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BUNDLED PRINTED SHEETS 

RELATED APPLICATIONS 

[0001] This patent application relates to copending provi 
sional application U.S. Ser. No. 60/475,935, ?led Jun. 3, 
2003, entitled “CUT-AND-STACK LABEL PRODUC 
TION SYSTEM AND METHOD,” the disclosure of Which 
is incorporated herein by reference in its entirety. 

BACKGROUND 

[0002] There eXists a need for improved bundled printed 
sheet articles. There also eXists a need for an effective 
apparatus for the manufacture of bundled printed sheet 
articles. There also eXists a need for improved methods of 
making and methods of use of bundled printed sheet articles. 

SUMMARY 

[0003] The present disclosure is directed to bundled 
printed sheet articles, to an apparatus for their manufacture, 
and to methods of making and using the articles. 

[0004] The present disclosure, in embodiments, provides a 
bundle of printed sheets, comprising: 

[0005] 
[0006] 
[0007] 
[0008] each printed sheet having a narroW cut-to 

print registration variance, and 

[0009] each printed sheet having the same length and 
Width dimensions as the other printed sheets in the 
stack to Within a narroW variance. 

a plurality of printed sheets in a stack; 

a band around the stack; and 

an optional overWrapper on the banded stack, 

[0010] The present disclosure, in embodiments, also pro 
vides an apparatus for making bundled printed sheets, the 
apparatus comprising: 

[0011] a printable Web; 

[0012] a print module to print on the printable Web; 

[0013] a cutter module to cut the printed Web into a 
stream of printed sheets; 

[0014] a collator to collate each stream of printed 
sheets into a registered stack; 

[0015] a conveyor module to convey each registered 
stack into a stack stream; and 

[0016] a packaging module to package each regis 
tered stack in the stack stream into a package of 
bundled printed sheets. 

[0017] The present disclosure, in embodiments, also pro 
vides a method of making bundled printed sheets, compris 
ing: 

[0018] printing on a printable Web; 

[0019] cutting the printed Web into a stream of 
printed sheets and a Waste matriX; 

[0020] collating each stream of printed sheets into a 
registered stack; 

[0021] conveying each registered stack into a stack 
stream; and 

Jan. 6, 2005 

[0022] packaging each registered stack in the stack 
stream to form a bundle of printed sheets. 

[0023] The present disclosure, in embodiments, also pro 
vides a method of making bundled printed sheets, compris 
ing: 

[0024] providing single-sheets; 

[0025] optionally printing on the single-sheets With a 
print engine; 

[0026] cutting each single-sheet into a stream of cut 
printed sheets and a Waste matrix; 

[0027] collating each stream of cut-printed sheets 
into a registered stack; 

[0028] conveying each registered stack into a stack 
stream; and 

[0029] packaging each registered stack in the stack 
stream into a bundle of printed sheets. 

[0030] The present disclosure, in embodiments, also pro 
vides a method of affixing printed sheets to articles. 

[0031] In embodiments of the present disclosure, there is 
also provided a stack or bundle of printed sheets in a label 
applicator machine. 

[0032] The present disclosure, in embodiments, also pro 
vides an article having a printed sheet attached thereto, the 
printed sheet being obtained from unpackaging a bundle of 
printed sheets of the disclosure. 

[0033] The present disclosure, in embodiments, also pro 
vides a printing system for making and packaging bundles of 
precision printed and cut sheets. 

[0034] These and other embodiments of the present dis 
closure Will become apparent after a revieW of the folloWing 
detailed description of the disclosed embodiments and the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a schematic of a Web-based apparatus for 
making the bundled printed sheet articles, in embodiments 
of the present disclosure. 

[0036] FIG. 2 is a schematic of a sheet-fed based appa 
ratus for making the bundled printed sheet articles, in 
embodiments of the present disclosure. 

[0037] FIG. 3 illustrates a block diagram overvieW of a 
Web-based process of FIG. 1 for preparing bundle printed 
sheets, in embodiments of the present disclosure. 

[0038] FIG. 4A illustrates a perspective of a portion of a 
Web-based apparatus for preparing bundle printed sheets, in 
embodiments of the present disclosure. 

[0039] FIG. 4B illustrates a section vieW of a cutter 
module in a Web-based apparatus for preparing bundle 
printed sheets, in embodiments of the present disclosure. 

[0040] FIG. 5 illustrates a block diagram overvieW of a 
sheet-fed based process of FIG. 2 for preparing bundle 
printed sheets, in embodiments of the present disclosure. 

[0041] FIGS. 6A and 6B illustrate alternative con?gura 
tions of a collator module and a conveyor module of an 
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apparatus for preparing bundled printed sheets, in embodi 
ments of the present disclosure. 

[0042] FIGS. 7A and 7B illustrate alternative conveyor 
modules of an apparatus for preparing bundled printed 
sheets, in embodiments of the present disclosure. 

[0043] FIGS. 8A-8D illustrate examples of cut patterns 
for forming cut printed sheets, in embodiments of the 
present disclosure. 

[0044] FIGS. 9A and 9B illustrate bundled printed sheets, 
in embodiments of the present disclosure. 

[0045] FIGS. 9C and 9D illustrate other examples of 
bundled of printed sheets having alternative stack or bundle 
geometries, in embodiments of the present disclosure. 

DETAILED DESCRIPTION 

[0046] To promote an understanding of the principles of 
the present disclosure, descriptions of speci?c embodiments 
of the disclosure folloW and speci?c language is used to 
describe the speci?c embodiments. It Will nevertheless be 
understood that no limitation of the scope of the disclosure 
is intended by the use of speci?c language. Alterations, 
further modi?cations, and such further applications of the 
principles of the present disclosure are contemplated as 
Would normally occur to one ordinarily skilled in the art to 
Which the disclosure pertains. 

[0047] In embodiments, the present disclosure is directed 
to bundled printed sheet articles. The bundled printed sheet 
articles can have, in embodiments, for example high print 
quality, high length and Width dimensional attributes, and 
high print-to-cut registration attributes. The present disclo 
sure, in embodiments, is also directed to an apparatus for 
making the bundled printed sheet articles. The present 
disclosure, in embodiments, is also directed to methods of 
making and to methods of using the bundled printed sheet 
articles. 

[0048] De?nitions 

[0049] “Substrate” refers to a Web-fed or a sheet-fed 
material from Which cut printed sheets are prepared by the 
process of the present disclosure. 

[0050] “Module” refers to a component or subassembly of 
the apparatus of the disclosure Which can accomplish a 
de?ned function or operation, such as a print module for 
printing, a coater module for coating, a cutter module for 
cutting, a collator module for collating, a conveyor module 
for conveying, and a packaging module for packaging. The 
modules of the disclosure can be adapted to be serially (i.e., 
modules linked in series) or multiply (e.g., one or more 
coating modules) integrated With other modules of the 
apparatus. The modules of the disclosure preferably can be 
readily modi?ed or serviced in place, or additionally or 
alternatively, preferably readily replaced or interchanged 
With a similar or different module (e.g., a Web-based four 
color print module interchanged With a sheet-fed xero 
graphic color print module). 

[0051] “Cut-to-print registration, cut-edges to print reg 
istration,”“print registration to cut edges,”“print-to-cut reg 
istration” or like phases refer the position of a printed image 
With respect to its exact, ideal, or desired cut-out pattern of 
the printed image compared to the actual or achieved cut-out 
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pattern of the printed image in Web-feed or sheet-feed 
embodiments of the present disclosure. 

[0052] “Print-to-print registration” refers the position of a 
printed image With respect to adjacent printed images on a 
moving Web. 

[0053] “Angle-cut,”“angle cutting,” and like terms refer to 
cutting of printed sheets from the Web or from fed-sheets at 
an angle other than square to the process direction, for 
example, Where at least the edges of the printed sheets 
approximately parallel to the process direction are cut at a 
slight angle to parallel. Alternatively, “angle cutting” printed 
sheets from the Web- or from fed-sheets can be accom 
plished Where at least the lead and trail edges of the printed 
sheet are normal (perpendicular) to the process direction are 
cut at a slight angle to normal. In preferred embodiments the 
printed sheets preferably are angle-cut on both parallel edges 
and the lead and trail edges. 

[0054] “Sheet stream” refers to a continuous or semi 
continuous intermediate transport or How of cut printed 
sheets from the cutter to further processing. A sheet stream 
originates upon cutting the Web or sheet-fed substrate and 
ceases When the individual cut sheets of a stream are 
received by a collator and collated into a stack. Additionally, 
a sheet stream is formed from successive cutting events in a 
speci?c reference location on the Web or the same region of 
successively fed-sheets, Which produce a series of cut 
printed sheets. 

[0055] “Collate,’"‘collated,”“collation,”“collating,” and 
like terms refer to collecting a portion of the cut printed 
sheets from each sheet stream to form an individual stack of 
cut printed sheets having uniform geometry or having uni 
tary three-dimensional ordering. 

[0056] “Stack” refers to a plurality of unsupported cut 
printed sheets piled atop one another and having substan 
tially the same orientation. “Stack” also refers to a loose but 
ordered ream of cut printed sheets of the disclosure. 

[0057] “Stack stream” refers to a continuous or semi 
continuous transport or How of registered stacks from the 
collator to further processing. 

[0058] “Bundle” refers to a stack of cut printed sheets 
having a securing band, a protective overWrapper, a partial 
overWrapper, or combinations thereof. 

[0059] “Banding,”“banded,” and like terms, refer to sur 
rounding at least a portion of a registered stack With a band. 

[0060] “High bundle-to-bundle uniformity” refers to such 
aspects as appearance uniformity, dimensional uniformity, 
performance or use uniformity, and like uniformity aspects, 
betWeen or among bundles produced in the same print job. 
Additionally or alternatively, high bundle-to-bundle unifor 
mity refers to loW bundle-to-bundle variability. 

[0061] “Print engine” refers generally to any print system 
or marking technology that is compatible With image or print 
formation aspects of the present disclosure, for example, as 
illustrated herein; “print engine” is not limited to, for 
example, digital print technologies. 

[0062] As used herein the singular forms “a,”“an, and 
“the” include plural referents unless the content clearly 
dictates otherWise. Thus, for example, reference to a product 
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or article containing “a sheet” can include one or more 
sheets, or reference to a sheet printed With “an ink” can 
include one or more inks. 

[0063] “About” modifying, for example, the quantity, 
dimension, duration, or like metrics of an article, apparatus, 
process, and like values, and ranges thereof, employed in the 
disclosure, refers to expected variations in the numerical 
quantity that can occur, for example, through typical mea 
suring and handling procedures used to describe or quanti 
tate aspects of the disclosure; through inadvertent error in 
these procedures; and through differences in the manufac 
ture, source, environmental sensitivity, or purity of the 
materials used in the articles, apparatus, or processes of the 
disclosure. 

[0064] “Consisting essentially of” refers to the recited 
items in the claim and includes unrecited items or aspects 
that do not materially affect the basic and novel properties of 
the articles, apparatus, or processes of the disclosure. 
Aspects or items that can materially affect the basic prop 
erties of the articles, apparatus, or processes of the present 
disclosure are those Which impart undesirable characteristics 
or impose undesirable results thereon, for example, sloW 
drying or non-curable ink or coating formulations, Web- or 
sheet-stock Which is dimensionally unstable or environmen 
tally highly variable, cutting or collating Which is highly 
imprecise or highly variable, or packaging materials Which 
are not robust to the rigors of transport, handling, storage, or 
industrial use. 

[0065] Referring to the ?gures, FIG. 1 illustrates a sche 
matic overvieW of an apparatus for making the bundled 
printed sheet articles, in embodiments of the present disclo 
sure. The apparatus or production system 10 is an automated 
continuous Web-based system for high volume production of 
individual printed sheets from the Web, free standing or 
supported stacks of the printed sheets, and packaged stacks 
of the printed sheets, that is a plurality of bundles of printed 
sheets. 

[0066] The Web can be printed or imaged to form a 
plurality of substantially identical printed regions on the 
Web, Which printed Web can be, for example, subsequently 
precision cut into individual printed sheets. The individual 
printed sheets can be stacked. The stacks can be bundled, 
and the bundles can be boxed for shipping or storage. The 
foregoing illustrative steps can be accomplished continu 
ously and Without interruption. Other steps, such as a ?nish 
coating, anti-static treatment, and like steps, can optionally 
be incorporated into the apparatus and process of the present 
disclosure and illustrated herein. The apparatus and process 
of the present disclosure provide for the continuous high 
volume and high quality manufacture of bundled printed 
sheets. FIG. 1 shoWs various individually numbered mod 
ules, stations, or components only by Way of example and to 
illustrate various preferred embodiments. 

[0067] Substrate Staging (Web- or Sheet-Fed) 

[0068] Substrate feed module or station 11 preferably can 
be a Web-stock loading area Where, for example, unprinted 
paper, plastic ?lm, or other suitable sheet stock is fed into the 
system using supply rolls and unroll festoons to control 
tension and other relevant parameters, and to permit adding 
additional Web rolls so as to enable continuous operation 
over extended periods and Without interruption or shut 
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doWn. Such Web loading and change-over equipment is 
commercially available from, for example, Keene Technol 
ogy, Inc., Beloit, Ill.; and Martin Automatic, Inc., Rockford, 
Ill. A preferred component for this station is the model ZG 
2650-10 shaftless butt splicer from Keene Technology, Inc. 

[0069] Substrate Marking and Inspection 

[0070] Printing module 12 or station can be, for example, 
a Web offset print engine or like printing equipment, Which 
module images or prints desired patterns or marks on one or 
both sides of the Web. 

[0071] In embodiments printing on the Web or on fed 
sheets (discussed in FIG. 2 beloW) can comprise any suit 
able print method, including for example, offset, lithogra 
phy, ?exography, gravure, non-impact printing methods, 
electrophotography, or combinations thereof. Offset printing 
typically includes an intermediate image receiver such as a 
printing plate. Lithography typically includes a printing 
member having ink receptive regions and ink rejecting 
regions, Which opposite regions result in image and non 
image regions on the printing member. Gravure printing 
methods typically include a printing member having a metal 
cylinder etched With numerous tiny Wells that hold and 
release ink. Non-impact printing methods can use, for 
example, lasers as in laserography, ions as in ionography, ink 
jet as in thermal ink jet or bubble ink jet, thermal transfer 
imaging, and like methods and devices to form or transfer 
images on or to a receiver, such as a continuous Web or a 

single sheet receiver. Electrophotographic printing methods 
include, but are not limited to, for example, xerography 
(e.g., from Xerox Corp), liquid immersion development 
(LID, e.g., from Indigo), ionography (e.g., from Delphax), 
and like methods. 

[0072] In embodiments, the print module can comprise a 
single print engine, or tWo or more print engines, and Which 
print engines can have the same or different marking tech 
nology or capabilities. Thus, for example, a ?rst print 
engine, such as an offset print engine, can print constant 
image information, such as CMYK four-color image and 
text, and a second print engine, such as an ink jet or 
xerographic print engine, can print variable image informa 
tion, such as custom color, specialty graphics, production 
information, customer information, lot or serial numbers, 
expiration dates, or like image or indicia information. It is 
understood that tWo or more different print engines can be 
con?gured to print on the same side of the substrate, 
opposites sides of the substrate, or both. 

[0073] The printing and subsequent processing of the 
printed images, such as cutting and stacking, is preferably 
monitored and performed With at least one, and preferably 
four or more, different inspection systems, such as inspec 
tion station 25. One system, a video print inspection system, 
can aid a system operator or automated controller in the 
inspection of print quality. Another system, a print registra 
tion control, can check and automatically correct the print 
register. Yet another system, a closed-loop color control, can 
analyZe and adjust ink density according to the pre-de?ned 
desired print speci?cations. Still another system, for 
example, a video die-cut inspection system, can aid the 
operator in the inspection of Web- or fed-sheet cut-quality. 
The order of the inspection stations may be rearranged. The 
use of each of these speci?c inspections is not required, but 
the use of all of them can be preferred in embodiments. 
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[0074] The apparatus and method can further include 
monitoring the registration of the printing to the cutting. In 
embodiments, monitoring the registration of the printing to 
the cutting enables, for example, the elimination of a char 
acteristic telltale White strip or unprinted area artifacts from 
the printed sheets. 

[0075] An ability to accurately measure or monitor basic 
aspects, such as the above mentioned product, process, and 
operational aspects of the apparatus, is frequently facilitated 
by a pre-de?ned product or process target speci?cation for 
quality control or quality assurance. Such target speci?ca 
tions and achievement of the target speci?cations can pro 
vide useful documented “proofs” of the process leading to 
the product. 

[0076] Measuring or monitoring aspects of the printing 
and packaging system, such as mentioned above, can be 
accomplished, for example, on-line, off-line, or combina 
tions thereof. The measurements are preferably accom 
plished on-line using process automation tools, for example, 
positional sensors, video microscopy or magni?cation, in 
conjunction With analytic or diagnostic softWare, for observ 
ing and maintaining print, image, color ?delity, cut-to-print 
registration, print-to-print registration, reproducibility, and 
like quality parameters. 

[0077] In embodiments, monitoring the registration of the 
print-to-cut can be accomplished by continuously detecting 
a reference mark on the Web matrix region prior to cutting, 
and continuously adjusting, as needed, the Web relative to 
the cutter, the cutter relative to the Web or both, (e.g., using 
Web guides, Web compensator rollers, and like adjustable 
components), to achieve a predetermined alignment of the 
cutter relative to printed items on the printed Web. The 
aforementioned adjustment of the cutter can include, for 
example, controllably varying the speed of the Web, con 
trollably varying the position of the Web, continuously 
adjusting the die-cutter (e.g., circumferentially, laterally, or 
both) or combinations thereof. Here “predetermined align 
ment” refers to proper alignment needed to achieve target 
print-to-print and cut-to-print registration speci?cations. 
Continuous registration and like adjustments can provide a 
number of advantages including avoiding problems associ 
ated With cutters, such as a guillotine cutter, for example, 
unreliable or unpredictable dimensional consistency and 
uniformity, alignment, registration, and like issues. Thus, the 
present process and apparatus can cut each printed sheet 
individually. The present process and apparatus can also cut 
a plurality of sheets individually and at the same time. 

[0078] The folloWing documents disclose or illustrate suit 
able command and control equipment, monitoring or mea 
surement equipment, or related components or features 
Which, in embodiments, can be adapted for use in-part in the 
present disclosure Without departing from inventive aspects 
of the present disclosure: US. Pat. No. 5,460,359, discloses 
a binding apparatus for binding sheets of cut paper printed 
by a printing machine including a control system; US. Pat. 
No. 4,891,681, discloses a hard copy apparatus for produc 
ing center fastened sheet sets including trapeZoidal stacks 
for folded binding, and a control system; US. Pat. No. 
4,785,731, discloses a bundle count veri?er (e.g., for neWs 
paper bundles); US. Pat. No. 4,727,803, discloses a con 
veyor device With an article lifting unit; US. Pat. No. 
4,566,244, discloses a paper sheet grip and transfer appara 
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tus for a counting and half-Wrapping device, see also dis 
closed therein Japanese Laid-Open Patent Speci?cation No. 
57-8616 (transport of paper sheets) and Japanese Laid-Open 
Utility Model Speci?cation No. 50-98791 (transfer a pile of 
paper sheets on a belt Without holding the sheets on the belt); 
and US. Pat. No. 4,424,660, discloses an apparatus for 
binding paper sheets stacked Within a hopper into bundles 
each consisting of a predetermined number of paper sheets 
including a method of sheet transport, for example, sheets 
sandWiched betWeen belts. 

[0079] Substrate Coating, Conditioning, or Treatment 

[0080] The method of making can further comprise 
optionally applying a coating to the ?rst face, the second 
face, or both faces of the printed Web. The coating can be 
applied to the printed side of the Web, the unprinted side of 
the Web, or both the unprinted side of the Web and the 
printed side of the Web, depending for example, on the 
properties desired for the printed sheets and the bundled 
printed sheets. The coating can be, for example, a varnish 
coat, a gloss coat, a clear coat, a seal coat, an antistatic 
treatment, and like coatings, or combinations thereof. 

[0081] Optional coating, conditioning, or treatment mod 
ules 13 or stations can include, for example, optional in-line 
coaters 13a-c, Which can apply, for example, a functional 
coating to one or both sides of the Web, such as gloss coat 
or varnish coat. In embodiments, the Web after leaving the 
coater 13a can, if desired, be diverted by re-routing to extend 
the Web’s path and to permit satisfactory leveling or drying 
of the applied functional coating before further processing 
steps are accomplished. One or more additional in-line 
coating units 13b-c (not shoWn) can apply a second or a third 
functional coating to one or both sides of the Web, such as 
an antistatic or static-preventing coat, a silicone based 
antistatic coating, and like coatings, or combinations 
thereof, or other performance or appearance enhancing 
chemical coats. Antistatic compounds, such as quaternary 
ammonium salts, and antistatic formulations are knoWn and 
are commercially available. Coating the Web, for example, 
With varnish or similar materials, can be used to protect or 
to enhance the appearance of the printed product, such as 
labels, in some printing embodiments. If foil or laminate 
print technologies are used, coating With varnish may not be 
necessary. The coating module may be integrated into the 
print module, and therefore may be provided by a commer 
cial manufacturer. Preferred equipment for use in modules 
12 and 13, in embodiments, can be, for example, the model 
QUANTUM 1250CM press commercially available from 
Sanden Machine Ltd., of Cambridge, Ontario, Canada. 
Equipment, processes, and control systems for coating Web 
materials are generally disclosed, for example, in US. Pat. 
No. 4,886,680. In embodiments, optional interstation Web 
chilling modules (not shoWn) can be employed, for example, 
after or betWeen each print toWer or print station to, for 
example, remove excess heat, facilitate cure or drying of the 
printed or coated Web, promote proper ?nishing or surface 
textures, and like enhancements, such as in a multi-color 
(e.g., 4 to 15 print toWers) Web offset press using UV curable 
inks. 

[0082] The method of making can further include chilling 
the printed Web. An optional Web chiller 13d or chilling 
mechanism, such as one or more refrigerated rollers, coolant 
chilled rollers, cool conditioned air, or like chilling mecha 
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nism, Which can be non-contact With the Web or preferably 
in-contact With the Web, can be employed to cool and 
thereby stabilize the post-print or post-coat Web product and 
can provide improved registration prior to cutting the Web 
into individual printed sheets. 

[0083] The apparatus and method can also further include 
a Web guide system for Web substrate regulation. An 
optional Web guide system 136 can be employed in embodi 
ments for substrate regulation and to provide improved 
registration of the printed Web presented to the cutting 
module, such as a die-cutter. 

[0084] In embodiments, an optional corona charger or like 
charging devices, such as charger 23, or discharging devices, 
such as antistatic bar or static eliminator 26, can be use to 
electrostatically condition or treat the Web before or after the 
print module. Charging the Web can, for eXample, make the 
Web, such as a plastic ?lm, composite, or laminate-based 
Web, more receptive than otherWise to inks, coatings, or like 
treatments. Discharging or removing static from the Web or 
from the resulting cut printed sheets can, for eXample, 
facilitate sheet transport and stacking by reducing or elimi 
nating sheet charging, like-charge repulsion, and like prob 
lems. 

[0085] Substrate Cutting 
[0086] After the Web has been printed and optionally 
conditioned or surface treated, the Web is guided to a cutter 
module 14. The cutter module can include, for eXample, a 
rotary die-cutter, a ?at-bed die-cutter, a slit-and-gap cutter, a 
slit-and-but cutter, a guillotine cutter, and like cutters, or 
combinations thereof Apreferred cutter module can include, 
for eXample, an in-line rotary die-cutting system, Which 
die-cutter can cut individual printed sheets from the printed 
Web to create a corresponding continuous sheet stream and 
a continuous cut-out Waste stream or Waste matriX. 

[0087] In embodiments Where tWo or more die cutters are 
employed, a ?rst die cutter can be adapted to cut customiZed 
details or features from the incipient (not-yet-cut) printed 
sheets, such as notches, holes, hang tag apertures, concave 
curves, conveX curves, or both, and like geometric or design 
details, and Without severing or separating the printed sheet 
from the Web or fed-sheet. A second die cutter can be 
adapted to further cut the printed sheets, or completely 
cut-out individual printed sheets from the substrate. In 
embodiments the cutter module can optionally be adapted so 
that a die cutter cuts the substrate to the desired and de?ned 
dimensions for each printed sheet eXcept for a small ?ber 
region or umbilical thread, for eXample, of about 10 to about 
1,000 microns, and preferably about 100 to about 200 
microns, betWeen the substrate and the sheet, preferably at 
the lead and trailing edges of the sheet and the substrate, 
Which can momentarily retain the material connection and 
force continuity betWeen the nearly completely cut printed 
sheet, in-line nearest neighbor printed sheets, the moving 
substrate, or combinations thereof. An optional edger or 
slicer can subsequently “burst” the umbilical thread at a 
more favorable location doWn stream. An optional debris 
collector, such as a vacuum line or vacuum manifold, can be 
situated in close proximity, such as from about 1 centimeter 
to about 100 centimeters to remove potentially objectionable 
dust and like debris generated from the bursting operation. 

[0088] In embodiments, a continuous sheet stream is pre 
ferred for productivity and economy. HoWever, occasionally 
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the bundled printed sheet production process of the disclo 
sure may need to be brie?y suspended to make, for eXample, 
change-overs, adjustments, repairs, and like maintenance or 
production optimiZation. The process and apparatus of the 
present disclosure can be adapted With, for eXample, con 
trols and quality speci?cations, to permit as-needed tempo 
rary suspension or interruption of production Without jeop 
ardiZing an entire print job. In this sense a sheet stream can 
have a semi-continuous character When, for eXample, its 
How is temporarily interrupted. 

[0089] In embodiments, the cutter module can include a 
static eliminator. The static eliminator can facilitate separa 
tion of cut sheets and Waste matriX, and prevent the cut 
sheets from folloWing or adhering to the matriX, the cutter, 
other sheets, or to the sheet transporter. Methods of static 
charge or frictional charge suppression or elimination, for 
use in place of or in conjunction With humidity control, can 
include, for eXample, a conductive or non-conductive dis 
turber brush, an air ioniZer such as a charge corotron, a 
de-ioniZer, and like articles or devices. Other methods of 
static charge or frictional charge suppression or elimination, 
for use in place of or in conjunction With humidity control, 
can include, for eXample, applying an anti-static coating or 
like surface treatment, Where for eXample one or both side 
of the Web or fed-sheets are treated before or after printing. 

[0090] In-line die-cutting of a printed Web to produce 
individual cut printed sheets, such as printed labels, as in the 
present disclosure saves time and loWers cost compared to 
processing the cut printed sheets or labels individually at 
various stages. In-line die-cutting can also produce an eXact 
or substantially eXact duplication of the cut features in each 
and every printed sheet produced. In contrast, cutting labels 
With, for eXample, a guillotine cutter, can often be prone to 
operator error or mechanical error (e.g., attributable to 
cumulative machine Wear) Which can lead to greater varia 
tion and loWer quality in the ?nished product. An in-line 
die-cutting system can provide ideal duplication of speci?ed 
product dimensions as Well as accurate print-to-cut regis 
tration. If desired, a cutting module having a die-cutter can 
be preferably integrated into a print module similar to the 
abovementioned integrated coating module. Rotary die 
cutting equipment, such as rotary dies and ?exible dies, print 
cylinders, and other rotary tooling for precision die-cutting, 
is commercially available from, for eXample, Rotometrics of 
Eureka, Mo.; and Bemal Inc., of Rochester Hills, Mich. 
Various other Wide format cutters and related in-line ?nish 
ing equipment is commercially available from, for eXample, 
Advance Graphic Equipment (WWW.advancegraphicsequip 
.com). 
[0091] In embodiments, the apparatus and method of the 
disclosure Which employs, for eXample, a die-cutter, can 
provide cut printed sheets having a print-to-cut registration, 
that is print registration to cut edges variance, for eXample, 
from less than or equal to about plus or minus 0.0625 inches 
(l/loth inch), more preferably from less than or equal to about 
plus or minus 0.046875 inches (3/64th inch), even more 
preferably from less than or equal to about plus or minus 
0.03125 inches (‘l/32Dd inch), and even still more preferably 
less‘hthan or equal to about plus or minus 0.015625 inches 
(1/64 inch). In embodiments, the apparatus and method of the 
disclosure Which employ, for eXample, a rotary die-cutter, 
can routinely provide cut printed sheets having a print 
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registration to cut edges variance, for example, less than or 
equal to about plus or minus 0.03 inches. 

[0092] In embodiments, the apparatus and method of the 
disclosure Which employ, for example, a rotary die-cutter, 
can provide cut printed sheets such that each sheet has 
substantially the same length and Width dimensions as 
substantially all the other cut printed sheets produced in the 
job, for example, to Within a variance of less than or equal 
to about 0.010 inches (1/100th inch), more preferably less than 
or equal to about 0.0075 inches (1/133Id inch), even more 
preferably less than or equal to about 0.00666 inches (‘l/r50th 
inch), and even still more preferably less than or equal to 
about 0.005 inches (l/zooth inch). 

[0093] Preferences for the above mentioned narroWer 
print-to-cut registration variance and narroWer length and 
Width dimensional variance, Will be readily appreciated by 
one of ordinary skill in the art, and can include, for example, 
higher quality printed sheets, higher stack and bundle uni 
formity and quality, greater latitude for print layout, artWork, 
sheet design, and sheet geometry, greater intermediate-user 
and end-user customer acceptance, greater reliability in 
methods of application of the printed sheets to articles, 
greater ease-of-handling and ease-of-use, and like intrinsic 
and extrinsic bene?ts. 

[0094] In embodiments, the apparatus and method of the 
disclosure Which employ, for example, a rotary die-cutter 
can provide cut printed sheets and in their corresponding 
bundled printed sheets Where each cut printed sheet pro 
duced can have a cut-to-print registration variance of, for 
example, from less than or equal to about 0.0625 inches, and 
the same length and Width dimensions as the other printed 
sheets in the stack to Within a variance of less than or equal 
to about 0.010 inches. In embodiments, the apparatus and 
method of the disclosure Which employ, for example, a 
rotary die-cutter can provide cut printed sheets and corre 
sponding bundled printed sheets Where each cut printed 
sheet produced can have both a cut-to-print registration 
variance of, for example, from less than or equal to about 
0.046875 inches, and the same length and Width dimensions 
as the other printed sheets in the stack to Within a variance 
of less than or equal to about 0.0075 inches. In embodi 
ments, the apparatus and method of the disclosure Which 
employ, for example, a rotary die-cutter can provide cut 
printed sheets Where each cut printed sheet produced has 
both a cut-to-print registration variance of, for example, 
from less than or equal to about 0.03 inches, and substan 
tially the same length and Width dimensions, for example, to 
Within a variance of less than or equal to about 0.005 inches, 
as substantially all the other cut printed sheets in a job, for 
example, over a 24 to 48 hour period, or more, of continuous 
production or apparatus operation. In other like recitations 
of cut-to-print registration variance, length dimensional 
variance, and Width dimensional variance, it Will be under 
stood to include “less than or equal to” if not explicitly 
indicated. It Will also be understood that variances can be 
determined by any suitable measurement methods, for 
example, video microscopy, microscopy With a calibrated 
vernier or reference standard, a micrometer, and like mea 
surement methods. 

[0095] In embodiments each cutting event of the printed 
Web can be accomplished, for example, WidthWise across the 
Web process direction or in a variety of alternative schemes, 
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for example, as disclosed herein. Alternatively or addition 
ally, the cutting can be accomplished simultaneously or 
semi-simultaneously With a die-cutter. The die-cutter can cut 
printed sheets from the Web in a variety of Ways, such as Web 
printed items Which are, for example, aligned adjacent 
sheets, staggered adjacent sheets, angle-cut adjacent sheets, 
or combinations thereof. In embodiments, die-cutting of 
printed sheets can be accomplished simultaneously, having 
stagger betWeen or among adjacent latent or incipient 
streams of printed sheets. In preferred embodiments, die 
cutting can be accomplished With angle-cut of one or more 
of the edges of the printed sheets. Angle-cutting the Web- or 
fed-sheets produces sheets Which can be, for example, 
square shaped or rectangular shaped and can optionally have 
square corners of about 90 degrees. These sheets are cut by 
a die that has a minor skeW angle or orientational off-set of 
the cut edges from parallel, perpendicular, or both, relative 
to the Web’s process direction edges, so as to alloW the rotary 
die cutter to achieve cuts Which provide more shear-type cut 
forces and minimiZes or eliminates “bounce” or recoil 
associated With simultaneous cutting of like pieces from the 
moving Web at high speeds. Thus, in angle-cut die-cutting 
the die-cut blade is preferably slightly skeWed by, for 
example, about one half of a degree so that the lead edge of 
each die-cutting blade provides Web cross-cut action from a 
point and proceeds in a line rather than a perpendicular 
“all-at-once” cut normal to the edges of the Web or the 
fed-sheet. 

[0096] In embodiments, die-cutting the printed Web can be 
con?gured to continuously produce a stream of printed 
sheets from a corresponding Width of the printed Web. 
Die-cutting is preferably accomplished in a continuous 
fashion, for example, Without hesitation or interruption in 
the speed or movement of the printed Web or printed 
fed-sheets. The preference for continuously die-cutting is 
evident from, for example, measured economic ef?ciencies, 
product throughput, and minimiZed or minimal operator 
intervention. In embodiments, each die-cutting or die-cut 
event can be accomplished in one of several alternative 
schemes or variations on the schemes and combinations 
thereof, for example, “simultaneous” die-cutting Wherein 
the lead edge of each sheet of an array of printed pieces on 
an advancing Web or a fed-sheet substrate is ?rst cut by a 
suitably adjusted and con?gured die-cutter. The die-cutting 
continues to cut out the printed pieces from the Web or the 
fed-sheets arriving from an upstream process direction to 
generate individual printed sheets or an array of individual 
printed sheets across the process direction. In embodiments 
of the presently disclosed methods of making bundled 
printed sheets, each cutting event can produce, for example, 
from 1 to about 80 of individually cut and printed sheets 
Width-Wise across the Web process direction, depending on 
for example, the desired (x- and y-) dimensions of the 
resulting cut printed sheets and their bundles. 

[0097] In embodiments, the cutter module can be con?g 
ured to have one or more cutters, such as tWo or more rotary 

die-cutters in series, for cutting the printed Web or printed 
fed-sheets, for example, Where it is necessary or convenient 
to accomplish multiple cuts or special-effect cuts on or 
Within a single sheet, such as “doughnut hole” or “Window” 
cut-outs Within a sheet, notches on the edge of a sheet, and 
like cuts, or combinations thereof. Alternatively, a single 
cutter, such as a rotary die-cutter having an appropriately 
con?gured die, can often accomplish many, if not most, 










































