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SYSTEM AND METHOD FOR MANUFACTURING 4o ¥lro0
IMPROVED DATA DISPLAY RETROREFLECTIVE SHEETING /

- FIELD OF THE INVENTION
5 This invention relates to improvements in printing data onto
retroreflective sheeting and to provide a direct output variable information
printing system for use with retroreflective sheeting.

BA R
10 Numerous problems exist rélating to production and recognition of data
and characters used with retrorefléctive sheeting. In the fields of signage for
license plates, road/street markings, and validation sticker manufacture, there
is a wide variety of alpha-numeric %':ldata printing styles used with retroreflective
sheetings which create various levels of recognition by viewers of the sheeting.
15 . Typically, manufacturing of licens¢ plates and similar products is accomplished
by processes which use large and %xpensive equipment that requires extensive
time and traiiﬂ’ﬁg of personnel. Often these processes utilize solvents and
generate considerable. wasted bypréduct if the manufacturing is halted within a
process run. Products produced by typical manufacturmg processes do not
20 contain substantial variable mformatlon, and the equipment is usually only
' centrally located due to the size and expense of these machines.

. «, Alternate manufacturing processes include silk screening, block printing,
pre-cut lay out systems, and hand-cut laymg up using various cutting machines
to cut outlines of lettering and then pre-masking of the products prior to

25 stripping liner material off of the products. These systems are typically
inconsistent in output and are nbtq'riously inefficient. While certain systems,
such as that disclosed in U.S. Patent No. 5,085,918 issued to Rajan et al.,
disclose means of printing retroreflective sheeting which comprise substantial
improvements over other known manufacturing processes, these systems still

30 use relatively expensive large machines which do not meet the needs of a wide
variety of users..

A E INVE N
The present invention provides a modular and transportable printing
35 system for printing indicia on polymeric sheetings. The system comprises a
frame assembly portion comprising at least one horizontal rail member and at
least one vertical rail member assembled as an open frame structure, the rail
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FI"ELD' OF THE | NVENTI ON This invention relates to i nprovenents in

printing data onto retroredective sheeting and to provide a direct
out put variable information printing systemfor use with retrore-
fllective sheeti Bfembers having walls definin ngzf&"ﬁch%'\rﬁh thdular

Nuner ous proble atlng to production_and re pitior

exl st
of data and char{’;blo@v y%%eom’mtwm é?étdlfxﬁ‘?!e“t pnntmg a“@t%”é‘ﬁ‘fﬂ? N8h t he
firel ds of si gnaggks;Gnteréhaf lepi'e%l assemBHEN for holding, di%pértsﬁig, mlfewmmgand

ol 1t on ST C el EOREEE Lk AR B! rining sysemy”afh o plie: i
sheeti ngs vkhi chcompdsiag \aaprinter uitablesfonfprinting variable indicia received from a
computer onto a surface of a first sheeting material.

The invention also includes manufacture of a license plate comprising
a thin polymethyl methacrylate film face layer having a thickness of less than
about 1 millimeter; an adhesive layer; thermally printed indicia printed onto a

10 retroreflective sheeting; a retroreflective sheeting; and a durable backing layer
connected to the retroreflective sheeting.

The invention also includes a retroreflective polymeric sheeting with
variable printed indicia which provides residual evidence of tampering due to
distortion of the indicia when removed from an initial substrate. Retroreflective

15 sheeting used with this invention may be "beaded sheeting” in the form of an

' encapsulated-lens sheeting (see, for example, U.S. Patents 3,190,178;

4,025,159; 4,896,943, 5,064,272; and 5,066,098, the disclosures of which are

incorporated here by reference), enclosed-lens sheeting (see, for example, U.S.

Patent 2,407,680, the disclosure of which is incorporated here by reference),

20 or may comprise retroreflective cube corner elements (see, for example, U.S.

' Patents 3,684,348; 4,801,193; 4,895,428; 4,938,563, the disclosures of which
are incorporated here by reference).

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 is a schematic view of a printing system for manufacturing
improved data display retroreflective sheeting in accordance with the present
invention.

Figure 2 is a plan view of retroreﬂectlve sheeting in accordance with the
present invention produced by the system shown in Figure 1.

30 Figure 3a is a side elevation schematic view of a printing system for
manufacturing improved data display retroreflective sheeting in accordance with
the present invention. |

Figure 3b is a side elevation schematic view of a printing system for
manufacturing improved data display retroreflective sheeting in accordance with

35 the present invention. '
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.recognlton by viewers of the sheeting. Typically, manufac- turing
of license plates and simlar products is acconplished by
processes which use |arge and expensive equi pment that requires

extensive tine and t a| n of personpel. Oten . tfhese processes
utilize solvents an e?‘g’csea E@ﬁsq?ed’éﬁg’blsﬁhema%‘c,“ew %%Pﬁﬂﬁ%ﬁ?"%” Lif the
manuf act uri ng imaﬂtﬁidtﬂgmnpmvedaiata display retroreftsetive shesting’incatoondangerwithiced by

typi cal manuf a(r‘% ' . . processes do not contain substanti al
vari abl e infor %Ji’iéér%gm Invention. and the_equiprent is usually only cent rally

| ocated due to Figuret ficissa ssideanlevatione visw of a ipsinsingasysiens frame rail
Al ternate ganufg 3 g processes include silk screening. bI ock
printing, pre-cut . out_systens, an cut | ayj |ng

vari ous cutting mac lgerﬁbwwedeﬂwp egrwmsévﬁtsm.ﬁlﬁg%e U“channelame
pr e- maski ng of gsgbenmyoducts prior to stri pp| ng |iner mat er i aI off

out put and ar e not orFIBHE § 1 AN Seebbh Viehiof @ vertcal rail' GRRRORE PG\ sl
such as that dissémblgd in U S. Pat No.
10 Figure 7 is a side section view of a reel assembly connected to a
mounting plate by a shaft block.
Figure 8a is a side section view of a laminator input dancer assembly.
Figure 8b is a top view of a laminator input dancer.
Figure 8c is a side view of a laminator input dancer.
15 Figure 9 is a side section view of a laminator assembly taken along line
9-9 of Figure 3a.
Figure 10 is a side elevation and partial section view of a sheeter
assembly taken along lines 10-10 of Figure 3a.
Figure 11 is a front view of a sheeter assembly section taken along line
20 11-11 in Figure 10.
' Figure 12 is a front view of a stnp indicia applicator assembly.
Figure 13 is a schematic view of a simplified electrical circuit diagram
of one embodiment of reel assembly drive means power supply.
Figure 14 is a schematic view of a simplified electrical circuit diagram
25 of one embodiment of takeup drive motor power supply means.
Figure 15 is a schematic view of a simplified electrical diagram of a
sensing and control subsystem related to the sheeter assembly.
Figure 16 is a side section schematic view of a printed sheeting product
produced by the printing system in accordance with the present invention.
30 Figure 17 is a plan view of a portion of a printed sheeting product in
accordance with the present invention similar to that shown in Figure 16.
Figure 18 is a plan view of the printed sheeting product shown in Figure
17 in which the indicia is delaminated and distorted after removal of the product
from a substrate. '
35 Figure 19 is an exploded schematic view of an embodiment of the
sheeting product shown in Figure 16.
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Figure 21 is a side section schematic view of an embodiment of a
sheeting product in accordance with the present invention.

Figure 22 is a side section schematic view of an embodiment of a
sheeting product in accordance with the present invention applied to a non-
smooth surface. | .

Figure 23 is a side section schematic view of an embodiment of a
sheeting product in accordance with the present invention applied to a smooth
surface. :

Figure 24 is a plan view of a secure information retroreflective sheeting
product in accordance with the present invention having multiple zones of
different indicia.

Figure 25 is a plan view of an embodiment of a mirror image printed
sheeting product in accordance with the present invention. _

Figure 26 is a side section view of a known license plate construction.

Figure 27 is a side section view of an improved construction license
plate in accordance with the present invention.

DETAILED DESCRIPTION OF
D S OF N

In describing preferred embodiments of the invention, specific
terminology is used for the sake of clarity. The invention, however, is not
intended to be limited to the specific terms so selected, and it is to be
understood that each term so selected includes all the technical equivalents that
operate similarly. :

Systems for manufacturing retroreflective sheeting based products used
for signage, license plates, and other purposes, comprise numerous

-inefficiencies and undesired expenses. Often these systems use machines that

are quite large and require extensive training of many people, and are
cumbersome to operate.. While these systems might be relatively efficient at
very high volume operations, they are less suited for flexibility and dispersal
to locations of production where production volume may be less. While various
aspects of current systems may be utilized in combination with features of this
invention to produce novel prbducts with great advantage, as claimed below,
a preferred new system for manufacturing retroreflective sheeting is
schematically disclosed in Figure 1.
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Jmage on a retroreflective polyneric material conprising: a) providing
polymeric filmand a reel assembly for dispensing the polymeric filmthe
filmhaving a first surface suitable for receiving print indicia froma

printer and a secon rfac bl e. f r at reflective
sheeting: b) provi d?ﬂBH‘ég %quq#{)g OV 10y ‘&“Fﬁagg&%ﬁ Jﬂ%iﬁ? 5) %‘kﬁci a on
sai d pol yneri caf pérsorial cmnptnar 14,000nnected by datatline; meand 1@)to arprindipg isysteme
conputer to trgpg r fym first
suﬂ‘)ace using a corrpar{ er con ﬁ{teﬁn?n%%m%?gt gﬁgﬁégﬁggg@?&f Elﬁgédl f t he
pol ymeric fil neennesied iy epmnegrmpamwaenM% tosgeriead datg)upity pon
whi ch the rinmeg Gd'tﬂmtdieveﬁ &éttain I)ﬁﬁt 1ﬂf<§rﬂﬁﬂ§h N3n bh€ermbbditret 6f\rirtingnt er

rinting syst et 1 ?%ﬁb%%t rElerably Gomprgeich HcTaRE Bensiee Vi sfetiom
conprises a frdae soidamdey ther fraden nanep MBK 40257, | @ dthepnsintilari pﬁnﬁerﬂ rail
menber and at | maRatactifet Vt%{' tekgr%ple, by Printronix Corporation of Irvine, California.

Single or multi~color printers may be used.

10 Preferably, printer 20 comprises means for producing a large smooth
font of data and producing that data in a fast print formatting time period. The
printer preferably should be capable of re-formatting and printing at least about
35 square inches (90 cm?®) to about 50 square inches (127 c¢cm?) of printed
product per second. This results in a very high rate of production, essentially

15 without slowing the manufacturing process due to reformatting time between
products. For example, vehicular license plate sheetings having a size of about
5 inches x 20 inches may be readily manufactured using printing system 10 at
about 15 plates per minute. Additional features of printer 20 include
ruggedness and durable components capable of producing about 1 million feet

20 or more of printed products per year, at a low equipment cost of less than about
U.S. $20,000. Yet another advantage of printing system 10 comprises use of
computer 14 to control flow of the print medium (ink, colorant/binder) very
precisely, using dwell time and temperature, while coating a thermal print
pigment directly onto retroreflective beads/lenses to achieve diurnal color

25 equality or to permit color toning. This is particularly useful, for example,
when printing non-black tones for non-essential or more subtle portions of a
license plate which identify a car dealer, garage or manufacturer of a license
plate rather than the essential plate identifying indicia.

When printer 20 is a thermal printer, it preferably uses a wax or resin

30 based thermal transfer ribbon 22. Although different ribbons may be used in
certain embodiments, examples of suitable ribbons include those sold under the
trade names Zebra No. 5099 or 5175 (resin) or 5030 (wax) by Zebra
Technologies Corporation of Vernon Hills, Illinois, or Sony Corporation 4077
(wax), Printronix dense wax 2150 or regular wax 2200, or Azcoat™ black wax

35 AZ 1120-87 manufactured by Process Label Corporation, Minneapolis,
Minnesota. If the binder in a ribbon comprises a significant amount of waxes
such as paraffin, microcrystalline wax, beeswax, candelilla, ozocerite, or
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rail menber assenbled as an open frame structure. the rail nmenbers having
wal | s defining apertures suitable for receiving. in nodular fashion. system
conponents as needed for different printing and nanufacturing tasks;
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conpri ses a r et incthefmal ttansfer ribbonsgbécause they tend to have sharp melting points, and
are low in viscosity in the molten state. This allows colorant/binder to flow
readily into paper fibers or onto films. Waxes are useful for ribbons used for
10 thermal printing, but have the drawback that the transferred colorant/binder
from wax-based ribbons often easily smears and scratches off of printed articles
unless it is sealed in some suitable manner.
Other polymers may be substituted for waxes in ribbons. Ribbons made
from such binders generally are called resin-based ribbons. Resin binders in
15 general do not have sharp melting points as waxes do, but they are tougher and
do not smear or scratch off like waxes do. Resin-based ribbons may have some
proportion of wax binders in order to adjust certain properties of the ribbon,
e.g., release properties, flow characteristics, and the like.
A printable film 25 is passed through thermal printer 20 and receives
20 printed indicia that is formed when ink, or pigment/colorant and binder is
' transferred from thermal transfer ribbon 22. The printable film may then be
combined with another substrate, such as sheeting 28. A finished product of
sheeting 30, such as that shown and described below in reference to Figure 2,
and which is optionally retroreflective, is produced. |
25 It is recognized that if printable film 25 is not to be covered or treated
with another composition or layer, for example, so that the printed indicia is on
an outer or topmost surface of the final article, then selection of the printable
film depends more substantially on the characteristics of print receptivity,
durability, weatherability, and other features. Examples of suitable top printable
30 films for direct thermal printing include films and compositions disclosed in the
co-pending, commonly assigned patent application titled "Thermal Print
Receptive and Frangible Retroreflective Polymeric Sheetings” (Attorney Docket
No. 48442USA6D) which has been filed concurrent herewith by Bruce D.
Orensteen et al., and is incorporated here by reference. Examples of such
35 sheeting films include various durable polymeric sheeting materials of greater
than about 6 microns in thickness and preferably formed from a composition
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aqueous dispersion of polyurethane, the dispersion comprising between about
45 and 55 parts of water, between about 30 and about 40 parts of aliphatic
polyurethane, between about 8 and 20 parts of N-methylpyrrolidone and
between about 1.0 and 2.0 parts of triethylamine. The composition may further
comprise up to about 5 parts by weight aziridine crosslinker, or up to about 4
parts by weight melamine crosslinker. The composition could also be
comprised of an aqueous aliphatic polyurethane dispersion formed from a
composition comprising from about 0 to about 60 parts by weight acrylic
emulsion and about 40 to about 100 parts by weight aqueous dispersion of
polyurethane, which aqueous polyurethane dispersion comprises between about
45 and 55 parts of water, between about 30 and about 40 parts of aliphatic
polyurethane. The film may also be formed from a composition comprising
polyethyleneterepthalate and vinylidine chloride/acrylonitrile copolymer.
Sheeting 28 or printable film 25 may comprise a non pre-coated
sheeting, a cube corner element sheeting, or a retroreflective sheeting
comprising exposed glass beads, encapsulated lenses, or enclosed lenses.
Printable film 25 may comprise a variety of film materials, as disclosed above,
although a suitable film comprises a 12 micron to 100 micron thick polymethyl
methacrylate (PMMA) material -- provided the printable film is not used as a
top printable film. In an embodiment such as that disclosed in Figure 1,
retroreflective sheeting material 28 and printable film 25 are preferably
laminated together using an adhesive. Alternately, if the lamination is not
required then retroreflective sheeting 30 may be produced with use of a
retroreflective top printable film 25.
~ Printing system 10 provides a low cost, modular, readily transportable
system for printing indicia on polymeric sheeting materials. Although other
systems are known for placing indicia on sheeting materials, such systems are
large and require sizable volumes of articles to be produced in order to be
profitable. System 10, in conti'ast, is suitable for very small volume production
as well as large volume tasks. The small size of system 10 reduces on-line
material waste, requires less power, and is operable with less people than

-7-
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3 BRI EF DESCRI PTI ON OF THE DRAW NGS FIG | is a schematic
view of a printing systemfor maufacturing inproved data display
retrorefl ective sheet- ing in accordance with the present invention.

FIG 2is a pli(g vi ew of retror?@_l ectiyve sheetlngmldgedacsggtgdalrbce with the

present i nvent KBAWP PoEIAg §yHems fer use with such media may even
be operated with common household power supplies, as discussed further
below.

System 10 allows automation with computer 14, such as a portable

S desktop or laptop computer, to sort, verify, report, and utilize various data.

This promotes dispersal of system 10 to remote sites and relieves central
repositories of data from unnecessary processing slowdowns. These automation

features further enable improved direct marketing, distribution, and on-line

auditing of the production of system 10. This is a particularly advantageous

10 combination of features when the articles produced include variable information

indicia. For example, this invention facilitates printing, issuance, and

verification of articles having item-specific indicia at dispersal facilities.

Variable information for this kind need not be varied at a regular increment,

such as in an alphanumeric sequence. Instead, indicia may be varied in an item

15 specific manner, for example, by selecting article-specific indicia immediately

prior to printing such indicia upon an article. Article-specific indicia may be

generated based upon desired input criteria, such as registration status, name

of individual requesting a printed article, printing date, expiration date, product

number, warehouse location and the like. Combinations of criteria also may

20 be used, and/or separate criteria may be used to form sub-elements of the

' formed indicia.

Bar-coded labels or stickers are often used to identify and maintain
appropriate levels of inventory, for example, in a warehouse or distribution
center. In addition to the use of labels for inventory control, durable and/or

25 weatherable articles constructed from polymeric sheetings of the invention also
may be tamper evident or frangible, in order to inhibit theft and/or transfer of
labels from one item or package to another item or package. Security also may
be enhanced by forming some portions of the variable information indicia in a
random or otherwise unpredictable manner. Randomized variable information

30 indicia for labeled packages may be maintained in a secure central information
storage system to inhibit fraud or theft. The randomized variable indicia
adheres to an upper portion of the printable film or sheeting to produce an
article. Such articles may or may not be combined with additional components
to create signage articles such as traffic control materials, retroreflective and

35 non-retroreflective vehicle markings, retroreflective garments, indoor/outdoor
labeling products, frangible security stickers, product authentication sheetings,
inventory labeling and control products, identification systems, or license plate

-8-
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~s'ys,ter’n shown in FIG 1. FIG 3ais a side elevation schematic view of a
printing systemfor manufacturing inproved data display retroreflec- tive
sheeting in accordance with the present invention. FIG 3b is a side

| ti h t d
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in accordance W e present invention. e el evation view
of a printing §9‘?&“§mfrarre rail assenbly. FIG 5is a S|de view of a

pri ?t ing syst e][n frang, tﬁnr%: dndPSc ditlosé eRdolinvents oFlpﬁnuﬁgl%s%mSgOe
S O e O e b A Bty o S5, ety ° 2
of components, and ease of modular expansion for different products. Printing
system 10 preferably comprises frame assembly 100 which has a substantially
non-enclosed configuration of vertical rail members 103 and horizontal rail
10 members 105. Preferably the rail members each are welded and then bolted
together, and may further comprise an end gusset 108, shown best in Figure 4,
for further strength and alignment. A strong material is required for frame
assembly 100, such as an iron, steel, or aluminum. A plurality of slots 112 are
variously arranged to provide mounting means for receiving and securing other
15 system components to frame assembly 100 in an efficient yet sturdy manner.
For example, printer 20 is readily placed on horizontal rail assembly 105 and
then accurately positioned and secured at the proper location along length L
according to the particular operation required. Although angle iron-type rail
assemblies are depicted in Figures 3a, 3b, 3c, and 4, and U-channel type
20 assemblies are depicted in Figure 5, other strong shapes may be acceptable and
' within the scope of this invention..

The dimensions of frame assembly 100 may vary according to uses
required; however, frame assembly 100 preferably is quite compact and
lightweight regardless of any reasonable length necessary to accommodate the

25 number of modular components as shown and described below. Printing system
10 preferably has a size and weight that enables it to be transported relatively
easily by either one or two persons. For example, in the embodiments shown
in Figures 3a, 3b, 3c, 4, and 5, frame assembly width W is about 18 inches (46 -
cm), height H is about 36 inches (91 cm) and length L, which is particularly

30 - variable, is about 60 inches (152 cm). In general, the printing systems occupies
a volume bounded by those dimensions and has a weight of approximately 190
to 220 pounds (86 to 100 kilograms).

‘Referring again to Figures 3a and 3b, printing system 10 is shown with
frame assembly 100 providing support and alignment for a plurality of system

35 ° components. Printer 20 is shown as a ribbon based printer in Figure 3a and an
inkjet printer in Figure 3b. Printer 20 may actually comprise a plurality of
printers, and is shown positioned on optional mounting plate 116 for ease of

-9-
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to a nounting plate by a shaft bl ock. FIG 8ais a side section view of a :
| am nat or i nput dancer assenbly. FIG 8b is a top viewof a | am nator
i nput dancer . FIG 8c is a side view of a | am nator input dancer. FI G

9 is a side seGhévdment %r%f thie 'f?a'i’ﬂé‘ﬁ&déﬂlb Semu}itlhékﬁﬁmalmgs | prEférzﬂﬂ)g of
FI G 3a. FIG 10 1s evati.on and parti sectio | ew
sheet er assenbl?“’t‘%@nwﬁﬁcﬂqgoklmﬁga‘ﬂéml@ Hpripies;C %’&P rail and clamp pate o
permit ease of positioning and securing along rail member(s) 105. This feature
is also useful with other system components.

5 Figures 3a and 3b disclose additional components such as laminator
assembly 120, laminator input dancer assembly 173, sheeter assembly 1235, and
a plurality of reel assemblies 128. Reel assembly 128 is designed to hold and
dispense a printable media suitable for receiving printed indicia which, in the
embodiments depicted, comprises printable film 25. A liner re-wind reel 134

10 provides means for rewinding a liner material 138. Sheeting reel assembly 141
comprises sheeting reel 143 for holding and dispensing sheeting 28. The
sheeting reel assembly 141 further comprises optional tensioner and auxiliary
unwind mechanism 148 (Figure 3a) to facilitate proper tension at a location 150
suitable for liner removal. Optional product rewind reel assembly 153 is useful

15 for rewmdmg printed products such as printed laminated retroreflective sheeting
158 when the product is desired in a roll form. An optional tensioner
mechanism 161 (Figure 3a) also may be provided, which operates similar to
mechanism 148, A position adjustment assembly is also provided on each reel
assembly to provide axial movement of each mandrel to adjust the tracking of

20 materials on the reel assemblies.

' The embodiments of system 10 shown in Figure 3c is similar to that of
Figures 3a and 3b. However, the embodiment shown in Figure 3c includes a
roll coater assembly at location 150 rather a liner removal site. Coating rollers
157 transfer adhesive to film 25, with idler and tension rollers 151 maintaining

25 tension in the film during application. Curing ovens 152 permits curing of the
adhesive on the film prior to re-wind. In this embodiment, laminator 120 is
replaced by the roll coater assembly and the curing oven.

Printing system 10 provides interchangeable reel means for receiving,
holding, dispensing, and rewinding various sheetings or sheeting layers. This

30 feature is useful in reducing the inventory of spare parts and maintenance tools
required for reliable system performance. The configuration is also of modular
design to enable expansion or contraction of the system components with great
ease. Various types and numbers of printers may be used with printing system

. 10, certain non-laminated products may be advantageously processed with this

35  system without any laminator assembly 120 or related equipment, additional
laminator assemblies 'may be added, and sheeter assembly 125, useful for
cutting products to a desired length, may be added or removed as necessary.

-10 -
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4 s FIG 11 is a front view of a sheeter assenbly section takén al ong
line 11-11 in FIG 10. FI G is afront viewof a strip indicia
appi | cator assenbly. FIG 13 is a schematic view of a sinpilfied
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film reel assemb y 128. Optional tensioner mechanism 162 provides fensioning

5 and overspeed protection so that printable film 25 passes through printer 20 to

receive printed indicia at a printing location(s) depicted generally as location

166. The printable film exits the printer component and is either routed to

laminator assembly 120 or receives additional printing/indicia prior to further

processing. In some embodiments, the printed film may be routed directly to

10 a cutting or rewind station. _

Figure 3a and Figure 12, described more fuliy below, discloses one
embodiment of an optional strip indicia applicator assembly 171 useful for
applying strips or labels of indicia onto the printable media prior to further
processing. This is particularly useful for applications where a manufacturer’s

15 identity, or other non-variable indicia, is to be placed on a product in
combination with variable printed indicia. As noted above, this indicia might
also be pre-applied to printable film 25 or sheeting 28 prior to use with system
10. The strip indicia may comprise a holographic label.

Laminator input dancer, shown in various detail and embodiments in

20 Figure 3a as 173, Figure 8a as 288, and Figures 3b, 8b, and 8c as 288’,

' provides tension on film 25 or similar media. This reduces slack in the film,
tracks the material, and promotes unwrinkled lamination of film 25 with
sheeting 28. The operation of laminator input dancer assembly may also
provide sheeting speed of travel information to control the motor on laminator

25 assembly 120, as discussed further below.

In the embodiment of Figure 3a, sheeting reel assembly 141 is shown
dispensing retroreflective sheeting 28 via optional tensioner and auxiliary
unwind mechanism 148 to laminator assembly 120. Sheeting 28 may have an
adhesive layer which is protected by liner 138. This liner is removed at

30 selected location 150 and rewound on reel 134. Laminator assembly 120
comprises adjustment means and drive means for optimizing the positioning and
tension on the sheeting materials. _

Particular problems are encountered when trying to cut sheeting which
is moving through equipment. These problems are further complicated by

35 sheeting having a layer of adhesive. One of the problems that is associated
with cutting is the characteristic of relatively poor printing capability when a
printable media is repeatedly started and stopped to enable cutting. It is most
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il':I G i6 is a side section schematic view of a printed sheeting ﬁroduct
produced by the printing systemin accor- dance with the present invention.
.FIG 17 is a plan view of a portion of aprlnted sheeting product in

accordace with ese i s |
FIG 18 is a pP é‘%ﬁ%ﬁ Fﬁveh%"??‘hhf Bﬁgﬁgﬁg@t?’ Efoﬁft"ﬁ%%& gh@e@é&“@? in
whi ch t he i ndi ofeurj theddb design theistoppagdisynchromaiisawitle end ofnpmat ophon-prinpr oduct
froma substra F ﬁ,gm W f eéélgﬁldl nent
of the shouti ngs%rodu&%gﬁ\gggﬂag oﬁ%dm%cp fi? \éé gl\ﬁég I 5

schemati ¢ vi ewMSchaHsBnHOWeErn rotary fé!ttgwe@ﬂv%emayetﬂmmgm arggm; and, s ge
section sciienahtectimeVonf{iming t6¥AAGen. ﬂﬁ%n&&stasmtasganmyqqgc‘dompmes

accordance W th Lo Bt esent b oNenl N ceting cgerations.” Shetled gty 995 is
easily removed for blade sharpening, other maintenance, or replacement.
Figures 10 and 11 provide further disclosure of embodiments of sheeter
assembly 125.

10 If products produced by printing system 10 are to be cut into sheets,
then sheeter assembly 125 will likely comprise a final step in the process of the
system. However, if a roll form of product is required, then product rewind
reel assembly 153 may be used.

Figure 6 discloses a side section view of vertical rail member 103 and

15 a reel assembly 178, such as printable film reel assembly 128 or sheeting reel
assembly 141. Reel assembly 178 preferably comprises mandrel 182, arm 185,
dancer 188, brake mechanism 191, electric drive means 194, and positioner
198. Mandrel 182 is designed for mounting a core of rolled material on outer
surface 200 for dispensing and use in printing system 10. A preferred mandrel

20 comprises material suitable for holding a roll of material while also affording

' optimum transportability of the system components. For example, mandrel 182
may comprise aluminum with a three inch diameter D and a stainless steel shim
204 for properly retaining a roll of material on the mandrel. Instead of using
a shim, a mandrel might have a flat section suitable for use with a core holder

25 rod to retain a roll of material on the mandrel. Backstop means 206 and hand
screw flange 207 provide end alignment of material mounted on the mandrel.
Stainless steel drill rod 210 provides sturdy support for mandrel 182 as well as
connection with drive shaft 214. Drill rod 210 is supported by bearing
assembly 218, which may comprise a cantilever type bearing assembly, as

30 shown in Figure 6.

Brake mechanism 191, and the positioner 198 may be used in
combination, singly, or not at all depending on the configuration of printing
system 10. As shown in Figure 6, brake mechanism 191 functions to provide
braking means for preventing overspeed damage as well as to prevent

35 unnecessary unwinding of shéeting mounted on mandrel 182, Although a
plurality of brake mechanisms may be effectively utilized, a preferred brake
mechanism comprises wedge washer arrangement 222 in combination with
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ment of a sheeting product in accordance with the present invent i on appl i ed

to a non-snooth surface.

FIG 23 is a side section schematic view of an

ment of a sheeting product in accordance with the present invention applied

to a snooth sur 2 Ry . e%?r | r‘g&{r%e
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an alternate embodiment, web/sheeting tensioning may be accomplished by use
of linear spring mechanisms which would be preferably configured off of arm
185, or coil spring mechanisms which would be preferably configured around
bearing assembly 218 and connected to a fixed member and to arm 185.

Positioner 198 comprises potentiometer means for determining the
position of arm 185 at any time, permitting positive or negative drive to be
applied to drive means 194. Drive means 194 preferably comprises a drive
motor, such as a DC servomotor, and is used to control dancer 188. If a drive
motor is used then it may be preferable to utilize either a float or flexible
coupler arrangement in cooperation with the motor in order to take up any
torque and possible misalignment. It is recognized, however, that certain
flexible couplings could add unwanted size to the assembly and require
protective coverings. If a drive motor is not used, then positioner 198 is likely
to be of no use and may be removed from the system.

Dancer 188 is preferably constructed of a durable yet light weight
material, such as aluminum, Delron® brand polymer, Teflon® brand plastic, or
various polymers. Dancer 188 is preferably attached to arm 185 using drill rod
234 preferably manufactured from a very durable stock material. Reel
assembly 178 is attached to vertical rail member 103 with a plurality of bolts
236 and washer/shim material 238. The washer/shim material 238 at a top and
bottom portion of vertical rail member 103 provides excellent tramming for
system alignment and orientation with a minimum of effort. Rubber grommets
241 overcome misalignment between motor drive shaft 214 and mandrel drive
shaft drill rod 210. '

Figure 7 discloses an alternate embodiment reel assembly 245 connected
via shaft block 250 to a mounting plate portion 253, which may comprise a
portion of or be attached to vertical rail member 103. 'In the embodiment
disclosed in Figure 7, core mandrel 256 is supported by mandrel bearings 259
on mandrel shaft 261. A core spring grip 264 provides means for securing a
roll of material on core mandrel 256. Axial support and positioning is provided
by spacer 267, thrust bearing 272, brake pad washer 274, and pressure washer
271. Pressure washer 277 is preferably keyed to mandrel shaft 261 to allow

f an
th
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5 R DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS OF
| NVENTI ON I'n describing preferred enmbodinents of the invention. specific
term nology is used for the sake of clarity. The invention however. is not

LQE gpgtegoé ° Eg{ddv&‘nbﬂqnta%hhﬂ%xﬁ?ﬂ&béd& B i BreventSr@tatioh S Biadifg! mehnd 280 O be
de agjustable nut 282 provide spring load support to pressure washer 277 and
permit preset spring compression braking action to occur to prevent overspeed
or unwanted rotation of core mandrel 256. Additional features of Figure 7
5 include adjustable backstop 286 for support of a roll of material on the core
mandrel, and washer/shim material 238, again provided for proper alignment
and tramming of the assembly. The embodiment of Figure 7 in which an
adjustable nut 282 is used to control resilient biasing and to create drag is useful
only until an approximate ratio of initial to final roll size of material is less than
10 about 3 to 1. When the initial to final roll size ratio exceeds about 3 to 1, then
alternate braking means, such as that shown in Figure 6 are preferred.
Figure 8a discloses one embodiment of laminator input dancer assembly
286 comprising dancer 288, which is substantially similar in construction and
use to dancer 188 described above. Dancer 288 is connected by rod 291 to arm
15 294, Laminator input dancer assembly 286 is preferably provided with upward
tension by use of a wound spring arrangement (not shown) and positioning
means 297. Arm 294 is connected via hub 300 and support bearing 302 to
shaft 305. Positioning means 297 senses the location of arm 294 and permits
regulation of spring tension to optimize operation. Washer/shim material 238
20 also is provided for tramming, as necessary. _
' Figures 8b and 8c are other embodiments of a dancer assembly 288’
configured for placement within the laminator assembly as shown in Figure 3b.
This internal configuration maximizes the angle of entry of printable film 25
onto a laminator roller. Dancer assembly 288’ comprises dancer rotation rod
25 311 positioned so that dancer roller 312 optimizes the control of sheeting while -
permitting virtual abutting placement of printer 20 against laminator assembly
120. In particular, this énti-steering feature maximizes the wrap of the film on
the appropriate laminator roll which reduces the tendency for axial movement
of material on the various rolls. Such movement is caused in printing/lamination
30 type systems, in part, by operation of laminator rewind mechanisms. This
further enhances the compactness and improves operation of system 10.
However, this close relation of the laminator assembly and the printer also
requires a high torque drive system, a capability for matching the speed of a
film 25 with sheeting 28, and maintaining the matched speeds of the different
35 substrates during operation. Potentiometer mechanism 313 is connected
between rotation rod 311 and a side portion of laminator 120. This permits
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jérﬁ1so sel ected includes all the technical equivalents that operate
simlarly. Systens for manufacturing retroreflective sheeting based
products used for signage. |icense plates, and other purposes, conprise

numerous i neffifdefftd Bleciitdl WErdBadK /f contPsINge SposfonPipetd) eelatiG of iiiceis €
machi nes that are ﬁﬁl t&L ar&g_l %rr equire extensive training of many
people, and ar IPrate. Wile these systens m ght be
relatively effi ci enthhre&ris/a Bidesestivnuviewogfooret émtriimedftelgmiviator assemblyi t ed
o1 Lo L, Rt Bealy o RS PO R ERE ot 0"
utilized id condidesupports 310 provide support means for idler pressure roll 313 and dnven
roll 317. Support bearings 319 provide support for driven roll 317 and idler
pressure roll 313. Idler pressure roll sliding block 322 prov1des means for
raising and lowering roll 313 and to adjust idler pressure roll pressure.
Idier pressure roll 313 is also vertically adjustable relative to driven roll
10 317. Although various liftlink means are suitable, in this embodiment use of a
cam mechanism permits the vertical movement of idler pressure roll. In
particular, roll lift cam 326, or a plurality of roll lift cams, is rotated relative
to idler pressure roll lift shaft 330. Motion of roll lift cam 326 permits the
vertical motion of floating bearing blocks 356 relative to top support 333, idler
15 pressure roll adjustment nut 337, and biasing means 340. Drive means 342.is
connected to driven roller 317 via flexible motor coupling 345. Base support
348 is connected to a horizonal rail member of printing system 10 using bolts
and shim/spacer means 350 to enhance tram adjustments and/or helght
adjustments.
20 Figure 10 is a side elevation view of one embodiment of sheeter
' assembly 125. Sheeter assembly 125 preferably comprises means for providing
a scissor-like cut to the continuously moving sheeting material, It is important
to provide a substantially continuous running web or sheeting material until the
precise moment when a cutter blade engages the sheeting. However, the
25 continuous action of the sheeting before it enters the sheeter assembly is
maintained, as described below. Knife blade 364 is arranged, as shown in
Figures 10 and 11 above an anvil edge 366. Knife blade edge 368 is slanted
or angled relative to anvil edge 366, which permits progressive cutting of
material passing through sheeter assembly 120 cutting port 370 as knife blade
30 edge 368 engages the material from left to right, as shown in Figure 11.
Clamp member 373 and clamp pad 375 provide means for short duration
stoppage of the portion of sheeting 158 which is about to be cut.
Movement of knife blade 364 relative to anvil edge 366 is provided, in
this embodiment, by action of a sensing and control subsystem comprised of
35 solenoid -378, biasing means 380 and sensing means 382. In operation, as
sensing means 382 senses predicted indicia or a time mark, solenoid 378 is
actuated to force knife blade 364 downward in a cutting motion toward anvil
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6 ‘ tion

with features of this invention to produce novel .produ

‘with great advantage, as clai nmed bel ow, a prefered new system for
manuf acturing retroreflective sheeting is schentically disclosed in FIG 1.
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through use of the novel combination of solenoid 378 and slanted knife blade
364. This combination provides excellent cutting capability with substantially
no stoppage to the continuous motion of sheeting material 158 passing throﬁgh
printing system 10. A spring slide system 385 permits accurate alignment of
knife plate 364 as it moves in response to action of solenoid 378 and biasing
means 380. Shim/spacer means 350 maintains tram and alignment of the
assembly with the remainder of printing system 10 components. Portions of the
cutting structures may comprise optional recesses to prevent any adhesive
buildup from interfering with blade operation.

The embodiment of sheeter assembly 125 shown in Figure 3b comprises
a preferred arrangement of dual solenoids 378 connected by return springs with
the cutter blade arrangement and the 'assembly frame. Use of dual solenoids to
actuate the blade cut results in very linear action of the blade, which further
improves control, particularly when compared with a stepper motor type of
cutter system. Shock mitigating bumpers also may be provided to isolate the
action of the blade operation from the printer operation. :

Another component of printing system 10 comprises an optional strip
indicia applicator assembly. Figure 12 discloses one embodiment of strip
indicia applicator assembly 171 in which a supply roll 390 of pre-printed
indicia, for example, die cut labels, having gaps between indicia labels is
provided along with a means for removing the indicia labels from the liner and
liner windup means 392. Supply roll 390 provides a supply of liner 395 having
the pre-printed and optionally pre-cut label indicia thereon. Liner 395 passes
side roller 397 and encounters liner stripping anvil 400 which separates the
indicia from the liner. The stripped liner 402 passes around a distal end 404
of liner stripping anvil 400 and returns to a roll form of indicia-free liner 406.
The indicia, such as labels 410, are guided by air jet means 412 into indicia

cts

S
ystem
ally

guide channel 414. Labels 410 are each then guided onto printable film 25 just

prior to passage through rolls 418, which may compnse non-driven soft rubber
or polymer rolls. _

In operation, gap sensor 421 is preferably configured to sense either
clear stock or no stock, the latter providing indication of a gap in the material
passing the sensor. Although other means of synchronous operation are
possible using sensing means, gap sensor 421 provides one embodiment of a
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‘u.nii 19 to obtain or verify certain print information. In one embodi ment of
printng system 10. printer 20 preferably conprises a thermal transfer
device such as that sold under the trade nane TEK 402-A. or other simlar

printrs manuf aCilH}?ﬁéjmeﬁfbﬂ dfn é’oo?ﬂlh rPBéﬁveE?'hlﬂ@f Péeﬂ%denel' rrHMiﬁﬁ
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171 is quite advantageous over other systems in view of non-contact with any

10 adhesive which may reside on labels 410.

Referring now to Figure 13, a simple circuit diagram discloses one
embodiment of reel assembly drive means power supplies. As shown in circuit
427, reel drive motor 429 voltage is controlled by output 431 of voltage
comparator 433 which functions as a drive power resistor which allows the

15 necessary voltage to maintain dancer assembly position constant. Voltage
comparator 433, which is actually an operational amplifier, receives
potentiometer voltage output 435 indicating location of dancer mechanisms or
similar components. A representative operational amplifier is an LM 324 sold
by National Semiconductor Corporation. Feedback loop/gain control circuit

20 437 provides means for comparing a minimum voltage relative to potentiometer

' voltage output.

Figure 14 is a simplified circuit diagram 440 disclosing one embodiment
of current controlled takeup drive motor power supply means. Takeup drive
motor 442 receives constant voltage input 444 from the output of comparator

25 446. Comparator 446 generates the constant voltage by comparing pre-set -
current 449 of current adjustable potentiometer 450 with the output voltage 452
of motor 442. The voltage drop across the low ohm of resistor produced the
measured current which is compared to the pre-set current to supply the output
voltage which is, therefor, referenced to a current. :

30 Figure 15 discloses a simplified electrical diagram of the sensing and
control subsystem related to the sheeter assembly 125. In this figure, circuit
456 discloses solenoid 378, sensing means 382, one shot mark sensor drive
503, and comparator 507. In operation, sensing means 382 signals one shot
mark sensor drive 503 which outputs a signal 510 to comparator 507. The

35 output 513 of comparator 507 is derived from the input voltage 510 relative to
the reference voltage 516. Output of power transistor 513 signals actuation of
solenoid 378.
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,Add.itiional features of printer 20 include ruggedness and durabl e-corrponents

capabl e of producing about 1 mllion feet or nore of printed products per
year. at a |ow equi pment cost of | ess than about U S. 520.000. Yet another
. advantage of printing pgared bm kﬁ@ﬁnttﬁﬁm@/mmubﬂrsyé:émzmmtdfol f ow
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plate rather thagid REpRRSE b Ystéth eankEe N ThisY rfhileddidnsilive gain control
subsystems, and utilization of motor drives which are direct current only. This
facilitates smooth and rapid response. More particularly, preferred direct
current motors comprise gear driven flat and compact motors which provide
10 good control of torque at key points in the manufacturing process, for example,
at the point of liner separation, e.g., location 150, and other locations.
Examples of preferred motors include direct current servomotors known as
ferrite gearmotors sold under the model numbers 9FG/25:1(windup reel
assemblies) and O9FGHD/50:1(laminator assembly) by PMI Motion
15 Technologies, Incorporated. These motors have zero clogging for smooth
operation, low inertia to provide fast acceleration and rapid response to
command signals, and comprise a large number of poles while having a very
light armature. Each motor has an overall weight of less than about 3.4
pounds. These features further enhance the response time of these motors and
20 - maintain a constant, linear, non-jerking movement of the sheetings passing
through printing system 10. The direct current electric motor for use with the
laminator assembly comprises continuous torque values in a range of between
30 inch-pounds (3.4 Newtons-meter) and 50 inch-pounds (5.6 Newtons-meter),
and a high torque value of about 208 inch-pounds (23.5 NeWtons—meter) to
25 provide rapid response to printing system demands.

System 10 may be operated with alternating current power supplies
which may vary depending on the capability and availability of a power
converter. For example, the system may use either a 110 volt or 220 volt
supply and requires only a one ampere power supply for operation with an

30 inkjet style printer. Use of a thermal transfer printer may require up to about
a 10 ampere rating. -

Additional advantageous features of system 10 include feedback and
control means for controlling the cutter operation a¢cording to the final position
of the dancer assembly to prevent cutter bladé operation when the sheeting is

35  not traveling at the correct speed. This and other features relating to a "mark
sensor” type of cutter and printer interaction prevents accumulated errors from
resulting in poor registration and improper cutting.: This results in improved
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waste prevention, improved productivity, a minimizing of cutter wear, and

increased system control. Other optional features include use of tack rags or

vanadium pentoxide conductors which remove static from printable film 25, and

use of optional weights or antibuckling blankets configured between laminator
5 assembly 120 and sheeter assembly 125.

Figure 2 discloses a representative finished product sheeting 30
manufactured using printing system 10. A variety of products having different
characteristics may be efficiently and durably manufactured using printing
system 10. Principal advantages of printing system 10 include its portability

10 and cost, as well as its exceptional capability of manufacturing retroreflective -
sheeting products at a high rate of speed and printing a highly variable data
display on each product. For example, referring to Figure 2, the letter/number
combination of characters on a typical license plate may vary from five to eight
depending on the country and region where the license plate is used. This

15 alone creates a significant amount of data change on each license plate.
However, printing system 10 provides means for printing not only a very
efficient and high speed alpha-numeric license plate sheeting combination, but
also the ability to incorporate other data, such as manufacturer’s identification
data represented by the indicia within region 650 or additional regions such as

20 region 651 or region 652. Manufacturer identification data may include: the

' vehicle identification number; the year, make, and model of tlie motor vehicle;
the owner of the motor vehicle; the insurance company who insures the vehicle;
and any other information useful to the state where the vehicle operates.

High speed production of retroreflective sheeting with highly variable

25 .  data/indicia printed either on the sheeting or on a film attached to the sheeting
provides great advantage to the portable printing system of the invention. In
addition, the design of the printing system is quite conducive to producing
retroreflective sheeting products, such as printed retroreflective sheeting product
'530 shown in Figure 16. Product 530 discloses retroreflective printable film

30 30 which may be printed directly with alpha-numeric data 534 and then coated
with an adhesive 537 such as a pressure sensitive adhesive. Product 530 is
preferably printed with a wax-based colorant/binder, as described above, and
is designed for attachment directly to a transparent substrate, such as a motor
vehicle window. A preferred wax comprises a soft wax with a low applied

35 melting temperature. The wax binder and colorant from thermal transfer ribbon
22 is absorbed by and/or is migrated into and/or is attached to both the
printable film and the adhesive layer. This results in an advantageous lack of
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‘Vhén printer 20 is a thermal printer, it preferably uses a wax or resin
based thermal transfer ribbon 22. Although different ribbons nay be used in
certai a enbodi ments. exanples of suitable ribbons include those sold under

the trade namegompiie adirer@UT e colbfatibifftr 1o R filll3OmAKing sepatadid bf
Technol ogi es CorpoOration of Vernon H - Il1l.. or Son r por on 4077
(wax), -Printrof¥ r&&?&‘%’ %ch?ééﬁllﬂ&’lm s, transpgre F‘%S? MY bl ack
wax AZ 1120- 87 diffieultt2ift hoteicnpossiblep avistout 2RedingOsome idistortion tivl the qurintings .
M no- LT e Dt e MIRAI SR0P PRl e SR A e
carbowax thie riapplied fosthe filmi The dnventiom ks paiticulnilp well\iox those veaxHiasedrel t i ng
Lempor at ure. 2Fﬁéﬁ’f@nﬂé’?@%‘*@?’%ﬁﬁéﬁ.h%“"c%h‘a*ﬁ%ﬁ”éﬁ?%“%ﬂt? dkn it g FempRe ™
except that th h 530 from the surdadedtoswhigh ibis attashedh svilkupndestthe product si nce
they are not higgfi-transferable-to another or secondary substrate because the thermally printed
data will be recognizably distorted. Figure 17 discloses a portion 542 of
10 product 530 (Figure 16) which has been printed according to the above
description using system 10 (Figure 17). In contrast, Figure 18 discloses
portion 542 which has been delaminated and distorted after attempted removal
of the product from its original adhesive attachment site or primary substrate.
Another embodiment of product 530 manufactured with system 10
15 (Figure 1) is schematically shown in Figure 19, in which retroreflective
printable film 25 comprises alpha-numeric data 534 which is either variable or
non-variable data that has been printed on facing surface 545. For example,
alpha-numeric data 534 may comprise data that varies in whole or in part with
each product, such as U7S N2A or U6S N4A, and the like. Sheeting 28
20 comprises an adhesive backed removable liner which is removed prior to
applying the adhesive layer 537 (which has been transferred to cover facing
surface 545 and data 534) to the substrate, such as a window, for which product
530 is intended to be affixed in a manner which will cause residual evidence
in the article when an attempt is made to remove, alter, or otherwise
25 deliberately tamper with it. Such residual evidence preferably includes, tearing,
cracking, stretching or deformation suitable for detection by the unaided human
eye although a machine detectable embodiment may also be suitable in some
applications, for example, such as with bar code scanners.
Figure 20 discloses another embodiment of a useful, secure, information
30  product manufactured bj printing system 10, which utilizes the system
advantages of high speed production of high variability printed data as well as
very low cost manufacturing processes and equipment. Printed retroreflective
sheeting product 552 is substantially similar in structure to product 530, and
comprises retroreflective printable film 30, and a pressure sensitive adhesive
35 layer 537 transferable from sheeting 25 (28 in Figure 1), which comprises a
removable liner. In this embodiment, sheeting section 556 may be either die
cut to separate it from removable sheeting peripheral portion 558 or it may first
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polymers. they re not considered to be in the famly of plastics. The
’thernnplastic properties of waxes make them excel |l ent candi dates for

bi nders in thermal transfer ribbons. because they tend to have sharp
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bl ader s Ih n gener al cm fi&tzmgaos%baﬁahaﬁérﬁufdaﬂnm'dﬁ%sam w&% ﬂfbm%ﬁbnt hey
71 bbons may havEORUSS; SO 0% FRIGRS; PABHfECtHiRd R Dizie BOBCGHER d0r ¢ ai n
properties of t(Figuredytnachieve.the bpﬁmamebeneﬁtsmfhl low, cokt manufacturing system

and a process capable of very high speed, high data rate, and high data rate

10 variability print requirements. It is recognized that this and other embodiments
might, in the future, actually be structurally arranged according to this invention
using less efficient alternate manufacturing. systems or alternate manufacturing
systems which create the structures disclosed but are able to do so because one
of the limitations noted above is not present in the particular design of the

15 product or the printed indicia. Product 566 is preferably manufactured by
mirror or reverse image printing indicia 569 onto a transparent printable film

- 25. By "reverse image printing” is meant the application of indicia which has
its parts reversed with respect to an essentially similar but non-superimposable
representation of the indicia, as if viewed in a mirror. After formation of the

20 reverse image, an adhesive layer 572 is laminated over indicia 569 and
printable film 25. The product is then provided to a user for direct application
onto a smooth substrate 575 such as a window or vehicle body. Figure 25
discloses one embodiment of a product 614 which may be efficiently
manufactured in this manner,

25 - Figure 22 discloses an alternate embodlment printed sheeting product
580. In this embodiment, product 580 comprises the layers of product 566 but
with an additional layer 583 which may comprise either a retroreflective or non-
retroreflective material, as well as at least one cutout region 587 which permits
direct contact of adhesive layer 572 with substrate 590. In addition to indicia

30 569, indicia 591 may be applied just prior to the application of product 580 to
substrate 590, such as by means of a pen, typewriter, or other marker. This
feature further contributes to the highly tailorable attributes of product 580 by
permitting very localized and temporal indicia to bé applied to the product. For
example, indicia 591 might be a date or time mark applied by a parking lot

35 attendant to denote time of entry into a parking facility. As shown in Figure 22,
substrate 590 to which product 580 is being affixed may comprise a smooth or
a non-smooth substrate, with the latter represented by irregular surface 592,
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pharacreristics, and the |ike. A printable film25 is passed tHrough
thermal printer 20 and receives printed indicis that is forned when ink, or
pi gnent/col orant and binder is transferred fromthermal transfer ribbon 22.

The printabl e fiwhichmgy tomaprifeca vehidle bedy aﬁmbmcm-anbah ipedjectionafithens
e 0 2 T e kAR, 10 £ 5, he s nd
retroreflective is priigure@d discloses an alternate embodiment secure information product
which is essentially identical to product 580 but which is applied to a smooth
5 surface, permitting contact of adhesive layer 572, in part, with a portion of
substrate 590. This is accomplished by adhesive layer 572 actually sagging,
surging, or otherwise pressing against substrate 590 rather than being penetrated
by a protrusion of substrate 590. One example of a particular adhesive which
demonstrates excellent properties for use with products 530, 552, 566, and 580
10 is manufactured as Scotch™ Brand Protected Graphics System Laminating
Adhesive No. 9457, by Minnesota Mining and Manufacturing Company of St.
Paul, Minnesota. This adhesive provides excellent adhesion characteristics
while maintaining very low shear strength.

Use of the above secure information products obviates the need for using

15 weak adhesion pre-layers, as currently required by some validation or secure
information products, such as stickers. Instead, the invention utilizes the print
layer/indicia layer itself as a weak adhesion layer. Again, this results in the
uneven and used appearance of the product after it has been removed from
contact with a substrate where the printed indicia, which is preferabiy a soft

20 wax substrate thermally transferred from a ribbon, is marred due to its uneven
removal from the substrate.

It is recognized that in the above-described products of the invention,
either a printable film region or a retroreflective sheeting region may comprise
areas for pre-pi‘inted information such as consecutive numbering, logos, water

25 marks, other anti-counterfeiting measures or general information. A
combination of that information plus other printable indicia, possibly applied
with different types of printing systems, permits manufacture of combination
products such as secure information product 600 disclosed in Figure 24.
Product 600 is one example of multiple zones of different types of indicia,

30 different types of sheeting layering, and different colors. For example, in an
actual product 600, the region 603 may comprise a first color, region 605 may
comprise a second color, region 607 may comprise a third color, and the alpha-
numeric indicia may comprise varied colors. It'is also recognized that the
various regions may also comprise different sheeting material, which permits

35 retroreflective backgrounds or lack thereof to provide contrast to the indicia on
product 600. Product 600 also discloses use of bar code indicia 610, or other
similar purpose densely packed highly variable information/indicia. This
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8 It is recognized that if printable film2 1is not to be covered or
treated with another conposition or layer. for exanple, so that the
printed indicia is on an outer or topnost surface of the final article,

tﬂen stel ect{ on éﬁmbxh@ucﬁ{ Ipmcaiemsfpahtiaul 8etal ri§r uﬁs&:@th nwcalevemcteJc}e
characteristics in ece | weat her a
ot her features. pgQr g?“?%ipkag yT{"&BYRﬁ ?#1 g%i‘ug 'F‘PYr?gquqc &e@sﬁ
thermal  printi thgoughsputdst t6ll bmethen highwayahetk stations fmlvehretbsmquipped with
di | Ps Lot
CRgcggtn [ l/ggand rang 5%% ﬁé@?%&‘@f ﬁ\?@l}r@a‘gﬁhﬁgﬁﬁ r?g%mtg ulcgag(ﬁ ”?h%stagér[{r%ey
Docket No. 51844ma§smde wibstantinbsavings,permit: tmtc@ilp@monmfrsmcc thighwagr uce
D O t f
enst een e&f:ﬁimstraﬁpﬁ Jkerﬁleaﬁﬁﬁb“ Oug@%?étggTJ‘ﬁécﬁnBVfo? 8?&5&%3@5 sucky&iblegs O

such sheeting filns 1 nc eetin rratelals
of greater t%an%dm?fwerrﬂ@r Salety of citizens and P°11°e officers when ulilized In

cooperation with law enforcement programs. This would ‘also permit increased
automation and speed of content, weight, and registration verification at
10  highway checkpoints for trucks and other vehicles.

All of the information which is shown as printed information on product
600 in Figure 24 may be printed at high speed and low cost using the above
embodiments of printing system 10 (Figure 1). This information may be placed
on substrates, such as stickers, which may be directly printed or mirror image
15 printed, such as shown in the mirror image product 614 of Figure 25. The
advantage of products manufactured similarly to product 600 and product 614
include the efficient continuous format production, using consecutive numbering
for inventory control, and thermal transfer or inkjet printing at numerous
vehicle dealer locations or other locations. This permits diversification of
20 printing locations from a centralized location to numerous local sites in a very
' efficient and cost effective manner. In addition, products manufactured
according to the above processes and with the above equipment assist authorities
in detecting stolen vehicles and registration violations, and accomplish this
through supplemental use of bar code reader/computer systems to enhance the
25 safety of officers approaching vehicles-having these registration stickers. A
police officer or other government official or authorized person could obtain
information from product 600 by pointing an information intake device or
*gun” towards the product and pressing a button or otherwise instructing the
device to read the information on-the product. Product 614 may be
30 retroreflective as shown in the embodiments discussed above to facilitate
reading the information from a distance. Additionally, a combination of vehicle
description paper card and validation stickers for the vehicle license plate or the
window vehicle descriptor ;abel' could be produced for issuance in a single pass
through printing system 10 for new vehicle registrations and license plate
35 reissues if a complete vehicle registration system is desired. The customer,
vehicle dealer, or state appointed agent could apply the label product to the

vehicle with the preferred location being on the inside of a window.
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in ‘thiickness and preferably formed froma conposition conprisi ng a

"pol yuret hane. The present invention, however. is not linted to the above
referrenced materi al s. The polyneric sheeting fil.mmay be forned from a
glorrplosI tldon Cfgprl E'Hgs?&o ﬁ%&?ﬁfat@l'nd f iMfiproved aﬂhﬁiefelﬂ%yh?é%l | refiicEive shéetin 8l

i sclosed in e above ora reference ner a suc a fi m may
be formed fromBISSHo CtS&fn‘gﬁ mveRqn-ingludg ngt Anty ¥’§° ﬁ%@f‘dloo

parts by wei ghtvehwﬁqmlﬂltﬁneitﬁdr%es)éuchcﬂsys&fe?ﬁ $ipuns; sedulrity dtickers,saminthe
about 40 parts e ol BRECHEr BNGR A TRIE of fupmilibn’ LSk W20 ane
N- et hyl pyiSr ol imunﬁemnﬂvdashmmgs, @bowhernl .afly aof 2hé) variots mdnufadtering landi ne. :
22iridine orodsrREit bioBRins RBINEHNe b BB dherbol) len e L dihem
crosslinker. Thef pmtmzsls wrefnrred;u i addmonbusedzfmmtmgcsymmaw wathadumced
aliphatic polyughbiaston theR! Sich s’ $ftWark &driphtdle with most personal computer
systems, enables use of an enhanced character recognition system for enhancing
10 the human readability of characters such as indicia on signage. Software and
programming which provides enhanced character recognition includes isolation
and identification algorithms suitable for avoiding confusing combinations of
indicia, automatic print altering features which alter adjacent indicia that would
otherwise provide a confusing or non-discernible appearance to a human eye,
15 providing algorithms suitable for utilizing previously disallowed indicia or
indicia combinations in order to use fewer alpha-numeric characters while
simultaneously achieving a greater number of possible combinations of such
indicia/characters, or providing advanced algorithmic support for mid-character
string enhancements to optically advance the instantaneous viewing location
20 further aloﬁg an optical string rather than commencing the optical recognition
' at the beginning or end of a string. These and other advanced techniques of
enhancing human character recognition of indicia on license plates and other
signage dramatically increase the safety and security of users and observers of
this signage, and are now made possible and affordable using the teachings of
25 this invention.

Yet another aspect of the invention comprises use of thin film materials
manufactured according to certain processes to improve retroreflective sheeting
data display. Use of thinner film materials to manufacture high efficiency, high
resolution retroreflective sheeting products is particularly useful in license plate

30 and street signage markets. For example, Figure 26 shows a. section view of
a typical license plate 620 manufactured in the United Kingdom. License plate
620 comprises a rigid transparent face layer 622 adhered over reflective
sheeting 624 and adhesive layer 626 and cut letters/indicia 629. Additional
adhesive 628 and a polyethyleneterephthalate (PET) backing film 631 complete
35 ° the structure. License plate 620 clear face layer 622 has a thickness of about
2 mm to about 3 mm. This clear layer over the alpha numeric characters 70
provides an ‘appearance of depth which is appealing to motorists. The
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ponﬁosition conprising fromabout 0 to about 60 parts by meight'acrylic
cmul sion and about 40 to about 100 parts by weight aqueous di spersion of
pol yur et hane. whi ch aqueous pol yuret hane di spersion conprises between

about 45 and 55disadVanfages cwattﬁi tyﬁ@tdpemﬁé%te?»ﬂmﬁmé abeaty ﬁ{ghpaéstsmof

al i phatic polyumet hane. Th sp he. formed fr S on
conpri si ag pol yE@f ﬁg {eﬂgl téﬁgtﬁer id trans fgcelayer&%e tjalri

chl ori de/ acryl othutlt in erder)gs)hmimmh n 1ts5‘aip‘peirmm ﬁﬁl weather mﬁhheciarhmﬁ@cmay
conprise a non -coat.e eetin rner nen eetin or a
retroreflecti veﬁﬁ%ﬁﬁf’h&“&ﬁfﬁ g’sem@‘gﬂ“%l §§‘§g &@.e&‘y&mgtbgﬁﬁxﬁeed _

| enses. or %ncl (RMMA)ablanks Whlcmu'apﬁm 4 ichmberSomep glow rqndi costly piece-wosk of
_filmrraterials %ﬁ&s a 12
m cron to 100 cron tkl C poFﬂr(r%tw wﬁﬁacrypwwmhﬂr‘rﬁa% eri 1a§€13
provi ded the prfZ2 & l@cmmmaﬂﬁynmmm@d as a top printable film In an
enbodi ent such as t hRefettifig 'to Figure 27, afe improved! édhsRuction license plate 636 is

~ disclosed. License plate 636 comprises a relatively thindier PMMA film face
10 layer 638 than layer 622 in Figure 26, reflective sheeting 640, adhesive 643,
alpha numeric lettering/indicia 646, adhesive layer 648, and relatively thicker
backing and support layer 651 as compared with layer 631 in Figure 26. Use
of a relatively thick backing and support layer 651, preferably manufactured
using aluminum or an acrylonitrile butadiene styrene (ABS) type material,
15 provides the needed rigidity for license plate 636, while the use of thin film for
face layer 638, preferably with a thickness of no greater than about about 0.1
mm, provides improved retroreflectivity as compared with the thicker layer 622
depicted in Figure 26. In addition, the use of a thin film face layer of the type
shown in Figure 27 permits significant printing advantages. For example,
20 although high volume manufacture of license plate 636 could possibly include
' use of printing methods such as electrographic printing shown in U.S. Patent
No. 5,085,918, which is incorporated herein by reference, a more decentralized
manufacturing process utilizes printing system 10. License plate 636 permits
lower cost manufacture through use of less costly materials, such as high
25 density polyethylene (HDPE) or ABS, to provide most of the needed plate
rigidity. Preferably such materials have a thickness of between about 2.2
millimeters and about 3.8 millimeters. In addition, lower cost may be achieved
through use of inexpensive recycled materials to provide much of the needed
plate rigidity. Other improvements include better control of finished plate
30 brightness and appearance, processing advantages through use of a continuous
process rather than a piece process, an improved impact resistance which
promotes greater longevity of plates produced according to this process, and an
increased volume of different data which may be placed onto the plates by use

of the novel printing system 10 disclosed above.
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| ami nated together using an adhesi ve. II
9 Alternately. If the lamnation'is not require

CLAIMS:

im

s

flectlve sheeting material 28 and prlntablef|Im25 arel‘i |f er abl
ANMLR

1. A modular and transportable printing system for printing indicia on -
polymeric sheetings, comprising:

5 a) amodular and transportable frame assembly comprising at least
one horizontal rail member and at least one vertical rail member assembled as
an open frame structure, the rail members having walls defining apertures
suitable for receiving interchangeable system components as needed for
different printing and manufacturing tasks;

10 b) interchangeable reel assemblies for holding, dispensing, and
rewinding sheeting material used with the printing system; and
¢) a printer mechanism suitable for printing variable indicia
received from a computer onto a surface of a first sheeting material.

15 2. The printing system of claim 1 in which the computer and printer
are able to reformat and print about 90 square centimeters to about 127 square
centimeters per second of indicia onto the film.

3. The printing system of claims 1-2 further comprising a laminator
20 assembly for laminating a second sheeting material onto a first printed sheeting
' material.

4. The printing system of claims 1-3 in which the portable computer
is no larger than a desktop computer.

5. The printing system of claims 1-4 further comprising a coating
mechanism for coating adhesive onto a printed sheeting material passing
through the system.

30 6. The printing system of claims 1-5 further comprising a strip indicia
applicator assembly to permit application of strip indicia onto a portion of the
surface of sheeting material already printed with indicia received from the
printer. '

35 7. The printing systém of claims 1-6 further comprising a sheeter
assembly for cutting sheets of material already printed by the printing system.
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_flectlve sheeting 30 may be produced with use of a retrore- flective taop '
printable film 25. Printing system 10 provides a | ow co u

readily transportable systemfor printing indidicia on pol M'Hlmflﬂﬂulr!!"""
ing mterials. A thoggh Qlféela? ?/\&] .aci ng tia"o *
sheeting materials suchﬁs?éys ens argﬂqi%%f@lahﬂ nfel@tiu’r?% Si zabl e val urres of
articles to be produceda) nacscmg %@Mr@ﬁ@&bf@ determining 1the location Rf act |
I's suitabl e forgsnghiyg g&% gﬂrfﬁe m&wﬂ%deﬁim,aandwacﬁﬁnh ragnaumbma@

tasks. The snmuall siz %gbg\%pg%eq%m% Eor;{xaf{gg‘#da% WaStfﬁﬁO
nting

"~ requires | ess power. anh)lg){‘ﬂ
system for quse mmlpmca;eghda | ndeed, system 10 may even be operated

wi th comon househol d ower Ssu i£S. . as d.l.scuss ur.t her .bel qw.
System 10 al | ows aut ons o?P\%PY'ﬂ Spfs: fox posijioning | eé&@“ﬁo@t%?@vﬁk% op or
| apt op comnput er sheeter assembly and for engaging the lmifé bladd tutting surfaveto gadduce ahi s

promotes di Sper giisoPfike ¥eAH cut while maintaining continuous operation and movement
of the sheeting through the printer.

10
9. The printing system of claims 1-8 in which the printer is a thermal
printer. '

10. A low cost license plate for vehicles, comprising:
15 a) apolymethyl methacrylate film face layer having a thickness of
between about .01 millimeter and about .5 millimeter;
' b) a retroreflective sheeting having a top surface suitable for
receiving printed indicia, and a bottom surface suitable for attachment to a

durable backing layer;
20 ¢) indicia printed onto the top surface of the retroreﬂecuve
' sheeting; and

d) an adhesive layer connecting the film face layer and the
retroreflective sheeting.

25 11. The license plate of claim 10 further comprising a durable backing
layer connected to the retroreflective sheeting bottom surface.

12. The license plate of claim 11 in which the durable backing layer
comprises aluminum having a thickness of between about 2.2 millimeters and
30  about 3.2 millimeters. '

13. The license plate of claim 12 in which the durable backing layer
comprises acrylonitrile butadiene styrene having a thickness of between about
2.5 millimeters and about 3.8 millimeters.
35 '
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10 to renDte sites and relieves central repositories of data from
unnecessary processing sl owndowns. These automation features further enable
i mproved direct marketing, distibution. and on-ine auditing of the
production of sys- term10. This is a particularly advantageous conbi nation
of features when the articles produced include variable infor- nation

indicia. For exanple, lﬂ.hAQadedhﬂpﬁ@mdrictme&r@mﬂﬁenﬁncom and
verification of articles havin ﬂ lh eC|f|c Lndlofﬁla at spe@q f
facilities. Variable i nfaar fhath gﬂ%ﬂ‘&e% b (MgE Gt 1%
regul ar i ncr enemreceiviad tha'maliquméd)indmm adottemueost surfacest ead i ndi ci a may
be varied in an item spggi fi
article-specific indicia Glf) #W‘Bél o‘}la?o prp%spﬁx WJ&W%‘%‘%% al'}[d)on an
article. Arbicl @Okpwlﬂpphed tai thei bottommaost sydfacer oft thel ﬂimsmdteupbrande3| red i nput
criteria, such aa regis-gtr 1aP&i G e tofd ﬁ@‘ﬁ
printed article. pr| nt i nc dﬁfddﬁ@sgi%&& on datglfe progﬁl:(%&il%u
material and the indicia; .
the indicia being partially attached to both the adhesive and the film
material so that any removal of the sheeting from a substrate to which it is
10  initially attached which results in a separation of any portion of the adhesive
from another portion of the adhesive in a region having indicia produces
distortion of the indicia in a manner that is detectable to the unaided human
eye.

OUSG

15 15. The sheeting of claim 14 further comprising a retroreflective
sheeting layer attached to a topmost portion of the film material.

—
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Jocation and the |ike. Conbinations of criteria also may be used,' and/ or
separate criteria may be used to formsub- elenments of the fornmed indicia.
10 Bar-coded | abel s or stickers.are often used to identify and

mai ntai n appropriate |evels of ianﬂe, in a

SYSTEM AND METHOD FOR MANUFACTURING
5  IMPROVED DATA DISPLAY RETROREFLECTIVE SHEETING

A portable system and method for printing variable information indicia
on a reflective sign cofnprises providing a first polymeric sign component
having a surface suitable for receiving a printed image. A definition of an

10 image to be printed on the first sign component is provided to a portable
computer. Indicia in the form of images is then rapidly transferred to the
surface of the first sign component.
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_mafehouse or distribution center. In addition to the use of labels for
I nventory control, durable and/or weatherable articles constructed from
pol ymeric sheetings of the inve- tion also may be tenper evident or

frangible. in order to i

nhibit theft and/or transfer of |abels fromone .

Item or package to another item or package. Security also may be enhanced
by fornming some potions of the varible ildforma- tion indicia in a random at
-herw se unpredi cabl e manner. Random zed variable information indicia for

| abel ed pack- ages may be maintained in a secure central information.
storage systemto inhibit fraud or theft. The random zed variabl e indicia

‘adheres to an upper port

article. Such articles nay or may not

conponents to &?ﬁé?%\g%g
retroreflec- tive and
“garnents, indoor/outdoor
25

17

lon of the printable f|In1§# sheeting to produce an
t h additional

raffic control materials.

cle markings. retroreflective

frangi bl e secu-
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rity stickers. product authentication sheetings. inventory |abeling and
control products. identification systens or |icense plate sheetings.
Articles produced by system 10 may further conprise articles with indicia

appl i ed before appli- cation of indicia by system 10. such as through use
of printable film25 or sheeting 25 which is pre-printed using othey,
printing neans. FIGS. 3a. 3b. and 3@A4iscl ose enbodi nents | ng
system 10 designed for optinmal portability, interchangeabil-|[ity
conponents, reversibility of conponents. and ease of nodul ar|l expa n for
different products. Printing system 10 preferably conprises [frane enbly
100 which has a substantially non-encl osed configuration of erti rail
menbers 103 and herizontal rail nenbers 105. ef erably a rat s each

are wel ded and then bolted togetheg and may rtherwponR[ise ang’e gusset
106. shown best in FIG 4. for fur®her stength\and a?ﬁgngpt. A strang
mat eri al. ' ,,\
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dis required for frame assenbly 100 such as an iron,steel or alumnium A
plurality of alots 112 are variously arranged to provide nounting nmeans for
receving and securing other system conponents to frame assenbly 100 in an
efficient yet sturdy manner. For exanple printer 20 is readily placed on
horizontal rail assenbly 105 and then accurately p05|t|oned and secured at
t he proper location along |length L a8«lérding to the Afdr operation
required. Although angl eiron- type rail assenblies gifilicted in FI GS.
3a, 3b, 3c. and 4. and U channel type assenblies are il in FIG 5.

ot her strong shapes may be acceptable and within the this

i nvention.
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'fhé di mensi ons of frame assenbly 100 may vary accord- ing to uses required;

however .

frame assenbly 100 prefer- ably is quite conpact and |ightwei ght

regardl ess of any reasonable | ength necessary to accommodate the nunber of
nodul ar conponents as shown and descri bed below. Print- ing system 10
preferably has a size and weight that enables it to be transported

(e[atively easily by either one or %yﬂspersons. For exanpl ]l in the
enbodi nents shown in FIGS. 3a. 3b, 3c.” 4, and 5. fr ly width Wis
about 18
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_inches (46 cm. height His about 36 inches (91 cm) and length L which is
particularly variable. is about 60 inches (152 cm. In general, the
printing systens occupi es a volume bounded by those dinmensions and has a
wei ght of approxi- mately 190 to 220 pounds (86 to 100 kil ograns).
Referring again to FIGS. 3a and 3b, printing system 10 is shown with frame
assenbly 100 providing support and alignmaefor a plurality of system ‘
Eonponents. Printer 20 is shown a a ribbon based printer in FIG 3a and an
inkjet printer in FIG 3b. Printer 20 may actually conprise a plurality of
printers. and i s shown positioned on optio ting plate 116 for ease
of novenent along the franme assenbly. NMourti ate |6 is preferably
connected with a bolt mechanismto a printer clanp rail and clanp plate to
permt ease of positioning and securing along rail nenber(s) 105 Thi s

feature is al so useful witsh—other—systemconmpo-—ments;
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FIGS. 3a and 3b disclose additional conponents such as | am nator assenbly
120. lam nator input dancer assenbly 113. sheeter assenbly 125. and a
plurality of reel assenblies 128. Reel assenbly 128 is designed.to hold and
di spense a printable nmedia suitable for receiving printed indicia which. in
t he enbodi nents depicted. conprises printable film25. Aliner re-wind reel
134 provides neans for rew nding a | i ner6ft@ erial 138. Sheeting reel
assenbly 141 conprises sheet--ing reel 143 for hol ding and di spensing
sheeting 28. The sheeting reel asscribly 141 further conprises optional

ten- sioner and auxiliary unwi nd nmechanism 148 (FIG 3a) to facilitate
proper tension at a location 150 suitable for |iner renovaL Opti onal

product rewi nd reel assenbly 153 is usefulefpi eéinding printed products
such as printed lam - nated retroreflectiv éét g 158 when the product
Is desired in a roll form An optional tensionel” nechanism 161 (FIG 3a)

al so may be provided, which operates simlar to '
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_mechani sm 148. A position adjustnent assenbly is also provided on each reel
assenbly to provide axial novenent of each mandrel to adjust the tracking

of materials on the reel assenblies. The enbodi nents of system 10 shown in
FIG 3c is simlar to that of FIGS. 3a and 3b. However, the enbodi -
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ment shown in FIG 3c includes a roll coater assenbly at |ocation 150
rather a liner renoval site, Coating rollers 157 transfer adhesive to film
26. with idler and tension rollers 151 maintaining tension in the film
during application. Curing ovens 152 permts curing of the adhesive on the
filmprior tore-wind. In this enbodinent, [am nator 120 is replaced by the
oil coater assenbly and the curing oven8/I®rinting system 10 provides
I"nt er changeabl e reel neans for reciving, holding. dispensing, and
-rew ndi ng various sheetings or sheering |layers. This feature is useful in
reduc- ing the inventory of spare parts and nmai ntenance tools required for
reliabl e system performance. The configuration is also of nodular design to
enabl e expansi on or contraction of the system conponents with great ease,
Various types and nunbers of printers may be used with printing system 10,
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tertain non-laninated products may be advantgeously pro- cessed with this
*systemw thout any | am nator assenbly 120 or rel ated equi pnent, additional

| am nat or assenblies may be added and sheeter assenbly 125. useful for
outing products to a desired length, may be added or renoved as In
operation. readily transportable prlntggg system 10 preferably conprises a
.thermal printing conponent which Uiliz @i ther the wax or resin based ,
-i‘bbons descri bed above. Printable film25 is configured on printable film
reel assenbly 128. Optional tensioner mechani sm 162 provi des tensioning and

overspeed protection so that pri nt e fi 25 passes through printer 20 to
receivé printed |nd|C|a ,a printi on(s) depicted generally as
| ocation 166. The prlnta n1eX|ts e printer conponent and is either

routed to | am nator assenb yr120 or rcejves ditional printing/indicia
pri.or to further processiné
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enbodi ments. the printed filmmy be routed directly to a cutting or rew nd
station. FIG 3a ad FIG 12, described nore fully below dis- closes one
enbodi ment of an optional strip indicia applica- tor assenbly 171 useful
for applying strips or labels of indicia onto the printable nedia prior to
further proce55| ng. This is particul arI useful for applications where a
manu- facturer's identity. or other AJ€iable indicia. is to be pl aced
on a product in conbination with vari abI e printed indicia. As noted above,
this indicia mght also be pre- applied to printable film25 or sheeting 28
prior to use with system 10. The strip indicia may conprise a bol ographic

| abel .
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13 Lam nat or i nput dancer. shown in various detail and enbodinents in
‘FIG 3a. as 173. FIG 8a as 288, and FIGS. 3b. 8b. ad 8c as 288, provides
tension on film25 or simlar media. This reduces slack in the film track
the material and pronotes unwinkled | am nation of film25 with sheeting 28
The operation of |am nator input dancer assenbly may al so provi de sheeting
peed of travel information to control thH/ZMtor on | am nator assenbly 120. .

‘di scussed further
Il
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bel ow. In the enbodi ment of FIG 3a. sheeting reel assenbly 141 is shown
di spensing retroreflective sheeting 28 via optional teosioner and auxiliary
unwi nd nechani sm 148 to | am nator assenbly 120. Sheeting 28 nay have an
adhesive layer which is protected by liner 138. This liner is renoved at

sel ected | ocation 150 and rewound on reel |34. Lam nator assenbly 120
qggprises adj ust ment means and drive nmeand2/ optinizing the positioning
and tension on the sheeting Pa

trying to cut sheeting which is
are further conplicated by shegting having a | @&

problens that is associated wjth cuttimenis the\charactefis
relatively poor ii t;rg%capauility N [
started and st opp é?t abl efcutti

conti nuous
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printing or if stoppage of the sheeting nust occur, then to design the
‘st oppage synchronous with end of print or non-print periods. Another

possi ble solution to this problemis to use a rotary cutter nechani sm
However. rotary cutters require expensive timng nechanisns and are tine
consum ing to sharpen. In contrast, sheeter assenbly 125 conprises a very
efficient maechani mfor sheeting operations. Sheeter assenbly 125 is easily
renoved for bl ade sharpening, other maintgpagce. or replacement FIGS. 10
and 11 provide further disclosure of enbodi nents of sheeter assenbly 125.

| f products produced by printing system|O are to be cut into sheets. then
sheeter assenbly 125 will likely conprise a final step in the process of
the system However if a roll formof product is required, then product

rewi nd reel assem bly 153 nay be used.
Fig.16
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14~ FI'G 6 disclose a side section view of vertical rail nenber 103
'and a reel assenbly 178, such as printable film reel assenbly 128 or
sheeting reel assenbly 141. Reel assenbly 178 preferably conprises mandrel
182, arm 185. dancer 188, brake nechanism 191. electric drive neans 194
and positioner 198. Mandrel 182 is designed for nmounting a core of roiled
material on outer surface 200 for dispensing

et 14/16
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and use I n prrntrng system 16. A preferred mandrel com prises material
"suitable for holding a roll of material while also affording optimm
transportabillty of the systemcom ponents. For exanple, mandrel 182 may
conprise alumnum with a three inch diameter D and a 'stainless steel shim
204 for properly retaining a roll ok?qgterial on the mandrel Instead of
wsing a shim a mandrel m ght have t section suitable for use with a
core holder rod to retain a roll of materia ‘ lit:! ) ackst op

means 206 and hand screw flange 207 pr dpt i al
nounted on the mandrel. Stainless steel R rdy
support for mandrel 182 as well as conng(dtion with drive shaft 234. Drill
rod 210 i s supported by bearing assenbl 218. which may conpri se |}
cantil ever type bearing assenbly. as shfgw in FIG 6 Br ake medqfani sm
191. and the positioner 198 may be wused}}in conbi nation. singly. dff not at
all dependi ng on the. '
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Ebﬁfiéuration of printing system10. As shown in FIG 6.

"191 functions to provide braking
wel |l as to prevent

br

means for preventing overs

ef f ect

ake mechani sm
peed danage as

unnecessary unw ndi ng of sheeting nounted on mandr el
182. Although a plurality of brake nechanisnms may be
a preferred brake mechani sm conpri ses

ively utilized.

@ washer arrangenent 222 in

conbi nation with being wedge block 225 surrounding shaft bearing 227.

Bearing wedge bl ock 225 conpri s
ef fect braking action. Shaft be
washer arrangenent 222 is nechan
bl ock 223. Fi xed bearing washer
interaction as part of bﬁaﬂqgﬁa
web/ sheeting tensioning may b
mechani sms whi ch woul d be pref-
spri ng nechani sns

nechani sm 191
cconpi shed - by use of

ring 227 floats on drill
cally fastened to cantil
230 provides further functi
in an alternate
| i near
erably configured off of ar

applied to

nod 210. Wedge

evered bearing
onal

enmbodi nent .
spring

m 185, or coi
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whi ch woul d be preferably configured around bearing assenbly 218 and
connected to a fixed nenber and to arm Posi ti oner 198 conpri ses
potenti ometer neans for deter mning the position of arm 185 at any tine,
permtting positive or negative drive to be applied to drive nmeans 194,

Drive neans 194 preferably conprises a-dggve notor, such
15

SYSTEM AND METHOD FOR MANUFACTURING
5 IMPROVED DATA DISPLAY RETROREFLECTIVE SHEETING

A portable system and method for printing variable information indicia
on a reflective sign cofnprises providing a first polymeric sign component
having a surface suitable for receiving a printed image. A definition of an

10  image to be printed on the first sign component is provided to a portable
computer. Indicia in the form of images is then rapidly transferred to the
surface of the first sign component.

FIGURE 3A

I
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as a DC servonotor. and is used to control dancer 188. If a drive notor is
used then it may be preferable to utilize either a float or flexible couple
arrangenment in cooperation with the notor in order to take up any torque
and possible msalignnent. It is recognized, however. that certain flexible
couplings could add unwanted size to the assenbly and require protective
coverings. If a drive notor is not used, then positioner 198 is likely to
be of no use and may be renpoved fomthkelsystem Dancer 188 is preferably

constructed of a durable yet |ight weight material suchiaShest Jaced
Detron[err] brand polyner Teflon[err] brand plastic. or S.
188 is preferably attached to arm 185 using drill rably

Dancer

manuf actured froma very durabl e stock _pateri al
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assenbly 178 is attached to vertical rail menber—103With a plurality of
bolts 236 and washer/shimmaterial 238. The vva ﬁgtyeeﬁ leesdi al 238 at a
top and bottom portion of vertical rail nmenbg excel | ent
tramm ng for systemalignnment and orientatio m R@\Jm of effort
Rubber grommets 241 overcone m sal i gnment bet rive shaft 214

and mandrel drive shaft drill rod 210. FIG 7 discloses an altgynate
enbodi ment reel assenbly 245 connected €ia shaft block 2 punt i ng

pl ate portion 253. which may conprise a portion of or be |pttac to
vertical rali nmenber 103. In the enbodi ment disclosed injFl G Cor e
mandrel 256 is supported by mandrel bearings 259 on mandrlel sh 261. A
core spring grip 264 provides neans for securing a roll mat hl on core
mandrel 256. Axial support and positioning® s provided b P67 .

thrust bearing 272. brake pad washer 274, Tand pressu&p washe¥ 7.
Pressure washer 277 is preferab®y keyed to
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mandrel shaft 261 to allow novenent in a shaft axial direction but to
‘prevent rotation. Biasing means 280 and adj ustabl e nut 282 provide spring
I'oad support to pressure washer 277 and pernmit preset spring conpression
braki ng action to occur to prevent overspeed or unwanted rotation of core
mandrel 256. Additional features of FIG 7 include adjustable backstop 286
for support of a roll of material on the core mandrel. and washer/shim

mat erial 238. again provided for propet 34 gnnment and tranm ng of the
assem bly. The enbodinet of FIG 7 in which an adjust‘fr |l e nut 282 is used
to control resilient biasing and to create drag Yl oly until an
approximate ratio of initial to final roll size pilial is | ess than
about 3 to 1. Wien the initial to final roll sit% llexceeds about 3 to
1, then alternats braking nmeans, such as that s W‘IG. 6 are
preferred. i
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16 FI G 8a discloses one enbodi nent of |am nator input dancer

assenmbly 286 conprising dancer 288. which is substantially similar in
construcion and use to dancer 188 descri bed above. Dancer 288 is connected

by rod 291 to arm 294. Lam nator input dancer assenbly 286 is preferably
provi ded with upward tension by use of a wound spring
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arrangenment (not shown) and positioning neans 297. Arm 294 is connected via
hub 300 and support bearing 302 to shaft 305. Positioning nmeans 297 senses
the location of arm 294 and permts regulation of spring tension to

optim ze operation. Washer/shimmmatetial 238 also is provided for tranmm ng,
as necessary. FIGS. 8b and 8c are other enbodi nents of a dancer assenbly
288 configured for placenent within the | am nator assenbly as sbown in FIG
3b. This internal configuration nmaxi m z$ t-he angle of entry of printable
film25 onto a laminator roller. Dancer assenbly 288 conprises dancer
rotation rod 311 positioned so that danf a-bSter 312 opti- mzes the
control of sheeting while permting vir 51 ting placenent of printer
20 agai nst | am nator assenbly 120. In particular. this anti-steering
feature maxim zes the wap of the filmon the appropriate |amnator roll

whi ch reduces the tendlzrry—f-m—aﬂ-a-l—nvmﬁnt—ef—n‘af-eh—a-k—aﬂ—r*e vari ous
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roll's. Such novenent is caused in printing/lamnation type systens. in

part, by operation of |am nator

rewi nd necha- nis

ns. This further enhances

t'he conpactness and i nproves operation of system 10. However, this close
relation of the | am nator assenbly and the printer also requires a high
torque drive system a capability for
sheeting 28. and maintaining the matched speeds of the different subrtrates
mechanfsm 313 is connected between

| am nat or

during operation. Potenti- oneter

rotation rod 311 and a side portion of

el ectrical feedback to contro

assenbly 288" and fil m 25.

mat ching the speed of a film25 with

120. This permts accurate

t he position/speed relation of dancer

FIG 9 is a side section view of one

3a. In this enbodinent. a pair of side supp

enbodi ment | ani nat or assenbly 120 taken gen égy
3

for idler pressure roll 313 and driven rol

Iong line 9-9 of FIG
provi de support neans
Support bearings 319

provi de support for driven roll 317 and
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i dler pressure roll 313. Idler pressure roll sliding block 322 provides
means for raising and lowering roll 313 and to adjust idler pressure roll
pressure. .17 | di er pressure rol
313 is also vertically adjustable relative to driven roll 317. Although
various liftlink neans are

-7 -
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suitable in this enbodi mrent use of a cam mechanismpermits the vertical

novemant of idler pressure roll. In particular. roll lift cam326. or a
plurality of roll Iift cams. is rotated relative to idler pressure rol
lift shaft 330. Motion of roll lift cam 326 permits the vertical notion of

fl oating bearing bl ocks 356 relative to top support 333. idler pressure
roll adjustnent nut 337. and bi asi ng neans 340. Drive neans 342 is
connected to driven roller 317 via fl exBble notor coupling 345. Base
support 34 is connected to a horizonal rail nmenber of printing sysem 10
usi ng bolts and shi m spacer neans 350 to enhance tram adj ustnents and/ or
hei ght adj ust nents. FIG 10 is a side elevation view of one enbodi nent of
sheeter assenbly 125. Sheeter assenbly. 125 preferably conpri ses neans for
providing a scissor-like cut to the continuously noving sheeting
material. It is inportant to provi de a sez?bantz?lly conti nuous runni ng

web or sheeting zss]ﬁ: é;,
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material until the precise noment when a cutter blade engages the
sheeting. However, the continuous action of the sheeting before it enters
the sheet assenbly is maintained. as described below. Knife blade 364 is
arranged, as shown in FIGS. 10 and 11 above an anvil edge 366. Knife

bl ade edge 368 is slanted or angled relative to anvil edge 366, whi ch
permts progressive cutting of material passing t hrough sheeter assenbly
120 cuttng port 370 as knife bl ade edg® 368 engages the material from
left to right, as shown in FIG 11. d anmp nenber 373 and cl anp pad 375
provi de neans for short duration stoppage of the portion of sheeting 158
which is about to be cut. Movenent of knife bladé 364 relative to anvil
edge 366 is provided, in this enbodiment, by action of a sensing and
conrol subeystem conprised of sol enoj 378. bi asi ng nmeans 380 and sensing
means 382. In operation. _as, sensing Egg 2 senses predicted indicia or

atime mark sol enoid 378238“\\\
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actuatd to force knife bl ade 364 downward in a cuning notion toward anvil
edge 366. Al though sheeter assenbly 125 is designed to be relatively
conpact and lightweight. it 1is possible to achieve greater than about 30
| bs of downward pressure at the cutting point while maintaining a
relatively small size and wei ght through use of the novel conbination of
sol enoid 378 and sl anted knife blade 364. This conbi- nation provides
excellent cutting capability with substht-- tially no stoppage to the
conti nuous notion of sheeting

Fig.9
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18 material 158 passing through printing system 10. A spring slide system
386 permts accurate alignnent of knife blade 364 as it nobves in response
to action of solenoid 378 and bi asi ng neans 384. Shi m spacer means 360

mai ntains tram and alignment of the assenbly with the remainder of print-
ling system 10 conponents, Portions of the cutting structures nmay conprise
optional recesses to prevent. any adhesive buildup frominterfering with

bl ade operati on. The enbodi nent of -sh&gter assenbly 125 shown in FIG 3b
conprises a preferred arrangenent of dual sol enoids 378 connected by return
springs with the cutter blade arffldhlife- ment and the assenbly frame. Use of
dual solenoids to actuate the bljgge-{cut results in very linear action of

t he bl ade, which further ingqgrcb T ruréﬂ . particularly when conpared with

a stepper nmotor typg. cutt“ SYSHeAtH ock-gizgi gating bunper: also nmay be
provided to isolate the ijon of the | :

Fig.10
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bl ade operation fromthe printer operation. Anot her conponent of printing
system 10 conprises an optional strip indicia applicgéggﬂgg?gﬂyLy;_ELﬁi_12
di scl oses one enbodi ment of strip indicia applicator e y 171 in which
a supply roll 390 of pre-printed indicia. for exanpl eqyigéueettlas Bdem lage
havi ng gaps between indicia | abels is provided al ong w

renmoving the indicia | abels fromthe liner and |iner vm\ @ .
Supply roll 390 provides a supply of |I+n&2 395 having t -printed and
optionally pre-cut |abel indicia T~Lli ner 395 passes side roller 397
and encounters liner stipping a separates the—ndicia from

the liner. The stripped |iner
stripping anvil 400 and retur LirRer 406.

The indicia suc IiEEZs 41p. i A : :
i ndicia guide c . . Lapel s 4f prfi nt abl e
film25 just prior To passage\t hr ough-tre '
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whi ch may conprise non-driven soft rubber or polyner rolls. I n operation,
gap sensor 421 is preferably configured to sense either clear stock or no
stock, the latter providing indication of a gap in the material passing the
sensor. Al though other neans of synchronous operation are possible using
sensi ng neans, .gap sensor 421 provides one enbodi- nment of a sinple nethod
of providing coordination between liner feed ad |liner rewind operation. A

| iner windup notor is started by a nark ¥2nsor 424 sensing a mark or
predicted indicia on printable film25. then a liner drive notor is fed
hi gh current for a period of time or receives pulses froma notor encoder
until 1abel 410 is attached to the printable film25. The current is then
reduced so that the web pulls the supply roll and the liner tension is
mnimal. Gap sensor 421 then stops the process. and resets for the next

. process. The particular configuration disclosed in FIG 12 of optional
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ship indicia applicator assenbly 171 is quite advatageous over ot her
systens in view of non-contact with any adhesive which may reside on | abels
410. 19

/  Fig.19
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of reel

As shown in circuit 427.

Referring nowto FIG 13. a sinple circuit diagram discloses one enbodi ment
assenbly drive neans power supplies.

r eel

drive notor 429 voltage is controlled by output 431 of voltage conpara-,
tor 433 which functions
necessay voltge to maintain dancer assenbly position constant.
anplifier.

conparator 433, which is actually an operati onal

vol t age out put 435 i ndi-cat
or simlar conpponents. A representative
sol d by National Sem condutor Corporation
circuit 437 provides neans for conparing

pot enti onnet er voltage out put. FIG 14

440 di scl osi ng once enbodi nent of current
power supply means. Takeup drive notor 44

pot enti onet er
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vol tage input 444 fromthe output of conparator 446 Conparator 446
generates the constant voltage by conpar- ing pre-set current 449 of ,
current adjustable potentioeter 450 with the out put voltage 452 of notor
442. The vol tage -drop across the | ow ohm of resistor produced the neasured
current which is conpared to the pre-set current to supply the output

vol tage which is the therefor, referenced to a current, FI G 15 di scl oses
a sinplified electrical dlagran1of t he ¥&nsi ng and control subsystem
related to the sheeter asse by 125. Tn this figure, gdircuit 456

di scl oses sol eaoi d 378. sensling neans 382, one shot marK sensor drive 503.
and conparator 507. In operation, sensing neans 382 signals one shot mark
sensor drive 503 mhicg Qutp ts a signal 510 to conparatqr 507. The out put
513 of comnparator 507 ? erfived fromthe input voltagel510 relative to the
ref erence voltage 516. Qutput of power transistor 513 sijgnal s actua- don of
sol enoi d 378. :
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20 , A particular problermin known printing/lannation sys- tems is
fhat of erratic movenent or j erking of sheetings passing, through the
systens. Printing system 10 overones these problens by maintaining a
suitable tension in the

- 29 -

SYSTEM AND METHOD FOR MANUFACTURING
5 IMPROVED DATA DISPLAY RETROREFLECTIVE SHEETING

A portable system and method for printing variable information indicia
on a reflective sign comprises providing a first polymeric sign component
having a surface suitable for receiving a printed ‘image. A definition of an

10 image to be printed on the first sign component is provided to a portable
s computer. Indicia in the form of images is then rapidly transferred to the
surface of the first sign component.
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=2 ALEMENT SHEETS 5G|

”“* QN Rages ot tarpaged d
g } m 1PageRi’g to paged .35,

sheetings. for exanple._ by use of.. asse
mai ntai ning a hi gh tofoygs ign; E‘olﬁfﬁ BBEN ye not
accel eraton and rapid TS 4 chan @?ecﬂ?gﬁ g..dermptd ve
gai n control subsysten of npt ‘E?P"?%s \isgedhdarte miged ],
~current only. This facilitates srmoth nd rapj d response Mor e

and conpact m)tors Whl ch I‘OVI de ood control of torque ax ot 1t-S~—+R
t he manuf acur i WgigdPebss ANUFACTURI QVED i DISPEAY, at i on.
e.g., location 150 and ot B L Y SR I] s preferred notors

I ncl ude direct current servonntors knomn as ferrlte gear- notors sold
under the nodel nunbers 9FE 25: | (wi ndup reel assenblies) and

9FGHD/ 50: 1(| am nat or assenbly) by PM Mdtion Tecnol ogi es. Incorporated.
These notors have zero clogging for snooth operation. lowinertia to

provi de fast accel er at ’Iﬂfkl?'l%o&%ﬂo& %B@Eﬁ:&ﬁpﬁ@m@geskg.nal s, and
08/186.752 filed Feb. 2, 1994 gow abandoned which is a
continuation-in-part of U.S. pateat application Ser. No.
08/033.625, filed Mar, 16, 1993, abandoned. which is 2
continuation-in-part of U.S. patent application Ser. No,
08/017.573, filed Peb. 16, 1993 abandoned, The disclosure
of these applications are incorporated here by refereace,

FIELD OF THE INVENTION
This inveation relates to improvements in printing data
oato retroreflective sheeting and to provide a direct output
variable informatioa printing system for use with setrore.
flectivs shesting.

BACKGROUND OF THE INVENTION

- Nurnerous problems exist relating to production 2ad rec-

ognition of data agd characters used with recroceflective

gheeting. In the fields of signage for lcease plates. road/
street markings. and validation sticker manufacture. there is Replaced-
2 wide variety of alpha-sumeric data printing styles used - This Shect Mt Boigh o
with retrareflective sheetings which create various levels of H“‘I“ “““ “‘l m “
recognition by viewers of the shecting. Typically. manufac-’

turing of license plates and similar produets is accomplished

by procssses which use large and expensive equipnuent that

requires extensive time and training of personnel. Oftea

these processes utilize solvents aad generate considerable

wasted byproduct if the manufacturing is halted within a

process run. Produets produced by typical manufactiring

processes do pot contrin substantial varisble inforrpatioa,

and the equipment is usually only ceatrally located due to

the size and expenss of these machines,

Alternate manufacturing processes inciude silk screening,
* | block printing, pre-cut lay out systems, and hand-cut laying
| up using various cutting machines to cut outlines of lettering
- and then pre-masking of the products prior to suipping liocr
material off of the products. These systems are typically
inconsistent in output 20d are gotorously inefficient. While
certain systems, such as that disclosed in U.S. Par. No.

5.085.918 issued to Rajan et al.. disclose means of peinting
retroreflective sheeting which comprise substantial improve-
ments over other known manufacturing processes, these
systems scill use relatively expeasive large machines which
do not reet the needs of a wide variety of users.




conprise a |arge nunber of poles while having a very light armature. Each
not or has an overall weight of |ess than about 3.4 pounds. These features
further enhance the response tinme of these notors and nmintain a constant.
| i near. non-jerking novenent of the sheetings passing through printing
system 10. The direct current electric tor for use with the | am nator
assenbly conprises continuous torque vafues in a range of between 30
i nch-pounds (3.4 Newtons-neter) and 50 inch-pounds (5.6 Newtons-neter). and
a high torque val ue of abou 'y@;w@aﬁ?&ﬁem&ons-mter) to
provi de rapid response to pﬁ‘?fﬁ?ﬁg system denands™” System 10 may be
operated w th alt er nal dnpresent iaventiom peoviday pnhethod ohpdftidgpag vary dependi ng
on the capability ah&Mduﬁbﬁﬂeﬁwwmﬁmmmgzﬁpr exanpl e. the
system may use ei t hprovidiag folywietic fiim 254 neell dssemutplos dipendifiui res only a one
anpere power suppl ytiegolymsicilmothe firk Baving a first surface suitable for
receiving print indicia from s printer and a second surface
suitable for attachment to z retropeflective sheeting: b)
providing a definition of an image to be printed as indicla op
said po}yme:ic film first surface to a computar; and c)
cmploying he computer to transfer the indicia In the form of
theuxmage to the film first surface using 2 computer con-
trolled printer amranged for receipt of the polymeric film
:lu?ugh use of a modular and portable frame asserably upon
Wwhich the printer and the assembly for dispensing the Alm to
~ the printer are both moupted,
The invention also includes & modular and transpartable
printing system for printing indicia on polymeric sheetings.
The systam comprises a frame assembly portion comprising
&t least one horizoatal rail member and at least one vertical
rail member sssembled a8 2a open frame structure, the rail
members having walls defining apertures suitabls for
geceiving. in modular fashion, system components a5 needed
for different printing and manufacturing tasks; intarchange-
able recl assemmblies far holding, dispensing, and rewinding .
shecting material used with the printing system; aod a
printer mechanism comprising a printer suitable for printing
yariable indicia received from a coraputer onto a surface of
a first sheetdng material,
The laveation also includes manufactire of 2 Heense plate
comprising 3 this polymethyl methacrylate film face layer
having a thickness of less than about 1 millimeter: an
adhesive layer; thermally peinted indicia printed onto 3
tetrorsflective sheating; a regrorefiective sheeting: and a
fiuxablc backing layer connected to the retroreflective sheet-
ing. -
The invention also comprises a retroreflective polymeric
sheeting with variable printed indicia which provides
residual evidence of tampering due to distortion of the
indicia whea removed from an initial substrate. Retrorefiee-
tlve sheeting used with this invention may be “beaded
sheeting” in the form of an encapsulated-lens shecting (see,
for example, U.S. Pat Nos. 3,190.178; 4,025.159; 4.896,
943; 5.064.272; and 5.066.098, the disclosures of which are
incorporated here by reference). enclosed-lens sheeting (see,
for example, U.S. Pat. No. 2,407,680, the disclosure of
which is incorporated here by reference), or may comprise
remrorefiective cube corner elements (see. for example, U.S.
- Pat Nos. 3.684.348; 4.801,193; 4.895.428: 4.938.563, the
disclosures of which are incarporated here by reference),




an inkjet .style printer. Use of a thermal transfer printer
about a 10 anpere rating. Addi ti onal advant ageous features of system 10

i ncl ude feedback and control
according to the final

may requie up to

means for controlling the cutter opera- tion
position of the dancer assenbly to prevent cutter

bl ade operation when the sheeting is nog.t traveling at the correct speed.

This and other features relating to a
interction prevents accunulated errors fromresulting in

printer

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schcmatic view of a prindng system for
manufacturing improved data display retroreflective sheet-
ing i accordance with the present invention.

FIG. 2 is a plan view of retroreflective shesting in
accordance with the preseat {mvention produccd by the
systemm showa in FIG, L

FIG. 3a is a side elevation schematic view of a printing
system for manufacturing improved data display retrarefics-
tive sheeting in accardance with the present invention.

FIG. 3b Is 4 side elevation schematic view of a printing
system for manufacturing improved data display retroreflecs
tive sheeting in aceardance with the present invention.

FIG. 3¢ is & side elevation schematic view of a printing
$ystem for manufactiring improved data display retroreflec
tive shesting in accardance with he present invention.

FIG, 4 is 2 side clevation view of 1 printing system frame
rail asscrably.

FIG. § is 3 sidc view of a printing system frame U-channel
type rail asscmbly, -

FIG. 6 is a side section view of a vertical rail member and
a reel assermbly, -

FIG. 7 is a side section view of a reel assembly connected
to a mounting plate by a shaft block.

FIQ. 8a is a side section view of a laminator input dancer
assembiy.

FIG. 8b is a top view of & laminator {pput dancer.

FIG. 8¢ is a side view of a laminator input dance.

FIG. 9 is a side section view of a laminator assembly
taken alopg line 9—9 of FIG. 3a

FIG, 10 is a side elevation and partial section view of &
sheeter assembly taken along lines 18—10 of FIG. 3a.

mar k sensor" type of cutter and

REPLACEMENT SHEET

3 1DEC 1996




21 poor registration and inproper cuttng. This results In |Inproved
wast e prevention. inproved productivity, a mni- mzing of cutter wear, and
i ncreased systemcontrol. OQther optional features include use of tack rags
or vanadi um pent oxi de conductors which renove static fromprintable film
25. and use of optional weights or antibucking bl ankets configured between
| am nat or assenbly 120 and sheeter ass@nbly 125. FIG 2 discloses a
representative finished product sheeting 30 nanufactured using printing
system 10. A variety of

FIG. 1115 a froat view of a sheeter assembly section taken
along line 11—11 in FIG, 16,

FIG. 12 is 1 front view of 2 strip indicia applicater
asscmbly.

FIG. 13 Is a schematic view of 3 simplified electrical
dreuit diagram of one embodiment of reel assembly daive
Ineans power supply.

FIG. 14 is a schematic view of a simplified electrical
circuit diagram of one embodiment of takeup drive motor
power Jupply means.

FIG. 18 is a schematic view of & simplified electrical
diagram of a seasing and coatrol subsystem related to the
theeter assembly.

FIG. 16 is a side section schematic view of a printed
sheeting product produced by the printing system {n accor-
dance with the preseat invention.

FIG. 17 is a plan view of 2 portion of 2 printed sheeting
product in accordance with the present inventioa similar to
that shown in FIG. 16.

FIG. 18 is a plan view of the printed sheeting product
shown in FIG. 17 in which the indicia is delaminated and
distorted after removal of the product from a substrate.

FIQ. 19 is an exploded schematic view of an embodiment
of the shecting product shows ia FIG, 16,

FIG. 20 is an sxploded schematic view of aa erbodiment
of a sheeting product.

FIG. 21 is a side section schematic view of an embodi-
ment of a sheeting product ia accordance with the preseqt
invention,

FIG. 22 is a side section schematfc view of an embodi-
mest of & shecting product {n accordance with the present
invention applied to 2 non-smooth surface.

FIG. 23 is a2 side section schematic view of an embodi-
ment of & sheeting product in accordance with the present
invegtion applied to 2 smooth suxface. _

FIG. 24 is a plan view of a secure infocmation retrore-
flcctive sheeting product in accordance with the presear
invention having multiple 20nes of different indicia.

FIG. 25 is 3 plan view of an embodiment of 3 mirmror
image printed shecting product in accordance with the
present inveation.

FIG. 26 is a side section view of a kmowa licenss plate
construction. '

FIG. 37 is a side section view of an improved construction
licenss plate in accordance with the pregent invention.




products having different characteristics may be efficiently and durably
manuf actured using printing system 10. Prin- cipal advantages of printing
system 10 include its portability and cost. as well as its exceptional
capability of manufac- turing retroreflective sheeting products at a high
rats of speed and printing a highly variable data di splay on each product.
For exanple, referring to FIG 2. the Petter/nunber combi naton of
characters on a typical license plate nmay vary fromfive to eight dependi ng
on the country and region where the |icense plate is used. This al one
creates a signifi- cant anount of data change on each |icense plate.
However, printing system 10 provides neans for printing not only a very

ef ficient and high spﬁﬁ.ﬁ; Dl & ) sheeti ng conbi nati on,
- but also the ability | garal as manufacturer's
I dentification data repr'eg‘ a,d;;‘?], gt e qil%ﬁvm thin region 650 or

addi tional regions Hdbsceibingeprefenred Semimdinengi of) ¢fdthveddonif act ur er
i dentifica- specific terminology it used for the sake of clarity. The

Inveation, however, is noc intended to be limitad to the

gpecific termas so selected, and it is to be understood that each

term so selected includes all the technical equivalents that

operate similarly.

Systems for manufacturing recrarefiective sheeting based
products used for sighage. license plates, and other
purposes, comprise numerous inefBclencics and undesired
&xpenses. Often these systems use machines that ace quite
large and require extensive training of many people, and are
cumbersome to operats. While these systems might be
reladvely efficicnt at vesy high volume operations, they are
less suited for flexihility and dispersal to locations of pro-
duction where production volume may be less, Whils vari-
©0s aspects of current systems may be utilized in combina-

3 1DEC 196




tion data may include: the vehicle identification nunber; the year. nake.

and nodel

of the notor vehicle;

i nsurance conpany who insures the vehicle; and any ot her
to the state where the vehicle operates.

22

6

tion with features of thig invention to produce novel
products with great advantage, as clalmed below, a preferred
tew systern for masufacturing retrereflective sheeting is
schematically disclosed in FIG. 1.

Priating cystem 10 showa (2 FIG. 1 comprises data input
meaas. such as persooal computer 14, connected by data line
means 17 o a printing sysiem such as aa inkjet or thermal
printer 20, System 10 alzo may be optionally conaected by
telephone or other communication meags 18 to a central data
unit 19 to obtaia or verify certain print information. In oo
embodiment of printing system 10. printer 20 preferably
comprises A thermal transfer device such as that sold under
the wadc name TEK 402-A. ar other similar printers
manufactured, for example. by Printronix Corporation of
Irvine, Calif. Single or multi-color printers may be ased.

Preferably. printar 20 comgxises means for produciag 3
large smooth font of data and producing that data in a fast
print forrmatiing time pexiod. The peinter preferably shoald
be capable of re-formatting and printdong at least about 38
squacs inches (50 am?) to about 50 square inches (127 cn?)
of printed product per second. This results in a very high rate
of production. esseatially without slowing the manufactur-
ing process due to reformatting rime betwesn producte, For
example. vehicular licease plate sheetings having -2 size of
about 5 inchesx20 inches may be readily manufactured
using prioting systerm 10 at about 15 plates per minute.
Additional features of printer 24 include ruggedness and
durable compoaeats capable of producing about 1 million
feet or mare of printed products per year, at a low equipment
cost of less than about U.S. $20,000. Yet another advantage
of prnting systern 10 comprises use of computer 14 to
control low of the print medium (ink, colorant/binder) very
precisely, using dwell time aod temperature. while coating a
thermal print pigment directly onto retoreflecdve beads/
feases to achieve diurnal color equality or to permit coler
toning. This is particufacly useful, for exarple. when print-
ing noa-black tones for noa-esseatial or more subte pextions
of a lcense plats ‘which identify 3 car dealer. garage or

_manufacturer of a licsnsc plate rather than ths esseat{al plate

identitying indicia,

the owner of the notor vehicle; the

i nformati on usef ul
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H gh speed production of retroreflective sheeting with higly variable
data/indicia printed either on the sheeting or on a filmattached to the
sheeting provides great advantage to the portable printing system of the
i nvention. In addition. the design of the printing systemis quite
conduci ve to producing retroreflective _Fheeti ng products. such as printed
retrorefl ective sheeting product 530 shown in FIG 16. Product 530
di scloses retroreflective printable film30 which may be printed directly
wi t h al pha-nunmeric data 534 and then coated with an adhesive 537 such as a
prssure sensitive adhesive. Product 530 is preferably printed with a wax-
based col or ant/ bi ndeWhcagrigis 30 iiH chexmab/psintetnit praf=rablyingeesl f or attachnent
directly to a tran®arantesiouiased shegmalks tressfarsribbonnd rAlthehglc| e wi ndow. A
preferred wax conpdiffecent xibbobs mayx bei udedainl centaivpeimbediramatst i ng t enper at ur e.
The wax bi nder anderabplesof sditable tiblengdhclideathesecsold ubdayrth@2 i s absor bed by

trade names Zehra No. 5099 or §173 (resin) or 5030 (wax)

by Zebra Techaologies Corporaticn of Vernog Hills, IIl.. or

Sony Corporation 4077 (wax), Printronix densc wax 2150 or

regular wax 2200, or Azcoat™ black wax AZ 1120-87

manufactured by Process Label Cotporation. Minneapolis,

Mina. If the binder in a ribbon comprises a significant

amount of waxes such as paraffin, microcrystalline wax.

beeswax, candelilla, ozocerite, or carbowax, the ribbon is .

considered 8 wax-based ribbon. Waxes are low-melting

organic mixtures of compounds of high mol=cular weight,

solid at room temperature. and generally similar in compo-

sition to fats and os. except that they contain no glycerides.

Waxes are thermoplastic. but sizce they are not high

polymers. they are not considered to be in the family of

plastics. The thermoplastic propertics of waxes make them

excellent candidates far binders in thermal transfer ribboas.

because they tend to have sharp melting points, and are low

in viscosity in the moltea state. This allows colarant/bindes

to fow readily into paper fibers or onto films. Waxes are

useful for ribbons used for thermal printing, but bave the

drawback that the transferred colarantbinder from wax-

based ribbons often easily smears and scraiches off of

printed articles unieag it is sealed {n some suitable manner,

Other polymexs may be substtuted foc waxes in ribbons.
Ribbons made from such binders generally are called resin-
based ribboas. Resin binders In general do not have sharp
melting pofats a5 waxes do. but they are tougher and do qot
smear of scratch off like waxes do, Resin-based obboas may
hav:isomempo:;izx‘:ofbbv;axbinda?in ordertouguu
certain erties e ribbog, ¢.g.. relecase propertics, flow
c_hand:;pdcs. and the like, g g

A printable film 28 is passed through thermal pricter 20
and receives priated indicia that is formed whea ink, o
pigmeat/colorant and binder is traasferred from thermal
transfer cibboa 22. The printahie filra may then be combined
with another substrats, such as sheeting 28. A finighed
product of sheeting 30, such as that shown and described
below in reference to FIG. 2, and which iz optionally
rexoreflective. is produced.
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and/or is mgrated into and/or is attached to both the printable film and
the adhesive layer. This results in an advantageous | ack of conplete
adherence of the colorant/ binder to the flim making separation of
retrorefl ective sheeting product 530 fromthe transparent substrate 539
very difficult if not inpossible. wthout causing sone distortion to the
printing. This is achieved w thout use &f any release coating of simlar
preparation being applied to the film The invention works particularly
wel | for those wax-b ol ispder | Nafel Ons_ havi ng hi gh wax
content. An attenpt aﬁqﬁg&%}} ey tééﬁci? S&r _ ?%e“sﬁ*‘f ?IE to which it is
attached will rende - Bk S LT éT‘ 'btﬁé" Po 2o fMer or secondary
substrate because t ] 3 M.Iquﬁgmi zably
distorted. FIG 17 125 firadcioetion of the 3 F| G 16) which
has been printed ac U fe-eharactansies, of Aoty st em 10 (FI G
17). In cotrast. Flg‘” ., s0d other fpamres. .
amp to films for direct thermal
- peining include films and compositions disclosed in the
co-pending. commonly assigned patent spplication titled
“Thermal Print Receptive and Prangible Retrarefiective
Polymeric Shestings™ (Atorney Docket No. 48442USA6D)
which has been filed concurrent herewith by Bruce D.
Orensteen ct al. and {s incorporated here by reference.
BExamples of such sheeting films include various dursble
- polymeric sheeting materials of greater than about § microns
in thigknesa and preferably formed from & composition
comprising a polyurethane. The peeseat invention. however.
is not limited to the above referenced materials,
The ?lci)olymcco;gzh;eﬁng film may be formed from a
composition sing an aqueous aliphatic polyurethape
dispersion as disclosed in the above incaporasgz ﬁr::cncc.
Geaerally. such a flm may be formed from a composition
comprising between about 70 and about 100 parts by weight
* aqueous dispersion of palyurethane. the dispersion compris-
ing between about 45 and 5$ parts of water. between about
30 and about 40 parts of aliphatic polyurethane. betwezn
about § and 20 parts of N-methyipyrrolidone and between
about 1.0 and 2.0 parts of wiethylamine. The composition
may further comprise up (o about § parts by Weight aziridine
a-ouimk:x or up to about 4 parts by weight melamine
crosslinker, The conaposition could also be comprised of an
aqueous aliphatic polyurethane dispersion formed fom a
composition comprising from about § to about 60 parts by
weight acrylic cmulsion and about 40 to about 100 parts by
weight aqueous dispersion of polyurethane. which aqueous
polyurcthane dispersion comprises between about 45 and 55
parts of watcr. betweea about 30 and about 40 parts of
mpm? ?olyuuth.n.n?. The film may also be formed from a
composition comprising polyethyleneterspthalate and viny-
Lidine chloride/acrylonitrile copalymer,
Sheeting 28 or printable film 25 may comprise a zon
pre-coated _shee:ﬁxg. 4 cube cormer element sheeting, or &
retroreflective sheeting comprising exposed glass beads,
eocapsulated lenses. or onclosed lenses. Printable film 25
may comprise a variety of film tnaterials, as disclosad above,
although & suitable Alm comprises 2 12 micren to 100
micron thick polymethyl methacrylate (PMMA) material—
geovided the printable film is not used as a top printable film.
In an smbodiment such as that disclosed in FIG. 1. retrore-
flective shecting material 28 and printable Alm 25 are
preferably laminated together using anm adhesive.



been del am nated and distorted after attenpted renoval of the product from

Its original
23

adhesi ve attachnent site or primary substrate.

Alternately. if the lamination is not required then retrore-
flective sheeting 30 may be produced with use of a rerore-
flective top pcintable film 25.

Printing system 10 provides a low cost, modular, readily
transpanable system for peinting indicia on polymeric sheet-
ing matecials. Although other systeras are known for placing
indicla on shoeting materiale. such systems are large and
raquire sizable volumes of articles o be produced in acder
to be profitable. System 14, Ia contrast, is suftable for very
amall volume production as well as lacgs volume tasks, The
small size of system 10 reduces on-line material wasts,
requires less powez. and [s operabie with less people than
known printing systems for use with such madia. Indeed,
syssern 10 may evea be operated with cornmon houschald
power supplics, as discussed further below.

System 10 allows autemation with computer 14, such as
a partable desktop of laptop computez, to soxt. verify, repore,
and utilize various data. This promotes dispersal of system
10 to remote sites and raljeves central repositeries of data
from unnecessary processing slowdowns, These sutomation
features further emable improved direct marketing,
distribudon. and on-line auditing of the production of sys-
tem 10. This is a particularly advantageous combination of
featuwes whea the articles proditced include variable infor-
mation indicia. For exampie. this invention facilitates
printing. issuance. and verification of articles having item.
specific indicia at dispersal facilities. Variable information
for this kind aeed noc be varied st a regular increment. such
as in an alphanumeric scquence. Instead. indicia may be
varied in an item specific manaer, for example, by selecting
article-specific indicia immediately prior to printing such
indicia upon an article. Asticle-specific indicia may be
geaerated based upon desired input criteria, such as regis-
tration status, aame of individual requesting a printed artidle,
printing date, expiration date, product number, warchouse
location and the like. Combinations of criteria also may be
used, and/or separate cgiteria may be used to form sub-
¢lements of the formed jadicia,

S
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Anot her enbodi nent of product 530 maufactured with system10 (FIG 1) is
schematically shown in FIG 19. in which retroeflective printable film 25
conpri ses al pha- nuneric data 534 which is either variable or non-variable
data that has been printed on facing surface 545. For exanpl e,

al pha-nuneric data 534 nay conpri se dqﬁ% that varies in whole or in part
with each product, such as UZS N2A or S NMA. and the |like. Sheeting 28
conpri ses an adhesive backed renovable |liner which is renoved prior to
appl yi ng the adhesive | ayer 537 (which has been transferred to cover facing
surface 545 and data 534) to the substrate. such a a wi ndow, for which

product 530 is integde a1tk sk ' s A i || cause residual
evi dence in the ar’%g go ‘a&ét @ﬁtﬂe EE{; %}éﬂ alter, or other-
wi se deliberately X % uch.J &Y eﬂ r-pref erably
i ncl udes. teari ng,w’c,r ‘E; . %;r 1 i J&M‘_Q‘chut itable for

I o
a
\ airol, 'dur S0/ w
detection by the 1150 edsgpolymeﬁc sheetings of the inven-

tion also may be tamper evident ar frangible. in order to
iohibit theft and/or transfer of labels from onc item or
package to another item or package. Security alsc may be
eahanced by forming some potions of the variable informa-
tion indicia in a random or otherwise unpredictable mannes.
Randomized variable information indicia for labeled pack-
ages may be mainmained in a secure cenfral {nformation
storage system to inhibit fraud or theft, The randomized
variable indicia adheres to an upper partion of the printable
film or sheeting to produce an article. Such articles may or
may aot be combined with additional components to create
signage articies such as trafEc control materials. retroreflec
tive and non-retrarefl ective vehicte markings. retrareflective
garments, indoos/outdoor labeling products, frangible secu-
rity stickers. product authentication sheetings. inventory
labeling and control products. identification systems. of
license plate shectings. Articles produced by systera 10 may
further comprise articles with indicia applied before appli-
cation of indicia by system 10. such as through use of
printable film 25 or sheeting 28 which {5 pee-printed using
other printing means. _

FIGS. 3a. 3b. and 3¢ disclose embodiments of printing
system 10 designed for optimal! portability, intzrchangeabil-
ity of components, reversibility of components. and ease of
modular expansion for differeat produces. Printlog system
10 preferably comprises frume assembly 100 which has &
substantially pon-cnciosed configuration of vertical rait
members 103 and horizontal rail members 105. Preferably
the rall members each arc welded and then bolted together.
and may further comprise an cad gusset 108, shown best in
FIG. 4. for further swength and alignment. A strong material
s required far frame assexbly 100. such a5 ra iron. steel. o
aluminsum. A plurality of slots 112 are variously arxanged to
provide mounting means for receiviag and sccuriag other
bystem components to frame assernbly 100 in an efficrent yet
sturdy manner. For example. printer 20 is readily placed an

" hocizontal rail assembiy 105 and then accurately positioned
and secured at the proper location along leagth L according
to the particular operation required. Although aogle {ron-
type rail assemblies are depicted in FIGS, 34. 3b. 3¢, and 4.
and U-channel type asserblics are depicted in FIG. S. other
strong shapes may be acceptable and within the scope of this
invention.




al t hough a machi ne detectabl e enbodi ment may al so be suitable in some
applications. for exanple, such as with bar code scanners. FIG 20
di scl oses anot her enbodi nent of a useful, secure. information product
manuf actured by printing system 10. which utilizes the system advant ages of
hi gh speed produc- tion of high vari ag' lity printed data as well as very
| ow cost manufacturing processes and b]ui pnment. Printed retrorflec- tive
sheeting product 552 is substantially simlar in structure to product 530,
and conprises retroreflective printable film30. and a pressure sensitive
adhesi ve | ayer 537 transferable fromsheeting 25 (28 in FIG 1). which
conprises a renov- able liner. In this enbodinent. sheeting section 556 may
be either die cut to Thpdirosnsions of frame asambly106 nsdycvary sagander i ph- er al
portion 558 or it ndpgto uses requirddy kowedver, framet asseenably 300 peafest nt i ng neans
associated with prirabiyhis quits compet amdilightweighfuregardless ofi@Bypt abl e provi ded
that section 556 redeiseasble length necessary to accommodate the number of
modular components as shown and described below. Print-
ing system 1@ peeferably bas a size and weight that epables
it to be transported relatively easily by either one or two
persons. Por example. in the embodiments shown in FIGS.
3a. 3b, 3c. 4, and S. framwe assembly width W is about 18
inches (46 cm), height H is about 36 inches (51 em) and
leagth L. which {s particularly variable. is about 60 inches
(152 cm). In gencral, the printing systems occupies a volume
bounded by thosc dimensions and has a weight of approxi-
mately 190 to 220 pounds (86 1o 100 kdlograms).
Referring again to FIGS. 3a and 3b, printing system 10 is
shown with frame assembly 100 providing suppart and
alignment for a plurality of system compoaneats. Printer 20
is shown as a ribbon based printer in FIG. 3a and aa [niget
printer in FIG, 3b. Prnter 20 may actually comprise a
plurality of printers. and is shown positioned on optional
mounting plate 116 for ease of movement along the frame
assembly. Mounting plate 116 is preferably connected with
4 bolt machanism to a printer clamp rail snd clamp plate to
pertnit ease of positioning and securing along rail member(s)
105. This feature is also useful with other system compo--
nents,
FIGS. 3a and 35 disclose additonal coraponents such as
laminator gssembly 128, laminator input dapcer assembly
173. shecter assembly 125, and 3 plurality of recl assemblies
128. Reel 3szembly 128 is designed to hold and dispense a
peintable media suitable for receiving printed indicia which.
in the embodiments depicted. comprises printable film 25, A
liner re-wind reel 134 provides means for rewindiag a liner
material 138, Sheeting reel assembly 141 comprises sheet-
ing reel 143 for holding and dispensing sheeting 28. The
sheeting reel asi€inbly 141 fusther comprises optional ten-
sioper and auxiliary unwind mechanism 148 (FIG. 3a) to
facilitate proper tension at a locatioa 150 suitable for liner
~ removal. Optional product rewind reel assembly 153 s
useful for rewindlng printed products such as printed lami-
nated retroreflective sheeting 158 when the product {s
desired in 8 roll form. An optional tensioner mechanism 161
(FIG. 3a) also may be provided, which operates similar to
mechanisms 148. A positdon adjustrment assembly Is also
provided on each reel assembly to provide axial movement
of cach mandrel to adjust the tracking of matarials on the
reel assemblies.
The embodiments of system 10 shown ia FIG. 3¢ is-
similar to that of FIGS, 3a and 35. However, the embodi-




printed indicia on top face 561. Peripheral portion 558 is then renoved by
t he product user, and the product 552 is then placed agai nst a transparent
substrate, such as w ndow gl ass. - :

24

FIG 21 discloses anot her enbodi nrent of a useful, secure.

12

ment shown in FIG. 3¢ Includes a roll coater assembly at
locatior 159 rather 4 liner removal site. Coating rollers 157
transfer adhesive to film 36, with idler and teasion rollers
151 muintaining tension ln the film during application.
Curing oveas 152 permits curing of the adhesive on the film
prior to re-wind. In this embodimest. laminator 120 ix
rcplaced by the roll coater asserubly 2nd the curing oven.

Printing system 10 pravides interchapgeable reel means
for receiving, holding. dispensing, and rewinding various
sheetings or sheeting layess, This feanue ig useful in reduc-
ing the iaventory of sparc parts agd maintenance tocls
roequired for rellable system performance. The configuration
is also of modular design to enable expansica of contraction
of the system componeats with great ease, Various types and
aumbers of printers may be used with printing system 10,
certain noa-{aminated products ray be advantageously pro-
cessed with this system without any laminator assembly 126
or related cquipment, addidonal laminator assemblics may
be added, and sheeter assambly 125, useful for cutting
products to a desired length, may be added or removed as
nw‘m‘

In operation, readily transportable penting system 10
preferably comprises a thermal printing compenent which
utilizes either the wax or resin based ribbogs described
above. Printable ilm 29 is configured on printable film reel
assembly 128, Optional tensioner mechanism 162 provides
tensioning and overspeed protection so that printable filra 25
passes through printer 20 to receive printed indicia st a
printing location(s) depicted generally as Jocation 166, The
printable fllm exits the printer component and is either
routed to laminator assembly 120 or receives additional
printing/indicia prior to further processing. In some
cmbodiments. the printed film may be routed direcdy to 2
cutting or rewind station.

FIG. 3a and FIG. 12, described mocs fully below, dis-
¢loses one embodiment of an cpdonal soip indicia applica-
tor asscrbly 171 useful for applying strips or labels of
indicia onto the printablc media prioc to further processing.
This is particularly useful for applications where 2 maau-
facturer’s deatity. or other non-variable {ndicia. is to be
placed on a product in cornbination with variable priated
indicia. As ooted sbove, this indicia might also be pre-
applled to printable film 25 or sheeting 28 prior to use with
system 16. The stip indicia may comprise a halographic
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I nformati on product 566 which may be.efficiently manufac- tured utilizing
print system10 (FIG 1) to achieve the opti mum benefits of a | ow cost
manuf act uri ng system and a process capabl e of very high speed. high data
rate. and high data rate variability print requirements. It
that this and ot her enbodi nents mght in the future, actual

structurally arranged according to thi 83
manuf acturi ng systens or alternate nmanu- facturing systens which

alternate

I's recogni zed
ly be

I nvention using |less efficent

create the structures disclosed but are able to do so because one of the

limtati ons noted above is not present

in the particular design of the

product or the printed indicia. Product 566 is preferably manufactured by
mrror or reverse i mag e ,Sri nt,i n%; i ndicia 569 onto a trans-

film25. By "reverse

whi ch has its part sémbodReats inFIG, dasIdd FIG: 8aan

non- superi nposabl e3¢ 38r tsleasi288 nprovidesiensionion film 2% of Emilaeeved i n

80p 1pp

media. This reduces slack in the fitm, Tacks the material, and

promotes uawrinkled lamination of film 25 with sheeting 28.

The operation of laminatar input dancer assembly may also

provide sheeting speed of travel information o cqotrol the

x;c?mr on laminator assembly 120, as discussed furth
oW, :

_ In the embodlment of FIG. 3a, sheeting reel assembly 141
is showa dispensing retroreflective sheeting 28 via optional
tensioner and auxiliacy uawind mechanisim 148 to laminator
umnb}y 120. Sheeting 28 may have an adhesive layer
which is protected by liner 138, This liner is removed at
selected location 150 and rewound on recl 134, Lamiaator
asscrobly 120 comprises adjustment means and drive means
for optimizing the positioning and twension on the shecting

Particular problems are encountered when trying to cut
sheeting which is moviog through equipment. These prob-
lems are further complicated by sheeting having a layer of
adhesive, One of the problems that is associated with cucting
is the characteristic of relatively pooc printing capability
when a printable media is repeatedly started and stopped to
enable cutting. It is moet preferable to have coatinuous
peinting. or if stoppage of the sheeting must occur, thea to
design the stoppage synchronous with ead of print or
noa-print periods, Another possible solutioa to this problem
is to use a rotary cutter mechanistn. However, rotary cutters

require expensive thming mechanisms and are time consun-

ing to sharpen. In contrast, sheeter assembly 125 comprises

- avery efficent mechanism for sheeting operations. Sheatar

assembly 125 is easily removed for blade sharpening, other
maintenance, or replacement. FIGS. 10 and 11 provide
further disclosure of embodiments of shester assembly 125.

If products produced by printing system 10 are to be cut
into sheets, then shecter assembly 128 will likely comprise
a final step in the process of the system, However. if a roll
form of product is required, then product rewind reel assen-
bly 153 may be used.

Pr—

parent printable

| ¢RACH s sh@umtlntm;gg;#uaammn of indicia
ABAFRIGBI y similar but
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amrror. After formation of the reverse image. an adhesive |ayer 572 is

| am nat ed over indicia 569 and printable film25. The product is then
provided to a user for direct application onto a snooth substrate 575 such
as a wi ndow or vehicle body. FIG 25 discloses one enbodi nrent of a product
614 which may be efficiently nmanufactured in this nmanner. FIG 22

di scl oses an al ternate enbodi nent prrﬂﬁed sheet- ing product 580. In this
enbodi ment product 580 conprises the layers of product 566 but with an
additional l|ayea 583 which nmay conprise either a retoreflective or non-

retroreflective material. as well as at |east one cutout region 587 which

permts direct contactFIf. ddiifddsce al sidersebtion wickh of Steiidaf kb 580. In
addition to indicia niSnber 108 gada ROMackdublP 1783060 A3tintdbid il | or to the
application of produgdel itknilily 128 or sheRtibS tredlt ibly KICIR&F by neans of a
pen, typewiter. or Qidagibly I7¥ jeferably’c s iaRdfell 182\ QmC1R8L 1 butes to the
highly taller- able @iider P8R, Sfake meBh Ol 19D 3Rckié 4B0E fehdd 19, Very locali zed
and positioner 198. Mandrel 182 is designed for mounting a
core of rolled material on outer surface 200 for dispensing
and usc in printing systemn 16. A preferred mandrel com-
prises material suitable for holding & roll of material while -
also affording opiimum transpartability of the system com-
poacats. For example, mandrel 182 may comprise aluminum
with a thres inch diameter D and 2 stainless stee] shim 204
for properly retaining a roll of matecial on the mandrel.
Instead of using & shim, 2 mandrel might have a flat section
suitable for use with a core holder rod to retain a roll of
material on the mandrel. Backstop means 206 and hand
screw flange 207 provide end ajignment of material mounted
on the mandrel, Stainless steel drill rod 210 provides sturdy
support for mandrel 182 as well as connection with drive
shaft 214, Drill rod 219 is supported by bearing assembly
218, which may comprise a cantilever type bearing
assernbly. as shown in FIG. 6.
Brake mechanism 191, and the positioner 198 may be
used in combination. singly. or not at all depending oa the. .
configuration of printing system 10. As shown in FIG. 6.
brake mechanism 191 functions to provide braking mecans
for preventing ovesspeed damage 3¢ well as to prevent
unnecessary unwinding of sheeting mounted on mandrel
182. Although a plurality of brake mechanisms may be
effectively utilized. a preferred brake mechanism comprises
wedge washer arrangement 222 in combination with bearing
wedge block 228 surrounding shaft bearing 227, Bearing
wedge block 225 comprises brake material adhesively
applied to effect braking action, Shaft bearing 227 floats oa
drill rod 210. Wedge washer arrangement 222 is mechani-
cally fastened to cantilevered bearing block 223. Fixed
bearing washer 230 provides further functional interaction
as part of brake mechanism 191. In ag alternate
embodiment. web/sheeting tensioning may be accomplished
by use of lincar spring racchanisms which would be pref-
erably configured off of arra 185, or coil spring mechanisms [

which would be preferably configured around bearing

_—
-

;s“sembxy 218 and connected to a fixed member and to arm REPLACEMEN?,,QSE

mining the position of arm 188 at agy tme, permitting

Positioner 198 comprises potentiometer means for deter- 3 1 DECH90¢

potitive or negative drive to be applied to drive means 194,

Drive means 194 preferably comprises a drive motor, such g




and tenporal indicia to be applied to the product. For exanple, indicia 591
m ght be a date or tine nmark applied by a parking | ot attendant to denote

tinme of entry into a parking facility. As shown in FIG 22, substrate 590
to which product 580 is being affixed may conprise a snoboth or a non-snooth
substrate, with the latter represented by irregu-

conprise a vehicle body corru- gati-on
vehi cl e body surface, or simlar surface.

| ar surface 592, which ny

non- snoot h projection of the

as 2 DC tervomotor. and is used to coatrol dancer 188, If &
drive matar is used thea it may be preferable to utilize either
a float or flexible coupler zrangement in cooperation with
the motor in order to take up any torque and podsible
misaligament. 1t [s recognized, however, that certain flexible
couplings could add uawantsd size to the assembly and
require protective coverings. If a drive motor is not used,
thea positioner 198 [s likely to be of no use and may be
removed from the system.

Dancer 188 is preferably constructed of a durable yet light
weight matetial. such as alumigum, Delron® brand polymer,
Teflon® brand plastic. or varicus polymers. Dancer 188 is
preferably anached to arm 185 using drill rod 234 preferably
manufactured from a very durable stock material. Recl
assembly 178 is attached to vertical rail member 103 with 3
plurality of bolts 236 and washer/shim material 238, The
washer/shim material 238 at 3 top and bottom portion of
vertical rail member 103 provides excellent ramming for
systera aligament and orjentation with a minimum of efact.
Rubbar gromumets 241 overcome misalignment between

moter drive shaft 214 and mandrel drive shaft drill rod 219,

FIG. 7 discloses an alternate erabodiment reel assembly
245 connected via shaft block 250 to a mounting plate
portion 253, which may comprise & portion of or be attached
to vertical rail member 103. In the ambodiment disclosed in
FIG. 7. core mandrel 256 {s supported by mandrel bearings
259 on mandrel shaft 261. A core spring grip 264 provides
means for sccuring a roll of material on care mandre! 256.
Axial suppert and positioning is provided by spacer 267,
thrust bearing 272, braks pad washer 274, and pressure
washer 277. Pressure washer 277 is preferably keyed to
mandrel shaft 261 to allow movement in 2 shaft axial
dircction but to prevent rotation. Bissing means 280 aad

adjustable sut 282 provide spring load support %o pressure

washer 277 and permit preset spring compression braking
action to occur to prevent overspeed or unwanted rotation of
core mandrel 256. Additional features of FIG. 7 include

adjustable backstop 286 for support of aroll of matexialon

the core mandrel. and washer/shim material 238, again
provided for proper alignment and Tamming of the assem-
bly. The embodimeat of FIG. 7 in which an adjustable sut

- 282 is used to control resilient biasing and to cxeate drag is

uscful only uatl an spproximate rato of initial to final roll
size of marterial is less thaa about 3 to 1. When the initial to
final roll sizc rato exceeds about 3 to 1. then alternats

braking means, such as that shown io FIG. 6 are prefemred,
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25 FIG 23 discloses an alternate enbodi nent secure infor- mation
product which is essentlaly identical to product 580 but which Is applied
to a snooth surface, permtting contact of adhesive |ayer 572. in part.
with a portion of substrte 590. This is acconplished by adhesive | ayer 572
actual ly sagging. surging or otherw se pressing against substrate 590
rat her than being peaetrated by a protlfsusi on of substrate 590. One exanpl e
of a particul ar adhesi ve which denonstrates excellent properties for use
wi th products 530, 552, 566 and 580 is manufactured as Scotch[err] Brand
Protected G aphics System Lam nati ng Adhesi ve No. 9457. by M nnesota M n-
I ng and Manufacturin npgny of St. Payl. Mnn. This adhesive provides
excel | ent adhesion éﬁg’::get@i‘a%{q Qe trﬂr} A FASR | ow shear
strength.  Use of JABGEr Asembly 286, MEnEAncEn 2880 Wbpvi ates the
_ substaptially similar ia construction and us¢ to dancer 188
described above, Dancer 288 is coanected by rod 291 to arm
294. Laminatar input daacer assembly 286 is prefezably
provided with upward teasioa by use of a wound spring
arrzngernent (got shown) and posiioning means 297. Arm
294 is conaected via hub 300 and support bearing 302 to
shaft 305. Positioning means 297 senses the location of am
294 and permits regulation of spring tension to optimize
opecation. Washer/shim material 238 also is provided for
tamiming, as necessary,
FIGS. 8 and Bc are other embodiments of a dancer
assembly 288’ configured for placement within the laminator
assembly as shown ia FIG. 3b. This ioternal configwration
maximizes the angle of entry of printable film 2§ ogto 2
larninator roller. Dancer assembly 288° comprises dancer
rotation rod 311 potitioned so that dancer roller 312 opti-
mizes the control of sheeting while permitting virtual abut.
ting placement of printer 20 against laminator assembly 120.
In particular, this anti-steeting feature maximizes the wrap
of the Alm oa the & iate laminator roll which reduces
the tendeacy for axisl movement of rmatesisl oa the varicus
rolls. Such movement is caused in printing/lamination type
systems, in part, by operation of laminator rewind mecha-
nisms, This further enhances the compactness and improves
operation of system 10. However, this close relation of the
laminator assembly and the printer alsa requires 3 high
torque drive system, a capability for matching the speed of
a il 28 with sheeting 28. and maintaining the matched
speeds of the different substrates during operation. Potent-
ameter mechanism 313 is coanected betwéen rotation rod
31t aad a side partion of laminatar 120. This permils
accurate electrical feedback to control the positfon/speed
relation of dancer assembly 288’ and film 25.
FIG. 9 is 2 side section view of one embodiment larninater
assernbly 120 taken generally along line 9—9 of FIG. 3a. In -
this smbodiment. a pair of side supports 31¢ provide sypport
means for idler pressure roll 313 and driven roll 317.
. Suppart bearings 319 provide support for driven coll 317 and
idler pressuxe roll 313. Idler pressure coll sliding block 332
provides means for raising and lowering roll 313 and to
adjust idler pressure roll pressure.

|| 31DECM9%
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need for using weak adhesion pre-layers. as currently requi
val i dation or secure information products. such a stickers.

i nvention utilizes

froma ribbon. is marred due to its uneven renoval

i s recogni zed t hat

areas for pre-print
wat er mar ks. ot her

combi nati on of that
applied with d|ffer
conbi nati on product

red by sone
| nst ead, the

the print layer/indicia layer itself as a weak adhesion
| ayer. Again. this results in the uneven and used appearance of the product
after it has been renoved fromcontact with a substrate where the printed
indicia. which is preferably a soft wald substrate thermally transferred

in the above-described products of the i

a& i nfor- mati on.

fromthe substrate.

It

nvention, either
a printable filmregion or a retroreflec- tive sheeting region may conprise

eokdlea mrmmmas stads relaiber i ng. | ogos.

vé“d)%ll 831 7 Ainag |ptmami a possi bly
yassv&&a@ %&z N i sttt act o

L}.roﬂliﬁcamﬂﬁ or a plurality of roll lift cams,
is rotated relative to idler pressure roll lift shaft 330. Motion
of roll lift cam 326 permits the vertical motdon of Aoating
bearing blocks 356 relative to top support 333, idler pressure
roll adjustment nut 337. and biasing means 340. Drive
means 342 is connected o driven roller 317 via flexible
motor coupling 345. Base suppart 348 is connected to a
horizonal rail member of printing systern 10 using bolts aad
shim/spacer means 350 to ephance tam adjustments and/or
height adjusnmnzs

FIG. 10 is a side elevation view of ope embodiment of
sheeter assembly 125, Sheeter aszembly 125 prefecably
coraprises means for providing a scissor-like cut to the
continuously moving sheeting material, It is important 10
provide a substantially continuous ruaning web ar sheeting
material until the precise mornent when a cutter blade

engages the shesting. However, the ¢ontinuous action of the.

sheetng before it eaters the sheeter assembly is maintained.
as described below. Kaife blade 364 is aranged. as shown
in FIGS. 16 and 11 above an anvil edge 366. Knife blade
odge 368 is slanted or angled relative 10 anvil edge 366,
which permils progressive cufting of material passing
through sheeter assembly 120 cutting port 370 as knife blade
edge 368 engages the material from left to right, as shown
in FIQ. 11. Clamp member 373 and clamp pad 375 provide
mesans for short duration stoppage of the partion of sheeting
158 which is abaut to be cut,

Movement of*knife blade 364 relative to anvil edge 366
is provided, {n this cmbodiment, by action of 3 sensing and
control subsystern comprised of solenoid 378, biasing means
380 and sensing means 382, In operation. as senzing means
382 scoses predicted indicia or 3 time magk, solencid 378 is
acwated to force nife blade 364 downward in a cutting
motion soward anvil edge 366. Although shecter assembly
125 is designed to be relatively compact and lightweight. it
is possible to achieve greater than about 30 ibs of downward
peessure at the cutting point while maintainiag a re.lwvely
small size and weight through use of the novel combination
of solenoid 378 and slanted knife blade 364. This combi-
naton provides excellent cutting capability with substan.
tislly no stoppage to the continuous motion of sheeting
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as secure information product 600 disclosed in FIG 24. Product 600 is one
exanple of nultiple zones of different types of indicia. different types of
sheeting layering. and different colors. For exanple. in an actual product
600. the region 603 may conprise a first color. region 605 nay conprise a
second color. region 607 may conprise a third color. and the al pha-nuneric
indicia nay conprise varied colors. ¥ is also recogni zed that the various
regions may al so cogpelifc]sd ' mﬁr' Lo pch permts
retrore- flective b@&hﬁf&’gﬁwwﬁmg érﬁﬁ otrast to the

i ndicia on product $§0ss iPaid¥esin Rdpocit 39 scticadfAaREaI4IIBARdDAr code indicia
610. or other sim | piksisg meREEcISVCS &Civents 369 Riaintaind irirh| €

i nformati on/ i ndi ci aandTdtigBrnegwdfi the asstinbly wittothecemaiaderaf priatil arl y useful in
appl i cations such aciagepitim 1€ corponcntsaPoctions afithd cutdngstrupthesses. This type of
product nay even f amxy icomprise aptiohsl Ireazasph -tp yrevett any adimsivet her hi gh- way
check stations for buikiuplfrem tgesforingdvith blade eparations can- :

The embodiment of sheeter assembly 128 showa i FiG.
3b comprises a preferted amrangement of dual solencids 378
connected by return springs with the cutter blade arange-
‘ment and the assembly frame. Use of dual solencids to
actuate the blade cut results in very Hnear action of the¢ blads,
which further improves coatrol. particularly when compered
with a stepper motor type of cutter systern, Shock mitigating
bumpers also may be provided to isolate the action of the
blade opesstion fram the printer operatioa. '

Anocther component of printing system 10 comprises an
optional strip indic{a applicator assembly. FIG. 12 discloses
one embodirneat of stdp indicia applicatar agsembly 171 in
which a supply roll 39 of pre-printed {ndicia. for example,
dic cut labels, having gaps between indicia labels it provided
along with 3 means for removing the indicia labels from the
tiner and liner windup means 392. Supply roll 390 provides
a supply of liner 395 having the pre-printed and optionally
pre-cut label indicia thereon. Liner 395 passes side roller
397 and encounters liver stripping aovil 400 which sepacates
the indicia from the liner. The stipped liner 403 passes
around a distal ead 404 of liner stripping aavil 469 and
returns to a roll form of lndicia-free liner 406. The indicia
such a5 labels 419, are guided by air jet means 412 into
indicia guide chanael 414, Labels 41¢ are each then gutided
ooto printable film 2§ just prior to passage through rolls 418,
which may coroprise non-driven soft rubber or polymer
rolls.

In operation, gap seasar 421 is preferably configured to
sense cither clear stock or oo stock. the latter providing
indication of a gap in the material passing the scasor.
Although ather means of synchroaous operation are possible
usidg sensing means, gap sensar 421 provides one embodi-
ment of 2 simple method of providing coordination between
liner feed and liner rewind operation. A liner windup motor
is started by & mark sensar 424 sensing a mark or predicted
indicia on printable filra 25, then a liser drive motar is fed
high cwrreat for a period of tme or receives pulses from 2
motor eacoder uatil label 410 is attached to the printable Alm
2S5, The current is then reduced so that the web pulls the
supply roll and the liner tension is minimal. Gap seasor 421
then stops the process. and resets for the aext process. The
pacticular configuration disclosed iz FIG. 12 of optional
strip indicia applicator assembly 171 is quite advantageous
over other systems in view of nog-coatact with any adhesive
which may reside on labels 410.




nabl e security information stickers such as product 600. This al one may

provi de substantial savings. permt alternate allocation of scarce hi ghway
adm ni stration funds. inprove 26

19

Referring sow 1o FIG. 13 a simple citcuit diagram
discloses one embodiment of reel assembly drive means
powe supplies. As shown in circuit 427, reel drive motor
429 voltage is controlled by output 431 of voltage compara-
tor 433 which functions as a drive power resistar which
allows the necessary voltage to maintain dancer assembly
position constant, Voltage comparator 433, which is actnally
an operational amplifier. receives potentiometer voltage
output 435 indicating location of dancer mechanisms of
similar coraponcats. A represcotative operational amplifier
is an LM 324 sold by National Semiconductor Carparatioa.
Feedback loop/gain control clrcult 437 provides means foc
comparing a mialmum voltsge relative to poteatiometer
voltage output.

FIG. M4 is a simplified circuit diagram 440 disclosing one
embodimeat of current cogtrolled takeup drive motor power
supply means. Takeup drive motor 442 receives constant
voltage input 444 from the output of comperator 446.

446 generates the coastaat voltage by compar-
ing pre-act curreat 449 of currcat adjustable potentomater
458 with tho outpat voltage 452 of motor 442. The voltage
drop across the low chm of resistor produced the measused
current which is compared to the pee-set curreat to supply
the output voliage which is. dierefor, referenced to & current,

FIG. 158 discloses a simplified electrical diagram of the
seasing and control subsystem related to the sheeter agsem-
bly 125. In this figure, circuit 456 discloscs soleacid 378,
sensing means 382, one shot mark senzor drive 583, and
comparator 5¢7. In operation. sepsing means 382 signals
oo¢ shot mark sensor drive 503 which outputs a signal 510
© 507. The outpur 513 of comparatar 387 is
derived from the input voltage 510 relative to the refercace
voltage 516, Output of power transistor 513 signals actua-
ton of solencid 378.




safety and security for operators of such vehicles, and inprove the safety
of citizens and police officers when utilized in cooperation with |aw
enforcenment prograns. This would al so permt increased automati on and speed
of content. weight, and registration verification at highway checkpoints
for trucks and ot her vehicles. the i nformati on which is showi as
printed infor- mation on product 600 FIG 24 may be printed at high
speed and | ow cost using the above enbodlnents of printing system 10 (FIG
1). This information may be placed on substrates, such as stickers, which
may be directly printed or mrror inmage printed, such as shown in the m nor
I mge product 614 of FIG 25 The advantage'of products manu- factured

simlarly to product L %& i ent continuus
format producti on. Hﬁ: tory control. and
thermal transfer or ‘ﬁ 5%'}91 gf& !mzéal er | ocations or

ot her blems by minmmng a suitable tension in the
sheenngs. for example. by use of dancer assemblies as
described above, and mainuaining 2 high torque in roller
drive motors to permit rapid acceleration and rapld fesponse
t0 systern changes, This requires sepsiive gain control
subsystems. and utilization of motar drives which are direct
current only. This facilitates smooth and rapid response.
More particulasly, peefexred direct current motors compeise
gear driven flat and compact motees which provids good
control of texque at key polnts in the manufacturing process,
for example: at the point of liner separation. e.g.. locaton
150. and other locations. Examples of preferred motors
include direct current servomotors known as ferrite gear-
motors sold undet the model numbers 9FG/2S: I(windup reel
assemblies) and SFGHD/SO: 1(laminator assembly) by PMI
Motion Technologies. Incorporated. These motors have 2ero
clogging for smooth operation. low inertia to provide fast
acceleration and rapid response to cornmand signals, and
comprise & Jarge number of pojes while having a very light
armature. Each moter has an overall weight of less than
aboutr 3.4 pounds. These features further ephaace the
sespoase time of these motors and maigtain 2 constant,
linear. non-jerking movement of the sheetings passing
through printing system 16. The direct current electric moter
for use with the laminator assembly comprises coatinuous
torque values in a range of between 30 inch-pounds (3.4
Newtons-meter) and S0 inch-pounds (5.6 Newtons-meter).
and a high torque value of about 208 Inch-pounds (23.5
Newtoas-meter) to provide rapld response to printing system
demands.

Systtm 10 may be operated with alterpating current
power supplics which may vary depending on the capahility
and availability of 3 power comverter. For example. the
system may use either & 110 volt or 220 volt supply and
requires only & one ampers power supply for operation with
an mkjet style priater. Use of a thermal transfer printer may
fequice up to about 8 10 ampere ratlng,

Additional advantageous features of system 10 include
feedback and control means for controlling the cutter opers-
tion according to the final position of the dancer assembly to
prevent cutter blade operation when the sheeting is aot
traveling at the comect speed. This and other features
relating to 3 “muck sensor” type of cutter and printer
interaction prevents accumulated errors from resulting in




| ocations. This permts diversification of printing | ocations froma
centralized location to nunerous local sites in a very efficient and cost
effective manner. In addition, products manufactured according to the above
processes and with the. above equi pnment assist authorities in detecting
stol en vehicles and registration violations. and acconplish this through
suppl emental use of bar code reader/cokbuter sys- terms to enhance the
safety of officers approaching vehicles having these registration stickers.
A police officer or other government offical or authorized person could
obtain infor- mation from product 600 by pointing in information intake
device or "gun" towards the product and pressing a button or otherw se
instructing the device to read the information on the product. Product 614
may be retroreflective as shown in the enbodi nents di scussed above to
facilitate reading the information froma d&ta% muonal ly. a
conbi nati on of vehigpdoe nigtraiqu iand imppaper cakinga o0 on stickers for
the - lmptovc%s wuteq‘ptevendon. improved pgaducumy. A minj-

mizing of cutter wear, and increased system congol. Othex

optional features include use of tack mgs of vanadium

pentoxide conductors which remove statc from printable

flim 25, and use of optiona] weights or antibuckling blankets

coafigured betweea faminator assembly 124 sod theetsr

assembly 125.

FIG. 2 discloses a representative finished product sheeting

30 manufactured using printbg system 10, A variety of

products having different characteristics may be eficiendy

and dugrably masufactured using printing system 10, Prin-

cipa] advantages of printing system. 10 include jts portability

and cost, as well as ite exceptional capability of manufac-

turing retrorefiective sheeting products at a high rats of

speed and printing a highly variable data display on each

product, For example, refezring to FIG. 2, the letter/number

combination of characters on a typical license platc may

vary from five to eight depeading on the country and region

where the licease plate {s used. This aloae creates a signifi-

cant amount of data change on ¢ach license plate. Howaver,

printing system 18 provides means for printing aot caly a

very efficicat and high speed alphs-numeric license plate

stheeting combination, but also the sbility o incorporate

other data, such as manufacnurer’s identification data repre-

septed by the indicla within region 650 or additional regions

such as region 651 or region 652. Manufacturer identifica-

tion data may include: the vehicle identification number; the

year, make, and model of the motor vehicle; the ownes of the

motor vehicle; the iasurance company who insures the

-vehicle: and any other information useful to the state whese

the vehicle operates.
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vehicle |icense plate or the wi ndow vehicle descriptor |abel could be
produced for issuance in a single pass through printing system 10 for new
vehicle registrations and |icense plate reissues if a conplete vehicle
regi stration systemis desired. The custoner. vehicle dealer. or state
appoi nted agent could apply the | abel groduct to the vehicle with the
preferred | ocati on being on the i nsi d&of a wi ndow.

27

High speed production of reworefiective sheeting with
highly vaciable data/igdicia printed cither on the sheeting or
on a film attached to the sheeting provides great advantage
to the portable printing systam of the inveation. In additiou.
the design of the printing system is quite conducive ta
producing retroreflective sheeting products, such as pinted
reroreflective sheeting product 530 shown in FIG. 16
Product 530 discloses retroceflective printable filn 30 which
may be printed directly with alpha-suraeric data 534 and
then coated with an adhesive $37 such as a pressure sensitive
adhesive. Product 530 {s peeferably printed with a wax-
based colorant/binder, as described sbove, and is designed
for attachment directly to a ransparent substrate, such as a
moter vehicle window. A preferved wax comprises a soft
wax with a low appiied melting temperanure, The wax binder
and colorant from thermal transfer ribboa 22 is absorbed by
and/or is migrated into and/or is awached to both the
printable film and the adhesive layer. This results in an
advantageous lack of complete adherence of the colorant/
binder to the film. making separation of retroreflective
sheeting product 530 from the transparent substrate 539 very
difficult, if not impossible, without causing some distortion
to the printing. This is achieved without use of any release
coating or similar preparation being applied to the film. The
invention wocks particularly well for those wax-based
colorant/binder combinations having high wax content. An
atcmpx to remove product §39 from the surface w which it
is attached will reader the product noa-transferable to
anothex or sacoadacy substrate because the thermally peinted
data will be recognizably distorted. FIG, 17 discloses a
portion 542 of product 830 (FIG. 16) which has becn printed
according to the above description using tystem 19 (FIG.
17), 1a contrast, FIG. 18 discloses portion 342 which has
been delamidated and distarted after attempted removal of
the product from Its original adhesive attachment site or
peimary substrate,




It is recognized that the inpoved data display retrore- flective sheeting
I ncl ude not only license plates
and vehi cul ar | abels, but other wuses such a sheet signs. security

where a variety of information is

processes and products of this invention

stickers. and the like. In particular.

desired to be used with retroreflective sheetings.

various manufacturing and recognition

printing system 10 with advanced conputati on neans.

or when any of the

obl ens descri bed above are to be
overconme, then the new systemof printing is preferred. In addition. use of

such as software

conpati ble wth nost personal conputer systens. enables use of an enhanced

character recognition systemfor enhancing the

Another embodiment of product 530 manufactured with
syhs::nm 1) is saemmﬁqﬁﬂz ::som in FIG. 19. in
w ective prin comprises alpha-
nurneric dat §34 wnig; is either variable or noa-variable
dara that has been printed on facing surface 545. Fer
example. alpha-numeric dats 534 may comprise data that
varies in whole or {a part with each product, such as U7S
N2A or UGS N4A. and the like. Sheeting 28 camprites an
adhesive backed semovable liner which is removed pder to
applying the adhesive layer S37 (which has been transferred
to cover facing surface 545 and data 534) to the substrate,
such as & window, for which product 530 is inteaded Lo be
affixed {n a manner which will cause residual evidencs in the
article when an attempt is mads to remove, alter, ot other-
wise deliberatsly tamper with it. Such residual evideace
geferably includes. tearing, cracking, stretching or defor-
mation suitable for detection by the upalded human eye
although a machine detectable embodiment may also be
sutitable in some applications. for example, such as with bar

code scanners.

FIQ. 20 discloses another embodiraeac of 1 useful, secure.
information product manufactured by printing system 19,
which utilizes the system advantages of high speed produc-
tion of high varlability printed data az well as very low cost

- manufacturing processes and equipmeat. Printad refroreflee-
tive sheeting product §52 {s substantially similar in structure
to praduct 5§30, and comprises rexcrefiective printable flm
30. and a pressure sensitive adhesive layer 537 transferable
from sheeting 25 (28 ia FIG. 1). which comprises a remov-
-able liner. In this embodiment, sheeting section 556 may be
cither die cut to separate it from removable sheeting periph-
eral portion 5§38 or it may first be directly printed onto by
printiog means associated with printing system 18. Bither
sequence is acceptable provided that section 356 receives

gxinted indicia on top face S61. Peripheral

poction 558 is

then removed by the product user, and the product 552 Is
then placed against a transparent substrate, such as window

glass,
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human readability of characters such as indicia on signage. Software and
progranmm ng whi ch provi des enhanced char- scter recognition includes

i solation and identication algo- rithnms suitable for avoi ding confusing
conbi nations of indicia, auromatic print altering features which alter

adj acent indicia that would ot herw se f ovi de a confusing or non-

di scerni bl e appearance to a hunman eye,‘%roviding algo- rithnms suitable for
utilizing previously-disallowed indicis or indicia conbinations in order to
use fewer al pha-nuneric characters while sinmultaneously achieving a greater
nunber of possible conbination of such indicialcharacters, or pro- viding

advanced al gorithm c geDPPaicabaL afthlr f oftd Jsefiil, sef@ncenents to
optically advance tgi [ @Eﬁm&% %&W Qﬁ%b@f'mf:hifﬁﬁer al ong an
optical string rath rﬁz . .
g peint system 10 (FIG. 1) to achieve the _
optiraum benefits of a low cost manufacturing system and 2
peocess capable of very high speed. high dats rate. and high
data ratc variability print requirements. It is recognized that
this apd other embodimeats might, in the future, actually be
structurally arranged according to this invention using less
efficient alternate manufacturing systems or alternate many-
facturing systems which create the strucnires disclosed bue
are able o do so because one of the limitations noted above
is not present in the pasticular design of the product or the
printed indicia, Product 866 is preferably manufactured by
mirror of revesse image printing indicia 569 onto a trans-
parem prigtable film 25. By ‘Yeverse image printing” is
meant the application of indlcis which has its parts reversed
with respect 16-ap esseatially similar but aon-
superiroposable repeesentation of the indicia. as if viewed in
a mirrog, After formation of the reverse image. an adhesive
layer 872 is laminated over indicia $69 and printable film 25,
The peoduct is then provided to a user for direct application
onto a smooth substrate S7S such as a window or vehicle
body. FIG. 25 discloses one embodiment of a product 614
which may be cfficiently manufactured in this manner.
FIG. 22 discloses an alternate embodimcnt printed sheet-
Ing product £80. Ia this embodiment. product 58¢ compriscs
the layers of product $66 but with an additional layer 583
which may comprise elther a reorefiective or nom-
- retroreflective material, a5 well as at least one cutout region
8£87 which permits direct contact of adhesive layer 572 with
substrate §90. In add{tion to indidaﬁsﬂ. é:dich 591 msg b;
applied just prior to the application of product
<J£2;u£30£:duubynwézgﬁapukqmcwﬁu&ctQME
marker. This feature further contxibutes to the highly aller-
shls attributes of product 380 by permitting very localized -
and temporal indicia to be applied o the product. Foo
example. isdicia 591 might be a date or time mark applied
by & parking lot attendant to denote time of entry into a
parking facility. As shown in FIG. 22, substrate 590 to which
product 580 is being xffixed may comprise a smooth o &
son-smooth substrate, with the latter represented by Fregu-
1ar surface 592, which may comprise a vehicle body coau-
gation or pon-¢rmooth projection of the vehicle body surface,
oc similar surface. '
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28 commenci ng the optical recognition at the beginning or and of a
string. These and ot her advanced techni ques of enhanc- ing human character
recognition of indicia on |icence plates and other signage dramatically

i ncrease the safety and security of users and observers of this signage.
and are now nade possi bl e and afforda%ge using the teachings of this

FIG. 23 discloses 20 alternate embodiment secure infor-
mation product which is essentially identical to product 580
but which s applied to a smooth surface, pamitting contact
of adhesive layer 572, in part, with a portion of substrate
590. This is accomplished by adhesive layer 572 actually
sagging. surging. of otharwise pre¢sing against substrate 590
father than being penetrated by a promusion of substrate 596,
One example of a particular adhesive which detnonstrates
excelleat properties for use with products 538, 552, 566, and
$80 is manufactured as Scotch™ Brand Protacted Graphics
System Laminating Adhesive No. 9457, by Minpesota Min-

- ing and Manufacturing Company of St. Paul. Minn. This
adhesive provides excellent adhesion characteristies while
maintaiging very low shear streagth.

Use of the above secure information products obviates the
peed for using weak adhasion pre-layers. as cumently
required by some validation or secure information products.
such as stickers. Instead, the invention utilizes the print
layev/indicia layer jtself as a weak adhesion layer. Again,
this results i the uneven and used appearaace of the product
after it has been removed from contact with a substrate
where the printed Indicia. which is preferably a soft wax
substrate thermally transferred from a ribbon. is marred due
10 its uneven removal from the substrate.

It is recognized that [n the sbove-described products of
the invention, ¢ither a pristable film region or a retrorefices
tive sbeeting region may comprize areas for pre-printed
information such as coasccutive mumbering. logos. water
marks. other anti-counterfeiting measures or general infor-
mation. A comblaation of that inforrgation plus other print-
able Indicia. postibly applied with different types of printing
systems. permits manufacture of combinatios products such
as secure information product 600 disclosed in FIG. 24,
Product 600 is one exaruple of multiple zones of different
types of indicia. different types of sheeting layering. and
different colers, For example, in an actual product 600. the
region 603 may comperise a first colar. region 605 raay
coraprise & second colat, region 607 may comprise a third
color, and the alpha-numeric indicia may comprise varicd
colors. Itix also recognized that the various regions may also
comprise different sheeting material, which permits retrore-
fective backgrounds or lack theseof to provide contrast to
the indicia on product 600. Product 600 also discloses use of
bar code indicia 610. or other similar purpose densely
packed highly variable informatian/indicia. This combins-
tion product is particularly useful in applications such as
vehicle registratons or license plates, This type of product
may evea facilitate rapid through-put at toll or other high-
way check stations for vehicles equipped with remote scan-
nable security information stickers such as pcoduct 608. This
tloaes may provide substantial savings, permit alternate -
allocation of scarce highway administration funds, improve




I nventi on. Yet anot her aspect of the invenion conprises use of thin film
mat eri al s manufactured according to certain processes to inprove

retrorefl ective sheeting data display. Use of thinner filmnmaterials to
manuf acturi ng high efficiency, high resolution retroreflective sheeting
products is particularly useful in Iicggse pl ate and street signage

mar kets. For exanple, FIG 26 shows a ction view of a typical |icense

pl ate 620 manufactured in the United Ki ngdom Li cense plate 620 conprises a
rigid transparent face |ayer 622 adhered over reflective sheeting 624 and
adhesive | ayer 626 and cut letters/indicia 629. Additional adhesive 628 and
a pol yet hyl enrephthal atte (PET) backing film 631 conplete the structure.

Li cense plate 620 cl ear face | ayer 622 has a yﬂ cknegs ,of ahQout 2 mmto

about 3 nm This cle yé”y q"c@%}?’a rs 70 provides

an appearance of dept . di sadvant ages
°°°P¢' orcement programs.

would also permit :nctcased autcmanon and speed of
content. weight, and registration verification at highwsy
checkpaints for trucks and other vehicles.

All of the information which {s shown as printed infor-
mation on product 60@ in FIG. 24 may be printed at high
speed and low cost using the above crabodiments of printing
gystem 18 (FIG. 1). Thiz information may be placed oa
substrates, such as stickers, which may be directly pdntad o
mirrec image printed, such as shown [n the miner image
product 614 of FIG. 25. The advantage of products manu-
factured similarly to product 600 and peoduct 614 include
the efficient continuous format production. using consecus
tive numbering for ioveatory control. and thermal wansfer or
inkjet printing at nurnerous vehicle dealer locations or other
locations. This penmits diversification of printng locations
from a ceatralized location t numerous local sites in a very
efficient and cost effective maaner In addition. products
manufactured according to the above processes and with the,
above equipment asgist authcrities in detecting stolen
vehicles and registration violations. and accomplish this
through supplemental use of bar code reader/computer sys-
tems to cnhance the safety of officers approaching vehicles
having these registration stickers. A police officer or other
gavernment official oc authorized person coufd obtain infor-
mation from product 604 by pointing an informatioa iataks
deviee oc “gun” towards the produet and prossing a button
or otherwise instructing the device to read the infocmation
on the product. Product 614 may be retroreflective as showa
in the embodiments discussed above to facilitate readiag the
information from a distance. Additionally. a combination of
vehicle description paper ¢ard and validation stickers for the
vehicle license plate or the window vehicle descriptor label
could be produced for issuance [n a single pass through
printing system 14 for gew vehicle rsgmnncns and license
plate reissucs if a complete vehicle registration system is
desired. The customer. vehicle dealer. or state appointed
agent could apply the label product to the vehicle with the
peeferred location being on the inside of a window.

R
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of this type of

| icense plate include a vey high cost to manufacture and a

requirement that the rigid transparent face |ayer 622 be fairly thick in
order to maintain its appearance and weat her resistant characteristics.
Typically, this face | ayer is manufactured using pol ynet hyl

(PMMA) bl anks which require a cunbersaone,

met hacry-

| at e

slow. and costly piece-work plate

maki ng process rather than a con- ti n#dus process. and further cause |ayer
622 to fracturs readily on inpact.

It is recognized that the improved data display retrore-
fective sheedng processes and products of this inventioa
include not only license plates and vehicular labels, but other
uses such as street signs, security stickers. and the like, In
particular. where a variety of infermation is desired to be
used with remorefiective sheetings. or when any of the
various manufacturing and recoghition probleras described
sbove are to be overcome, then the new system of prioting
is preferred. In addition. use of prindag system 10 with
xdvanced computation means, such as software compatible
with most personal computer systzams. enables use of aa
enhanced chapacter recognition system for eabancing the
human readability of characters such as indiciz on sigoage.
Software and progranming which provides enhanced char-
ascter recogaition [ncludes isolation and identification algo-
rithms guitable for avoiding confusing combinations of
indicia, automatie print altering featuces which alter adjacent
indicia that would otherwise provide a confusing of non-
discernible appearance to a human eye, providing sigo-
rithms suitable for utilizing previously disallowed indicia or
Indicia combigations in arder to use fewer alpha-aumeric
chasacters while simultaneously achicving a greater umber
of possible combinations of such indicis/charscters, or pro-
viding advanced algorithmic support for mid-character
string enhancements to optically sdvance the instantaneous
viewing locaton further aloag an optical string rather thag




29 Referring to FIG 27. an inproved construction |license plate 636
I's disclosed. License plate 636 conprises a rela- tively thinner PMMA film

face |l ayer 638 than layer 622 in FIG 26.

reflective sheeting 640. adhesive

643. al pha nuneric lettering/ladicia 646. adhesive |ayer 648 and rel a-
tively thicker backing and support |ayer 651 as conpared with layer 631 in
-FIG 26. Use of a relatively thick bac%gng and support |ayer 651.
preferably manufactured using alu- nminumor an acrylonitrile butadiene
styrene (ABS) type material. povides the needed rigidity for license plate
636. while the use of thin filmfor face |layer 638. preferably with

commeacing the optical recognition at the beginning or end
of a string, These and other advanced techaiques of cahanc-
iag human character recognilion of {nd{cla on license plates
and other signage dramatically increase the safety aad
security of users and obsarvers of this signage, and are now
made possible and affordable using the teachings of this

iavention.

Yet another aspect of the {avention comprises use of thia
Aim materials magufactured according to certain processes
to {mprove retroreflactive shoeting dats display. Use of
thinser film materials to manufacture high efficlency, high
sesolution retroreflective shecting products is particularly
useful in license plate and strect signage markets. For
example, FIG. 26 shows a section view of a typical license
plate 620 manufactred in the Ubnited Kingdom. License
plate 628 compcises a rigid transparent face layer 622
adhcred over refiective sheeting 624 and adhesive layer 626
and cut letters/indicia 629. Additional adhesive 628 and 2
polyethylencterephthalate (PET) backing film 631 complete
the structixe. License plate 620 clear face layer 622 has a
thickness of about 2 mm % aboat 3 mma This clear layer
oveg the alpha aumeric characters 70 provides an appearance
of depth which is appealing 1 motcrists. The disadvantages
of this type of license plate include a very high cost to
manufacture and & requirement that the rigid transparent
face layer 622 be fairly thick in order to maintain jts
appearance and weather resistant characteristies. Typically,
this face layer is manufacturad using polymethy! methacry-
late (PMMA) blanks which require 3 cumbersome, slow. and
costly piece-work plate making process rather than a coo-
tinuoys process. and further cause layer 622 to fracture

readily oo impact.




A thickness of no greater than about about 0.1 mm provides inproved
retroreflectivity as conpared with the thicker |ayer 622 depicted in FIG
26. In addition. the use of a thin filmface layer of the type shown in
FIG 27 permits significant printing advantages. For exanple, although
hi gh vol une manufacture of |icense plate 636 could possibly include use of
printing nmethods such as el ect rographiz,9 printing shown in US. Pat. No.
5,085,918, which is incorporated herein by reference. a nore decentralized
manuf acturing process uti- lizes printing system 10. License plate 636
permts |ower cost manufacture through use of less costly materials, such
as high density polyethylene (HDPE) or ABS. to provide nost of the needed
plate rigidity. Preferably such materials have a thickness of between about
2.2 millineters and atRaferigg & FIG! 27 a0 imsprovetl constructjopvlicenstost may be
achi eved t hrough useplate §36dx disdosed Liccayeplatt 634 eompxises acelpr ovi de nuch of
the needed plate ri gively thinnet FVMMAfirofscertaytrs 638 than layer 622 in

FIG. 26. reflecive shecting 640. adhesive 643, alphs

sumcric lettering/iadicia 646, adhesive layer 648, and rela-

tively thicker backing and support layer 651 as compared

" with layer 631 in FIG. 26. Use of a retatively thick backing

and support layer 651. preferably manufactired using alu-

minurm or an acryloaitrile butadlepe styrene (ABS) type

material, provides the needed sigidity for license plate 636,

while the use of thig film for face layer 638, preferably with

A thickness of no greater than about about 0.1 mm. provides

improved rerorefiectivity as compared with the thicker layep

622 depicted in FIG. 26. In addition. the use of a thia film

face layer of the type shown ia FIG. 27 permits significant

prindng advantages. For example. although high volume

manufacture of license plate 636 could possibly include use

of printing methods such as electrographic printing showain

U.S. Pat. No. 5,085,918, which is incorporaied herels by

reforence. & more decestralized manufacturing process uti-

Uzes printing system 10, License plate 636 permits Jower

cost manufacture through use of less costly matesials, such

1 high density polyethylens (HDPE) or ABS. to provide

most of the needed plate rigidity. Preferably such materials

have a thickness of between about 2.2 millimeters and about

3.8 millimeters. In addition, lowcr cost may be achieved

through use of inexpeasive recycled materials to provide

much of the needed plate rigidity. Other improvements

ioclude better control of finished plate brightness and

appearance, processing advantages through use of a con-

tinuous process rather than a piece process, an improved

impact resistance which promotes greater longevity of plates

producad according to this process. and an increased volume

of diffescnt dats which may be placed onto the plates by use

of the novel printing system 10 disclosed above.
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I nclude better control of finished plate brightness and appear ance.
processi ng advant ages t hrough use of a con- tinuous process rather than a

pi ece process. an inproved inpact resistance which pronotes greater
| ongevity of plates produced according to this process. and an increased

LA TS S LT S o AR <

CLAIMS

We claim:

1. A method of making a durable, weathes-resistant ret.
rorefiective article. the srticle having buried, readable indi-
cla printed by a thermal printer, comprising the steps of:

a) providing first and second polymeric laycrs. oue of said
layers being retroreflective and one being non-
tetrareflective. one of said layers having at least one

- surface suitable for receiving peint indicia from a
thexmal prdinter;

b) providing a deflnition of an image to a computer. the
image to be printed as indicia on said at least oae
surface by said printer; _

c) generating a computerized version of the image with
the compurer;

d) employing the therma] printer to transfar the comput-
erui?;d version of the {raage to the at least one surface
using 8 wax colacant/binder to form said peint indicia;
and

¢) adhering the first and second layexs together.
sotnnthepdnthMWdaispodzgzzzignweu:&wtkn

2. The method of claim 1 wherein the computer and
printer are able to seformat and print about 90 square
centimeters to about 127 square centimeters per second of
indicia onto said at least one surface. _

3. The method of claim 1 wherein the color tone of the
print indicia is controlled by varying the dwell ¥me and/er
temperature of said themmal printer.

4. The method of claim 1 wherein the print indicia is
applied to said at least one surfacs as a mirror image of the
indicia intended for viewing by users of the retrareflective
article.

5. The method of claim 1 whereia the non-retrareflective
layer is an adhesive layer and said at least one suxface is a
light-impinging surface of the retrorefiective layer.

€. Method [n accordance with claim § wheeein the wax
colorant/binder adheres to both the light Impinging surface

. of the retrareflective layer and the adhesive layer.
7. Method is accardance with claim 6 further comprising
~ applying a thin layer of palymethylmethaarylate to the
adhesive layer. _

8. Method in accordance with claim 7 further comprising
adhering a backing 1o the retroreflective layer using a secoad
adhesive layer.

9. Mecthod in accordance with claim 1 further comprising
substantially coatinuously moving the retroreficctive article
having buried, readable indicia therein through a sheeter
assembly, the sheeter assembly comprising means for pro-
viding a scissar-like cut to the substantially continuiously
moving retroreflective article,




CLAI M5 W claim 1. A nethod of meking a durable, weather-resi stant
ret- roreflective article. the article having buried, readabl

printed by a thermal printer. conprising the steps of: a) prOV|d|n

first and second polyneric |aycra one of said | ay “ﬂ‘ﬂ“mmml “M
retrorefl ective and one bei ng non- retroreflectiv ers
havi ng at | east one surface suitadle for recei ving print 4 nd |C|a from
a b) providing a definition of an inage to a conputer, the

i mage to be printed as indicia on said at |east one surface by said
printer; C) generating a conputerized version of the image with t he
conput er; d) enpl otdnMetliod idhaccoedanps iwitheclaim 9 rwlreséiarthehe conput -

sheeter assembly comprises & knife blade aod an anvil edge.
the knife blade having & knife blads edge that is slanted
relative to the anvil edge. the sheeter assembly further
comprising a clamp-member which provides means for short
duration stoppage of the mrcrsﬁadlve article which is about
to be cut.

11. Method in accordancs with clajm 10 wherein move-
ment of the knife blade relative to the anvil edge is provided
by action of a seasing and contral subsystem comprising a
solencid, biasing means. and sensing means, wherein as the
sensing means scases a predicted lndicia or a time mark on
the retrorefiective article. the solencid (s actuated o force
e knife downward in a cutting motion toward the aavil
edge. |

12, Method in accardance with claim 11 fusther compris-
ing aligning the knife blade as it moves in response to the
solencid and biasing meanx.

13, Method in accardance with claim S comprising msin-
taining sultable teasion {n the reroreflective layer prior to
adhering the retroreflective layer 10 the adhesive layer.
14, A method of making a combinstion secure informa-
sfon retrocefiective article, the method comprising the steps
a) supplying a n'evinuuy printed retrocefiective sheetin
halv’gg nonvxriable print [ndicis printed thereon; ¢
b) selecting a second sheeting materdal comprising 2 liner
matceial having a die cut area and a pecipheral arca and
having & pressure sensitive adhesive coating on ane of
Its major surfaces;
¢) providing a definition dnunagatowompuu the
. image to be printed as variadble print indicia on said die
cmuuofmchmmmdbyamumdmnwn
d) generating a computerized version of the image with
the computer;
¢) employing the thermal priater to transfer the comput-
erized version of the image to the die cut area of the
liner material using a wax coloraavbtinder to form said
variahle print indicia; and
f) adhering the retrorefiective sheeting to the pressure
seasitive adhesive of the sccond sheeting material.
15, Method in accordance with claim 14 wherein the
computer and printer are able reformat and print about 90
square ceatimeters to about 127 square ceatimeters per
second of indicia onto the liner material
16. The method of claim 14 wherein the coler tone of the
varisble print ind{cis is controlled by varying the dwell time
and/or temperature of the thermal printer.




erized version of the image to the at |east one surface usi ng a wax

colorant/binder to formsaid print indicia; and e) adhering the
first and second pol yner | ayers together. so_t hat | Fndicia is
posi ti oned between the first and second | ayers. 2. The nmethod of
claim1 wherein the conmputer and printer are able “lmm pri nt
about 90 square centineters to about 37 square clau cond of
indicia onto said at | east one surface. 3. The rtet hod" of" cl'aim 1
wherein the color tone of the print indiciais contolled by varying the
dwel | time and/or tenperature of said thermal printer. 4. The met hod of

claim1 wherein the print indiciais applied to said at |east one surface
as a mrror imge of the indicia intended for view ng by users of the
retrorflective arti QifeThe method of claim 14 wherein the vaciable print
Indicia is applied to said liner material as a mirror image of
the indicia intended for viewing by users of the rerorefiec-
tive article.
18, Method in accocdance with claim 14 further compris-
{ng substastially continucusly moving the combination
secure information retrarefiective article through a sheeter
assembly, the sheeter assembly compdsing means for pro-
viding a sdissor-like cut to the substantially continuously
19. Method in accordance with claim 18 whesein the
sheeter assombly camprises a knife blade and an anvil edge.
the knife blade haviag a knifc blade edge that is slanwed
relative to the anvil edge, the shecter assembly further
comprising 2 clamp member which provides means for short
duration stoppage of the retrorefiective article which is about
to be cut.
20. Method i{n accordance with claim 19 wherein move-
meat of the knife blade relative to the anvil edge is provided
by action of a sensing aod control subsystem compriging 2.
salenold. bissing means, and sensing means, wherein as the
sensing means sensés & predictad indicia o & ime mark oa
the retroreflective article, the solenoid is actuated to force
the knife downward in a cutting motion toward the anvil

21, Method in accordance with claim 28 further comypris-
{ng aligning the knifc blade as it moves in reeponse to the
solegoid and biating means,

22. A nmethod accoeding 10 claim 1 wherein the thermal
printer transfers a multi-color printed indicla oato the at least
ons surface,

23. A method according to claim 14 wherein the thermal
pribter transfers 2 multi-color variable print indicia oato the
dle cut area of the liner.

24. A method of making & durable, weather-resistant
retroreflective article, the article having buried, readable
indicia printzd by an inkjet printer, comprising the steps of:
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5. The method of claim 1l wherein the non-retroreflective layer is an
adhesi ve | ayer and said as |east one surface is a light-inpinging surface
of the retraoraflective |ayer. 6. Method in accordance with claimb
wherein the wax col orant/binder adheres to both th 1 i '
surface of the retroreflective |ayer and the adhesmmgﬂmrlm”"ﬂu-yMl/Et hod
I n accordance with claim6 further co ising applyihg @ thi® | &yer of

pol yrmet hyl met hacryl ate to the adhesive |ayer. 8. Method in accordance

with claim7 further conprising adhering a backing to the retroreflective
| ayer using a second adhesive |ayer. 9. Method in accordance with claim

1 further conprising ﬁ)s_ubs nt4 i sl y _novin he retrorflective
article having buried o ﬁ;ﬁﬁ%ﬁﬁ' I [:;ifsheeter
assenbly, the sheeter 0 wwtﬁrﬁv t'mVi ding a

Mpitite “tndi

{
scissor-like cut to th RIS oy sl c‘i:n'omaa
inkjet printer; -

b) providing a deflnition of an itnage to a computer, the
image to be printed as {ndicis oa the at least one surface
by the inkjet peinter; '

¢) generating & computerized version of the image with
the computer;

d) employing the inkjet printec to kansfer the computes-
ized version of the in;’:; to the at least one surface,
thus forming the peint indicia; and

¢) adhering the first and secoud polymer layers together.
s0 that the print indicia is positioned between the first
and second layers,

35. The method of claim 24 wherein the INKJET printer

:;a‘.as a multi-coler print indicia oato the at least ome
ace,

26. The method of claim 24 wherein the computer and
printer are able to reformat and priat aboat 90
centimeters to about 127 square centimeters per second of
Indicia oato the at least one surface,

27. The method of clalm 24 whersin the print indicia is
applied to said at least one surface as 2 mirror image of the
indicia intended far viewing by users of the retroreficctive

28. The method of claim 24 whereia the aon-
retroreflective layer is an adhesive layer and said at least one
surface is a light-Impinging surface of the retrorefiective

layer.

29. The method of claim 28 wherein the print {ndicia
adheres to both the light impinging surface of the retrore-
flective layer and the cimahn‘m layer.

30. The method of 29 further comprising applying
a thin layer of polymethylmethacrylate to the adhesive layer,

31 The method of claim 30 further comprising adhering
abacking to the retroreflective layer nsing & second adhesive

layer.

y; The method of claim 24 further comprising substag-
tially coatinuously maving the retroreflective article having
buried. readable indicia therein through a sheeter assembly.
the sheeter assembly comprising mcans for providing a
scisdesqr-lik: cut to the continuously moving retrorefiectve
article.

33. The method of claim 32 whercin the sheeter assembly
comprises a knife blade and an anvil edge, the kmife blade
having a knife blade edge that Is slanted relative to the anvil
edge. the sheeter assembly further comprising a clamp
mcmber which pravides means for short duradon stoppage
of the retroreflective article which is about to be cut.




noving retroreflective article. 10 Method in accordance with
claim9 wherein the sheeter assenbly conprises a knife blade and an anvil

edge. the knife blade having a knife bl ade edge that—is——stanted—+elative to
the anvil edge. the sheeter assenbly further

! AW T

34. The method of claim 33 wherein movement of the:
knife blado relative 1o the aavil edge is provided by action
of A s¢nsing and control subsystem comprising 2 solenoid.
biaging means. and seqsing means. wherein as the sensing
means senscs 3. predicted indicia or timeé mark on the
retroreflective article, the solenoid is actuated to force the
Xnife downward in a cutting metion toward the anvil edge.

35. The method of claim 34 further comprising aligning
the knife blade as it moves In response to the solenoid aad
biaging means.

36. The method of claim 28 further comprising maintain-
ing suitsble tension in the retroreflective layer prior to
adhering the retrorefiective layer to the adhesive layer.

3. A method of making a combination secure informa-
g‘pn retrogefiective article, the method comprising the steps

a) supplying a previously peisted retroreflective shesting

ha\%ﬁguonvgiable peint Indicia printed thereon;

b) sclecting & second sheeting material comprising  lines
. material having a die cut area and & periphecal area and
having a pressure seasitive adhesive coating oa one of
its major surfaces: _
¢) providiag a definition of an image to a computer. the

¢ t0 be printed as variable print {ndicia on said dis
lclun:'uuofggnlimmuﬁalby an inkjet printer;

d) generating & computerized version of the image with

the computex:

¢) employing the inkjet printer to transfer the computer-

ized versian of the image to the die cut area of the liner
material to form the variable print indicia: and

f) adhering the retroceflective sheeting to the pressure

seasitive adhesive of the second sheeting material.

38, A method according to clafm 37 wherein the inkjet
priater trasfers a multi-color print indicia oato the die cut
area of the liner.

39. The method of claim 37 wherzln the computer and
printer are able to refoomat and print about 90 square
ceatimeters to about 127 square centimeters per second of
indicia anto the at least one surface.

40. The method of claim 37 wherein the variable print
indiciz iz applied to said st least ons surface as a mimror
image of the indicia intended for viewing by users of the
retroreflective dd‘u

41. The method of claim 37 further comprising substan-
tially continuously moving the retroreflective aticle having
buried. readable indicia therein through a sheeter asgembly.
the sheeter asscmbly comprising means for providing a
ﬁ’f'm cut to the continuously moviag retrereflective
: (%




conprising a clanp-nmenber which provides nmeans for short duration stoppage
of the retroreflective article which is about to be cut. 11. Method in
accordane with claim 10 wherein nove- nent of the knife blade relative to

the anvil edge is provided by action of a sensing and controt—stbsystem

conpi sing a sol enoid biasing nmeans. and_sensi ng nean '
sensing neans senses a predicted indicid%or a tine W;"' mlﬂ!ﬂﬂnmu i' -
orce poll

retroreflective article the solenoid is actuated to

downward in a cuttig notion toward the anvil edge. 12. Method in
accordance wth claim 11 further conpris- ing aligning the knife bl ade as
It noves in response to the solenoid and bi asi ng neans. 13. Method in

accordance with claim5 conprising main- taining suitable tension in the
retroreflective layer prior to adhering the retroreflective |ayer to the
adhesi ve | ayer. 42.'The method of claim 41 wherein the sheeter assembly

comprises a knife blade and aan anvil edge, the knife blade

baving a knife biade edge that is slanted relative to the anvil

edge. the sheeter assembly further comprising a clamp

member which provides means for short duration stoppage

of the retrareflective article which is about to be cut.

43. The method of claim 42 wherein movement of the
knife blade relative to the anvil edge is provided by action
of 2 sensing and control subsystem comprising a solencid.
biasing means, and sensing means. wherein as the sensing
means senses a prediceed indicia or time mark oo ‘the
retroreflective article, the solencid is actuated to farce the
knife downward in a cutting motion toward the anvil edge.

44. The method of claim 43 further comprising aligning
the knife biade as it moves in response 10 the solenoid and
biasing meags.

l:é.'l‘he mezhod of claim 1 whereln said article is a licenss
p 5
_ 46.The method of claim 1 wherein portions of said indicia
are variable and are selected immediately prior to making
said article. . -

47. The method of claim 14 wherein said article is a
license plate.

48. The method of claim 14 wherein portions of said
indicia are variable and are salected immediately prior to
making said article, :

49. The method of claim 24 wherein said asticle is a
license plate,

50. The method of claim 24 wherein portions of said
indicia are variable and ars selected immediately prier to
making said article. - :

$1. The method of claim 37 wherein said article is &
license plate.

32. The method of claim 37 wherein portions of said
indicia are variable and arc selected immediately pricr to
making sald article.

AENT.OF




14. A nmethod of making a conbination secure informa- tion retroreflective

article. the nmethod conprising the steps of: a) suppying a previously

printed retroreflective sheeting havi ng nonvariable print indicia

printed thereon; b) selecting a second sheeting nmaterial conprising a

i ner material having a die cut area and a peripheral area and

havi ng a pressure sensitive adhesive c88ting on one of Its maj or

surf aces; c) providing a definition of an inmage to a conputer. the

i mage to be pr MEEHOD FOR CTURING IMPROVED DATAcDISPLANt area of

the liner material by a t hREFROREFLIECTIVE SHEETEN@! i ng a conputeri zed

version of the inmage with the conputer; e) enploying the thernal

printer to transfer the comput- erized version of the inage to the die

cut area of the liner material using a wax colorant/binder to formsaid
ABSTRACT

A portable system and method for printing variable infer-
matiog Indicia on a reflective sign comprises providing a
first polymeric sign componeat having a surface suitabls foe
geceiving & printed image. A defioltion of an image to be
priated oq the first sign compoaent is provided to a portable
computer. Indicla in the form of images is then rapidly
transferred to the surface of the first sign component.

FIGURE 3A




variable print indicia; and f) adhering the retroreflective sheeting to
the pressure sensitive adhesive of the second sheeting materi al. 15.
Met hod in accordance with claim 14 wherein the conputer and printer are
able reformat and print about 90 square centineters to about 127 square
centinmeters per second of indicia onto the liner material. 16. The met hod
of claim 14 wherein the color tone of the variable print indicia is

controlled by varying the dwell tine ant/or tenperature of the thernal
printer.
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17. The method of claim 14 wherein the variable print indiciais applied to
said liner material as a mrror imge of the indicia intended for view ng
by users of the retroreflec- tive article. 18. ‘Method in accordance with
claim14 further conpris- ing substantially continuously noving the .

conbi nati on secure information retroreflective article through a sheeter
assenbly, the sheeter assenbly conprising neans for pro- viding a

scissor-like cut to the substantially céntinuously noving retroreflective
article. _
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19. Method in accordance with claim 18 wherein the sheeter assenbly
conprises a knife blade and an anvil edge. the knife blade having a knife
bl ade edge that is slanted relative to the anvil edge, the sheeter assenbly
further conprising a clanp nmenber which provides nmeans for short duration
stoppage of the retroreflective article which is about to be cut. 20.

Met hod in accordance wth claim19 wherein nove- nent of the knife bl ade
relative to the anvil edge is provided By action of a sensing and control
subsystem conprising a sol enoid, biasing neans. and sensi ng nmeans, wherein
as the sensing neans senses a predicted indicia or a time mark on the
retroreflective artitcle, the solenoid is actuated to force the knife
downward in a cutting notion toward the anvil " 24. Method in accordance
with claim?20 further conpris- ing aligning KAmite bl ade as it noves in
response to the




sol enoi d and bi asi ng neans. 22. A nethod according to claim1 wherein
the thermal printer transfers a nulti-colo printed indicia onto the at

| east one surface. 23. A nmethod according to claim 14 wherein the
thermal printer transfers a nulti-color variable print indicia onto the dle
cut areas of the liner. 24. A nethod of meking a durable,

weat her-resistant retroreflective article, the article having buried,
readabl e indicia printed by an inkjet pfinter, conprising the steps of;
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33 a) providing first and second polyneric |ayers, one of the

| ayers being retroreflective and one bei ng non- retroreflective, one of
the |l ayers having at | east one surface suitble for receiving print
indicia froman i nkj et printer; b) providing a definition of an inmage
to a conputer, the I mage to be printed as indicia on the at |east one
surface by the inkjet printer; C) generating a conputerized version
of the image with t he conputer; )enpl oying the to transfer the
conput er - i zed version of the image to the at. |east one surface,

/ “ Fig 4.
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thus formng the print indicia; and e) adhering the first and second

pol ynmer | ayers together. so that the print indicia is positioned

bet ween the first and second | ayers. 25. The nmethod of claim 24
wherein the INKIET printer transfers a multi-color print indicia onto the
at | east one surface. 21. The nethod of claim 24 wherein the conputer and
printer are able to reformats and print about 90 square centineters to
about 127 square centineters per secon@ of indicia onto the at |east one

surface. 27. The nethod of clalm24 wherein the print indicia is applied
to said at | east one surface as a mrror imge of the indicia intended for
viewi ng by users of the retroreflective article. 28. The nethod of claim

24 wherein the non- retroreflective layer is an _adhesive |layer and said at

| east’ one Flg.6

234
238 236

2107

24—

[REPLACEMENT SHEET
3 1 DEC 1996




surface is a light-inpinging surface of the retroreflective 29. The
nmet hod of claim 28 wherein the print indicia adheres to both the Iight

i mpi ngi ng surface of the retrore- flective |ayer and the adhesive | ayer.
30. The nethod of claim29 further conprising applying a thin | ayer of

pol ymet hyl met hacrylate to the adhesive |ayer. 31. The nethod of claim 30
further conprising adhering a backing to the retrorflective |ayer using a
second adhesi ve | ayer. 32. The nmethod7of claim 24 further conprising
substan- tially continuously noving the retrorflective article having
buried. readable indicia therein through a sheeter assenbly. the sheeter
assenbly conprising neans for providing a scissor-like cut to the
continuously noving retroreflective 33. The nmethod of claim 32 wherein

t he sheeter assenbly
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conprises a knife blade and an anvil edge, the knife blade having a knife
bl ade edge that is slanted relative to the anvil edge. the sheeter assenbly
further conprising a clanp menber which provides neans for short duration
stoppage of the retroreflective article which is about to be cut,

34 34. .The nethod of claim33 wherein novenent of the
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knife blade relative to the anvil edge is provided by action of a sensing
and control subsystem conprising a sol enoid. biasing neans. and sensi ng
means. wherein as the sensing nmeans senses a predicted indicia or tine mark
on the retroreflective article, the solenoid is actuated to force the knife

~downward in a cutting notion toward the anvil edge. 35. The nethod of
claim34 further conprising aligning the knife blade as it noves in
response to the sol enoid and biasi ng mefns. 36. The method of claim28

further conprising maintain- ing suitable tension in the retroreflective’

| ayer prior to adhering the retroreflective |ayer.to the adhesive | ayer.
37. A nethod of making a conbination secure informa- tion retroreflective
article, the nmethod conprising the steps of: a) supplying a previously

printed retroreflective sheetingl:" agDeg convariable print indicia
printed thereon; 288! 1 .
#Lr it )|

g
!
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b) selecting a second sheeting material conprising a |iner mat eri al
having a die cut area and a peripheral area and havi ng a pressure
sensitive adhesive coating on one of its maj or surfaces: c)
providing a definition of an inmage to a conputer. the i mage to be
printed as variable print indicia on said dis cut area of the liner
material by an inkjet printer; d) generating a conputerized version of
the image with t he conputer: e) ¥hploying the inkjet printer to
transfer the conputer- - izod version of the image to the die cut area
of the Iiner material to formthe variable print indicia and f)
adhering the retroreflective sheeting to the pressure sensitive
adhesive of the second sheeting nmaterial 38. A nethod according to claim
37 wherein the inkjet printer transfers a nmulti-color print indicia onto
the dic cut area of the liner.
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39. The nethod of claim 37 wherein the conputer and printer are able to
reformat and print about 90 square centineters to about 127 square
centineters per second of indicia onto the at |east one surface. 40. The
met hod of claim 37 wherein the variable print indicia is applied to said at
| east one surface as a mrror inmage of the indicia intended for view ng by
users of the retroreflective article. 41. The nethod of claim 37 further
conprising substan- tially continuouslylhoving the retroreflective article
havi ng buri ed. readable indicia therein through a sheeter assenbly; the
sheeter assenbly conprising neans for providing a scissor-like cut to the

conti nuously novi ng retrorefnﬂm!ive article
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35 42. The nethod of claim41l wherein the sheeter assenbly
oonprises a knife blade and an anvil edge, the knife blade having a knife
bl ade edge that is slanted relative to the anvil edge. the sheeter assenbly
further conprising a clanp nenber which provides neans for short duration
stoppage of the retroreflective article which is about to be cut

12




43. The nethod of claim 42 wherein novenment of the knife blade relative to
the anvil edge is provided by action of a sensing and control subsystem
conprising a solenoid. biasing nmeans, and sensing neans. wherein as the
sensi ng neans senses a predicted indicia or tine mark on the
retroreflective article. the solenoid is actuated to force the knife
downward in a cutting notion toward the anvil edge. 44. The net hod of
claim43 further conprising aligning th8 knife blade as it noves in
_response to the sol enoid and bi asi ng neans. 45. The nethod of claim1l
wherein said article is a license plate. 46. The nmethod of claim 1 wherein
portions of said indicia are varighle and are selected imediately prior to
maki ng said article. 47. The ne zSgoﬂZisﬁin1l4 wherein said article is a
¢

| i cense pl ate.
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48. The nethod of claim 14 wherein postions of said indicia are variable
and are selected imediately prior to making said article. 49. The net hod
of claim24 wherein said article is a |license plate. 50. The net hod of
claim 24 wherein portions of said indicia are variable and are sel ected

I mmedi ately prior to nmaking said article. 51. The nethod of claim37
wherein said article is a license plate. 52 The nmethod of claim 37
wherein portions of said indicia are vd#di able and are sel ected i nmedi ately
prior to nmaking said article.
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METHOD FOR MANUFACTURING IMPROVED DATA DISPLAY
RETROREFLECTIVE SHEETING

is a ccudnuaton of U.S. pateat application Ser. No.

coatinuadon-in- U.S. patene applicatdon Ser. No.
08/033.625, fied Mar, 993. abandoned. which is a
continuation-in-part of U.S. p i

of these applications are incorparated here by £ e

FIELD QF THE INVENTION

This inveatioa relates to improvements in printing data
oato rexoreflective sheeting and to provide a direct output
variable information pristing system for use with retrore-
flective shesting.

BACKGROUND OF THE INVENTION

Nurmerous problems exist relating to production and rec-
ognition of data aod characters used with reoreflective
theeting. In the fields of zignage for licease plates. road/
street markings. and validation stcker manufactuce. there is
a wide variety of alpha-aumeric data printiag styles used
with retrareflective sheetings which ereats various levels of
recogoition by viewers of the sheeting. Typically. manufac-
turing of licanse platas and similar products is accomplished
by processes which use large and expensive equipment that
requires extensive tme and training of personnel Oftea
these processes utilize solvents and generats considerable
wasted byproduct if the manufacturing is halted within a
mocess run, Products produced by typical manufactrming
processes do aot contain substantial variable inforrnatioa.
and the equipment {s usually only centrally located due to
the size and <xpense of these machines,

Alternate manufacturing processes inciude silk screening,
block printing. pre-cut lay out systems, and hand-cut laying
up using various cutting machines to cut cutlines of lettering
and then pre-masking of the products prios to stipping liner
material off of the products. These systems are typically
inconsistent in output and are gotoriously inefficient. While
certain systems, such as that disclosed in U.S. Pat. No.
5.085.918 issued to Rajan et aL.. disciose mesas of printing
retroreflective sheeting which comgrise substantial improve-
meots over oher known ranufacturing processes. these
systems stlll use relagvely expensive large machines which
do not meet the needs of a wide variety of users.



