on the base web,
means for aligning the web, after the base web
is laminated, by means of the printed registration indicia so
that the web is aligned with an embossing roll in both the
direction transverse to the direction of travel of the web

and the direction that is the same as the direction of travel
of the web,

means for mechanically embossing the printed
side of the base web with depressions in registration with
the printed decorative design, .
means for cooling the base web,

means for stripping the cooled web from the
moving surface,
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nbving surface, conprising a pair of oppositely rotating_adheri-ng-tolls
(66,67) formng a calender, said adhering neans (60) being u str of said

m
print transfer means (180), whereby said print tr mﬁm‘m ﬁﬁ‘)a are
able to be operated at a reduced pressure conpare

adhering rolls (66,67) [err] - % The apparfatts Of claim 1
further conprising neans (119) for coof ng the web with water prior to

mechani cal enbossing so that stretching of the web by the enbossing roll
wi |l not occur.

means for aligning the web by means of the
printed registration indicia so that the web is aligned with
a cutting tool in both the direction transverse to the
direction of travel of the web and the direction that is the
same as the direction of travel of the web, and

means for cutting the basé web into tiles so

that the decorative design is in register with the edges of
the tile.

2. The apparatus of claim 1 wherein the adhering

means comprise a pair of oppositely rotating adhering rolls
forming a calender.

3. The apparatus of claim 1 further comprising

means for cooling the web with water prior to mechanical

embossing so that stretching of the web by the embossing roll
will not occur. - '

4. The apparatus of claim 1 further comprising:

means for pre-annealing the web after it has
been stripped from the moving surface, and

means for cooling the pre-annealed web before -
it is cut. ' |

5. The apparatus of claim 1 further comprising a
rotating drmm for applying the wear layer to the base web,
the surface speed of said drum being less than that at which
the base web is driven through the embossing means.

6. The apparatus of claim 5 wherein the surface

speed of the rotating drum is approximately 98 to 99% of that
at which the base web is driven.
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3.. The apparatus of claiml1 or 2, further conprising: neans (132) for
- pre-annealing the web after it has been striped fromthe nmovi ng surface,
and nmeans for cooling the pre-anneal ed web before

The
apparatus of claim1 further conprising a rotati n§‘“|| ml m““ﬁl) ppl yi ng
the wear layer (82) to the base web, the surface sei ¢ drrum bei ng
| ess than that at which the base web i3%riven through the enbossi ng neans.

5. The apparatus of claim4 wherein the surface speed of- the rotating
drum (83) is able to approximately 98 to 99% of that at which the base web

s driven. 6 The #Pbangl Wpddrdldl Be!claih W@fm?ki éhe &nbpRsLog,Jreans

conprises a back roll (113 an enbossin e apﬁ%ratus
further cofprPSes %PY%&%Rl?} ?ﬁ*ﬂﬁ(?ﬁb fed &BpF?Pﬁ@s ﬁg ﬁ%é} aadekheo t he
base web, appasatiscfusyiesx] admmeisksraimotatdibige deiimb&brgappigihdathé he

surface spged, 0fagat deH2GkE'Hd O lveb, the surface speed of said drum
being less than the surface speed of said backup roll.

8. The apparatus of claim 7 wherein the surface
speed of the rotating drum is approximately 98 to 99% of the
surface speed of the backup roll.

9. The apparatus of claim 1 further comprising
means for continuously controlling the speed of the
continuously moving base web in the laminating step relative
to the speed of the continuously moving base web in the
embossing step in order to maintain proper web tension so
that the web does not expand laterally in the direction
transverse to the direction of travel of the web or stretch
in the same direction as the direction of travel of the web.

10. The apparatus of claim 1 wherein the tiles are

cut oversized and are shrunken to their proper size during
annealing.

11. The apparatus of claim 1 wherein the plastic
base web is formed from a vinyl composition comprising a
minor portion of plasticized vinyl chloride polymer, and/or
vinyl acetate copolymer, containing at least 80% vinyl
chloride, uniformly mixed with a major proportion of mineral
filler, said minor portion constituting about 16 to 25% by
weight of the composition and said major portion constituting
about 75 to 84% by weight of the composition.

12. A method of making, on a continuous basis, a
composite vinyl tile comprising the steps of:
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7. The apparatus of claim6 wherein the surface speed—of—the Totating
drum (83) is able to be approximately 98 to 99% peed of the
backup roll (113). 8. The appar at,us of one of iﬂgﬂ@ n““ “ urt her
conprising means for continuously controlllng t ontlnuously
novi ng base web in the lamnating step relative to the speed of t he

conti nuous novi ng base web in the enbossing step in order to nmaintain
proper web tension sd&oriding laccoebidoeasnbasexpendohaseral ly in the

direction tran%&{é@.uto%stﬁem%mst gquaktt L-aﬁ ?Qfﬁ{»gseg@p%% srr etch in

the sane direction as direction
.appar at us of -orfRst ﬁﬂ?%ﬁ%&yihpﬁlg°“FGFtﬁéFeEGﬁﬁPrs?ﬂgdnﬁﬁhsbfﬁﬁﬁ) for
cutting the tilfamméerfyionec aithylesompositiohor.sabai mbiviiggt sertates to

their proper sizg APl YPehdatdria’ shen that the base web will

adhere to the surface when the web is hot but can be
removed from it when the web is cooled,

heating said base web,

adhering said heated continuous base web to
said moving surface,

transferring a printed design from a pre-
printed stable carrier sheet to a surface of the
continuous base web after the base web has been
secured to said moving surface, said printed design
being formed by a vinyl material compatible with
said base web, said printed design including a first
portion which codnstitutes a decorative design for
the composite vinyl tile and a second'portion.whiéh

~provides registration indicia for use in

manufacturing thereof, _

laminating a clear plastic wear layer over the
printed design on the base web,

after the base web is laminated, aligning the
web by means of the printed registration indicia so
that the web is aligned with an embossing roll in
both a direction transverse to the direction of
travel of the web and a direction that is the same
as the direction of travel of the web,

mechanically embossing the printed surface of
the base web with depressions in registration with
the printed decorative design,

after the base web is embossed, cooling the
base web,

stripping the cooled web from the moving
surface, )
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[err] - 15 - 10. The apparatus of one of clains 1 to 9, mhereln _the neans
for transferring a printed design froma preprlnted 'stable carrier sheet

(182) to the continuous base web conprises a pair rolls
(183, 188) formng a -nip. 11. The appar at us of Hm“ﬂ"nﬂ“muﬂm the ratio
of pressure applied by said rotating adhering rolls (%6,67 t®& the pressure
applied by said print transfer rolls 7485, 188) is approxi mately 4:1. 12.

The apparatus of claim10 or 11, wherein said rotating adhering rolls
(66,67) apply approximtely 55.16 x 104 Pa (psi) pressure to said

continuous base web and after stripping the base web from the noving
surface, aligning the web by means of the printed
registration indicia so that the web is aligned with
a cutting tool in both the direction transverse to
the direction of travel of the web and the direction
‘that is the same as the direction of travel of the
web, and '

after aligning the web, cutting the base web

into discrete tiles so that the decorative design is
in register with the edges of the tiles.

13. The method of claim 12 wherein the step of
adhering said heated continuous base web to said moving
surface comprises passing said web and said surface through a

calender so that bunching of said web during the transfer of
said printed design will noét occur.

-

14. The method of claim 12 further comprising the
step of cooling the web with water prior to mechanical

embossing so that stretching of the web by the embossing roll
will not occur.

15. The method of claim 12 further comprising the
steps of: _
pre-annealing the web after it has been
stripped from the moving surface, and

cooling the pre-annealed web before it is cut.

16. The method of claim 12 wherein the tiles are

cut oversized and are shrunken to their proper size by
annealing.
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said noving surface as they pass through the cal ender forned thereby and
said print transfer rolls (186, 188) apply approxi mately 13.79 x 104 Pa

(psi) pressure to said continuous base web, sai i er sheet
and said noving surface as they pass through thglmmmmmgmrm“eby 13.

A nmet hod of making, on a continuous basis, a conposrterLvimyls trle
conprising the steps of: formng a canfgnuous base web (10) on a
continuously noving support surface (40) travelling in a substantially
hori zontal direction, said web being formed forma vinyl conposition, said
nmovi ng surface being nmade of a material such that the base web will adhere
to the surface whehl ¢ hdfhemethashofhGladan 1Bevhersindtheoweatr Wipert he web

i s cool edishgghi nea (&9, tri‘@)basﬁs. d:ém&@d aw&*atatt&agsa%w WHokdBRhrfalsi Nt ed
des' gn fromegdpigp{ésné “han atq'naet [Mpd Sr{%e base web is driven

during the embossing step.

18. The method of claim 17 wherein the surface
speed of the rotating drum is approximately 98 to 99% of that
at which the base web is driven during embossing.

19. The method of claim 12 further comprising the
step of continuocusly controlling the speed of the
continuously moving base web in the laminating step relative
to the speed of the continuously moving base web in the
embossing step in order to maintain proper web tension so
that the web does not expand laterally in the direction
transverse to the direction of travel of the web or stretch
in the same direction as the direction of travel of the web.

20. The method of claim 12 wherein said plastic
base web is formed from a vinyl composition comprising a
minor portion of plasticized vinyl chloride polymer, and/or
_vinyl acetate copolymer, containing at least 80% vinyl
chloride, uniformly mixed with a major proportion of mineral
filler, said minor portion constituting about 16 to 25% by
weight of the composition and said major portion constituting
about 75 to 84% by weight of the composition.
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(182) to a-surfaee-of—the conti nuous base web (lcfﬁﬂihét&hhg QHEEF b has

"been secured tq said vi ng surface (40), said prln"”ﬁmﬁé5| ng forned
by a vi nyhis _ o 5‘{]ible with said base welf, ??%%ﬁd egi gn
i.ncl udi ng n which geonstitutes a deqorjatTve of the
conposi te I a secoMYENDEP {GLAMMS\hi ch r dw t{on

indicia for use in manufacturing thereof, |amnatfing (80) a clear | astic
wear |ayer (82) over the printed design on the base WED, " afrter-the base web

s lamnated alloning ! 46aSRearabERnse Caddit Pdcdar ElEohERRL OFod Nl i 2
9

so that the meb s a an enbossin rectio
t r ansver scETJNSFRFRANGE @ PFinSed; Ageign fr 'P’hé’ VRAERTigted  SEabLe FRFRIRY | S
t he sane ashédt €bh rthd icontdnubhsybhsefl wébecowy i g hapadal by primesi ng

Wi the pEr T e e or e Ang 8 ALE € SRR bR gl EBbPIedI Mg

(125) the P¥sEaigrotating adher;ng rolls to said continuous base web
and said moving surface as they pass through the calendar
formed thereby is higher than the pressure applied by said
print transfer rolls to said continuous base web, said
preprinted carrier sheet and said moving surface as they pass

through the nip formed thereby.

22. The apparatus of claim 21 wherein the ratio of
pressure applied by said rotating adhering rolls to the
pressure applied by said print transfer rolls is approximately
4:1.

23. The apparatus of claim 22 wherein said rotating
adhering rolls apply approximately 80 psi pressure to said
continuous base web and said moving surface as they pass
through the calendar formed thereby and said print transfer
rolls apply approximately 20 psi pressure to said continuous
base web, said preprinted carrier sheet and said moving
surface as they pass through the nip formed thereby.

24. The method of claim 13, wherein the step of
transferring a printed design from a preprinted stable carrier
sheet to a surface of the continuous base web comprises
paseing said web, said carrier sheet and said moving surface
through a nip, and wherein the pressure applied by passing
said web and sajid moving surface through said calendar is *
higher than the pressure applied by passing said web, said
surface and said carrier sheet through said nip.

25. The method of claim 24 wherein the ratio of
pressure applied to said base web and said moving surface by
passing them through said calendar to the pressure applied to
said web, said carrier sheet and said surface by passing them
through said nip is approximately 4:1.
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[err] -16 - stripping the cooled web fromthe noving surface, after
‘stripping the base web fromthe nmoving surf neans of the printed-

registration indicia so that the web is aligned w 142)
in both the direction transverse te2g-he direction H",m M"B iﬁ]gﬂweb and
the direction that is the same as the direction of t*rav b, and
after aligning the web, cutting the base web into discrete tiles so that

the decorative design is in register with the edges of the tiles,

characterised by adherjng GRQ) §kfloBS8E Cch LA VT 23S €ntCPreLerd d
applied to said web and said surface by passing them through
said calendar is apprqximately 80 psi and the pressure applied
to sajid web, said carrier sheet and said moving surface as
they pass through the nip is approximately 20 psi.

REPLACEMENT SHEET

2 7FEB 1997

This Sheet Ha, as B

L IIIT"!



noving surface after said step of heating (50,52) said base web and before
"said step of transferring (180) a printed design, said step of adhering
conpri sing passing said web (10) and said surface (40) through a cal ender
(66, 67) so that bunching of said web during the transfer of a printed
design will not occur, whereby said print transfer step is carried out at a
reduced pressure conpared with said adhering step. 14. The net hod of
claim 13 further conprising the step of 2(f't)o'ling (119) the web with water
prior to nechani cal enbossing so thag%nséﬁ&t ing of the web by the
enbossing roll will not occur. 15. e nethod of claim 13 or 14,

conprising the stepusiiEor® M AReArnFs( ¥#SR) Tk SMARGFRCFERE |dF has been -

striped fromthe noving _surface,_.and cooling the pre-anneal ed web before it
is cit. 16. The et hoFRIN TSR AP EMBPRPER FLOR GOVERING (he tiles are cut

oversi zed and

An improved process and means are disclosed for continuously
forming tiles that are embossed in register with a printed
design. In this process a base layer is formed on a continuously
moving support surface and moved by the surface through printing,
laminating and embossing stages wherein a printed design is
applied to the base layer, a wear coat is laminated over the
design, and the design is embossed. In accordance with the
invention, the base layer is adhered to the support surface prior
to transfer of the printed design thereto.

FIGURES 2A & 2B
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are shrunken to their proper size by annealing. 17. The net hod of one of
clains 13 to 16 wherein the wear layer (82) is applied to the base web by a
rotating drum (83) whose surface speed is |less than that at which the base
web is driven during the enbossing step. 18. The nethod of claim 17
wherein the surface speed of the rotating drumis approximately 98 to 99%
of that at which the base web is dﬂ\@yhduring enbossi ng. 19. The met hod
of one of clainms 13 to 18 further conprising the step of continuously
controlling the speed of the (FOES ngﬁusly movi ng base web in the | am nating
step relative to the speed of 't ‘cont i nuously novi ng base web in the
enbossing step in order to nmaintain proper web tension so that the web does
not [err]

Forming a
Continuous Web
of Vinyl

I

Adhering the
Web to the
Carrier Belt

!

Transter Printing
Onto the Web

I

Laminating a Wear Coat
Over the Print
to Form a Composite

I

Embossing the
Composite in Register
With the Print

Tile Cutting in Register

With the Embossing and
Print
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[err] - 17 - expand laterally in the direction transverse to the direction
of travel of the web or stretch in the sane direction as the direction of
travel of the web. 20. The met hod of one of clainms 13 to 19, wherein said
pl astic base web is forned froma vinyl conposition conprising a m nor
portion of plasticized vinyl chloride polyner, and/or vinyl acetate

copol yner, containing at |east 80%vinyl chloride, uniformy mxed with a
maj or proportion of mneral filler, said mnor, portion constituting about
16 to 25% by wei ght of the conposigygn and said major portion constituting
about 75 to 84% by wei ght of the conpositiog The net hod of one of

t he

preprinted stable carrier sheet (182) t h sur

21
clains 13 to 20, wherein the step of traQaex igg a printed design froma
G
I
E %

v
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.conti nuous base web (10) conprises passing said web,
sai d noving surface through a nip (186, 188).

22.

said carrier sheet and
The net hod of claim 21

wherein the ratio of pressure applied to said base web and sai d novi ng
surface by passing themthrough said calender to the pressure applied to

sai d web,
nip is approximately 4:1. 23.

said carrier sheet and said surface by passing t1hemthrough said
The nmethod of claim21 or

22, wherein the

pressure applied to said web and said surface by passing themthrough said

cal ender

i's approximately 55,16 x 104 Pa (80 psi) and the pressure applied

to said web, said carrier sheet and3J# d noving surface as they pass

through the nip is approximately 13.79 x 104 Pa (20 psi).

[err]
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-18- 17. The nethod of claim 12 wherein the wear layer is applied to the
base web by a rotating drum whose surface speed it less than that at which
the base web is driven during the enbossing step. 18.- The nethod of claim
17 wherein the surface speed of the rotating drumis approximately 98 to
99% of that at which the base web is driven during enbossing. 19. The

met hod of claim 12 further conprisin§/#he step of continuously controlling

t he speed of the continuously Vi base web in the lam nating step
relative to the speed of the c$%ﬁ{$oug§y novi ng base web |n the

K//////////////////]/IJ

FIG. 4 e
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Géoviin-4

of the web or stretch i A the 5ane direction as the directiion of tFavel jsfed..

the web. 20. The nethod of claim 12 wherein said plastic.base iwebli% mqrdgedi o

from a vi nylCRRIg®osi tion conprising a m-nd8 porti on of plasticized vinyl
chloride polymer, and/or vinyl acetate copol ymer, : containinggat; épasﬂ:x]ﬁo%

vinyl chloride, uniformy mxed with a major prOpOT'TI on-of nerou n Hers
sai d minor porti chppacatys i foutmalgncheuta 1@"5'6“%50/&8?%@ GRmpesite; [yinyl tile
&% mgd maj or portion constituting about 75 to 84% by wei ght
of the conposit 2 7

conposi tion

means for forming a continuous base web (10) on a moving support surface
(40), said web being formed from a vinyl composition, said moving surface being
made of a material such that the base web will adhere to the surface when the web
is hot but can be removed from it when the web is cooled.

means (50,52) for raising the temperature of said web,

means (180) for transferring a printed design from a preprint stable carrier
sheet (182) to the continuous base web(10) which has been secured to said moving
surface by said adhering means, said printed design being formed by a vinyl
material compatible with said base web, said printed design including a first portion
which constitutes a decorative design for the finished product and a second portion
which provides registration indicia for use in the manufacture thereof,

means (80) for laminating a clear plastic wear layer (82) over the printed
design on the base web.

means (115, 116, 117, 118) for aligning the web, after the base web is
laminated, by means of the printed registration indicia so that the web is aligned
with an embossing roll in both the direction transverse to the direction of travel of
the web and the direction that is the same as the direction of travel of the web,

means (112) for mechanically embossing the printed side of the base web
with depressions in registration with the printed decorative design,

means (125) for cooling the base web,

means (144, 145) for aligning the web by means of the printed registration
indicia so that the web is aligned with a cutting tool in both the direction transverse
to the direction of travel of the web and the direction that is the same as the
direction of travel of the web, and

means (142) for cutting the base web into tiles so that the decorative design
is in register with the edges of the tile.

characterised by means (60) for adhering said continuous base web to said
moving surface, comprising a pair of oppositely rotating adhering rolls (66,67)
forming a calender, said adhering means {(60) being upstream of said print transfer
means (180),

whereby said print transfer means (180) are able to be operated at a

reduced pressure compared with that of the adhering rolls {66,67).
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[er?] - 19 - 21. The apparatus of claim2 wherein

transferring a printed design froma preprinted staﬁ)“m[mu“]mhﬂm]mm to the
continuous base web conprises a pair of print transfer fol Fs Yorfing a nip,
and wherein the pressure applied by sait4 rotating adhering rolls to said

colnt i guoufs tmsg vfﬁ’ce a;ts);ﬁhratmscbfrmwmng fanthelr sooenpaising regansa 614 9) fieroeasting Hie
cal endar for t i s. hi ) o : , .
transfer rol' Y"ghg"r %ypéfé?ﬁfq Jﬁ'gg%"“%ggg‘b\%’v&',‘é)égﬁ*%ﬁeénﬂblﬁ%é%eﬁ%qh@ it

embossing roll will not occur.

3. The apparatus of claim 1 or 2, further comprising:

means (132) for pre-annealing the web after it has been striped from the
moving surface, and

means for cooling the pre-annealed web before it is cut.

4, The apparatus of claim 1 further comprising a rotating drum (83) for applying
the wear layer (82) to the base web, the surface speed of said drum being less than
that at which the base web is driven through the embossing means.

5. The apparatus of claim 4 wherein the surface speed of the rotating drum
(83) is able to approximately 98 to 99% of that at which the base web is driven.

6. The apparatus of claim 4 or 5 wherein the embossing means comprises a
backup roll (113) and an embossing roll (12) and the apparatus further comprises a
rotating drum (83) for applying the wear layer to the base web, the surface speed of
said drum capable of being less than the surface speed of said backup roll.

7.  The apparatus of claim 6 wherein the surface speed of the rotating drum
(83) is able to be approximately 98 to 99% of the surface speed of the backup roll
(113).

8. The apparatus of one of claims 1 to 7, further comprising means for

continuously controlling the speed of the continuously moving base web in the
laminating step relative to the speed of the continuous moving base web in the
embossing step in order to maintain proper web tension so that the web does not
expand laterally in the direction transverse to the direction of travel of the web or
stretch in the same direction as the direction of travel of the web.

9. The apparatus of one of claims 1 to 8, further comprising means (142) for
cutting the tiles oversized and means (150) for shrinking the tiles to their proper size
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prepr| nted carrier sheet -and said noving surface as thjﬁmpass

t hr t he
mip formed thereby. 22. The apparatus of claim21 lﬂlﬂ II l! ﬁ
pressure applied by said rotating adhering rolls t plled by

said print transfer rolls is approxi matelty 4:1. 23. The apparat us of claim
22 wherein sd0d r ghetappgratusnafranef clalirhs 1dp9| whamprtbwimeﬂrmlfw&ﬁne,i&'ringlaessure

the oal endar PRAPHRIFCRari S RIS SeeBe i tisF EfboT iy g corfififous B4 9"
appr oxi mat el weB(bopmnsqmapamofeprirtbtraasfdr wiis (183, 088) fomseg amip. said preprinted
carrier sheet and said noving surface as they pass through the nip forned

t her eby.
11.  The apparatus of claim 10 wherein the ratio of pressure applied by said

rotating adhering rolls (66,67) to the pressure applied by said print transfer rolls
(186,188) is approximately 4:1.

12. The apparatus of claim 10 or 11, wherein said rotating adhering rolls (66,67)
apply approximately 55.16 x 10* Pa (psi) pressure to said continuous base web and
said moving surface as they pass through the calender formed thereby and said
print transfer rolls (186, 188) apply approximately 13.79 x 10* Pa (psi) pressure to
said continuous base web, said preprinted carrier sheet and said moving surface as
they pass through the nip formed thereby.

13. A method of making, on a continuous basis, a composite vinyl tile
comprising the steps of :

forming a continuous base web (10) on a continuously moving support
surface (40} travelling in a substantially horizontal direction, said web being formed

- form a vinyl composition, said moving surface being made of a material such that

the base web will adhere to the surface when the web is hot but can be removed
from it when the web is cooled.

heating (50, 52) said based web,

transferring (180) a printed design from a preprinted stable carrier sheet
(182) to a surface of the continuous base web (10) after the base web has been
secured to said moving surface (40), said printed design being formed by a vinyl
material compatible with said base web, said printed design including a first portion
which constitutes a decorative design for the composite vinyl tile and a second
portion which provides registration indicia for use in manufacturing thereof,

laminating (80) a clear plastic wear layer (82) over the printed design on the
base web, after the base web is laminated, aligning the web by means of the
printed registration indicia so that the web is aligned with an embossing roll in both
a direction transverse to the direction of travel of the web and a direction that is the
same as the direction of travel of the web,

mechanically embossing (112) the printed surface of the base web with
depressions in registration with the printed decorative design, after the base web is

embossed, cooling {125) the base web, REPLACEWNT SHEET
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24. The method of <claim 13, wherein the step of trahStEeriing=d: pi
design froma preprinted stable carrier sheet to a $ufface o
conti nuous base web conprises passing id web, sai§ ¢arg geqestgsgt fand said
novi ng surface through a nip, and wherePn"the pressiré¢ applied by p i ng
said web and sai atrippingthe sooledwebtfiiomothgimavdngisurtdcendar-—shrgner t han t he

pressure applied ' ' , ' aLd Gar [l

t hr ough sai d ni p.a%é%gﬁﬁ@a%%$%%ge %Bcff al %’%E{%&}E@%& A CReraci o ol presgﬁﬁe

appldi edI t odsméamsbmgm prirttechregistrafich indiciarsy that the evebliy afgrediwity a adting teobugh

said cal en Q re . : ' ' d

25 d surfacd'4y) p st R TR TRoraie btySHcliEry SRELoF Bl g #R "
direction that is the same as the direction of travel of the web, and

after aligning the web, cutting the base web into discrete tiles so that the

decorative design is in register with the edges of the tiles,

characterised by adhering (60)said heated continuous base web to said
moving surface after said step of heating (50,52) said base web and before said
step of transferring (180) a printed design, said step of adhering comprising passing
said web (10} and said surface (40) through a calender (66, 67) so that bunching of
said web during the transfer of a printed design will not occur,

whereby said print transfer step is carried out at a reduced pressure
compared with said adhering step.

14.  The method of claim 13 further comprising the step of cooling (119) the web
with water prior to mechanical embossing so that stretching of the web by the

embossing roll will not occur.

15.  The method of claim 13 or 14, comprising the steps of :
pre-annealing (132) the web after it has been striped from the moving
surface, and cooling the pre-annealed web before it is cit.

16.  The method of one of claim 13 to 15 wherein the tiles are cut oversized and
are shrunken to their proper size by annealing.

17.  The method of one of claims 13 to 16 wherein the wear layer (82) is applied
to the base web by a rotating drum (83) whose surface speed is less than that at
which the base web is driven during the embossing step.

18.  The method of claim 17 wherein the surface speed of the rotating drum is
approximately 98 to 99% of that at which the base web is driven during embossing.

19. The method of one of claims 13 to 18 further comprising the step of
continuously controlling the speed of the continuously moving base web in the
laminating step relative to the speed of the continuously moving base web in the
embossing step in order to maintain proper web tension so that the web does not

W



- 26- 26. The nethod of claim25 wherein th Y ijpd to said web
anq said surface by passing themthrough sai Ellﬂmgﬂ;mlﬂﬁrui"ﬁrOX| mat el y 80
psi and the pressure applied to said web, said carrter® sifeet* and said

movi ng surface as they pass through-thé nip is approxi mately 20 psi. [err]
expand laterally in the direction transverse to the direction of travel of the web or

stretch in the same direction as the direction of travel of the web.

20. The method of one of claims 13 to 19, wherein said plastic base web is
formed from a vinyl composition comprising a minor portion of plasticized vinyl
chioride polymer, and/or vinyl acetate copolymer, containing at least 80% vinyl
chloride, uniformly mixed with a major proportion of mineral filler, said minor portion
constituting about 16 to 25% by weight of the composition and said major portion
constituting about 75 to 84% by weight of the composition.

21. The method of one of claims 13 to 20, wherein the step of transferring a
printed design from a preprinted stable carrier sheet (182) to a surface of the
continuous base web (10) comprises passing said web, said carrier sheet and said
moving surface through a nip (186, 188).

22.  The method of claim 21 wherein the ratio of pressure applied to said base
web and said moving surface by passing them through said calender to the
_pressure applied to said web, said carrier sheet and said surface by passing them
through said nip is approximately 4:1.

23.  The method of claim 21 or 22, wherein the pressure applied to said web and
said surface by passing them through said calender is approximately 55,16 x 10*Pa
(80 psi) and the pressure applied to said web, said carrier sheet and said moving
surface as they pass through the nip is approximately 13.79 x 10* Pa (20 psi).
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METHOD AND APPARATUS FOR Tﬂé MANUFACTURE OF
PRINTED AND EMBOSSED FLOOR COVERING

ABSTRACT

An improved process and means are disclosed for

5 continuously forming tiles that are embossed in register with
a printed design. In this process a base layer is formed on
a continuously moving support surface and moved by the
surface through printing, laminating and embossing stages
wherein a printed design is applied to the base layer, a wear

10 coat is laminated over the design, and the design is
embossed. In accordance with the invention, the base layer
is adhered to the support surface prior to transfer of the
printed design thereto.
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