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MULTIVARIATE COLOR SYSTEM WITH 
TEXTURE APPLICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 12/376,156, ?led on Feb. 3, 2009, entitled, 
“Multivariate Color System With Texture Application,” Which 
is a US. National Stage Application corresponding to PCT 
Application No. PCT/US08/63124, ?led on May 8, 2008, 
entitled “Multivariate Color System With Texture Applica 
tion,” Which claims the bene?t of priority to US. Provisional 
Patent Application No. 60/916,803, ?led on May 8, 2007, 
entitled “Multivariate Color System.” The entire content of 
each of the aforementioned patent applications is incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. The Field of the Invention 
[0003] This invention relates to translucent and/ or transpar 
ent polymer-based panel assemblies that incorporate colors 
through applied colored ?lm layers. 
[0004] 2. Background and Relevant Art 
[0005] Laminated translucent panel systems have achieved 
a Wide utility in designed architectural assemblies and appli 
cations as Well as lighting and display applications. One of the 
main facets that is of signi?cant interest is the ability to add 
color to such panel systems. Translucent panel systems come 
in a variety of forms and assemblies ranging from composites 
and products produced from polymers to glass. Traditional 
means of achieving color With the aforementioned substrates 
are through paints and coatings, dye and pigment concen 
trates or dispersants, or through adhesion of colored ?lms, 
fabrics or papers. Many of the aforementioned coloring sys 
tems introduce aesthetic, performance or manufacturing con 
straints When combined With the aforementioned polymer 
based or glass-based panel systems. 
[0006] One category of methods to achieve a colored trans 
lucent or transparent thermoplastic panel is through direct 
application of color through screen printing or painting. 
Using screen printing, ink is applied to the surface using 
traditional screen printing methods. Drawbacks of screen 
printing include the fact that the ink may be scratched off of 
the panel surface. In addition, the ink typically needs to be 
bonded to the panel With bonding additives that are often 
solvent-based and often produce undesirable volatile organic 
compound (VOC) emissions. 
[0007] Painting is another Way of applying color to the 
surface of a panel. Like screen printing, paint may also be 
scratched from the surface of the panel. Additionally, paint 
ing, and more particularly cleanup from painting, also results 
in undesirable VOC emissions. Moreover, colors or images 
applied through screen printing or painting are only correctly 
vieWable from one side of the panel. Also, panels colored or 
decorated using these methods tend to require cure times of 
betWeen four and tWelve hours, during 0 Which time the 
panels require special storage and possibly drying units. 
[0008] A second category of methods for achieving a col 
ored translucent or transparent thermoplastic panel is through 
the infusion of color into the surface of the panel. One method 
of this category is dye sublimation printing, during Which 
solid sources of dye, such as a printed transfer paper, are 
heated, placed in contact With a receiving substrate and the 
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printed color or image is transferred to the substrate and 
subsequently cooled. This method results in the color or 
image penetrating the substrate such that it is more resilient to 
surface scratches. Moreover, the colors or images produced 
using this method may be vieWed equally Well from either 
side of the panel. The dye sublimation method, hoWever, 
requires considerable technical expertise to create the digital 
master ?les and an understanding of the interaction of the dye 
With the substrate. Dye sublimation is also a capital-intensive 
operation that tends to require specialiZed printing equip 
ment. 

[0009] A second method in this category for infusing color 
into a translucent or transparent thermoplastic panel is by 
driving pigment into the surface chemically. For example, 
one conventional mechanism includes bombarding the sur 
face of a thermoplastic panel With solvent that temporarily 
improves the solubility of the panel, thereby alloWing dyes 
carried in the solvent to be transferred to and incorporated in 
the matrix of the thermoplastic panel. Although this method is 
not entirely capable of rendering a predetermined image, the 
color driven into the surface of the panel in this Way does yield 
a homogeneous color, and is more resilient to surface abra 
sion than colors applied directly through screen printing or 
painting. 
[0010] Unfortunately, this chemical process consumes 
large amounts of energy. The ?nal quality also tends to be 
quite dependent on several process variables and strict pro 
cess control. The cycle time, regulation of temperature and 
solvent concentration are driving forces that determine the 
quality of the ?nished panel. In addition, the equipment 
required to employ this method is very costly. Furthermore, it 
takes a signi?cant amount of time to change overbetWeen one 
color and the next because the system must undergo a clean 
ing cycle to ?ush out each color after use. 
[0011] A third category of means for imparting color to a 
translucent or transparent thermoplastic panel is through the 
use of a fabric interlayer. Here, the method of imparting color 
to panels includes the use of colored textiles. Using colored 
textiles to achieve a uniform panel color, hoWever, presents 
several challenges. One challenge is that fabric has a texture 
of its oWn that remains visible through the translucent or 
transparent thermoplastic panel. In addition, While colored 
textiles may be used selectively to control the translucency of 
a panel, they tend to impair the transparency of a panel. 
[0012] Moreover, thermoplastic panels With textile inter 
layers are not generally suitable for Wet environments Without 
additional fabrication precautions, because the fabric at the 
exposed edges of the panel Will Wick moisture into the interior 
of the panel. This Wicking action through the fabric layer 
introduces color distortion and staining Within the panel. In 
addition, the vieWability of color or an image depends upon 
Whether the color orpattem is Woven into the fabric or printed 
on only one side of the fabric. Also, fabric interlayers interfere 
With recycling because they can not be easily separated from 
the resin substrate. 

[0013] Furthermore, if more than one fabric interlayer is 
used, the most visible color Will be that of the textile layer 
nearest the vieWer, since colors are not blended or mixed 
When using textiles. In addition, care must be taken When 
laying up fabric interlayers because if they are not placed 
straight and taut, the fabric layer can create the appearance of 
Waves. Still further, multiple layers of fabric may create the 
moire effect, Which can be further exaggerated depending on 
the thickness of any substrate interposed betWeen fabric lay 
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ers. Another consideration When constructing thermoplastic 
panels With fabric interlayers is that the fabric layer may not 
be on the surface. Moreover, care must be taken to ensure that 
the fabric layer is laid up in the center of the overall panel 
thickness to create a “balanced lay-up.” 

[0014] Otherwise the panel, once constructed, Will boW as it 
cools, and the bowing is an undesirable characteristic. Also, 
fabric layers Within panels reduce the ability to thermoforrn 
the panels since the fabric Will separate or pull aWay under 
deep draW conditions due to the physical limitations of the 
fabric. A last disadvantage of fabric layers Within panels is 
that the fabric may Wick moisture into the body of the lami 
nated panel if edges are exposed to Wet environments. 
[0015] A fourth category of technology for coloring a trans 
lucent or transparent thermoplastic panel is through the use of 
?lms or “sheets” colored during manufacture With com 
pounded pigments and dyes. In general, a “sheet” refers to 
that portion of a translucent polymeric resin panel Which, in 
its prefabrication state, is a unitary extrusion of material, 
typically measuring 2-6 feet Wide and 8-12 feet long, and at 
least 1/32 of an inch in thickness. By contrast, a “?lm” refers to 
a thin, membranous layer With the same planar dimensions as 
a sheet but With a thickness ranging from 0.001 mils to 30 
mils, but preferably 0.5 mils to 20 mils, and most preferably 
10 mils. 
[0016] There are conventional mechanisms and apparatus 
that involve using colored ?lms or sheets to create colored 
panels. Unlike panels constructed With embedded fabric lay 
ers, such conventional mechanisms involve no texture that is 
visible in panels formed With colored ?lms. In addition, 
according to one conventional technology, such panels must 
be constructed With tWo co-polyester sheets made from a 
variety of materials, and include a backing layer, Which back 
ing layer may also be colored. Accordingly, With this tech 
nology, there are at least tWo interfaces Where air entrapment 
can be a problem. 

[0017] In addition, panels constructed for high-relief sur 
faces, When incorporated With a fabric or a printed or a col 
ored image, may experience Wrinkling of the fabric or 
unusual distortion of the color or image When captured 
betWeen a top layer that is heavily textured and a back layer. 
The assembly may further require a laminating enhancing 
layer (LEL), in addition to thermally compatible surfaces, to 
achieve bonding and to facilitate the removal of air betWeen 
the adjacent layers. Removal of air from the panels is impor 
tant, since any air pockets that remain in a ?nished panel can 
create a notch4or point of WeaknessiWith the laminate 
matrix that can result in crack propagation and failure in 
notch-sensitive thermoplastic materials. Applying a laminat 
ing enhancing layer tends to require additional processing 
steps, and increases material costs and introduces potential 
for contamination. In addition, the laminating enhancing 
layer must be uniformly applied for best results. Furthermore, 
the laminating enhancing layer, Whether an actual ?lm or a 
sprayed-on material, is not generally the same material as the 
substrate. Similar to fabric interlayers mentioned above, this 
dissimilarity contributes to the inability of such panels to be 
reclaimed and recycled because the dissimilar material Would 
be a contaminant in the recycling stream for the panel sub 
strate Which constitutes the majority of the panel. 
[0018] A draWback of using colored ?lms or sheets under 
the conventional art is that, typically, colored ?lms are pro 
duced in large quantities to achieve economies of scale. As a 
result, the customer must purchase a large quantity of a single 
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color or image in order to obtain favorable pricing. This is 
compounded by the need to purchase multiple colors in order 
to offer a variety of color choices. Such high-volume pur 
chase requirements can lead to unnecessary expense do to 
inventory obsolescence. Alternatively, a purchaser may pur 
chase small quantities of custom colored ?lms at a much 
higher price for less than full run quantities. As alluded to 
above, the sheets forming the substrate of the panel may 
themselves be colored With pigments or dyes by introducing 
color to the raW material during the process of sheet manu 
facture. Here again, economies of scale apply, requiring the 
purchaser to purchase high volumes of colored sheets to 
obtain favorable pricing or to pay extremely high prices for 
small quantities of custom colors. 
[0019] As introduced earlier, there are a number of conven 
tional mechanisms that involve the use of laminated translu 
cent resin panels With a decorative image layer With or With 
out a laminating enhancing layer. In such cases, the 
decorative image layer is a printed or colored ?lm layer 
Wherein at least one of the ?lm layer’s surfaces is colored or 
has an image printed thereon. In addition, the decorative 
image layer only occurs betWeen outer layers. Moreover, a 
laminating enhancing layer may be a required element to 
assure adhesion of the various dissimilar layers and to facili 
tate removal of air from betWeen them. Incorporating a lami 
nating enhancing layer not only increases the processing 
steps and materials required, but also, such additional inputs 
can increase the potential occurrence of manufacturing 
defects or contamination Within the laminate. Because the 
laminating enhancing layer is non-homogeneous, it typically 
must be carefully tested and applied to assure that proper 
coverage is attained for bonding to occur. Such conventional 
mechanisms use a backing layer, Which can overcome the 
increased level of defects caused by the additional processing 
requirements, but, in the process, further increase the process 
ing requirements. Furthermore, the backing layer may or may 
not be of optical quality, and could reduce the transparency or 
translucency, or both, of the resulting panel. 
[0020] There are still other conventional mechanisms, 
Which use colored ?lms produced from polyvinyl butyral 
(“PVB”) for use in glass lamination. According to such 
mechanisms, the colored PVB layer is used as a tie-layer to 
facilitate lamination of multiple glass layers. Such mecha 
nisms, hoWever, are usually speci?cally directed toWard lami 
nated glass compositions. 
[0021] In addition, colored PVB ?lms, While necessary in 
the laminated glass composition, may contain plasticiZers, 
Which may not be compatible With certain thermoplastics 
such as the copolyester knoWn as PETG, (i.e., polyethylene 
co-cyclohexane 1,4-dimethanol terephthalate), polycarbon 
ate, or acrylic (e.g., polymethyl methacrylate, or PMMA). 
Furthermore, PVB tends to require special handling and stor 
age conditions including refrigeration. Such requirements 
can add expense to the use of PVB in laminations. Also, 
plasticiZers used in PVB are knoWn to craZe polycarbonate 
When used in laminations With polycarbonate. 
[0022] Ethyl vinyl acetate (EVA) ?lms are knoWn to pro 
vide good bonding characteristics for laminated glass struc 
tures. Such ?lms are available in a variety of colors from such 
companies as Sekesui; hoWever, such ?lms are not ideal for 
use on the surface of panels due to the fact that they attract dirt 
and debris, making them dif?cult to use. The surface tends to 
be very sticky and has a loW surface roughness, Which often 
requires that a vacuum be used to remove air during lamina 
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tion. Further, EVA has a limitation if used to construct interior 
architectural paneling applications due to its 0 relatively high 
?ammability. 
[0023] As noted above, an inherent challenge in manufac 
turing laminate panels is avoidance of the tendency of the 
panels to retain air betWeen the layers unless preventative 
measures are taken to remove the air. Examples of methods 
used in the art for this purpose include the use of a laminating 
enhancing layer and/or vacuum bagging, and using an auto 
clave to remove the air. Use of laminating enhancing layers 
and/ or vacuum bagging, hoWever, requires additional lay-up 
and processing steps and materials, all of Which increase 
expense. 

BRIEF SUMMARY OF THE INVENTION 

[0024] Implementations of the present invention include 
systems, methods, and apparatus related to a translucent and/ 
or transparent polymer-based panel system that incorporates 
multiple colored layers. The multiple colored layers, in turn, 
enable manipulation of color, transparency or light transmis 
sion of the ?nished panel system. Implementations of the 
present invention also related to the construction of such 
panels to avoid the capture and retention of air Within the 
panels through the use of textured surfaces at the lamination 
interfaces. Further implementations of the present invention 
relate to the application of a substantially uniform texture to 
a panel constructed according to the present invention. 
Accordingly, implementations of the present invention 
address a number of de?ciencies and limitations in conven 
tional commercial architectural and lighting panel systems. 
[0025] For example, a thermoplastic structure in accor 
dance With implementations of the present invention can 
include a substantially transparent polymer substrate and one 
or more colored ?lm layers laminated thereto. The colored 
?lm layers can be laminated to the polymer substrate With the 
use of heat and pressure. Additionally, the colored ?lm layers 
can impart color to the entire structure. Furthermore, in at 
least one implementation, the polymer substrate is substan 
tially thicker than the colored ?lm layers. 
[0026] In addition, a thermoplastic structure in accordance 
With an implementation of the present invention can include 
one or more substantially transparent polymer substrates and 
one or more ?lm layers adapted for fusion thereto. In this 
case, each of the ?lm layers has a surface roughness that is 
substantially greater than a surface roughness of the one or 
more substrates. The surface roughness of the ?lm layers 
reduces incidences of air-entrapment betWeen the ?lm layers 
and the substrates during manufacture of the structure. 
[0027] Moreover, a system for creating a textured, thermo 
plastic structure in accordance With the present invention can 
include a resin panel assembly that has a resin substrate 
having a front surface and a back surface, one or more colored 
?lms to be laminated to at least one of the front surface and the 
back surface of the resin substrate, and one or more textured 
rollers con?gured to provide texture to one or more articles of 
the resin panel assembly. In one implementation of the sys 
tem, each of the one or more textures rollers has a substan 
tially uniformly-textured exterior shell for providing texture 
to the resin panel. In addition, the one or more textured rollers 
can be applied to the one or more articles simultaneously or 
sequentially. 
[0028] Additional features and advantages of exemplary 
implementations of the invention Will be set forth in the 
description Which folloWs, and in part Will be obvious from 

Sep. 22, 2011 

the description, or may be learned by the practice of such 
exemplary implementations. The features and advantages of 
such implementations may be realiZed and obtained by means 
of the instruments and combinations particularly pointed out 
in the appended claims. These and other features Will become 
more fully apparent from the folloWing description and 
appended claims, or may be learned by the practice of such 
exemplary implementations as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] In order to describe the manner in Which the above 
recited and other advantages and features of the invention can 
be obtained, a more particular description of the invention 
brie?y described above Will be rendered by reference to spe 
ci?c embodiments thereof Which are illustrated in the 
appended draWings. Understanding that these draWings 
depict only typical embodiments of the invention and are not 
therefore to be considered to be limiting of its scope, the 
invention Will be described and explained With additional 
speci?city and detail through the use of the accompanying 
draWings in Which: 
[0030] FIG. 1 illustrates a side, cross-sectional vieW of a 
panel assembly in accordance With one implementation of the 
present invention, detailing texture distributed over both 
bonding surfaces; 
[0031] FIG. 2 illustrates a lay-up assembly of an article in 
accordance With an implementation of the present invention, 
Which is con?gured With a colored ?lm on each side of the 

substrate; 
[0032] FIG. 3 illustrates an exploded, side vieW of a lay-up 
assembly With three ?lms positioned on one side of the sub 
strate; 
[0033] FIG. 4 illustrates an assembly con?gured With a 
colored ?lm layer betWeen tWo sheets of substrate; 
[0034] FIG. 5 illustrates an assembly con?gured With a 
colored ?lm layer comprising tWo colored ?lms betWeen tWo 
sheets of substrate; 
[0035] FIG. 6 illustrates a lay-up assembly comprising a 
plurality of ?lms positioned on one side of a substrate, Which 
is con?gured to increase the resident depth of the colored 
?lms; 
[0036] FIG. 7A illustrates a panel assembly con?gured 
With a colored ?lm on each side of a substrate, and a texture 
roller used to apply texture to the panel assembly; 
[0037] FIG. 7B illustrates the panel assembly of FIG. 7A, 
With the colored ?lms bonded to the substrate, and prior to the 
texture roller applying texture to the panel assembly; 
[0038] FIG. 7C illustrates the panel assembly of FIG. 7B 
after the texture roller has applied texture to the panel assem 
bly. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] Implementations of the present invention include 
systems, methods, and apparatus related to a translucent and/ 
or transparent polymer-based panel system that incorporates 
multiple colored layers. The multiple colored layers, in turn, 
enable manipulation of color, transparency or light transmis 
sion of the ?nished panel system. Implementations of the 
present invention also relate to the construction of such panels 
to avoid the capture and retention of air Within the panels 
through the use of textured surfaces at the lamination inter 
faces. Further implementations of the present invention relate 
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to the application of a substantially uniform texture to a panel 
constructed according to the present invention. 
[0040] Accordingly, implementations of the present inven 
tion alloW designers (e.g., architects, manufacturers, assem 
blers, etc.) to create high quality, aesthetically pleasing col 
ored panel assemblies Without requiring numerous complex 
process steps. In particular, panel assemblies constructed 
according to implementations of the present invention have 
feW, if any, pockets of trapped air, Which can lead to unsightly 
blemishes and diminished structural integrity of a ?nished 
panel assembly. Additionally, through selection of the num 
ber and color of ?lm layers used to create a panel assembly 
according to implementations of the present invention, the 
color, light transmission, and color durability properties of 
the panel assembly can be readily customiZed to create a 
colored panel assembly tailored for a speci?c application or 
product design. Furthermore, the panel assemblies can be 
formed With a substantially uniform surface texture that does 
not tend to cause streaking of the panel assembly color. The 
folloWing examples describe some example implementations 
of the present invention for creating such high quality, aes 
thetically pleasing colored panel assemblies. 

EXAMPLE 1 

Textured vs. Non-Textured Films 

[0041] Producing fused laminate panels in open-air lami 
nation processes can result in panels that exhibit air-entrap 
ment, or bubbles, particularly during the fusion process When 
the interfacing layers of the panel just begin to fuse. Air 
movement restriction occurs When any layer-to-layer inter 
face is fused together and subsequently blocks movement of 
air from the inner surface of the panel to the outer perimeters. 
Air movement restriction often occurs particularly during 
open-air laminations involving smooth or polished surfaces. 
By increasing the surface roughness of one or both interfaces 
to be fused in a laminated panel assembly, the amount of air 
trapped Within a ?nished panel can be dramatically reduced, 
if not eliminated. Trapped air is not only deemed unsightly in 
an aesthetic panel, but it also can create interstitial sites that 
act as notches Within the panel structure. Such notches result 
in potential breakage sites and can be detrimental to the 
physical performance of panels When used in structural appli 
cations. 
[0042] Typical open-air laminations are produced With 
single thin-?lm layers Without laminating enhancing layers 
(laminating enhancing layers) or vacuum assist. The thin-?lm 
layers typically have surface average roughness (R) values 
on a ?rst and/ or second surface, as measured With a POCKET 
SURF PORTABLE SURFACE ROUGHNESS GAUGE from 
MAHR FEDERAL INC., in the range of 15-20p. inches or 
less. Such laminations often result in ?nished sheets With 
signi?cant air entrapment. 
[0043] By increasing the surface roughness of the ?rst and/ 
or second surface of a thin-?lm layer (or multiple thin-?lm 
layers) in a laminated panel structure produced in open-air 
presses, it is found that the occurrence of air entrapment is 
signi?cantly reduced as compared to laminated panel struc 
tures formed With thin-?lm layers having surface Ra values in 
the range of 15-20p. inches or less. By Way of example, 
multi-layer ?lm panels, 4'><8' in dimension, Were prepared 
With a heated-plate, open-air lamination press Without the 
assistance of laminating enhancing layers or vacuum bag 
ging. The structures consisted of ?lm thicknesses ranging 
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from 10 to 20 mils, and Were assembled in conjunction With 
substrates of differing thicknesses. All the ?lms possessed 
surface Ra values greater than 50p inches on both surfaces. 
The structures Were ?xed in place With steel plates and sub 
jected to suf?cient heat and pressure required to fuse the ?lms 
to the substrates. 

[0044] FIG. 1 illustrates an exploded side vieW of a panel 
assembly 110 formed With a substrate and a ?lm having the 
surface Ra values as described above. Speci?cally, panel 
assembly 110 is formed With a substrate 112 and a ?lm 114. 
Film 114 has a surface 116 having a surface Ra value greater 
than 50p inches. In the illustrated embodiment, substrate 112 
has a surface 118 With a surface Ra value less than 10p. inches. 
Thus, at least one exemplary panel assembly 110 comprises 
one or more ?lms 114 have a surface roughness that is greater 
than 20p inches, and one or more substrates 1 12 With a surface 
roughness that is less than 20p. inches. 

[0045] By Way of explanation, and as understood more 
fully herein, any or all of the resin components in the thermo 
plastic substrate can comprise any number of different resin 
materials, and/ or combinations thereof. In one implementa 
tion, for example, the ?lm(s) 114 and substrate(s) 112 can 
comprise any one or more of polycarbonate materials, poly 
ester materials (including copolyester materials), acrylic 
materials, and/or combinations thereof. For the purposes of 
this speci?cation and claims, a polyester material refers to 
any one or more of PBT, PET, PETG, or PCTG, and combi 
nations thereof. In addition, an “acrylic” material refers to 
PMMA or the like, Whether in extruded form, or created 
through continuous casting, or mold-casting processes, and 
further includes impact-modi?ed acrylic. 
[0046] FIGS. 2 and 3 illustrate lay-ups of multi-layer ?lm 
panel assemblies constructed according to at least one imple 
mentation of the present invention. In particular, FIG. 2 illus 
trates a panel assembly 120 comprising a sheet (e.g., PETG) 
substrate 122 With PETG ?lms 124 and 126 positioned on 
opposing sides of the PETG sheet substrate 122 for fusion 
thereto. Although not illustrated in FIG. 2, each of ?lms 124 
and 126 has opposing surfaces With surface Ra values greater 
than 50p inches, and substrate 122 has opposing surfaces With 
surface Ra value less than 10p. inches. 
[0047] While FIG. 2 illustrates tWo ?lms positioned on 
opposing sides of a substrate, it Will be appreciated that panels 
can be constructed in a variety of con?gurations. For 
example, a panel assembly 130 can be formed With multiple 
?lms 132, 134, and 136 fused to one or more sides of a 
substrate 138, as illustrated in FIG. 3. Alternatively, or addi 
tionally, one or more ?lms can be fused betWeen one or more 

substrates. 

[0048] For example, FIG. 4 illustrates a panel assembly 140 
comprising tWo PETG sheet substrates 142 and 144 With a 
?lm 146 disposed therebetWeen. More speci?cally, ?lm 146 
is laid betWeen a ?rst side surface of substrate 142 and a ?rst 
side surface of substrate 144. In this manner, ?lm 146 can be 
fused betWeen opposing substrates 142 and 144. While not 
illustrated in FIG. 4, ?lm 146 typically has surface Ra values 
greater than 50p inches on opposing surfaces, and substrates 
142 and 144 each has at least one surface With a surface Ra 
value less than 10p. inches. Similarly, FIG. 5 illustrates a panel 
assembly 150 With tWo ?lms 156 and 158 positioned next to 
one another and disposed betWeen tWo opposing substrates 
152 and 154. 
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[0049] Table 1 below provides further details of the panel 
assembly constructions illustrated in FIGS. 2 and 4, and the 
resulting quality and aesthetic appearance following lamina 
tion. 

TABLE 1 

Translucent Thermoplastic Panel Constructs of Films With 
Various Average Surface Roughnesses. 

Panel Layer 1 Layer 2 Layer 3 Result 

1 0.020" 0.090" 0.020" All areas of 
PETG dual PETG sheet PETG dual panel free of 
sided texture Ram < 10 pin. sided texture air 
?lm ?lm 
Ral = 62 pin, Ral = 62 pin, 
RaZ = 64 pin. RaZ = 64 pin. 

2 0.060" 0.010" 0.060" All areas of 
PETG sheet PETG dual PETG sheet panel free of 
R, < 10 pin. sided texture ?lm R, < 10 pin. air 

Ram > 250 pin. 

Ra] - indicates average roughness on ?rst surface. 

Ra; - indicates average roughness on second surface. 

R4111 - indicates average roughness on ?rst and second surface identical in measure. 

EXAMPLE 2 

Non-Homogeneous Lay-Up 

[0050] A key bene?t of the present invention is the ability to 
combine a multitude of thermoplastic ?lm and substrate 
materials together to yield a ?nished and aesthetically pleas 
ing structure. Any sheet substrate and colored ?lm combina 
tion Where the joining layers possess su?icient miscibility 
When combined via fusion at elevated temperatures can be 
utiliZed for a panel system capable of multivariate colors. 
Such effective lamination may occur Without a laminating 
enhancing layer or vacuum assistance so long as the highest 
glass-transition temperature (Tg) of the heterogeneous mate 
rials is exceeded during the lamination process, and the mate 
rials are suf?ciently miscible so as not to result in haZing or 
insuf?cient bonding. 
[0051] For example, in one implementation, multiple panel 
structures Were created by laminating one or more PETG 

sheets to one or more PVC (i.e., polyvinyl chloride) ?lms to 
produce 12"><12" panel assemblies in an open-air lamination 
mechanical press. During the laminating process, the press 
operation averaged 2650 F., under pressure of 40 psi, With a 
heat soak time of 1 1 minutes. The particular combinations of 
PETG sheets and PVC ?lms used to create three structures 
according to this implementation, identi?ed as structures A, 
B, and C, respectively, are detailed beloW. 
[0052] Structure A Was formed using a ?rst layer of PVC 
?lm and a second layer of a PETG sheet. The ?rst layer of 
PVC ?lm Was a translucent, non-textured, orange PVC ?lm 
having a 0.010" thickness. The second layer Was a 0.118" 
thick, clear, non-textured PETG sheet. The tWo layers of 
structure A Were laminated together according to the present 
implementation of the invention. 
[0053] Structure B Was created by laminating ?ve layers of 
thermoplastic ?lm and substrate materials together according 
to the present implementation of the invention. The ?rst layer 
comprised a 0.060" thick, clear, non-textured PETG sheet. 
The second layer comprised a translucent, non-textured, red 
PVC ?lm With a thickness of 0.010". The third layer com 
prised another 0.060" thick, clear, non-textured PETG sheet. 
The fourth layer comprised another translucent, non-tex 
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tured, red PVC ?lm With a thickness of 0.010". Finally, the 
?fth layer comprised a 0.060" thick, clear, non-textured 
PETG sheet. In other Words, structure B Was formed With 
three 0.060" thick, clear, non-textured PETG sheets separated 
by 0.010" thick, translucent, non-textured, red PVC ?lms. 
[0054] Similarly, structure C Was created by laminating ?ve 
layers of thermoplastic ?lm and substrate materials together 
according to the present implementation of the invention. The 
?rst layer comprised a 0.060" thick, clear, non-textured 
PETG sheet. The second layer comprised a translucent, non 
textured, red PVC ?lm With a thickness of 0.010". The third 
layer comprised a 0.118" thick, clear, non-textured PETG 
sheet. The fourth layer comprised a translucent, non-textured, 
orange PVC ?lm With a thickness of 0.010". Finally, the ?fth 
layer comprised a 0.060" thick, clear, non-textured, PETG 
sheet. 

[0055] For all three structures, A-C, no panel exhibited 
shadoWs or air gaps Within the panel that Would exemplify 
delamination or insu?icient bonding. Further, each of struc 
tures A-C Were produced With tWo dissimilar but relatively 
miscible materials, PVC and PETG, and Were adequately 
fused together at elevated temperatures above the respective 
material’s Tg (PVC ?lm Tg ~185° F. and PETG Tg ~176° F.) 
Without the assistance of a laminating enhancing layer or 
vacuum. 

[0056] In a second example of dissimilar materials being 
laminated to form a single panel structure, a polycarbonate 
sheet Was fused to a PETG ?lm to produce a 12"><12" panel in 
an open-air lamination mechanical press. The press operation 
averaged 330° F., under pressure of 40 psi, With a heat soak 
time of 15 minutes. The particular polycarbonate sheet and 
PETG ?lm combinations used to create tWo of the structures 
according to this implementation are identi?ed as structures 
D and E, respectively, and are detailed beloW. 

[0057] Structure D Was formed using a ?rst layer of PETG 
?lm and a second layer of a polycarbonate sheet. The PETG 
?lm Was a translucent, 2-sided textured, blue PETG ?lm With 
a 0.010" thickness. The second layer of polycarbonate sheet 
Was a 0.236" thick, clear, non-textured Polycarbonate sheet. 
Structure D Was created by laminating the tWo layers together 
according to implementations of the present invention. 

[0058] LikeWise, structure E Was formed using a ?rst layer 
of PETG ?lm and a second layer of a polycarbonate sheet. 
The PETG ?lm Was a translucent, 2-sided textured, blue 
PETG ?lm With a 0.010" thickness. The second layer of the 
polycarbonate sheet Was a 0.118" thick, clear, non-textured 
polycarbonate sheet. The tWo layers of structure E Were lami 
nated together according to the present implementation of the 
invention. 

[0059] Although polycarbonate and PETG are not consid 
ered “thermally compatible” due to the Wide disparity in T8 
betWeen the materials (PETG ?lm Tg ~176° F. and Polycar 
bonate Tg ~300° F.), the polycarbonate and PETG layers of 
each of structures D and E Were combined to form aestheti 
cally pleasing laminated panel assemblies With good adhe 
sion, and no evidence of insuf?cient bonding or distortion. 

[0060] In a ?nal example of dissimilar materials being 
laminated to produce a single panel structure, identi?ed as 
structure F, a PETG sheet (Tg ~176° F.) Was laminated to three 
PCTG (i.e., glycol modi?ed poly-cyclohexylene-dimethyl 
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ene terephthalate) ?lms (Tg ~187° F.) to produce 12"><12" 
panel assemblies in an open-air lamination mechanical press. 
The press operation averaged 2650 E, under pressure of 40 
psi, With a heat soak time of 10 minutes. The PETG sheet used 
to create structure F comprised a 0.500" thick, clear, non 
textured PETG sheet. Each of the three PCTG ?lms used to 
form structure F comprised a translucent, White, single-side 
textured PCTG ?lm With a 0.010" thickness. In forming struc 
ture F, the three PCTG ?lm layers Were laminated to one side 
of the PETG sheet. 

[0061] As With the previous examples, structure F, though 
produced With multiple PCTG ?lms and a PETG sheet, Was 
suf?ciently bonded With no evidence of delamination of the 
PCTG ?lms from the PETG sheet. 

EXAMPLE 3 

Multivariate Coloring of Panel Assemblies 

[0062] Different colored ?lms, ranging from 0.001 " to 
0.030" in thickness, more preferably in a range of 0.005" to 
0.020" in thickness, and most preferably from 0.010" to 
0.015" in total thickness, can be thermally combined to make 
a single, uniformly colored panel assembly. The thermoplas 
tic ?lm layers may be positioned separately on the outermost 
surfaces of any clear thermoplastic substrate that is miscible 
With the thermoplastic ?lm of any gauge, so long as the 
substrate is clear, transparent and has a clear or neutral color. 
Or, the thermoplastic ?lms may be positioned conjointly on a 
single surface of the same substrate Without signi?cant 
change to the overall surface color of the panel assembly. 
[0063] Combination through lamination or adhesion of 
such ?lm layers of differing colors creates a uniform colored 
panel assembly that is a composite color of the individual ?lm 
colors used to construct the panel assembly. Furthermore, the 
color ordering of tWo or more colored ?lms is not important as 
the color and hue of the panel remains the same throughout 
the ?nished panel regardless of vieWing direction and order 
ing of the ?lms on or Within the substrate. For example, FIG. 
6 illustrates a panel assembly 160 that is con?gured With a 
substrate 162, and multiple ?lms 164, 166, 168, 170, and 172 
to be fused thereto. In the illustrated example in FIG. 6, the 
multiple ?lms 164, 166, 168, 170, and 172 are con?gured to 
be fused to the same surface of substrate 162, and comprise 
three colored ?lms 164, 168, and 172, and tWo transparent 
?lms 166 and 170 positioned betWeen colored ?lms 164, 168, 
and 172. As discussed herein, hoWever, multiple ?lms and/or 
substrates can be ordered in any manner, or left out entirely, to 
alter the color, hue, color durability, or other properties of the 
panel assembly as desired. 

[0064] In one implementation, laminated thermoplastic 
panels Were produced from colored PETG and PCTG ?lms 
possessing a total thickness of 0.010" . All ?lms Were textured 

on the front and back surface With a surface Ra value of 65 [1. 
inches as measured With a POCKET SURF PORTABLE 
SURFACE ROUGHNESS GAUGE from MAHR FEDERAL 
INC. The optical properties of these ?lms Were measured 
With a HUNTERLAB COLORQUEST XE spectrophotom 
eter With the TTRANS scanning method. The color measures 
of each base ?lm Were measured and quanti?ed With the 
respective L*, a*, b*, haZe and percent light-transmission 
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values as reported from the spectrophotometer measure 
ments. Table 2 lists the color and optic measurements and 
provides a description of each ?lm layer used in these 
examples. 

TABLE 2 

Associated Color and Optics Measures of Experimental 

Colored Films. 

% Light 

Color Name (description) L* a* b* Haze Transmission 

POMEGRANATE 52.05 49.82 14.62 77.68 20.19 

(dull red PETG ?lm) 

ALLURE 55.44 —l.69 —34.76 80.25 23.36 

(deep blue PETG ?lm) 

LAWN 84.37 —29.41 38.47 79.24 64.78 

(emerald green 

PETG ?lm) 

WHITE 86.96 —l0.85 41.04 66.84 65.42 

(translucent White 

PCTG ?lm) 

[0065] Laminate structures of tWo different gauges Were 
produced With ?lms listed by the color names described in 
Table 2 to ascertain the aesthetic affect that orientation of the 
?lms has on the overall panel. Table 3 provides detailed 
lay-ups of the several combinations of color, gauge and color 
?lm-layer positioning With respect to the panels. 

TABLE 3 

Panel Lay-ups for Directional Color Measurement Comparison 
Fxhihit 

Sample Surface 1 Surface 4 
Number (front) Surface 2 Surface 3 (back) 

A 0.030" 0.010" 0.010" 0.030" 
Clear ALLURE POMEGRANATE Clear 
PETG ?lm PETG ?lm PETG ?lm PETG ?lm 

B 0.010" 0.060" 0.010" NA 
ALLURE Clear POMEGRANATE 
PETG ?lm PETG sheet PETG ?lm 

C 0.500" 0.010" 0.010" 0.500" 
Clear ALLURE POMEGRANATE Clear 
PETG sheet PETG ?lm PETG ?lm PETG sheet 

D 0.010" 0.500" 0.500" 0.010" 
ALLURE Clear Clear POME 
PETG ?lm PETG sheet PETG sheet GRANATE 

E 0.010" 0.060" 0.010" NA 

POME- Clear LAWN 
GRANATE PETG sheet PETG ?lm 
PETG ?lm 

P 0.010" 0.500" 0.500" 0.010" 
POME- Clear Clear LAWN 
GRANATE PETG sheet PETG sheet PETG ?lm 
PETG ?lm 

[0066] The panel assemblies in Table 3 above Were lami 
nated in a mechanical heat press in 4"><4" plaques, and then 
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measured for color With a HUNTERLAB COLORQUEST 
XE spectrophotometer (TTRANS method). Each sample Was 
measured from both the front and back surfaces facing the 
spectrophotometer light source to compare for directional 
differences. The results are depicted in Table 4. 

TABLE 4 

Directional Measures of Dissimilar Color Film Layers 
Laminated as a Single Assembly. 

Sample Number Measurement Direction L* a* b* 

A Front 31.26 36.14 —12.79 

A Back 31.37 36.15 —12.88 

B Front 31.74 35.21 —14.05 

B Back 31.78 35.14 —14.18 

C Front 33.18 33.73 —11.57 

C Back 34.07 33.15 —12.03 

D Front 29.62 34.34 —11.73 

D Back 30.25 34.43 —11.62 

E Front 45.56 29.99 36.44 

E Back 46.22 29.77 36.03 

F Front 42.15 28.36 34.57 

F Back 41.88 27.85 33.79 

[0067] As shoWn in Table 4, all sample color measure 
ments, regardless of color, gauge or ?lm positioning Within a 
sample construct shoW signi?cantly identical L*, a* and b* 
color values When measured from the front and the back 

Sep. 22, 2011 

surfaces of the sample constructs. These measurements con 

?rm that the color is uniform throughout the panel, despite 
opposing colors being on opposing surfaces of a given panel 
assembly. 

EXAMPLE 4 

Manipulation of Color Intensity With a Multiplicity 
of Layers 

[0068] Implementations of the present invention further 
comprise controlling the color intensity of a panel assembly 
With the addition of multiple ?lm layers of the same color. To 
exemplify the relative intensity effect that can be achieved 
With the addition of multiple colored ?lm layers in a lami 
nated panel, samples Were produced With colored ?lms as 
detailed in Table 2. Such layering enables end users to control 
the intensity of color of ?nished panels through simple addi 
tion of same color layers. In the case of this example, sample 
structures Were produced from PETG ?lms and sheets With an 
open-air lamination press under conditions su?icient for 
bonding materials together Without the use of a laminating 
enhancing layer (~250° F. for 10 minutes at 40 psi). The 
con?gurations of colored ?lms and sheets utiliZed to produce 
the example structures are listed in Table 5 beloW. The data 
presented in Table 6 is representative of the resultant color of 
the structures as measured With a HUNTERLAB COL 

ORQUEST XE spectrophotometer. 

TABLE 5 

Panel Con?gurations Produced With Multiple Homogeneous 

Color Layers 

Sample Surface 1 Surface 5 

Number (front) Surface 2 Surface 3 Surface 4 (back) 

G 0.500" 0.010" 0.500" NA NA 

Clear POMEGRANATE Clear 

PETG sheet PETG ?lm PETG sheet 

H 0.500" 0.010" 0.010" 0.500" NA 

Clear POMEGRANATE POMEGRANATE Clear 

PETG sheet PETG ?lm PETG ?lm PETG sheet 

I 0.500" 0.010" 0.010" 0.010" 0.500" 

Clear POMEGRANATE POMEGRANATE POMEGRANATE Clear 

PETG sheet PETG ?lm PETG ?lm PETG ?lm PETG 

I 0.010" 0.500" NA NA NA 

LAWN Clear 

PETG ?lm PETG sheet 

K 0.010" 0.010" 0.500" NA NA 

LAWN LAWN Clear 

PETG ?lm PETG ?lm PETG 

L 0.010" 0.010" 0.010" 0.500" NA 

LAWN LAWN LAWN Clear 

PETG ?lm PETG ?lm PETG ?lm PETG sheet 
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TABLE 6 

Resultant Color Measures of Panels Produced With Multiple 
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TABLE 8 

Color and Optical Measurements of Panels With Multiple 
Color Layers. Layers of Translucent White Film. 

Light Sample L* A* B* Haze Light Transmission 
Sample L* a* b* Transmission 

M 81.56 2.81 -2.53 90.84 59.48 
G 56.56 44.5 10.76 24.47 N 74.58 3.04 -2.59 97.80 47.61 
H 37.67 52.87 25.17 9.91 O 69.67 3.20 -3.33 99.08 40.28 
1 28.20 49.26 33.46 5.45 
I 82.49 -34.42 37.89 61.2 

5 38-3: “512-32 [0073] Similar to the ability to increase panel color inten 
' ' ' ' sity With the addition of multiple layers of colored ?lms, 

increasing the number of translucent “WHITE” ?lm layers 
[0069] As is shoWn With the data in Table 6, increasing the has a signi?cant effect on the overall light transmission and 
?lm layers has a predictable effect on L* and light transmis 
sion. That is, as the number of color ?lm layers increases, the 
apparent “darkness” (as characterized by decreasing L* and 
decreasing light transmission) of the panel increases accord 
ingly. While there is movement in the a* (red to green axis) 
and b* (blue to yelloW axis) values of the samples, the relative 
hue of the color stays intact upon visual inspection, and the 
colors shoW an increase in intensity in accordance With the 
decrease in light transmission. 

EXAMPLE 5 

Manipulation of Light Transmission and Diffusion 
Performance 

[0070] Implementations of the present invention further 
comprise controlling the panel optical properties With the 
addition of translucent “WHITE” ?lm layers. Such control of 
light transmission and diffusion properties is often important 
in the design of arti?cial and day-lighting systems With 
respect to spreading light across a panel and creating a desired 
lighting effect. 
[0071] To demonstrate the effects of varying light transmis 
sion, 4"><4" sample panels Were assembled and fused as 
described by the con?gurations listed in Table 7. Lamination 
Was conducted in an open-air lamination press at approxi 
mately 2650 F. for 10 minutes at 40 psi, Which can constitute 
appropriate bonding conditions for laminating one or more 
PCTG ?lms to a PETG sheet. The base “WHITE” ?lm Was 
produced from PCTG and is characterized in Table 2. 

TABLE 7 

Panel Con?gurations Produced With Multiple White Color 
Layers. 

Surface 1 Surface 4 
Sample (front) Surface 2 Surface 3 (back) 

M 0.010" WHITE 0.060" Clear NA NA 
PCTG ?lm PETG sheet 

N 0.010"WHITE 0.010"WHITE 0.060" Clear NA 
PCTG ?lm PCTG ?lm PETG sheet 

0 0.010"WHITE 0.010"WHITE 0.010" WHITE 0.060" Clear 
PCTG ?lm PCTG ?lm PCTG ?lm PETG sheet 

[0072] The color, light transmission and haze responses, as 
measured With a HUNTERLAB COLORQUEST XE spec 
trophotometer (TTRANS setting), of the samples listed in 
Table 7 are represented in Table 8. 

diffusion (as characterized by haze) properties that are exhib 
ited in a translucent laminated panel. Further, the results in 
Table 8 also point to a consistency of color hue that is char 
acterized by the small differences among the measured a* and 
b* values of samples produced With one, tWo, and three layers 
of translucent “WHITE” ?lm. 

[0074] The practice of the present invention lends itself 
Well as a tool for designers and speci?ers of interior lighting 
and panel systems. Having the ability to manipulate the light 
transmission and diffusion (haze) properties of a panel alloWs 
one to control the amount of light scattering, and the ultimate 
aesthetic lighting effect that occurs at the panel surface. 
Increasing the haze value, by increasing the number of trans 
lucent “WHITE” layers, alloWs designers to manipulate the 
transparency of a lighting and panel system to achieve the 
desired visual effects in a lighting application, regardless if 
the light source in the application is from arti?cial light 
sources (incandescent, ?uorescent, LED, halogen, etc.) or 
natural daylight. 
[0075] An added feature can be introduced With one or 
multiple translucent “WHITE” ?lm layers laminated in con 
junction With colored ?lm layers. Table 9 demonstrates that 
the change in the light transmission and the diffusion charac 
teristics created by translucent “WHITE” ?lm layers in a 
laminated panel can be utilized in conjunction With panels 
that contain colored ?lm layers. When translucent “WHITE” 
?lms are combined With colored ?lm layers, one has the 
ability to modify the light transmission and the diffusion 
characteristics of a panel With little effect on the overall panel 
color. 

[0076] In the example case represented in Table 9, a ?rst 
panel of 1/32" nominal thickness Was constructed in an open 
air lamination press With a 0.010" thick ?rst surface layer of 
“ALLURE” blue ?lm (as described in Table 2) laminated to a 
0.060" thick layer of clear PETG sheet. A second panel Was 
constructed With the same 0.010" thick “ALLURE” blue ?lm 
on the ?rst surface and a second layer of 0.010" “WHITE” 
PCTG ?lm (as described in Table 2) laminated to a 0.060" 
thick layer of clear PETG sheet. The data in Table 9 shoWs 
that the incorporation of a “WHITE” translucent ?lm layer, 
even With a color, has a dramatic effect on the haze and light 
transmission of the panel. Despite the large change in light 
transmission and haze values, the “WHITE” translucent ?lm 
layer imparts only a slight difference to the overall color hue 
(as represented by the a* and the b* values) betWeen the 
color-only sample and the sample With a color layer and a 
“WHITE” diffuser layer. 
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TABLE 9 

Fused Colored Panels Produced With and Without a 
Translucent White Diffusing Layer. 
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TABLE 1 1 -continued 

Color and Optical Measurements of Laminated Panels 
Containing Fabrics With and Without Color Film Layers. 

Light Sample L* a* b* Haze Light Transmission 
Panel lay-up L* a* b* Haze Transmission 

T 63.79 —37.69 45.52 37.84 32.54 
Blue+Clear 63.63 —3.74 —31.26 8.63 32.34 U 33.5 —25.43 30.13 97.81 7.77 
Blue + WHITE + Clear 48.33 —0.14 —26.42 82.71 17.06 V 63.94 —37.63 44.39 24.11 48.76 

[0079] The data in Table 11 exempli?es the aesthetic dif 
EXAMPLE 6 

Laminated Panels With Colored Films used in Com 
bination With Neutral Fabrics 

[0077] Additional implementations of the present inven 
tion include the ability to add color to neutral (clear or White) 
fabric inserts through the fusion of colored ?lm layers to the 
fabric layers. To this end, samples (4"><4") of such lamina 
tions Were produced With fabrics, and With colored ?lms 
combined With fabrics, in an open-air lamination press. The 
con?gurations of the samples produced are described in Table 
10. Laminated panels With only fabric inserts Were included 
for the purpose of comparison to laminated panels containing 
both fabrics and colored ?lm layers. The “LAWN” color 
identi?ed in Table 10 is the same material as previously 
characterized in Table 2. 

TABLE 10 

ferences between the sheer, voile and taffeta fabrics in terms 
of color, haze and light transmission. These differences create 
unique panel aesthetics and lighting effects When laminated 
into single panel constructions and used in applications that 
are either lighted or serve as a light-diffusing medium of 

daylight or arti?cial lighting. Comparison of samples P to S, 
Q to T, and S to V shoW the effect that the color ?lm layers 
impart onto the fabric layer, and the structure as a Whole, 
laminated into a single panel. 
[0080] Of signi?cance is a comparison of sample S from 
Table 11, Which is produced With 2 layers of the “LAWN” 
color ?lm in contact With a White voile fabric, With sample K 
from Table 6, Which is the same total thickness and also 
produced With tWo layers of the same “LAWN” color ?lm. 
The resultant panel colors as characterized by the measured 

Constructs of Panels Containing Fabrics and Fabrics With 
Colored Film Layers 

Surface 1 Surface 5 
Sample (front) Surface 2 Surface 3 Surface 4 (back) 

P 0.236" Clear Clear 0.236" Clear NA NA 
PETG sheet Sheer fabric PETG sheet 
0.236" Clear White 0.236" Clear NA NA 
PETG sheet Voile fabric PETG sheet 
0.236" Clear White 0.236" Clear NA NA 
PETG sheet Taffeta Fabric PETG sheet 

S 0.236" Clear 0.010" LAWN Clear 0.010" LAWN 0.236" Clear 
PETG sheet PETG ?lm Sheer fabric PETG ?lm PETG sheet 

T 0.236" Clear 0.010" LAWN White 0.010" LAWN 0.236" Clear 
PETG sheet PETG ?lm Voile fabric PETG ?lm PETG sheet 

U 0.236" Clear 0.010" LAWN White 0.010" LAWN 0.236" Clear 
PETG sheet PETG ?lm Taffeta fabric PETG ?lm PETG sheet 

V 0.010" LAWN 0.236" Clear White 0.236" Clear 0.010" LAWN 
PETG ?lm PETG sheet Voile fabric PETG sheet PETG ?lm 

[0078] The resultant panels Were measured for color and L*, a* and b* values are virtually identical With the only 
optical response in a HUNTERLAB COLORSCAN XE 
spectrophotometer (TTRANS setting). The measurement 
results are listed in Table 11. 

TABLE 11 

Color and Optical Measurements of Laminated Panels 
Containing Fabrics With and Without Color Film Layers. 

Sample L* a* b* Haze Light Transmission 

P 91.08 0.07 0.78 5.62 78.66 
Q 79.13 0.51 1.04 17.65 55.15 
R 49.54 1.47 0.62 82.95 18.03 
S 74.65 —42.94 50.45 24.31 47.73 

difference being a reduction in the light transmission of 
sample S, Which is due to the fabric. Such a result demon 
strates that the color of the ?lm does translate to the fabric to 
create the effect of a pre-colored fabric. 

[0081] Samples T and V of Table 11 further demonstrate 
that the placement of the colored ?lm layer, or layers, With 
respect to the position of fabric in the laminated panel struc 
ture has no effect on the overall measured color values 
obtained from a laminated panel. This result demonstrates 
that the colored ?lm layers do not have to be in direct contact 
With the fabric layer to impart a consistent color appearance to 
the fabric. 

[0082] In addition to creating a colored panel as described 
herein, a manufacturer can apply a texture to any one or more 
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of the ?lms, substrates, and/or ?lm/substrate laminate com 
binations for any number of purposes. In at least one imple 
mentation, and as previously described, the manufacturer can 
apply texture to one or more ?lms and/or one or more sub 

strates before lamination in order to ensure appropriate air 
removal betWeen the ?lm(s) and substrate(s) during lamina 
tion. In addition, the manufacturer can apply texture to a 
sub strate/ ?lm laminate combination for a variety of aesthetic 
purposes (e.g., better diffusion, avoidance of color streaking, 
etc.) 
[0083] In conventional cases, a manufacturer Will typically 
provide texture to a panel by including a texture paper as one 
of the various layers in the forming/laminating process. For 
example, in addition to the layers shoWn in FIG. 4, a manu 
facturer might further include a texture paper layer on a 
surface of substrate 142 and/or 144; or, With respect to the 
layers shoWn in FIG. 1, the manufacturer might further 
include the texture paper layer on top of the ?lm layer 114, 
Which is on top of the substrate. In some cases, hoWever, 
depending on one or more of the ?lm layers and the granu 
larity of the texture paper, this sort of application of texture 
can result in uneven air removal in the functional sense, or 
uneven streaking of colors in the aesthetic sense. This tends to 
occur particularly if the manufacturer subsequently laminates 
the panel With yet another color ?lm layer. 
[0084] With respect to the color/aesthetic aspect, one rea 
son for such streaking may include the notion that the texture 
granules on the texture paper are someWhat randomly 
aligned, Which means that, in some cases, valleys and peaks 
can form that provide some of the color ?lm inks a conduit for 
streaking during lamination. A similar effect can be observed 
With respect to using texturing in order to remove air from 
betWeen ?lm and/or substrate layers. That is, random or less 
than-ideal distribution of texture granules, can result in tex 
turing of the ?lm and/or resin substrates that entraps air in the 
?nal panel, and thus results in a ?nal panel With reduced 
aesthetic qualities. 
[0085] Accordingly, implementations of the present inven 
tion further include one or more apparatus and methods for 
applying texture to ?lms, substrates, and/or completed panels 
While minimiZing or outright eliminating any potential for air 
entrapment, and/or color streaking in such panels. This can be 
done at least in part by providing a much more uniform 
distribution of texture granules on a texture applicator. In at 
least one implementation, applying this distribution can be 
done at least in part by using a textured roller to apply texture 
to a colored ?lm, substrate, and/or completed panel, Whereby 
the textured roller imparts a highly uniform texture. The 
manufacturer can then apply the textured ?lm to the substrate 
(Which may also be textured using similar or identical mecha 
nisms). During lamination, as described herein, the uni 
formly-applied texture one or all of the given surfaces can 
then provide for suf?cient air removal betWeen surfaces on 
the one hand, and/or avoid any color streaking on the other 
hand. 

[0086] Along these lines, FIGS. 7A-7C illustrate various 
schematic diagrams for applying texture in accordance With 
an additional or alternative implementation of the present 
invention using a textured roller. In the illustrated case, FIGS. 
7A-7C shoW components in a process for producing a ?n 
ished lamination product for aesthetic effects. Such illustra 
tion, hoWever, is primarily by Way of convenience, as the 
mechanism for lamination is essentially the same Whether 
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providing texture to an individual ?lm or an individual sub 
strate prior to lamination, such as to achieve improved air 
removal effects. 
[0087] In either case, a texture-applying roller 180 (or tex 
tured roller) can comprise a cylinder having a double Wall, 
spiral baf?e using mild steel construction. In such a case, this 
roller can further comprise an outer shell 182 produced from 
4140 stainless steel that has been hardened to 52-54 Rc 
(“Rockwell Hardness”) In at least one implementation, the 
roller siZe canbe about a 16" diameter With a 66" face, and can 
be prepared With a plurality of different textures. In at least 
one implementation, for example, the roller is prepared (e. g., 
sandblasted or engraved) With a texture of having a Ra value 
of 150p. inches, and, in another implementation, the roller is 
prepared (e. g., sandblasted or engraved) With a texture having 
a Ra value of 250p. inches. 
[0088] At least one method of applying texture, therefore, 
includes ?rst obtaining the article to be textured (e.g., the 
colored ?lm, the resin substrate, or completed panel). If tex 
turing a completed panel, such as illustrated in FIG. 7A, the 
manufacturer ?rst prepares colored panel 184 using one or 
more colored ?lms 186 and 188. In particular, as previously 
described, a manufacture can form or laminate one or more 

colored ?lms to one or more surfaces of a resin substrate (e. g., 
polycarbonate, acrylic, co-polyester, etc.). Of course, one Will 
appreciate that, as also previously described, the articles (i.e., 
the substrate article and one or more color ?lm articles) Will 
be at least partially translucent. Nevertheless, FIG. 7A illus 
trates the substrate and ?lms Without translucence/transpar 
ency effects for purposes of convenience in illustration. 
[0089] As shoWn in FIG. 7B, hoWever, the lamination of the 
one or more color ?lm articles to the substrate article results 
in an at least partially translucent article (e. g., panel 184) that 
bears the color (or color combination) presented by the 
applied color ?lm layers. If the article to be textured is simply 
a colored ?lm alone, hoWever, FIG. 7B similarly can be 
construed as representing a colored ?lm article or a basic resin 
substrate article prior to lamination. Speci?cally, FIG. 7B 
illustrates the translucency of any given article (e.g., lami 
nated/colored panel 184) prior to applying texture. 
[0090] In either case, the texturing process begins by heat 
ing the surface of the panel to above the material’s T8. The 
manufacturer then passes the article (e. g., laminated/colored 
panel 184, or just ?lm 186 and/or 188) through the one or 
more textured rollers 180, Which have been chosen based on 
the texture or surface roughness of the given roller 180 (or set 
of rollers). As shoWn in FIG. 7C, passing the given article 
(e.g., panel 184, or ?lms 186 and/or 188) through the one or 
more textured rollers 180 results in application of the texture 
(i.e., in inverted form) from the roller 180 to the panel 184 
and/or ?lm(s) 186/188. FolloWing transfer of the roller tex 
ture to the article, the manufacturer alloWs the textured article 
to cool beloW the T8 to complete the texturing process. If 
texturing the ?lms 186/188 articles separately, the manufac 
turer can then laminate the noW-textured ?lm articles 186/ 188 
to the resin substrate 184 article, as previously described 
herein. 

[0091] On the one hand, if the manufacturer has only tex 
tured the exposed side of the colored ?lm (or laminated 
panel), the resulting product is a thermoplastic panel such as 
shoWn in FIG. 7C, in Which a resin thermoplastic panel com 
prises a textured ?lm laminated to a base resin substrate 184. 
On the other hand, if the manufacturer has only applied tex 
tured to an inside surface of a ?lm article that is placed 
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directly against the surface of the resin substrate article, the 
texturing shown in FIG. 7C Will be less visible (or potentially 
invisible). One Will appreciate in either case that because the 
roller 180 is prepared carefully With a uniform distribution of 
texture granules, and because the roller 180 provides a con 
tinuous and repeated application of the texture granulation, 
the ultimate, laminated end product is virtually ensured to 
have a uniform distribution of texture thereon. This, in turn, 
can minimiZe or outright avoid any air entrapment, and/or 
avoids color streaking that could accompany application of 
the color ?lm(s) (particularly subsequent color ?lms lami 
nated on top of the textured surface(s)). 
[0092] As a ?nal matter, one Will appreciate that a manu 
facturer can apply multiple rollers to a given article in order to 
impart texture. With a color ?lm article (or non-laminated 
substrate article), for example, the manufacture may desire to 
achieve the air removal bene?ts of texturing on one side of the 
colored ?lm, but also achieve the bene?ts of avoiding color 
streaking on the other side of the ?lm article. With a laminated 
panel article, the manufacturer may desire to achieve the 
above-described aesthetic bene?ts on both sides of the ?n 
ished panel. 
[0093] In addition, there may be other reasons in Which a 
manufacturer may desire to apply multiple different rollers on 
the same side of the article to achieve still other aesthetic or 
performance effects. Furthermore, the manufacturer may 
apply texture on opposing sides of the given article With 
opposing rollers, or simply turn the article over after applica 
tion of texture on one side and then apply texture to the second 
side of the article. Accordingly, illustration of a single tex 
tured roller to a single side of a given article is done by Way 
primarily of convenience, and thus should not be construed as 
limiting. In any event, and as previously mentioned, the 
manufacturer may even apply still additional color ?lms on 
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top of the textured surface(s), and further pass the article 
again through texturing (on top of the neW color ?lms). 
[0094] The present invention thus may be embodied in 
other speci?c forms Without departing from its spirit or essen 
tial characteristics. The described embodiments are to be 
considered in all respects only as illustrative and not restric 
tive. The scope of the invention is, therefore, indicated by the 
appended claims rather than by the foregoing description. All 
changes that come Within the meaning and range of equiva 
lency of the claims are to be embraced Within their scope. 

I claim: 
1. A system for creating a textured, thermoplastic resin 

structure, comprising: 
a resin panel assembly having a plurality of articles com 

prising: 
a resin substrate article having a front surface and a back 

surface; and 
one or more colored ?lm articles to be laminated to at 

least one of the front surface and the back surface of 
the resin substrate article; and 

one or more textured rollers con?gured to provide texture 
to at least the substrate; 

Wherein: 
each of the one or more textures rollers has a substan 

tially uniformly-textured exterior shell for providing 
texture to articles of the resin panel assembly; and 

the one or more textured rollers can be applied to the one 
or more articles simultaneously or sequentially. 

2. The system as recited in claim 1, Wherein each of the one 
or more textured rollers comprises a cylinder having a double 
Wall, spiral baf?e construction using mild steel construction. 

3. The system as recited in claim 1, Wherein the exterior 
shell has an average roughness of 1 50p inches or substantially 
250p. inches. 


