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Description

Background of the Invention

[0001] Through dried tissues have recently been de-
veloped which provide a unique combination of bulk and
softness. In part, a method for making such tissues in-
cludes the use of a throughdrying fabric having high and
long machine direction knuckles which impart a high de-
gree of texture to the resulting tissue sheet. When such
sheets are used for making bath tissue or paper towel-
ing, they are wound into a roll for sale to the consumer.
However, in spite of the high bulk and texture of the re-
sulting tissue sheet, when wound into a roll the sheet
has a tendency to "nest" as the protrusions of the sheet
mate with corresponding depressions of the adjacent
sheet in the wound roll. As a result, the wound roll has
good firmness, but does not exhibit exceptional roll bulk
befitting of the high texture exhibited by the sheet itself.
[0002] Therefore there is a need for a method of im-
parting good firmness and high bulk to rolls of tissue
sheets having high bulk and texture.

Summary of the Invention

[0003] It has now been discovered that the bulk/firm-
ness properties of rolls of tissue sheets, including
throughdried tissue sheets, can be improved by modi-
fying the fabrics used in the process of manufacturing
the tissue sheet. The resulting rolls have both a high
degree of bulk and firmness, particularly for rolls made
from relatively soft sheets.

[0004] Hence in one aspect, the invention resides in
a method of making a throughdried tissue sheet com-
prising (a) depositing an aqueous suspension of paper-
making fibers onto a forming fabric to form a wet web;
(b) dewatering the wet web to a consistency from about
20 to about 30 percent; (c) transferring the dewatered
web from the forming fabric to the sheet side of a transfer
fabric traveling at a speed from about 10 to about 80
percent slower than the forming fabric; (d) transferring
the web to a throughdrying fabric having from about 5
to about 300 impression knuckles per square inch which
are raised at least about 0.005 inch above the plane of
the fabric, wherein the web is macroscopically rear-
ranged to conform to the surface of the throughdrying
fabric; and (e) throughdrying the web, wherein the sheet
side of the transfer fabric contains cross-machine direc-
tion (CD) dominant troughs which impart cross-machine
direction dominant bar-like protrusions to the air side of
the tissue sheet.

[0005] As used herein, the "dryer side" of the tissue
sheet is the side of the sheet facing the throughdrying
fabric during throughdrying and the "air side" of the
sheet is the side of the sheet facing away from the
throughdrying fabric during throughdrying. When the
sheet is wound into a roll of product, it is often preferred
that the air side of the sheet be the side of the sheet
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facing the core of the roll and the dryer side of the sheet
be the outwardly facing side of the sheet.

[0006] Also as used herein, the term "cross-machine
direction dominant" means that the bar-like protrusions
or troughs run at an angle of about 44° or less, more
specifically about 20° or less, and still more specifically
about 10° or less, relative to the cross-machine direction
of the sheet or fabric. The bar-like protrusions can be
parallel with the cross-machine direction of the sheet.
Similarly, the term "machine direction dominant" means
that the feature in question runs at an angle of about 44°
orless, more specifically about 20° or less, and still more
specifically about 10° or less, relative to the machine
direction of the sheet or fabric. The machine direction
dominant feature in question can also be parallel or sub-
stantially parallel to the machine direction of the sheet
or fabric.

[0007] The bar-like protrusions can extend continu-
ously across the width of the sheet but, due to some
slippage of the woven fabric filaments, in practice the
bar-like protrusions within a given sheet randomly vary
in length. Accordingly, the length of the bar-like protru-
sions can be about 3 millimeters or greater, more spe-
cifically from about 3 millimeters to about 300 millime-
ters, more specifically from about 5 millimeters to about
50 millimeters, and still more specifically from about 5
millimeters to about 25 millimeters, including combina-
tions of the foregoing ranges. The width of the bar-like
protrusions corresponds to the spacing between the CD
dominant filaments of the transfer fabric and can be
about 0.3 millimeter or greater, more specifically from
about 0.3 to about 3 millimeters, still more specifically
from about 0.5 to about 1.5 millimeters. In addition, sin-
gle CD dominant filaments within the transfer fabric can
be replaced with multiple CD dominant filaments piled
atop each other to form deeper CD dominant troughs
within the fabric and therefore form higher bar-like pro-
trusions in the air side of the sheet.

[0008] In another aspect, the invention resides in a
tissue sheet having an air side and a dryer side, the dry-
er side of the sheet having parallel discontinuous rows
of machine direction dominant pillow-like elevated re-
gions, which can be imparted to the sheet by the spaces
between high and long machine direction dominant
knuckles in the throughdryer fabric, wherein the discon-
tinuities in the rows of pillow-like elevated regions are
cross-machine direction dominant troughs that appear
as cross-machine direction dominant bar-like protru-
sions on the air side of the sheet. The discontinuities in
the rows of pillow-like elevated regions substantially
suppress the tendency of the rows of pillow-like elevated
regions in the sheet from nesting when the sheet is
wound into a roll.

[0009] In another aspect, the invention resides in a
method of making a throughdried tissue sheet compris-
ing (a) depositing an aqueous suspension of papermak-
ing fibers having a consistency of about 1 percent or less
onto a forming fabric to form a wet web; (b) dewatering
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the wet web to a consistency from about 20 to about 30
percent; (c) transferring the dewatered web from the
forming fabric to a transfer fabric traveling at a speed
from about 10 to about 80 percent slower than the form-
ing fabric; (d) transferring the web to a throughdrying
fabric having from about 5 to about 300 impression
knuckles per square inch which are raised at least about
0.005 inch above the plane of the fabric, wherein the
web is macroscopically rearranged to conform to the
surface of the throughdrying fabric; and (e) throughdry-
ing the web, wherein the throughdrying fabric has an off-
set seam which results in the machine direction yams
of the throughdrying fabric being disposed at an angle
of about 2° or less, more specifically about 1° or less,
still more specifically from about 0.05° to about 1°, and
still more specifically from about 0.1° to about 0.6° rel-
ative to the machine direction of the fabric. As used
herein, the term "offset" means that the seam is formed
after the edges of the fabric have been displaced in the
cross-machine direction beyond that which may occur
inadvertently during normal seaming operations. The
concept of an offset seam will be more fully described
in the description of Figure 11.

[0010] In another aspect, the invention resides in a
tissue sheet comprising generally parallel rows of ele-
vated pillow-like regions running at an acute angle rel-
ative to the machine direction of the sheet. The angle
can be from about 0.05° to about 2°, more specifically
from about 0.05° to about 1°, and still more specifically
from about 0.1° to about 0.6°. The angle results from an
offset seam in the throughdrying fabric and substantially
suppresses the tendency of the sheet to nest when
wound into rolls. A similar result can be achieved with a
conventionally seamed fabric, but by oscillating the roll
upon which the web is being wound at an amplitude and
frequency which suppresses the tendency of the fea-
tures of the web to line up and nest and increases the
roll bulk/roll firmness ratio relative to a roll of the same
sheet material wound without oscillating the roll.
[0011] In another aspect, the invention resides in a
roll of tissue having a roll bulk of 16 cubic centimeters
or greater per gram and a roll firmness of 8 millimeters
or less.

[0012] In another aspect, the invention resides in a
roll of tissue having a roll bulk/roll firmness ratio of 20 or
more square centimeters per gram and a sheet caliper
from about 0.02 to about 0.05 inch.

[0013] In another aspect, the invention resides in a
roll of tissue having a roll bulk/roll firmness ratio of 20 or
more square centimeters per gram and a geometric
mean stiffness of about 8 or less.

[0014] In another aspect, the invention resides in a
roll of tissue having a roll bulk/roll firmness/single sheet
caliper ratio of about 350 or more centimeters per gram
and a geometric mean stiffness of about 8 or less.
[0015] The roll bulk for rolls of tissue made in accord-
ance with this invention can be 16 cubic centimeters or
greater per gram of fiber, more specifically about 17 cu-
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bic centimeters or greater per gram of fiber, and still
more specifically from about 17 to about 20 cubic cen-
timeters per gram.

[0016] The roll firmness of rolls of tissue made in ac-
cordance with this invention can be about 11 millimeters
or less, more specifically about 8 millimeters or less,
more specifically about 7 millimeters or less, more spe-
cifically about 6 millimeters or less, and still more spe-
cifically from about 4 to about 7 millimeters.

[0017] The roll bulk/roll firmness ratio of rolls of tissue
made in accordance with this invention can be 20 or
more square centimeters per gram, more specifically
about 25 or more square centimeters per gram, and still
more specifically from about 25 to about 55 square cen-
timeters per gram.

[0018] The single sheet caliper of the tissue sheets
useful for purposes of this invention can be from about
0.02 to about 0.05 inch (0.51 to about 1.27 millimeters),
more specifically from about 0.025 to about 0.045 inch
(0.64 to about 1.14 millimeters).

[0019] The geometric mean stiffness of the tissue
sheets useful for purposes of this invention can be about
8 or less, more specifically about 5 or less, and still more
specifically from about 2 to about 5.

[0020] The roll bulk/roll firmness/single sheet caliper
ratio of rolls of tissue in accordance with this invention
can be about 350 or more centimeters per gram, more
specifically about 390 or more centimeters per gram,
more specifically about 430 or more centimeters per
gram, and still more specifically from about 350 to about
550 centimeters per gram.

[0021] In addition to the above-mentioned properties
which directly relate to or impact the properties of a
wound roll of product, the absorbent capacity of the
sheets useful for purposes of this invention can be about
5 or more grams of water per gram of fiber, more spe-
cifically from about 5 to about 8 grams of water per gram
of fiber, and still more specifically from about 5.5 to about
7 grams of water per gram of fiber.

[0022] Also, the absorbent rate of sheets useful for
purposes of this invention can be about 4 seconds or
less, more specifically from about 1 to about 4 seconds,
and still more specifically from about 2 to about 3 sec-
onds.

[0023] As used herein, "roll bulk" is the bulk of the
wound product, excluding the core volume, and is most
easily understood with reference to Figure 2. Figure 2
illustrates a typical roll product having a core, around
which the paper product is wound. The radius of the roll
product is designated as "R", whereas the radius of the
core is designated as "r". The width or length of the roll
is designated as "L". All measurements are expressed
as "centimeters". The product roll volume "RV", ex-
pressed in cubic centimeters (cc), is the volume of the
product minus the volume of the core, namely RV =
(mR2L) - (mr2L). The product roll weight "W" is the weight
of the roll minus the weight of the core, measured in
grams (g). Alternatively, the roll weight "W" can be cal-
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culated by multiplying the basis weight of the sheet, ex-
pressed in grams per square meter, by the area of the
sheet (length times width), expressed in square meters.
Either way, the "roll bulk", expressed in cubic centime-
ters per gram (cc/g), is "RV" divided by "W".

[0024] As used herein, "roll firmness" is a measure of
the extent a probe can penetrate the roll under control-
led conditions and is readily understood with reference
to Figure 3, which illustrates the apparatus used for de-
termining roll firmness. The apparatus is available from
Kershaw Instrumentation, Inc., Swedesboro, NJ and is
known as a Model RDT-101 Roll Density Tester. Shown
in Figure 3 is a towel roll 80 being measured, which is
supported on a spindle 81. When the test begins a
traverse table 82 begins to move toward the roll. Mount-
ed to the traverse table is a sensing probe 83. The mo-
tion of the traverse table causes the sensing probe to
make contact with the towel roll. When the sensing
probe contacts the roll, the force exerted on the load cell
exceeds the low set point of 6 grams and the displace-
ment display is zeroed and begins indicating the pene-
tration of the probe. When the force exerted on the sens-
ing probe exceeds the high set point of 687 grams, the
traverse table stops and the displacement display indi-
cates the penetration in millimeters. The tester records
this reading. Next the tester rotates the towel roll 90° on
the spindle and repeats the test. The roll firmness value
is the average of the two readings, expressed in millim-
eters. The test is performed in a controlled environment
of 73.4 £ 1.8°F and 50 * 2% relative humidity. The rolls
are conditioned in this environment at least 4 hours be-
fore testing.

[0025] As used herein, "geometric mean stiffness" is
the geometric mean slope divided by the geometric
mean tensile strength; where the geometric mean ten-
sile strength is the square root of the product of the ma-
chine direction tensile strength and the cross-machine
direction tensile strength, expressed in grams per 3
inches (7.62 cm); and where the geometric mean slope
is the square root of the product of the machine direction
slope and the cross machine direction slope, expressed
in grams per 3 inches (7.62 cm); and where machine
direction slope and cross machine direction slope are
as described in U.S. 5,746,887 issued May 5, 1998 to
Wendt et al. entitled Method of Making Soft Tissue Prod-
ucts, which is hereby incorporated by reference.
[0026] As used herein, the "single sheet caliper” is
measured in accordance with TAPPI test method T402
"Standard Conditioning and Testing Atmosphere For
Paper, Board, Pulp Handsheets and Related Products"
and is measured as one sheet usingan EMVECO 200-A
Microgage automated micrometer (EMVECO, Inc., Or-
egon). The micrometer has an anvil diameter of 2.22
inches (56.4 millimeters) and an anvil pressure of 132
grams per square inch (per 6.45 square centimeters)
(2.0 kPa).

[0027] Asused herein, the "absorbent capacity" of tis-
sue sheets is determined by cutting the tissue sheets
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into 4 inches by 4 inches squares, placing twenty
squares into a stack such that all squares are oriented
the same relative to the machine direction of the tissue,
and stapling the corners of the stack together to form a
20 sheet pad. The pad is placed into a wire mesh basket
with the staple points down and lowered into a water
bath held at a temperature of 23°C + 2°C. When the pad
is completely wetted, it is removed and allowed to drain
for 30 seconds while in the wire basket. The weight of
the water remaining in the pad after 30 seconds is the
amount absorbed. This value is divided by the weight of
the pad to determine the absorbent capacity, which for
purposes herein is expressed as grams of water ab-
sorbed per gram of fiber.

[0028] As used herein, the "absorbent rate" of tissue
sheets is determined by same procedure as for the ab-
sorbent capacity, except the size of the pad is 2.5 inches
by 2.5 inches. The time taken for the pad to completely
wet out after being lowered into the water bath is the
absorbent rate, expressed in seconds. Higher numbers
mean that the rate at which water is absorbed is slower.
[0029] Methods for making throughdried tissues gen-
erally in accordance with this invention are described in
U.S. 5,656,132 entitled "Soft Tissue" issued August 12,
1997 to Farrington et al. and U.S. 5,672,248 entitled
"Method of Making Soft Tissue Products" issued Sep-
tember 30, 1997 to Wendt et al., both of which are here-
by incorporated by reference.

[0030] The tissue sheets useful for purposes of this
invention can have one, two, three or more plies and
can be wet-pressed, throughdried, uncreped through-
dried or wet molded and dried. They can be used for
facial tissues, bath tissues, paper towels, dinner napkins
and the like, although the greatest utility can be found
in roll product forms such as bath tissue and paper tow-
els.

Brief Description of the Drawings

[0031]

Figure 1 illustrates a schematic view of the method
for making uncreped throughdried tissues in ac-
cordance with this invention.

Figure 2 is a schematic figure of a typical roll prod-
uct, illustrating the calculation of "roll bulk".

Figure 3 is a schematic representation of the appa-
ratus used for measuring "roll firmness".

Figure 4 is a plot of roll bulk versus roll firmness for
products of this invention (labeled "I1" - "113" cor-
responding to Examples 1 - 13 below), a control
point (labeled "Control") made without the methods
of this invention as described in Example 14, and a
variety of commercially available paper towels (col-
lectively labeled "C1" or "C2" depending upon
whether or not they are 1- or 2-ply products, respec-
tively), illustrating the combination of high roll bulk
and high roll firmness attained by the products of
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this invention.

Figure 5 is a plot of the roll bulk/roll firmness ratio
versus single sheet caliper for products of this in-
vention and a variety of commercially available pa-
per towels with data points labeled as in Figure 4,
illustrating the efficiency of the methods of this in-
vention for attaining firm, bulky rolls with tissue
sheets of a given caliper.

Figure 6 is a plot of the roll bulk/roll firmness ratio
versus the geometric mean stiffness, similar to Fig-
ures 4 and 5 above, illustrating the ability of the
methods of this invention to provide a high degree
of bulk and firmness with soft (less stiff) sheets.
Figure 7 is a plot of the roll bulk/roll firmness/single
sheet caliper ratio versus the geometric mean stiff-
ness, similar to Figures 4, 5 and 6 above, further
illustrating the efficiency of the methods of this in-
vention in providing quality bulk and firmness for
soft tissue sheets of a given caliper.

Figures 8A and 8B are photographs of the dryer
side (top side) of an uncreped throughdried tissue
sheet made in accordance with this invention and a
similar sheet made without using the methods of
this invention, respectively, illustrating the parallel
rows of elevated pillow-like regions in the machine
direction which are interrupted by the cross-ma-
chine direction dominant troughs imparted to the
sheet by the transfer fabric.

Figures 9A and 9B are photographs of the air side
(bottom side) of the sheets of Figures 8A and 8B,
respectively, further illustrating the bar-like impres-
sions imparted to the tissue sheet by the transfer
fabric, which on this side of the sheet are bar-like
protrusions.

Figure 10 is a photograph of the sheet side of a
transfer fabric used to impart the bar-like protru-
sions in the air side of the sheet.

Figures 11A, 11B and 11C are schematic illustra-
tions of the steps involved in a method of making
an offset seam in a fabric used in accordance with
an aspect of this invention.

Detailed Description of the Drawings

[0032] Referring now to the drawings, the invention
will be described in greater detail.

[0033] Figure 1 illustrates a method of making an un-
creped throughdried tissue sheet in accordance with
this invention. Shown is a twin wire former having a lay-
ered papermaking headbox 10 which injects or deposits
a stream 11 of an aqueous suspension of papermaking
fibers between forming fabrics 12 and 13. The web is
adhered to forming fabric 13, which serves to support
and carry the newly-formed wet web downstream in the
process as the web is partially dewatered to a consist-
ency of about 10 dry weight percent. Additional dewa-
tering of the wet web can be carried out, such as by vac-
uum suction, while the wet web is supported by the form-
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ing fabric.

[0034] The wet web is then transferred from the form-
ing fabric to a transfer fabric 17 traveling at a slower
speed than the forming fabric in order to impart in-
creased MD stretch into the web. A kiss transfer is car-
ried out to avoid compression of the wet web, preferably
with the assistance of a vacuum shoe 18. Depending
upon the method used to impart the desired roll proper-
ties in accordance with this invention, the transfer fabric
can be a fabric having high and long impression knuck-
les, generally as described in U.S. 5,672,248 to Wendt
et al., previously mentioned, or it can have a smoother
surface such as Asten 934, 937, 939, 959, Albany 94M
or Appleton Mills 2164-B33. If the transfer fabric is being
used to provide cross-machine direction dominant bars
to the sheet, the transfer fabric can be as described in
Figures 5, 6 and 7 of U.S. Patent No. 5,219,004 entitled
"Multi-ply Papermaking Fabric With Binder Warps" is-
sued June 15, 1993 to Chiu, which is hereby incorpo-
rated by reference. More particularly, referring to a
transfer fabric as illustrated in Figure 6 of Chiu, the sheet
side of the transfer fabric is the side of the fabric having
the long cross-machine direction dominant floats creat-
ed by filaments 144, and the cross-machine dominant
bars in the sheet imparted by the transfer fabric corre-
spond to the troughs formed between cross-machine di-
rection dominant filaments 144.

[0035] The web is then transferred from the transfer
fabric to the throughdrying fabric 19 with the aid of a
vacuum transfer roll 20 or a vacuum transfer shoe. The
throughdrying fabric can be traveling at about the same
speed or a different speed relative to the transfer fabric.
If desired, the throughdrying fabric can be run at a slow-
er speed to further enhance MD stretch. Transfer is pref-
erably carried out with vacuum assistance to ensure de-
formation of the sheet to conform to the throughdrying
fabric, thus yielding desired bulk, flexibility; CD stretch
and appearance. The throughdrying fabric is preferably
of the high and long impression knuckle type generally
described in Wendt et al.

[0036] The level of vacuum used for the web transfers
can be from about 3 to about 15 inches of mercury (75
to about 380 millimeters of mercury), preferably about
10 inches (254 millimeters) of mercury. The vacuum
shoe (negative pressure) can be supplemented or re-
placed by the use of positive pressure from the opposite
side of the web to blow the web onto the next fabric in
addition to or as a replacement for sucking it onto the
next fabric with vacuum. Also, a vacuum roll or rolls can
be used to replace the vacuum shoe(s).

[0037] While supported by the throughdrying fabric,
the web is final dried to a consistency of about 94 per-
cent or greater by the throughdryer 21 and thereafter
transferred to a carrier fabric 22. The dried basesheet
23 is transported to the reel 24 using carrier fabric 22
and an optional carrier fabric 25. An optional pressu-
rized turning roll 26 can be used to facilitate transfer of
the web from carrier fabric 22 to fabric 25. Suitable car-
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rier fabrics for this purpose are Albany International 84M
or 94M and Asten 959 or 937, all of which are relatively
smooth fabrics having a fine pattern. Although not
shown, reel calendering or subsequent off-line calend-
ering can be used to improve the smoothness and soft-
ness of the basesheet.

[0038] Figures 2 and 3 have been previously de-
scribed in connection with the roll bulk and roll firmness
measurements.

[0039] Figures 4, 5, 6 and 7 are plots comparing cer-
tain properties of commercially available products with
the products of this invention made in accordance with
the Examples described below.

[0040] Figures 8A and 8B are photographs of the dry-
er side of an uncreped throughdried tissue sheet made
in accordance with this invention (8A) and a similar
sheet made without using the methods of this invention
(8B). Referring to Figure 8A, shown are the parallel rows
of elevated pillow-like regions 85 running in the machine
direction which are interrupted by the cross-machine di-
rection dominant troughs 86 in the tissue sheet of this
invention. In Figure 8B, structure corresponding to the
cross-machine dominant troughs is absent.

[0041] Figures 9A and 9B are photographs of the air
side of the sheets of Figures 8A and 8B, respectively.
Shown are the CD dominant bar-like protrusions 91 im-
parted to the air side of the tissue sheet by the transfer
fabric.

[0042] Figure 10 is a photograph of the sheet side of
an Appleton Mills 2054-A33 transfer fabric used to im-
part the cross-machine direction dominant bar-like pro-
trusions to the air side of the sheet illustrated in Figures
8A and 9A in accordance with an aspect of this inven-
tion.

[0043] Figures 11A, 11B and 11C are schematic dia-
grams illustrating the steps used to make a fabric with
an offset seam for purposes of this invention. Initially, as
shown in Figure 11A, the fabric 100 is laid flat and the
degree of offset is determined. Parallel offset lines 102
and 103 are drawn near the edges of the fabric as
shown. The angle of these lines relative to the edge of
the fabric represents the degree of offset relative to the
machine direction of the fabric. The fabric is then formed
into a continuous loop with the offset lines aligned as
shown in Figure 11B. The two adjacent edges of the fab-
ric are then seamed together. The excess fabric material
is then trimmed away using a hot knife or other suitable
means, leaving an offset fabric as illustrated in Figure
11C. As a result of this method, the seam 104 of the
resulting fabric is not perpendicular to the machine di-
rection of the fabric.

Examples
Example 1.

[0044] An uncreped throughdried tissue sheet was
made in accordance with this invention as described
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above in connection with Figure 1. More specifically, a
non-layered single ply towel tissue was made using a
furnish comprising 50 dry weight percent northern soft-
wood kraft fiber (NSWK); 25 % northern softwood
bleached chemithermomechanical fiber (BCTMP), and
25 % southern hardwood kraft fiber (SHWK).

[0045] The NSWK fiber was pulped for 30 minutes at
approximately 4 percent consistency and diluted to ap-
proximately 3.2 percent after pulping. The BCTMP and
SHWK fibers were combined together in a 50:50 ratio
and pulped for 30 minutes at approximately 4 percent
consistency and diluted to approximately 3.2 percent af-
ter pulping. Kymene 557LX was added to both pulp
streams at 10 kilograms per metric ton of pulp based on
total flow. The NSWK fibers were refined at 1.0 horse-
power-day (0.75 kW days) per metric ton. The pulp
streams were then blended and diluted to approximately
0.18 % consistency. The diluted suspension was fed to
a C-wrap, twin wire, suction form roll, former with form-
ing fabrics (12 and 13) being an Asten 867A and an Ap-
pleton Mills (AM) 2164-B33 fabric respectively. The
speed of both of the forming fabrics was 1562 feet per
minute (7.93 meters/second). The newly formed web
was then de-watered to a consistency of about 24 per-
cent using vacuum suction from below the forming fabric
before being transferred to the transfer fabric (17)
traveling at 1250 fpm (25 % rush transfer.) The transfer
fabric was an Appleton Mills 2054-A33 run with the
coarse CD dominant filaments to the sheet side. (See
Figure 10). A vacuum shoe pulling 6 inches (152 millim-
eters) of mercury vacuum was used to transfer the web
to the transfer fabric.

[0046] The web was then transferred to a throughdry-
ing fabric (19), which was an Appleton Mills t1205-1. The
through drying fabric was traveling at a speed of about
1250 feet per minute (6.35 meters/second). The web
was carried over a Honeycomb throughdryer operating
at a temperature of about 350°F (177°C) and dried to
final dryness of about 97 percent consistency. The re-
sulting uncreped tissue sheet was then calendered at a
fixed gap of 0.011 inch (0.028 millimeter) between two
20 inches (508 millimeters) diameter steel rolls and
wound into finished product rolls on 1.6 inches (40.6 mil-
limeters) diameter cores.

[0047] The resulting finished product had the follow-
ing properties: basis weight, 22.8 pounds per 2880
square feet (38.6 grams per square meter); MD tensile,
2480 grams per 3. inches (76.2 millimeters) sample
width; CD tensile, 2370 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 20.1 percent; CD
stretch 9.0 percent; MD slope, 6.05 kilograms per 3 inch-
es (76.2 millimeters) sample width; CD slope, 9.29 kilo-
grams per 3 inches (76.2 millimeters) sample width; ge-
ometric mean stiffness, 3.10; single sheet caliper, 0.033
inch (0.84 millimeter); roll bulk, 16.7 cubic centimeters
per gram; roll firmness, 4.16 millimeters; roll bulk divided
by roll firmness, 40.1 square centimeters per gram; roll
bulk divided by roll firmness divided by single sheet cal-
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iper, 480 centimeters per gram; absorbent capacity, 6.1
grams water per gram fiber; absorbent rate, 1.9 sec-
onds; roll diameter, 5.19 inch (132 millimeters); roll
length, 60.0 feet (18.3 meters).

Example 2.

[0048] A single ply towel was made as described in
Example 1 except the furnish consisted of 50 percent
NSWK, 25 % BCTMP, and 25 % northern hardwood kraft
fiber (NHWK), the NSWK was refined at 1.5 horsepow-
er-days (1.1 kW) per metric ton, the throughdrying fabric
was an Appleton Mills t1205-2 fabric, and the resulting
basesheet was calendered at a fixed gap of 0.007 inch
(0.178 millimeter).

[0049] The resulting finished product had the follow-
ing properties: basis weight, 22.4 pounds per 2880
square feet (38.1 grams per square meter); MD tensile,
2540 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 1680 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 18.7 percent; CD
stretch 10.3 percent; MD slope, 5.43 kilograms per 3
inches (76.2 millimeters) sample width; CD slope, 6.36
kilograms per 3 inches (76.2 millimeters) sample width;
geometric mean stiffness, 2.84; single sheet caliper,
0.034 inch (0.86 mm); roll bulk, 17.1 cubic centimeters
per gram; roll firmness, 7.1 millimeters; roll bulk divided
by roll firmness, 24.1 square centimeters per gram; roll
bulk divided by roll firmness divided by single sheet cal-
iper, 280 centimeters per gram; absorbent capacity,
6.56 grams water per gram fiber; absorbent rate, 3.3
seconds; roll diameter, 5.20 inch (132 millimeters); roll
length, 62.5 feet (19.1 meters).

Example 3.

[0050] A single ply towel was made as described in
Example 2 except the transfer fabric was an Appleton
Mills t1605-2 fabric and the throughdrying fabric was an
Appleton Mills t1205-2 off-seamed fabric at a finished
offset angle of 0.273 degrees.

[0051] The resulting finished product had the follow-
ing properties: basis weight, 21.8 pounds per 2880
square feet (37.1 grams per square meter); MD tensile,
2130 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 1970 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 17.5 percent; CD
stretch 13.0 percent; MD slope, 9.13 kilograms per 3
inches (76.2 millimeters) sample width; CD slope, 5.06
kilograms per 3 inches (76.2 millimeters) sample width;
geometric mean stiffness, 3.31; single sheet caliper,
0.034 (0.86 mm); roll bulk, 19.4 cubic centimeters per
gram; roll firmness, 5.85 millimeters; roll bulk divided by
roll firmness, 33.2 square centimeters per gram; roll bulk
divided by roll firmness divided by single sheet caliper,
390 centimeters per gram; absorbent capacity, 6.78
grams water per gram fiber; absorbent rate, 2.2 sec-
onds; roll diameter, 5.43 inch (138 millimeters); roll
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length, 62.5 feet (19.1 meters).

Example 4.

[0052] A single ply towel was made as described in
Example 3 except the resulting basesheet was calend-
ered at a fixed gap of 0.005 inch (0.127 millimeter).
[0053] The resulting finished product had the follow-
ing properties: basis weight, 21.6 pounds per 2880
square feet (36.7 grams per square meter); MD tensile,
2250 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 1660 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 18.5 percent; CD
stretch 11.8 percent; MD slope, 8.98 kilograms per 3
inches (76.2 millimeters) sample width; CD slope, 4.47
kilograms per 3 inches (76.2 millimeters) sample width;
geometric mean stiffness, 3.28; single sheet caliper,
0.032 inch (0.81 mm); roll bulk, 19.1 cubic centimeters
per gram; roll firmness, 6.20 millimeters; roll bulk divided
by roll firmness, 30.8 square centimeters per gram; roll
bulk divided by roll firmness divided by single sheet cal-
iper, 380 centimeters per gram; absorbent capacity,
6.83 grams water per gram fiber; absorbent rate, 2.1
seconds; roll diameter, 5.35 inch (136 millimeters); roll
length, 62.5 feet (19.1 meters).

Example 5.

[0054] A single ply towel was made as described in
Example 3 except the NSWK was refined at 3.0 horse-
power-days (2.2 kW days) per metric ton, Kymene
557LX was added at a rate of 12 kilograms per metric
ton of fiber, the transfer fabric was an Appleton Mills
t216-3 fabric, and the resulting basesheet was calend-
ered at a fixed gap of 0.005 inch (0.127 millimeters).
[0055] The resulting finished product had the follow-
ing properties: basis weight, 22.2 pounds per 2880
square feet (37.8 grams per square meter); MD tensile,
2870 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 2460 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 18.3 percent; CD
stretch 11.3 percent; MD slope, 11.1 kilograms per 3
inches (76.2 millimeters) sample width; CD slope, 6.20
kilograms per 3 inches (76.2 millimeters) sample width;
geometric mean stiffness, 3.12; single sheet caliper,
0.029 inch (0.74 mm); roll bulk, 18.1 cubic centimeters
per gram; roll firmness, 4.85 millimeters; roll bulk divided
by roll firmness, 37.3 square centimeters per gram; roll
bulk divided by roll firmness divided by single sheet cal-
iper, 500 centimeters per gram; absorbent capacity, 6.0
grams water per gram fiber; absorbent rate, 2.5 sec-
onds; roll diameter, 5.32 inch (135 millimeters); roll
length, 62.5 feet (19.1 meters).

Example 6.

[0056] A single ply towel was made as described in
Example 5 except the resulting basesheet was calend-
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ered at a fixed gap of 0.007 inch (0.178 millimeter).
[0057] The resulting finished product had the follow-
ing properties: basis weight, 22.3 pounds per 2880
square feet (37.9 grams per square meter); MD tensile,
3330 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 2610 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 20.3 percent; CD
stretch 11.7 percent; MD slope, 10.9 kilograms per 3
inches (76.2 millimeters) sample width; CD slope, 6.85
kilograms per 3 inches (76.2 millimeters) sample width;
geometric mean stiffness, 2.92; single sheet caliper,
0.032 inch (0.81 mm); roll bulk, 19.3 cubic centimeters
per gram; roll firmness, 5.0 millimeters; roll bulk divided
by roll firmness, 38.6 square centimeters per gram; roll
bulk divided by roll firmness divided by single sheet cal-
iper, 480 centimeters per gram; absorbent capacity,
6.14 grams water per gram fiber; absorbent rate, 2.5
seconds; roll diameter, 5.47 inch (139 millimeters); roll
length, 62.5 feet (19.1 meters).

Example 7.

[0058] A single ply towel was made as described in
Example 5 except the transfer fabric was an Appleton
Mills 2054-A33.

[0059] The resulting finished product had the follow-
ing properties: basis weight, 22.1 pounds per 2880
square feet (37.6 grams per square meter); MD tensile,
3260 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 2120 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 19.1 percent; CD
stretch 9.4 percent; MD slope, 5.98 kilograms per 3 inch-
es (76.2 millimeters) sample width; CD slope, 9.4 kilo-
grams per 3 inches (76.2 millimeters) sample width; ge-
ometric mean stiffness, 2.85; single sheet caliper, 0.031
inch (0.79 mm); roll bulk, 17.6 cubic centimeters per
gram; roll firmness, 4.90 millimeters; roll bulk divided by
roll firmness, 35.9 square centimeters per gram; roll bulk
divided by roll firmness divided by single sheet caliper,
460 centimeters per gram; absorbent capacity, 5.86
grams water per gram fiber; absorbent rate, 2.74 sec-
onds; roll diameter, 5.24 inch (133 millimeters); roll
length, 62.5 feet (19.1 meters).

Example 8.

[0060] A single ply towel was made as described in
Example 7 except the resulting basesheet was calend-
ered at a fixed gap of 0.007 inch (0.178 millimeter).

[0061] The resulting finished product had the follow-
ing properties: basis weight, 22.3 pounds per 2880
square feet (37.9 grams per square meter); MD tensile,
3330 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 2270 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 17.4 percent; CD
stretch 10.5 percent; MD slope, 6.6 kilograms per 3 inch-
es (76.2 millimeters) sample width; CD slope, 8.8 kilo-
grams per 3 inches (76.2 millimeters) sample width; ge-

10

15

20

25

30

35

40

45

50

55

ometric mean stiffness, 2.8; single sheet caliper, 0.032
inch (0.81 mm); roll bulk, 18.4 cubic centimeters per
gram; roll firmness, 4.45 millimeters; roll bulk divided by
roll firmness, 41.3 square centimeters per gram; roll bulk
divided by roll firmness divided by single sheet caliper,
510 centimeters per gram; absorbent capacity, 5.98
grams water per gram fiber; absorbent rate, 3.0 sec-
onds; roll diameter, 5.35 inch (136 millimeters); roll
length, 62.5 feet (19.1 meters).

Example 9.

[0062] A single ply towel was made as described in
Example 7 except the former consistency was approxi-
mately 0.25 percent.

[0063] The resulting finished product had the follow-
ing properties: basis weight, 22.2 pounds per 2880
square feet (37.8 grams per square meter); MD tensile,
2940 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 2210 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 16.5 percent; CD
stretch 10.0 percent; MD slope, 6.65 kilograms per 3
inches (76.2 millimeters) sample width; CD slope, 8.50
kilograms per 3 inches (76.2 millimeters) sample width;
geometric mean stiffness, 3.00; single sheet caliper,
0.030 inch (0.76 mm); roll bulk, 17.8 cubic centimeters
per gram; roll firmness, 4.55 millimeters; roll bulk divided
by roll firmness, 39.1 square centimeters per gram; roll
bulk divided by roll firmness divided by single sheet cal-
iper, 520 centimeters per gram; absorbent capacity, 6.0
grams water per gram fiber; absorbent rate, 2.8 sec-
onds; roll diameter, 5.28 inch (134 millimeters); roll
length, 62.5 feet (19.1 meters).

Example 10.

[0064] A single ply towel as described in Example 9
except the resulting basesheet was calendered at a
fixed gap of 0.007 inch (0.178 millimeter).

[0065] The resulting finished product had the follow-
ing properties: basis weight, 22.3 pounds per 2880
square feet (37.8 grams per square meter); MD tensile,
3220 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 2370 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 18.5 percent; CD
stretch 10.5 percent; MD slope, 6.06 kilograms per 3
inches (76.2 millimeters) sample width; CD slope, 8.67
kilograms per 3 inches (76.2 millimeters) sample width;
geometric mean stiffness, 2.63; single sheet caliper,
0.033 inch (0.84 mm); roll bulk, 18.4 cubic centimeters
per gram; roll firmness, 4.9 millimeters; roll bulk divided
by roll firmness, 37.6 square centimeters per gram; roll
bulk divided by roll firmness divided by single sheet cal-
iper, 450 centimeters per gram; absorbent capacity,
5.89 grams water per gram fiber; absorbent rate, 2.8
seconds; roll diameter, 5.35 inch (136 millimeters); roll
length, 62.5 feet (19.1 meters).
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Example 11.

[0066] A single ply towel was made as described in
Example 2 except the resulting basesheet was not cal-
endered.

[0067] The resulting finished product had the follow-
ing properties: basis weight, 23.6 pounds per 2880
square feet (40.1 grams per square meter); MD tensile,
2570 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 2290 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 19.9 percent; CD
stretch 12.6 percent; MD slope, 8.98 kilograms per 3
inches (76.2 millimeters) sample width; CD slope, 10.2
kilograms per 3 inches (76.2 millimeters) sample width;
geometric mean stiffness, 3.93; single sheet caliper,
0.045 inch (1.14 mm); roll bulk, 20.9 cubic centimeters
per gram; roll firmness, 4.35 millimeters; roll bulk divided
by roll firmness, 48.1 square centimeters per gram; roll
bulk divided by roll firmness divided by single sheet cal-
iper, 420 centimeters per gram; absorbent capacity,
6.56 grams water per gram fiber; absorbent rate, 3.2
seconds; roll diameter, 5.95 inch (151 millimeters); roll
length, 65.0 feet (19.7 meters).

Example 12.

[0068] A single ply towel as described in Example 3
except the resulting basesheet was not calendered.
[0069] The resulting finished product had the follow-
ing properties: basis weight, 22.5 pounds per 2880
square feet (38.3 grams per square meter); MD tensile,
2600 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 2410 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 19.6 percent; CD
stretch 13.2 percent; MD slope, 12.3 kilograms per 3
inches (76.2 millimeters) sample width; CD slope, 8.74
kilograms per 3 inches (76.2 millimeters) sample width;
geometric mean stiffness, 4.13; single sheet caliper,
0.043 inch (1.09 mm); roll bulk, 23.2 cubic centimeters
per gram; roll firmness, 4.9 millimeters; roll bulk divided
by roll firmness, 47.3 square centimeters per gram; roll
bulk divided by roll firmness divided by single sheet cal-
iper, 430 centimeters per gram; absorbent capacity,
6.41 grams water per gram fiber; absorbent rate, 2.2
seconds; roll diameter, 6.1 inch (155 millimeters); roll
length, 65.1 feet (19.7 meters).

Example 13.

[0070] A single ply towel as described in Example 7
except the resulting basesheet was not calendered.

[0071] The resulting finished product had the follow-
ing properties: basis weight, 22.7 pounds per 2880
square feet (38.6 grams per square meter); MD tensile,
3430 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 2620 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 21.6 percent; CD
stretch 10.7 percent; MD slope, 7.67 kilograms per 3
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inches (76.2 millimeters) sample width; CD slope, 14.2
kilograms per 3 inches (76.2 millimeters) sample width;
geometric mean stiffness, 3.46; single sheet caliper,
0.042 inch (1.07 mm); roll bulk, 21.7 cubic centimeters
per gram; roll firmness, 4.40 millimeters; roll bulk divided
by roll firmness, 49.2 square centimeters per gram; roll
bulk divided by roll firmness divided by single sheet cal-
iper, 460 centimeters per gram; absorbent capacity,
5.98 grams water per gram fiber; absorbent rate, 2.8
seconds; roll diameter, 5.90 inch (150 millimeters); roll
length, 63.5 feet (19.2 meters).

Example 14 (Control).

[0072] A single ply towel as described in Example 1
except the transfer fabric was an AM 2164-B33 and the
resulting basesheet was calendered at a fixed gap of
0.011 inch (27.9 mm).

[0073] The resulting finished product had the follow-
ing properties: basis weight, 22.4 pounds per 2880
square feet (38.1 grams per square meter); MD tensile,
2670 grams per 3 inches (76.2 millimeters) sample
width; CD tensile, 2170 grams per 3 inches (76.2 mil-
limeters) sample width; MD stretch, 19.1 percent; CD
stretch 9.0 percent; MD slope, 19.6 kilograms per 3 inch-
es (76.2 millimeters) sample width; CD slope, 10.6 kilo-
grams per 3 inches (76.2 millimeters) sample width; ge-
ometric mean stiffness, 5.98; single sheet caliper, 0.033
inch (0.84 mm); roll bulk, 17.0 cubic centimeters per
gram; roll firmness, 10.4 millimeters; roll bulk divided by
roll firmness, 16.3 square centimeters per gram; roll bulk
divided by roll firmness divided by single sheet caliper,
200 centimeters per gram; absorbent capacity, 6.0
grams water per gram fiber; absorbent rate, 2.0 sec-
onds; roll diameter, 5.19 inch (1325 millimeters); roll
length, 60.0 feet (18.2 meters).

[0074] It will be appreciated that the foregoing exam-
ples, given for purposes of illustration, are not to be con-
strued as limiting the scope of this invention, which is
defined by the following claims and all equivalents there-
to.

Claims

1. A throughdried tissue sheet comprising generally
parallel rows of elevated pillow-like regions running
at an angle of from 0.05° to 2° relative to the ma-
chine direction of the sheet.

2. Avrroll of tissue having a roll bulk of 16 cubic centim-
eters or greater per gram and a roll firmness of 8

millimeters or less.

3. A roll of tissue as claimed in claim 2, wherein the
roll firmness is 7 millimeters or less.

4. A roll of tissue as claimed in claim 2, wherein the
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roll firmness is 6 millimeters or less.

A roll of tissue as claimed in claim 2, wherein the
roll firmness is from 4 to 7 millimeters.

A roll of tissue as claimed in any of claims 2 to 5,
wherein the roll bulk is 17 cubic centimeters or
greater per gram and the roll firmness is 6 millime-
ters or less.

A roll of tissue as claimed in any of claims 2 to 5,
wherein the roll bulk is from 17 cubic centimeters
per gram to 20 cubic centimeters per gram and the
roll firmness is from 4 millimeters to 7 millimeters.

A roll of tissue having a roll bulk/roll firmness ratio
of 20 or more square centimeters per gram and a
single sheet caliper of from 0.02 to 0.05 inch.

A roll of tissue as claimed in claim 8, wherein the
roll bulk/roll firmness ratio is 25 or more square cen-
timeters per gram.

A roll of tissue as claimed in claim 8 or 9, wherein
the roll bulk/roll firmness ratio is from 25 to 55
square centimeters per gram.

Aroll of tissue as claimed in claim 8, 9 or 10, wherein
the single sheet caliper is from 0.025 to 0.040 inch.

A roll of tissue having a roll bulk/roll firmness ratio
of 20 or more square centimeters per gram and a
geometric mean stiffness of 8 or less.

A roll of tissue as claimed in claim 12, wherein the
roll bulk/roll firmness ratio is 25 or more square cen-
timeters per gram.

Aroll of tissue as claimed in claim 12 or 13, wherein
the roll bulk/roll firmness ratio is from 25 to 55
square centimeters per gram.

A roll of tissue as claimed in claim 12, 13 or 14,
wherein the geometric mean stiffness is 5 or less.

A roll of tissue as claimed in claim 12, 13 or 14,
wherein the geometric mean stiffness is from 2 to 5.

A roll of tissue having a roll bulk/roll firmness/single
sheet caliper ratio of 350 or more centimeters per
gram and a geometric mean stiffness of 8 or less.

A roll of tissue as claimed in claim 17, wherein the
roll bulk/roll firmness/single sheet caliper ratio is
390 or more centimeters per gram.

A roll of tissue as claimed in claim 17, wherein the
roll bulk/roll firmness/single sheet caliper ratio is

10

15

20

25

30

35

40

45

50

55

10

EP 1 541 756 A1

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

18
430 or more centimeters per gram.

A roll of tissue as claimed in claim 17, wherein the
roll bulk/roll firmness/single sheet caliper ratio is
from 350 to 550 centimeters per gram.

A roll of tissue as claimed in claim 20, wherein the
geometric mean stiffness is from 2 to 5.

A roll of tissue as claimed in any of claims 2 to 21,
wherein the tissue has an absorbent capacity of 5
or more grams of water per gram of fiber.

A roll of tissue as claimed in any of claims 2 to 22,
wherein the tissue has an absorbent rate of about
4 seconds or less.

A throughdried tissue sheet having an air side and
a dryer side, the dryer side of the sheet having par-
allel discontinuous rows of machine direction dom-
inant elevated pillow-like regions, wherein the dis-
continuities in the rows of elevated pillow-like re-
gions are cross-machine direction dominant
troughs that appear as cross-machine dominant
bar-like protrusions on the air side of the sheet.

A tissue sheet as claimed in claim 1, wherein the
angle is from 0.05° to 1°.

A tissue sheet as claimed in claim 1, wherein the
angle is from 0.1 ° to 0.6°.

A method making a throughdried tissue sheet com-
prising (a) depositing an aqueous suspension of pa-
permaking fibers onto a forming fabric to form a wet
web; (b) dewatering the wet web to a consistency
from 20 to 30 percent; (c) transferring the dewa-
tered web from the forming fabric to a transfer fabric
traveling at a speed from 10 to 80 percent slower
than the forming fabric; (d) transferring the web to
a throughdrying fabric having from 5 to 300 impres-
sion knuckles per square inch which are raised at
least 0.005 inch above the plane of the fabric,
wherein the web is macroscopically rearranged to
conform to the surface of the throughdrying fabric;
and (e) throughdrying the web, wherein the
throughdrying fabric has an offset seam at an angle
of 2 degrees or less relative to the cross-machine
direction of the fabric.

A method as claimed in claim 27, wherein the offset
seam angle is 1 degree or less relative to the cross-
machine direction of the sheet.

A method as claimed in claim 27, wherein the offset
seam angle is from 0.05 to 1 degree relative to the
cross-machine direction of the sheet.
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30. Amethod of claim 27, wherein the offset seam angle

31.

32.

is from 0.1 to 0.6 degree relative to the cross-ma-
chine direction of the sheet.

A method of making a throughdried tissue sheet
comprising (a) depositing an aqueous suspension
of papermaking fibers onto a forming fabric to form
a wet web; (b) dewatering the wet web to a consist-
ency from 20 to 30 percent; (c) transferring the de-
watered web from the forming fabric to a transfer
fabric traveling at a speed from 10 to 80 percent
slower than the forming fabric; (d) transferring the
web to a throughdrying fabric having from 5 to 300
impression knuckles per square inch which are
raised at least 0.005 inch above the plane of the
fabric, wherein the web is macroscopically rear-
ranged to conform to the surface of the throughdry-
ing fabric; and (e) throughdrying the web, wherein
the sheet side of the transfer fabric contains cross-
machine direction dominant troughs which impart
cross-machine direction bar-like protrusions to the
air side of the tissue sheet.

A method of winding a roll of tissue from a tissue
sheet having a regular pattern of surface protru-
sions comprising oscillating the roll from side to side
as the roll is being wound such that the surface pro-
trusions of adjacent sheets within the roll are offset
from each other, thereby reducing nesting and in-
creasing the roll bulk/roll firmness ratio relative to a
roll of the same sheet material wound without oscil-
lating the roll.
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FIG. 1
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