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PROCESS FOR PRODUCING HIGHLY REGISTERED PRINTED IMAGES AND
EMBOSSMENT PATTERNS ON STRETCHABLE SUBSTRATES

FIELD OF THE INVENTION

This invention relates to continuous stretchable substrate products having highly
registered printed images and embossment patterns.
BACKGROUND OF THE INVENTION

The desire to improve the aesthetic characteristics of sheet-type or web-type consumer

products by both embossing and printing the product is very old. (See U.S. Pat. No. 680,533
issued to Marinier et al. on August 13, 1901.) Of course, much technical development has
occurred in these fields in subsequent years. However, there has remained a difficulty of
obtaining registered print and embossed images on stretchable substrates due to the fact that the
printing process is generally a 2-dimensional application of ink or other substance onto the
surface of the web of sheet product and the embossing process is generally a 3-dimensional,
deformation of the sheet or web. The 3-dimensional deformation of the web results in a change in
the physical dimensions, of length and width, of the web. Therefore, the printing image and the
embossed image are disposed onto the substrate at different relative location on the web. This
results in a misregistration of the two images which has led to a reluctance by manufacturers to
produce products with highly registered print and emboss graphics.

This problem is compounded on manufacturing lines which process continuous webs of
product substrate. The printing and embossing of continuous webs generally utilize rotary
cylinder print and emboss rolls. Very often these rolls are on units manufactured by different
companies and have different physical dimensions and drive mechanisms. Additional deviations
in register can develop if the thickness, moisture content, or other parameter which impacts the
stretch characteristics of the substrate change during the production run. An uncorrected process
will compound the misregistration with each revolution, resulting in a "creep” of one image away
from its desired position with respect to the other image.

Even print and emboss processes that utilize a single carrier/impression roller upon which
the substrate is supported while being printed and embosses, as represented in European Patent
Application EP 1 304 215, does not account for the change in the substrate dimensions to achieve
a highly registered result.

Applicants have developed a process which automatically coordinates the actual

application of the print and emboss images by the respective applicator rolls such that the print
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and emboss images remain in a highly registered state throughout the production of the web

product.

SUMMARY OF THE INVENTION

The present invention relates to a process for making continuous stretchable substrate

products comprising the steps of:

a)  supplying a web of stretchable substrate having a first surface and a second surface;

b)  embossing at least one of the surfaces of the web substrate with an embossed image
using at least one embossing roller;

©)  printing at least one of the surfaces of the web substrate with a printed image using at
least one printing roller; wherein the embossed image and the printed image are
disposed onto the substrate relative to each other such that a print/emboss registration
is created;

d)  measuring the angular location of one embossing roller and translating that location
into a digital signal;

e)  measuring the angular location of one printing roller and translating that location into
a digital signal;

f)  manually zeroing the print/emboss registration; and

g)  automatically controlling the print and emboss rolls to maintain registration using a
control program that comprises the steps of:
i)  comparing the digital signal from the embossing roller and the digital signal

from the printing roller; and

ii)  correcting the angular location and angular speed of either the embossing roller

or the printing roller.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims which particularly point out and distinctly

claim the present invention, it is believed that the present invention will be better understood from
the following description of preferred embodiments, taken in conjunction with the accompanying
drawings, in which like reference numerals identify identical elements and wherein:
Figure 1 is a schematic illustration of the process according to the present invention.
Figure 2 is an overhead view illustration of the testing tables used in the MD Registration

Margin of Error test method.
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Figure 3a is a side view illustration of the web path configuration for rewinding the
sample log in the MD Registration Margin of Error test method.

Figure 3b is a side view illustration of the web path configuration for measuring the print-
to-emboss registration in the MD Registration Margin of Error test method.

Figure 4 is a schematic illustration of the sample sheet showing the relationship of

repeating patterns of embossed patterns and repeating patterns of printed patterns.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to processes for making continuous stretchable substrate

products comprising the steps of supplying a web of stretchable substrate having a first surface
and a second surface, embossing at least one of the surfaces of the web substrate with an
embossed image using at least one embossing roller, printing at least one of the surfaces of the
web substrate with a printed image using at least one printing roller; wherein the embossed image
and the printed image are disposed onto the substrate relative to each other such that a
print/emboss registration is created, measuring the angular location of one embossing roller and
translating that location into a digital signal, measuring the angular location of one printing roller
and translating that location into a digital signal, manually zeroing the print/emboss registration;
and automatically controlling the print and emboss rolls to maintain registration using a control
program that comprises the steps of i) comparing the digital signal from the embossing roller and
the digital signal from the printing roller, and ii) correcting the angular location and angular speed
of either the embossing roller or the printing roller.

As used herein, "continuous" means a relatively very long product produced in a mostly
continuous manufacturing process. A preferred example of a continuous product for use in the
present process is rolled substrate where the length of the substrate on the roll is very long in
relation to its width. The roll has a fixed length but becomes substantially continuous by splicing
the webs together to allow the process to run for much longer lengths of time.

As used herein, "web" refers to any thin, permeable or impermeable substrate to be printed
on. A web is characterized in being much longer in the machine direction than in the cross
direction and is generally handled in rolls of substrate. The web has two surfaces, a first or top
surface and a second or back surface as processed through the equipment.

As used herein, the phrase "stretchable substrate" refers to any material, including, but not
limited to paper, polymeric or plastic films, cloths or fabrics, wovens, nonwovens, laminate, and

combinations thereof that stretch when put under tensile force. A substrate is considered
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stretchable if it has a % Elongation measurement in the Machine Direction of greater than 8% as
measured by the % Elongation test defined in the Test Methods section herein.

As used herein, the phrase "tissue-towel substrate" refers to products comprising tissue or
paper towel technology in general, including but not limited to: conventionally felt-pressed tissue
paper; pattern densified tissue paper; and high-bulk, uncompacted tissue paper. Non-limiting
examples of tissue-towel products include toweling, facial tissue, bath tissue, and table napkins
and the like.

As used herein, the term "registration" means the degree to which the printed image and the
embossed image are disposed on the substrate in a specific relationship to one another. The
relationship may be one where the printed image and the embossed image overlap, resulting in a
synergistic visual interaction between the two irhages, or where the two images are separated from
each other. A perfect registration, or registration with zero error, occurs where the printed image
and the embossed image are disposed onto the substrate in exactly the specific designed
relationship to each other.

It follows that the term "misregistration" means the degree to which the relative location of
the disposed printed and embossed images are in the specific designed relationship to each other.
Misregistration is represented by Margin of Error test results.

The term "machine direction” is a term of art used to define the dimension on the processed
web of material parallel to the direction of travel that the web takes through the
printing/embossing machines.

Similarly, the term "cross direction" or "cross-machine direction" refers to the dimension on

the web perpendicular to the direction of travel through the machines.

The steps of the process are defined by the following.

Supplying a web of stretchable substrate 10. The substrate may be any substrate known

in the art which may be embossed and printed which stretches and therefore may cause it to be
more difficult to register the print image and the embossed image. Preferably, stretchable
substrate refers to any material having a Machine Direction % Elongation ranging from about 8%
to about 35%, more preferably ranging from about12% to about 30%, even more preferably
ranging from about 15% to about 25%. The web of stretchable substrate of this invention has a
first surface 11 and a second surface 12 wherein the second surface is oppositely disposed to the

first surface.
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The stretchable substrate 10 may include materials which are cellulosic, noncellulosic, or
a combination thereof. A preferred substrate for use in the present process comprises
papermaking fibers. The papermaking fibers may be in the form of any typical paper product
known in the art. Especially preferred embodiments of the stretchable substrate include absorbent
tissue-towel paper substrates. The preferred absorbent tissue-towel products include single ply
and multiply products and an individual ply may comprise one or more layers of papermaking
materials depending on the preferred characteristics of the product. Especially preferred
embodiments of the tissue-towel product substrate has a basis weight of between about 10 g/m” to
130 g/m?, preferably between about 20 g/m* to 80 g/m?, and most preferably between about 25
g/m® to 60 g/m’>. The especially preferred embodiments of the tissue-towel substrates have a
density ranging from about 0.04 g/cm’ to about 0.80 g/cm’, preferably ranging from 0.07 g/em’ to
about 0.6 g/cm’, and more preferably ranging from 0.10 g/em?® to about 0.2 g/om’.

The tissue-towel product substrate preferred embodiment may comprise any tissue-towel
product known in the industry. These embodiments may be made according U.S. Patents:
4,191,609 issued March 4, 1980 to Trokhan; 4,300,981 issued to Carstens on November 17, 1981;
4,191,609 issued to Trokhan on March 4, 1980; 4,514,345 issued to Johnson et al. on April 30,
1985; 4,528,239 issued to Trokhan on July 9, 1985; 4,529,480 issued to Trokhan on July 16,
1985; 4,637,859 issued to Trokhan on January 20, 1987; 5,245,025 issued to Trokhan et al. on
September 14, 1993; 5,2‘75,700 issued to Trokhan on January 4, 1994; 5,328,565 issued to Rasch
et al. on July 12, 1994; 5,334,289 issued to Trokhan et al. on August 2, 1994; 5,364,504 issued to
Smurkowski et al. on November 15, 1995; 5,527,428 issued to Trokhan et al. on June 18, 1996;
5,556,509 issued to Trokhan et al. on September 17, 1996; 5,628,876 issued to Ayers et al. on
May 13, 1997; 5,629,052 issued to Trokhan et al. on May 13, 1997; 5,637,194 issued to Ampulski
et al. on June 10, 1997; 5,411,636 issued to Hermans et al. on May 2, 1995; EP 677612 published
in the name of Wendt et al. on October 18, 1995.

The preferred tissue-towel substrate may be through-air-dried or conventionally dried.
Optionally, it may be foreshortened by creping or by wet microcontraction. Creping and/or wet
microcontraction are disclosed in commonly assigned U.S. Patents: 6,048,938 issued to Neal et al.
on April 11, 2000; 5,942,085 issued to Neal et al. on August 24, 1999; 5,865,950 issued to Vinson
et al. on February 2, 1999; 4,440,597 issued to Wells et al. on April 3, 1984; 4,191,756 issued to
Sawdai on May 4, 1980; and U.S. Serial Number 09/042,936 filed March 17, 1998.

Another class of preferred substrate for use in the process of the present invention is non-

woven webs comprising synthetic fibers. Examples of such substrates include but are not limited
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to textiles (e.g.; woven and non woven fabrics and the like), other non-woven substrates, and
paperlike products comprising synthetic or multicomponent fibers. Representative examples of
other preferred substrates can be found in U.S. Patent No. 4,629,643 issued to Curro et al. on
December 16, 1986; U.S. Patent No. 4,609,518 issued to Curro et al. on September 2, 1986;
European Patent Application EP A 112 654 filed in the name of Hag; copending U.S. Patent
Application 10/360038 filed on February 6, 2003 in the name of Trokhan et al.; copending U.S.
Patent Application 10/360021 filed on February 6, 2003 in the name of Trokhan et al.; copending
U.S. Patent Application 10/192,372 fined in the name of Zink et al. on July 10, 2002; and
copending U.S. Patent Application 09/089,356 filed in the name of Curro et al. on December 20.
2000.

Embossing at least one of the surfaces of the web substrate with an embossed image 20.

"Embossing" refers to the process of deflecting a relatively small portion of the substrate in a
direction normal to its plane and impacting the deflected portion of the substrate against a
relatively hard surface to permanently disrupt the structufe of the substrate. Any process known
in the industry for embossing continuous webs of material may be used in the process of the
present invention. Generally, such process utilize a rotary process having an embossing roller.

Embossing is typically performed by one of two processes, knob-to-knob embossing or
nested embossing. Knob-to-knob embossing consists of axially parallel rollers 21 and 22
juxtaposed to form a nip between the knobs of opposing rolls having a width less than the
thickness of the material to be embossed. Nested embossing consists of embossment knobs of one
roller 21 meshed between the embossment knobs of the other roller 22. Examples of knob-to-
knob embossing and nested embossing are illustrated in the prior art by U.S. Patents 3,414,459
issued December 3, 1968 to Wells and commonly assigned; 3,547,723 issued December 15, 1970
to Gresham; 3,556,907 issued January 19, 1971 to Nystrand; 3,708,366 issued January 2, 1973 to
Donnelly; 3,738,905 issued June 12, 1973 to Thomas; 3,867,225 issued February 18, 1975 to
Nystrand and 4,483,728 issued November 20, 1984 to Bauernfeind; 3,867,225 issued February
18, 1975 to Nystrand; 5,468,323 issued November 21, 1995 to McNeil; and 6,277,466B1 issued
August 21, 2001 to McNeil et al.

The embossed image 20 comprise any perceptible pattern. The pattern may comprise
geometric figures, linework, representations of objects, word, general background areas, and the
like.

Printing a printed image 30 onto at least one surface of the web_substrate. Printing

processes suitable for this invention may be any rotary printing application know in the industry.
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These include, but are not limited to: lithography, letterpress, gravure, screen printing, intaglio
and preferably flexography. Likewise, combinations and variations thereof are considered to be
within the scope of the present invention. In general, the rotary printing process comprises a
printing roller 31 and a counterpressure roller 32.

The printed image 30 may comprise any fluid capable of being printed onto the substrate
10. These fluids include, but are not limited to adhesives, dyes, and printing inks. A single fluid
jmage or multi-fluid image may be applied to the substrate. Preferably, the printed image
comprises one or more inks applied to the substrate. Devices suitable for applying an image onto
the preferred substrate of absorbent tissue-towel paper in accordance with the present invention
are described in commonly assigned U.S. Patent Nos. 5,213,037 issued to Leopardi, IT on May 25,
1993; 5,255,603 issued to Sonneville et al. issued on October 26, 1993; and 6,096,412 issued to
McFarland et al. on August 1, 2000.

The printed image 30 produced on the paper can be line work, halftoning, a process print,
or a combination of these. As used herein, “process print” refers to a halftone color print created
by the color separation process whereby an image composed of two or more transparent inks is
broken down into halftone dots which can be recombined to produce the complete range of colors
of the original image.

Measuring angular location of one emboss roller 22 and translating that location into a

digital signal 29. Any means 24 known in the industry for determining the angular location of a
roller and translating that location into a digital signal may be used in the process of the present
invention. One preferred means 24 of translating the angular location of a roller into a digital
signal 29 is represented by the means shown on the slave/emboss roller 21 in Figure 1. This
preferred means provides a mechanical connection 25 from the shaft of the emboss roller to a
resolver 26 which translates a mechanical signal to the digital signal 29. Any typical mechanical
connection 25 may be used. A preferred mechanical connection 25 utilizes a pulley connecting
shaft 27 of the emboss roller 22 to the resolver 26. Preferably the resolver 26 creates a signal of
4096 counts per scan. This method of translating angular position to a digital signal could be
used on the print roller as well.

Measuring the angular location of one printing roller 31 and translating that angular

location into a digital signal 39. Another preferred method of translating angular location, and

therefore one that could be used on either of the printing or embossing systems, is shown on the

master/print roller 31 in Figure 1. This preferred means is to provide a proximity switch 35 which
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senses a flag or other marker 37 somewhere on the print roller 31 or its shaft 36. The proximity
switch 35 creates a digital signal 39 for each revolution.

Manually zeroing the print/emboss registration. Either the emboss roller 22 or the print

roller 31 is selected to be the master roller in the control program. The non-selected roller is then
the slave roll. The process of the present invention can be operated with either roller being
designated the master roller. The printing/fembossing systems are "zeroed" by manually
correcting the angular location of either the emboss roller 22, the print roller 31 or both based on a
visual determination of the registration on the produced product. The manual correction may be a
physical adjustment made by hand on the machine, or it may be an electronic adjustment sent
from the operating panel to the drive motor of the roll. Therefore, the manual zeroing may be
made either while the machines are running or when they are stopped.

Automatically controlling the print and emboss rolls 31 and 22 to maintain registration

using a slave drive control program. The slave drive control program comprises the steps of 1)

comparing the digital signal from the emboss roller 29 and the digital signal from the print roller
39, and 2) correct the angular location and angular speed of the slave drive motor 42 of the slave
roller 22 by sending a correcting signal 41 from the slave drive 40 to the slave motor 42. One
preferred embodiment of the process comprises the use of a drive integration software program,
which scans the signals from each of the emboss and print rolls 29 and 39 at a frequency of 4
. scans per second. The software program then determines the degree of offset, (i.e. lack of
registration) between the two rolls as compared to the 4096 counts per scan from the emboss roll.
The drive integration software then sends a correction signal 41 to the slave drive motor 42 on the
designated slave roller 22 to eliminate the offset in the rolls and thereby return the process to

registration.

Test Methods
Basis Weight Method:

“Basis Weight” as used herein is the weight per unit area of a sample reported in 1bs/3000

ft* or g/m®. Basis weight is measured by preparing one or more samples of a certain area (m?) and
weighing the sample(s) of a fibrous structure according to the present invention and/or a paper
product comprising such fibrous structure on a top loading balance with a minimum resolution of
0.01 g. The balance is protected from air drafts and other disturbances using a draft shield.

Weights are recorded when the readings on the balance become constant. The average weight (g)
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is calculated and the average area of the samples (m?). The basis weight (g/m®) is calculated by

dividing the average weight (g) by the average area of the samples (m?).

Density Method:

The density, as that term is used herein, of a fibrous structure in accordance with the present
invention and/or a sanitary tissue product comprising a fibrous structure in accordance with the
present invention, is the average (“apparent”) density calculated. The density of tissue paper, as
that term is used herein, is the average density calculated as the basis weight of that paper divided
by the caliper, with the appropriate unit conversions incorporated therein. Caliper of the tissue
paper, as used herein, is the thickness of the paper when subjected to a compressive load of 95
g/in The density of tissue paper, as that term is used herein, is the average density calculated as
the basis weight of that paper divided by the caliper, with the appropriate unit conversions
incorporated therein. Caliper of the tissue paper, as used herein, is the thickness of the paper when
subjected to a compressive load of 95 g/in.sup.2 (15.5 g/cm.sup.2). The density of tissue paper, as
that term is used herein, is the average density calculated as the basis weight of that paper divided
by the caliper, with the appropriate unit conversions incorporated therein. Caliper of the tissue
paper, as used herein, is the thickness of the paper when subjected to a compressive load of 95
g/in.sup.2 (15.5 g/em.sup.2). The density of tissue paper, as that term is used herein, is the
average density calculated as the basis weight of that paper divided by the caliper, with the
appropriate unit conversions incorporated therein. Caliper of the tissue paper, as used herein, is
the thickness of the paper when subjected to a compressive load of 95 g/in.sup.2 (15.5
g/cm.sup.2). The density of tissue paper, as that term is used herein, is the average density
calculated as the basis weight of that paper divided by the caliper, with the appropriate unit
conversions incorporated therein. Caliper of the tissue paper, as used herein, is the thickness of
the paper when subjected to a compressive load of 95 g/in.sup.2 (15.5 g/cm.sup.2). The density
of tissue paper, as that term is used herein, is the average density calculated as the basis weight of
that paper divided by the caliper, with the appropriate unit conversions incorporated therein.
Caliper of the tissue paper, as used herein, is the thickness of the paper when subjected to a
compressive load of 95 g/in.sup.2 (15.5 g/em.sup.2). as the basis weight of that fibrous structure
or sanitary tissue product divided by the caliper, with appropriate unit conversions. Caliper, as
used herein, of a fibrous structure and/or sanitary tissue product is the thickness of the fibrous
structure or sanitary tissue product comprising such fibrous structure when subjected to a

compressive load of 15.5 g/em’.
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% Elongation(Stretch)

Prior to tensile testing, the paper samples to be tested should be conditioned according to
TAPPI Method #T4020M-88. All plastic and paper board packaging materials must be carefully
removed from the paper samples prior to testing. The paper samples should be conditioned for at
least 2 hours at a relative humidity of 48 to 52% and within a temperature range of 22 to 24° C.
Sample preparation and all aspects of the tensile testing should also take place within the confines
of the constant temperature and humidity room.

Discard any damaged product. Next, remove 5 strips of four usable units (also termed
sheets) and stack one on top to the other to form a long stack with the perforations between the
sheets coincident. Identify sheets 1 and 3 for machine direction tensile measurements and sheets
2 and 4 for cross direction tensile measurements. Next, cut through the perforation line using a
paper cutter (JDC-1-10 or JDC-1-12 with safety shield from Thwing-Albert Instrument Co. of
Philadelphia, Pa.) to make 4 separate stocks. Make sure stacks 1 and 3 are still identified for
machine direction testing and stacks 2 and 4 are identified for cross direction testing.

Cut two 1 inch (2.54 cm) wide strips in the machine direction from stacks 1 and 3. Cut
two 1 inch (2.54 cm) wide strips in the cross direction from stacks 2 and 4. There are now four 1
inch (2.54 cm) wide strips for machine direction tensile testing and four 1 inch (2.54 cm) wide
strips for cross direction tensile testing. For these finished product samples, all eight 1 inch (2.54
cm) wide strips are five usable units (also termed sheets) thick.

For unconverted stock and/or reel samples, cut a 15 inch (38.1 cm) by 15 inch (38.1 cm)
sample which is 8 plies thick from a region of interest of the sample using a paper cutter (JDC-1-
10 or JDC-1-12 with safety shield from Thwing-Albert Instrument Co of Philadelphia, Pa.).
Ensure one 15 inch (38.1 cm) cut runs parallel to the machine direction while the other runs
parallel to the cross direction. Make sure the sample is conditioned for at least 2 hours at a
relative humidity of 48 to 52% and within a temperature range of 22 to 24° C. Sample preparation
and all aspects of the tensile testing should also take place within the confines of the constant
temperature and humidity room.

From this preconditioned 15 inch (38.1 cm) by 15 inch (38.1 cm) sample which is 8 plies
thick, cut four strips 1 inch (2.54 ¢m) by 7 inch (17.78 cm) with the long 7 (17.78 cm) dimension
running parallel to the machine direction. Note these samples as machine direction reel or
unconverted stock samples. Cut an additional four strips 1 inch (2.54 cm) by 7 inch (17.78 cm)

with the long 7 (17.78 cm) dimension running parallel to the cross direction. Note these samples
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as cross direction reel or unconverted stock samples. Ensure all previous cuts are made using a
paper cutter (JDC-1-10 or JDC-1-12 with safety shield from Thwing-Albert Instrument Co. of
Philadelphia, Pa.). There are now a total of eight samples: four 1 inch (2.54 cm) by 7 inch (17.78
cm) strips which are 8 plies thick with the 7 inch (17.78 cm) dimension running parallel to the
machine direction and four 1 inch (2.54 ¢cm) by 7 inch (17.78 cm) strips which are 8 plies thick
with the 7 inch (17.78 cm) dimension running parallel to the cross direction.

For the actual measurement of the tensile strength, use a Thwing-Albert Intelect II
Standard Tensile Tester (Thwing-Albert Instrument Co. of Philadelphia, Pa.). Insert the flat face
clamps into the unit and calibrate the tester according to the instructions given in the operation
manual of the Thwing-Albert Intelect II. Set the instrument crosshead speed to 4.00 in/min (10.16
cm/min) and the 1st and 2nd gauge lengths to 2.00 inches (5.08 cm). The break sensitivity should
be set to 20.0 grams and the sample width should be set to 1.00 inch (2.54 cm) and the sample
thickness at 0.025 inch (0.0635 cm).

A load cell is selected such that the predicted tensile result for the sample to be tested lies
between 25% and 75% of the range in use. For example, a 5000 gram load cell may be used for
samples with a predicted tensile range of 1250 grams (25% of 5000 grams) and 3750 grams (75%
of 5000 grams). The tensile tester can also be set up in the 10% range with the 5000 gram load
cell such that samples with predicted tensiles of 125 grams to 375 grams could be tested.

Take one of the tensile strips and place one end of it in one clamp of the tensile tester.
Place the other end of the paper strip in the other clamp. Make sure the long dimension of the
strip is running parallel to the sides of the tensile tester. Also make sure the strips are not
overhanging to the either side of the two clamps. In addition, the pressure of each of the clamps
must be in full contact with the paper sample.

After inserting the paper test strip into the two clamps, the instrument tension can be
monitored. If it shows a value of 5 grams or more, the sample is too taut. Conversely, if a period
of 2-3 seconds passes after starting the test before any value is recorded, the tensile strip is too
slack.

Start the tensile tester as described in the tensile tester instrument manual. The test is
complete after the cross- head automatically returns to its initial starting position. Read and
record the tensile load in units of grams from the instrument scale or the digital panel meter to the
nearest unit.

If the reset condition is not performed automatically by the instrument, perform the

necessary adjustment to set the instrument clamps to their initial starting positions. Insert the next
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paper strip into the two clamps as described above and obtain a tensile reading in units of grams.
Obtain tensile readings from all the paper test strips. It should be noted that readings should be
rejected if the strip slips or breaks in or at the edge of the clamps while performing the test.

If the percentage elongation at peak (% Stretch) is desired, determine that value at the
same time tensile strength is being measured. Calibrate the elongation scale and adjust any
necessary controls according to the manufacturer's instructions.

For electronic tensile testers with digital panel meters read and record the value displayed
in a second digital panel meter at the completion of a tensile strength test. For some electronic
tensile testers this value from the second digital panel meter is percentage elongation at peak (%
stretch); for others it is actual inches of elongation.

Repeat this procedure for each tensile strip tested.

Calculations: Percentage Elongation at Peak (% Stretch) - For electronic tensile testers displaying
percentage elongation in the second digital panel meter:
Percentage Elongation at Peak (% Stretch) = (Sum of elongation readings) divided by the

(Number of readings made).

For electronic tensile testers displaying actual units (inches or centimeters) of elongation in the
second digital panel meter:

Percentage Elongation at Peak (% Stretch) = (Sum of inches or centimeters of elongation) divided
by ((Gauge length in inches or centimeters) times (number of readings made))

Results are in percent. Whole number for results above 5%; report results to the nearest 0.1%

below 5%.

MD Registration Margin of Error

The MD Registration Margin of Error is the three times the standard deviation in the
registration measurement of consecutive repeating units from the embossing roller and the print
roller.

Substrate samples for measurement of Machine Direction (MD) Registration Margin of
Error must be long enough to provide at least 10 repeating units. The most convenient way
transport and handle sample of this length is in rolls, also known as logs, of finished product.
Prior to print-to-emboss registration testing, the substrate samples to be tested should be
conditioned according to TAPPI Method #T4020M-88. All plastic and paper board packaging

materials must be carefully removed from the substrate samples prior to testing. The substrate
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samples should be conditioned for at least 2 hours at a relative humidity of 48 to 52% and within
a temperature range of 22° to 24° C. Sample preparation and all aspects of the testing should also
take place within the confines of the constant temperature and humidity room.

The following discussion refers to Figures 2, 3a, 3b, and 4. On one table 100 large
enough to hold roller assembly 101, comprising Roller A 102 with a cantilevered support bracket
105/ and a hand crank 104. The length of Roller A 102 is approximately equal to the width (cross-
machine direction) of the web 500 to be measured and Roller A 102 is anchored at one end of the
table 100, in the center of the width of the table, such that it extends perpendicular to the length of
table 100. On a 60 inch (153.40 cm) long (or longer) smooth, white-topped table 200, anchor a
second roller assembly 201, comprising Roller B 202, with a cantilevered support bracket 205 and
a hand crank 204. Again, Roller B 202 should be anchored at one end of table 200, in the center
of the width of the table, such that it is perpendicular to the length of table 200. Place the two
tables 100 and 200 end to end with Rollers A and B 102 and 202 with a 30 cm gap 210 between
the tables. Establish parallel relationship between two rollers 102 and 202.

If the sample log has been received with the print side rolled to the outside of the log, the
sample needs to be carefully rewound to be print side inside. This rewinding must be done
carefully to avoid stretching the samples. If the sample has been received print side inside, no
rewinding is necessary. Slide the finished product log 501 onto Roller A 102 with the roll
orientation unwinding with the printed side 504 down against the table. Label the tail sheet on the
outside of the log with the word “tail”. To roller B 202, attach an empty core whose length is
approximately equal to the width of the web 500 to be measured. Unroll an 80 inch (203 cm)
span of the finished product log 501 towards roller B 202. To the core on roller B, attach the tail
of the log with tape to the blank core on roller B 202. Take the web 500 over the top of the roller
B 202, not under, so that the resulting rewound log 502 has the printing on the inside.

Using the crank handle on roller B 204, rewind the entire log — so now the original core
sheet is on the outside of the log. The resulting rewound log 502 should be white / unprinted on
the outside. Gently ease the last sheet away from the original core so the substrate does not
stretch. Label “Core” on the original core sheet.

Remove the rewound log 502 from roller B 202. Place the rewound log on roller A 102.
Place the empty core on roller B 202. Pull a full span of printed and embossed substrate sample
from Roller A 102 to Roller B 202. With the first span of substrate, print and emboss side up,
place a dead weight 203, whose length is approximately equal to the width of the web to be
measured, on the sheet by roller B 202. Allow approximately 24 inches (60.96 cm) of web to
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drape 505 in the gap 210 between the two tables. Place second dead weight 103 by roller A 102
to prevent the log 502 from unwinding. Provide constant web tension by placing a 234 gram
cylinder 506, whose length is approximately equal to the width of the web to be measured, on the
unsupported span of web 505.

In most rotary style embossing operations and printing operations, both the emboss image
20 and print image 30 will be repeatable patterns in the machine direction (MD) matching the
circumference of their embossing cylinder and printing cylinder respectively. With that, establish
any repeatable unit of emboss and any repeatable unit of print. For measurement purposes only,
assume phasing alignment on the first length of web is established between the print and emboss
images. That is, assume that the registration on the first sheet measured is the target registration
desired by the designer.

Identify and mark the beginning 521 of the emboss image repeat unit 520. Identify and
mark the beginning of the identical emboss image in the second repeat unit 522. Also label the
consecutive repeat unit number, beginning with "1". Repeat this process until the entire exposed
span is marked similarly. Identify and mark the beginning 531 of the print image repeat unit 530.
Identify and mark the beginning of the identical print image in the second repeat unit 532. Also
label the consecutive repeat unit number, beginning with "1". Repeat this process until the entire
exposed span is marked similarly.

Choose a scale 207, graduated in 1/32 inch increments (or 1 mm increments), that is
longer than the maximum machine direction span between the emboss image and the print image
repeatable units. Use this scale to measure the machine direction distance between the beginning
of emboss unit 1 521 and the beginning of print unit 1 531. Measurements are taken and recorded
to the nearest 1/32 inch (or 1 mm). This is termed “print to emboss MD registration offset”. Also
record the corresponding repeat unit number. Next, measure and record the MD distance between
the beginning of emboss unit 2 522 and the beginning of print unit 2 532. Repeat this process
until the entire exposed span is measured similarly.

Remove and set aside the scale 207, 234 g cylinder 506 and both dead weights 103 and
203. Take the “core” end of the web 500 under réﬁlcr B 202 so that the resulting rewound log 507
will have the printing on the inside. Tape the “core” end of the web to the empty core. Wind up
the first span of web onto roller B 202. Keep the last marking exposed on the table. Replace the
234 g cylinder 506 to the newly unsupported span 505. Replace both dead weights 103 and 203

to each end of the web. Measure “print to emboss MD registration offset.” Repeat the process
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and measurements on each subsequent span. When the original tail sheet is exposed, every
repeatable emboss unit and print unit will be measured sequentially within a single log.

If measuring sequentially produced logs of finished product, carefully align and attach the
tail sheet of log 1 to the core sheet of log 2 with clear wide tape. The “log to log splice” allows
the resulting web to be treated as a continuous web span. Any repeat unit distance measurements

that falls over this log-to-log splice is counted as a unit but withdrawn from the offset variation

calculations.

Calculations

Standard Deviation: o=V (Z(x—xbar)’/n-1)
where;

o = standard deviation
x = individual measurement
xbar = average of the entire population of individual measurements

n = number of individual measurements or population size

therefore;

36= 3* v (Z(x—xbar)’/n-1)
The "MD Registration Margin of Error" equals this 3¢ value.

All documents cited in the Detailed Description of the Invention are, are, in relevant part,
incorporated herein by reference; the citation of any document is not to be construed as an
admission that it is prior art with respect to the present invention.

While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes and modifications that are

within the scope of this invention.
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What is claimed is:

1. A process for making continuous stretchable substrate products comprising the steps of:

a)
b)

c)

supplying a web of stretchable substrate having a first surface and a second surface;
embossing at least one of the surfaces of the web substrate with an embossed image
using at least one embossing roller having an angular location;

printing at least one of the surfaces of the web substrate with a printed image using at
least one printing roller having an angular location; wherein the embossed image and
the printed image are disposed onto the substrate relative to each other such that a

print/emboss registration is created;

characterized in that the process also comprises the steps of:

d)

e)

g)

measuring the angular location of one embossing roller and translating that location

into a digital signal;

measuring the angular location of one printing roller and translating that location into

a digital signal;

manually zeroing the print/emboss registration; and

automatically controlling the print and emboss rolls to maintain registration using a

control program that comprises the steps of:

1) comparing the digital signal from the embossin(g roller and the digital signal
from the printing roller; and

i)  correcting the angular location and angular speed of either the embossing roller

or the printing roller.

2. The process according to Claim 1 wherein the control program maintains registration by

correcting the angular location and angular speed of the embossing roller.

3. The process according to Claim 1 wherein the control program maintains registration by

correcting the angular location and angular speed of the printing roller.

4. The process according to Claim 1 wherein both the embossed image and the printed image

are printed on the same surface of the web of subsirate.

5. The process according to Claim 1 where in the stretchable substrate comprises a tissue-

towel substrate.
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