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(57) An arcuate die board formed as a multi-layered
paperboard structure. The die board is initially produced
as a full cylindrical paperboard tube, which is subse-
quently cut lengthwise to form two or more part-cylindrical
portions each of which is used to fabricate a die board.

The die board is then cut to form the slots in its outer
surface for mounting die tools. The multi-layered paper-
board tube can be spirally wound, convolutely wound, or
formed by a linear draw process. The part-cylindrical wall
is formed predominantly, substantially entirely, or entirely
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Description

BACKGROUND OF THE INVENTION

[0001] The present disclosure relates generally to rotary die boards.
[0002] For many years, rotary dies have been constructed by inserting the die tools (e.g., steel rules for scoring,
perforating, and/or cutting, embossing tools, ejection rubbers, etc.) into slots formed in a substrate. The substrate is an
arcuate structure, referred to as a die board.

BRIEF SUMMARY OF THE DISCLOSURE

[0003] The present disclosure relates to an arcuate die board formed as a multi-layered paperboard structure. The
die board is initially produced as a full cylindrical paperboard tube, which is subsequently cut lengthwise to form two or
more part-cylindrical portions each of which can be used to fabricate a die board. The die board is then cut to form the
slots for the die tools.
[0004] The multi-layered paperboard tube can be spirally wound, convolutely wound, or formed by a linear draw
process.
[0005] In one embodiment, the die board comprises an arcuate part-cylindrical die board formed by a part-cylindrical
wall having an outer part-cylindrical surface and an inner part-cylindrical surface, and a plurality of slots formed in the
outer part-cylindrical surface of the wall for receiving die tools, wherein the part-cylindrical wall is formed at least pre-
dominantly of paperboard plies adhesively laminated together. By "predominantly" is meant that more than 50% of the
radial thickness of the die board is made up of paperboard plies. In advantageous embodiments, the die board is free
of any wood layer(s) and is free of any phenolic-treated paperboard plies.
[0006] In another embodiment, the die board is made up substantially entirely of a plurality of paperboard plies adhe-
sively laminated together. By "substantially entirely" is meant that at least 80% of the radial thickness of the die board
is made up of paperboard plies.
[0007] In one embodiment, the part-cylindrical wall is formed entirely of a plurality of paperboard plies adhesively
laminated together.
[0008] Suitably, in one embodiment the inner part-cylindrical surface has a diameter of approximately 482 to 489 mm.
The wall can have a thickness of approximately 12.6 to 13.3 mm.
[0009] The wall can be constructed from plies of various types. In one embodiment, the plurality of paperboard plies
include paperboard plies of at least two different types. By "different type" is meant that one or more of the caliper, grade,
material composition, and strength properties of the plies are different.
[0010] In some embodiments, dimensional stability of the die board is improved by including one or more moisture-
barrier plies. A moisture-barrier ply useful in the manufacture of the die board can be a laminate of at least one paper
layer (e.g., kraft) and at least one substantially moisture-impervious layer such as polymer film or metal foil. Laminates
such as paper/polymer/paper and paper/polymer/foil/polymer/paper are useful, these being merely exemplary and not
limiting.
[0011] In one embodiment, the outermost ply is substantially thinner than at least some of the intermediate plies.
[0012] In one embodiment, the plurality of plies are helically wound one upon another and include an outermost ply
forming the part-cylindrical outer surface. A gap between adjacent edges of the outermost ply does not exceed about 1
mm, and more preferably does not exceed about 0.8 mm.
[0013] In one embodiment, the die board is formed with about 15 to 25 paperboard plies ranging in thickness from
about 0.25 mm (0.01 inch) to about 0.75 mm (0.03 inch), and has a wall thickness of about 10 to 15 mm (0.4 to 0.6 inch).
This die board can also include one or more moisture-barrier plies.
[0014] The present disclosure also relates to methods for making rotary die boards. In one embodiment, a method
for making die boards for a rotary die comprise the steps of: wrapping a plurality of plies, including a plurality of paperboard
plies, one atop another about a cylindrical mandrel and adhering the plies to one another to form a hollow tube on the
mandrel; removing the tube from the mandrel; cutting the tube lengthwise to form at least two part-cylindrical portions
each formed by a part-cylindrical wall having a part-cylindrical inner surface and a part-cylindrical outer surface; and
forming a pattern of slots in the part-cylindrical outer surface of each of the part-cylindrical portions, the slots being
configured to hold die tools.
[0015] The plies can be wrapped in various ways, including helically, convolutely, or linearly (i.e., by the linear draw
process).
[0016] In one embodiment, the wrapping step includes wrapping a plurality of paperboard plies having an equilibrium
moisture content not greater than about 4%. Such "extra-dry" paperboard (a "normal" paperboard ply typically having a
moisture content of about 6% or more during the wrapping step) has been found to be one factor that can contribute
toward improved dimensional stability of the die board. In general, reducing the total amount of moisture in the tube as
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formed (whether by use of extra-dry paperboard, or by other means) tends to improve dimensional stability under
changing ambient conditions.
[0017] In one embodiment, the wrapping step further comprises wrapping at least one moisture-barrier ply in the form
of a laminate having at least one paper layer and at least one substantially moisture-impervious layer such as polymer
film or metal foil.
[0018] BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) Having thus described the present
disclosure in general terms, reference will now be made to the accompanying drawings, which are not necessarily drawn
to scale, and wherein:

FIG. 1 is a perspective view of a rotary die in accordance with one embodiment, being mounted to a roller of a die-
cutting system;

FIG. 2 is a diagrammatic view depicting a first step of forming a die board in accordance with one embodiment;

FIG. 3 illustrates a second step of forming a die board in accordance with one embodiment; and

FIG. 4 illustrates a third step of forming a die board in accordance with one embodiment.

DETAILED DESCRIPTION OF THE DRAWINGS

[0019] The present inventions now will be described more fully hereinafter with reference to the accompanying draw-
ings, in which some but not all embodiments of the inventions are shown. Indeed, these inventions may be embodied
in many different forms and should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisfy applicable legal requirements. Like numbers refer to like
elements throughout.
[0020] A rotary die RD in accordance with one embodiment of the invention is shown in FIG. 1. The rotary die comprises
a substrate or die board DB formed as an arcuate (e.g., a hollow semi-cylindrical) structure, such as half of a hollow
cylinder. The outer surface of the die board has a plurality of slots S formed therein, in a predetermined pattern, for
holding a number of die tools T. Various types of die tools can be included, depending on the process the rotary die is
designed to perform. Examples of die tools include steel rules or knives for die-cutting sheet material, serrated knives
for perforating the sheet material, embossing tools for embossing the sheet material, creasing tools for creasing the
sheet material, ejection rubbers for pushing out cut-out portions of the sheet material when forming windows or openings
therein, and the like. The same rotary die can include two or more different types of tools, or can include only one type,
depending on the requirements in each case.
[0021] As shown, in use, the rotary die RD is mounted on a roller R using bolts B. The roller having the rotary die
thereon is arranged with another roller (generally referred to as the "anvil") to form a nip through which the sheet material
being processed is passed.
[0022] The slots S can be formed by mechanical machining, but advantageously the slots are formed by burning with
a laser. Laser-formed slots have the advantage of being controllable in width much more precisely than mechanically
formed slots. Because the die tools are held in the die board by frictional engagement between the tools and the walls
of the slots, it is advantageous to control the slot width as accurately as possible to ensure adequate frictional engagement
with the tools.
[0023] The die board DB is a laminated paperboard structure rather than the conventional plywood type of construction
built up from resin-coated hardwood veneers. More particularly, the die board DB can be formed predominantly, sub-
stantially entirely, or entirely of paperboard plies layered one upon another and adhered together via an adhesive
disposed between facing surfaces of adjacent plies. The die board is formed by initially forming a cylindrical paperboard
tube, and then cutting the tube lengthwise to form two or more arcuate part-cylindrical portions each of which is used
for making one die board. As one example, in one embodiment described below, the tube can be cut in half lengthwise
to form two semi-cylindrical portions each for forming one die board. Alternatively, however, a die board need not be
semi-cylindrical, but can subtend an arc of less than 180° if desired.
[0024] FIG. 2 schematically illustrates a spiral tube-forming process and apparatus for making the cylindrical paper-
board tube in accordance with one embodiment of the invention. As shown, a continuous, spirally wound tube 10 is
formed on a stationary cylindrical mandrel 12. A first ply 20 having a width W is fed onto the mandrel 12 at a winding
angle α that is determined from the winding diameter of the ply, D, and the ply width, W of an ideal, perfectly uniform
width and perfectly straight ply 20 by the formula: 
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When the ply is wound at this winding angle, the ply will ideally form a perfect butt joint, wherein the adjacent edges of
successive helical turns of the ply about the mandrel will butt against each other with no gap therebetween. In reality,
of course, it is generally not possible to control all of the variables in the above formula perfectly, so in practice it is nearly
impossible to attain zero ply gaps 100% of the time.
[0025] It is also to be noted that the ideal ply width W and winding angle α change by a small amount from ply to ply
because the winding diameter D of each ply becomes successively greater as the wall thickness of the tube 10 is built
up by each successive ply. However, the pitch of each ply must be the same since each ply layer must move the same
axial distance along the mandrel for each revolution of the tube 10 on the mandrel. Accordingly, the ply width W and the
winding angle α for all of the ply layers are calculated to maintain pitch as constant as practically possible (recognizing
that paperboard plies are not obtainable in an infinite number of different widths, but only in certain width increments).
[0026] The ply 20 preferably is formed of paperboard. The ply 20 is referred to herein as the innermost ply because
it forms the innermost surface of the tube that is constructed on the mandrel 12. A plurality of intermediate plies, 22, 24,
26, 28, 30, and 32 preferably formed of paperboard are coated with an adhesive at a conventional adhesive coating
station 40 and are superimposed in radially layered relationship onto the innermost ply 20. No adhesive is applied to
the exterior face of the paperboard ply 32. It is preferred to apply adhesive to both the interior and exterior face of the
paperboard ply 22 that contacts the innermost paperboard ply 20. In some embodiments, the adhesive can comprise
an aqueous adhesive, and any of various aqueous adhesives can be used. In other embodiments, the adhesive can
comprise a low-moisture or high- solids-content adhesive referred to herein as a "dry bond" adhesive. Various dry bond
adhesives can be used, including but not limited to hot melt, silicate, dextrin, white glues such as PVA (polyvinyl acetate),
EVA (ethylene vinyl acetate), and PVOH (polyvinyl alcohol), or a polymer resin adhesive (e.g., ionomer resin such as
SURLYN®, or the like).
[0027] The radially layered plies are spirally wound onto and advanced axially along the mandrel by the action of a
continuous winding belt 44 that is driven at a predetermined winding angle α by winding drums 46 and 48 as is well
known in the art. At a location downstream of the winding belt 44, a paperboard ply 50 is coated on both faces with
adhesive via an adhesive station 52 and is thereafter spirally wound onto the partially formed tube 10 exiting the drive
belt 44. A final, outermost paperboard ply 54 is applied to the adhesive coated surface of paperboard ply 50 to thereby
form the outermost surface of the tube 10. The leading and trailing edges 64 and 66, respectively, of the outermost ply
54 are laid adjacent, and preferably in edge-abutting relation to each other, to form a spiral seam 68 that can be visible
or nearly invisible upon the surface of the final tube 10, depending on the gap at seam 68, which gap preferably is
precisely controlled to be as small as possible while avoiding any overlap of the edges of the outermost ply 54.
[0028] In other embodiments, the tube can include one or more non-paperboard plies. For example, one or more
moisture-barrier plies can be included, such as metal foil (hereinafter referred to as "foil"), polymer film, parchment, or
a paper/non-paper laminate. An example of a paper/non-paper laminate useful as a barrier layer is a laminate of two
paper layers laminated together by a layer of a latex rubber-based adhesive. Alternatively, moisture-barrier plies can
comprise laminates such as paper/polymer/paper, paper/polymer/foil/polymer/paper, etc. Such a moisture-barrier ply
can be the outermost ply of the tube, or the innermost ply of the tube, or both the outermost and innermost plies can
comprise moisture-barrier plies. It is also possible to include a moisture-barrier ply as an intermediate ply. The tube
additionally or alternatively can include one or more non-paperboard, strength-enhancing plies, such as Formica or the
like.
[0029] The continuous tube 10 is moved by the winding belt axially along and past the end of the mandrel where it is
cut by one or more cutting stations 70, typically in the form of radial saws or in the form of any of various tube cutting
apparatus that will be known to those skilled in the art. The cutting station 70 can cut the continuous tube into discrete
lengths equal to the desired lengths of the rotary die boards to be produced; alternatively, the cutting station can cut the
tube into lengths longer than that of the die boards to be produced, and subsequent further cutting of the longer lengths
can be performed to produce the desired lengths.
[0030] The next step of the process for producing die boards is illustrated in FIG. 3. A tube 100, formed as described
above and cut to the desired length, is cut in half lengthwise along a plane that passes through the central axis of the
tube so as to divide the tube into two semi-cylindrical portions 102. Each semi-cylindrical portion 102 will form one die
board. As previously noted, it is not essential to the invention that the die board be generally semi-cylindrical (subtending
an arc of about 180°), and hence alternatively the cutting step can comprise cutting the tube lengthwise in such a way
as to produce two (or more) part-cylindrical portions each subtending an angle of less than 180°. The term "part-cylindrical"
is used herein to refer to any structure that can be formed by cutting a hollow cylindrical tube lengthwise along two
circumferentially spaced planes that are axially extending (or generally axially extending); the angle subtended by the
two planes can be constant along the axial direction, although such is not an absolute requirement.
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[0031] Each part-cylindrical die board 102 is then processed to form the pattern of slots for holding die tools, as
illustrated in FIG. 4. More particularly, slots 104 are formed in the outer surface 106 of the die board. The slots can
extend entirely through the thickness of the die board wall to the inner surface 108 of the die board. As noted, the slots
can be formed in various ways. While mechanical techniques for forming the slots can be used, in preferred embodiments
of the invention the slots are formed by burning the paperboard material with a laser such as a CO2 laser. Laser formation
offers the advantage of substantially greater accuracy and less variability in the slot dimensions, particularly the slot
diameter or width, which is an important parameter in terms of the ability of the slot to frictionally grip the die tools inserted
into the slots. The pattern of slots formed in the die board depends upon the configuration of die tools to be inserted,
and thus can vary in each case. It is advantageous to form a series of spaced slots or holes 104 for a given die tool such
that there is paperboard material between adjacent holes 104, which the die tool must break through when inserted into
the series of holes. In this manner, the die tool is frictionally gripped more tenaciously and firmly.
[0032] The final step in the fabrication of a rotary die is to insert the various die tools into the slots 104.
[0033] As an example for illustrative purposes, a rotary die board in accordance with one embodiment can be con-
structed from a tube constructed from a plurality of paperboard plies as follows:

[0034] The die board has an inside diameter ("ID") of 19.0 to 19.25 inches (482.6 to 489.0 mm), a thickness of 0.495
to 0.525 inch (12.6 to 13.3 mm), and a wrap length ("W", the length circumferentially along the outer surface from one
edge to the opposite edge) of 31.69 to 31.75 inches (804.9 to 806.5 mm). The maximum twist of the die board should
be 0.25 inch (6.4 mm). Twist is measured by placing three corners of the die board against a very flat surface and
measuring how high the fourth corner is above the surface. Ideally, all four corners should touch the surface.
[0035] As noted above, the paperboard tube used in forming the die board can be constructed from plies of two or
more types. For example, in the above example, the tube is constructed from three different ply types: one ply of "outer
ply" type, two plies of "Grade A" type, and 19 plies of "Grade B" type. The "outer ply" type is selected for its particular
suitability for use as the outermost ply that will form the outer surface of the die board. Accordingly, the outermost ply
generally should have a smooth surface, which may be smoother than that of the "Grade A" and/or "Grade B" plies. The
outermost ply in the above example also is substantially thinner than the other plies of the tube, although such is not a
necessity. A suitable outermost ply can be, as a non-limiting example, a parchment ply or the like. The intermediate
plies between the outermost and innermost plies can be a different grade (e.g., a lower or less-costly grade) of paperboard
than either or both of the outermost and innermost plies, as in the above example wherein the intermediate plies are
"Grade B" paperboard.
[0036] Alternatively, it is also possible to construct the tube from plies of only one type.
[0037] In accordance with yet another aspect of the invention, in some cases it may be desirable to include an im-
pregnated ply as the outermost ply 54 and/or the innermost ply 20 of the die board (FIG. 2). The impregnated ply can
comprise, for example, a paperboard ply impregnated with a resin or polymer composition such as phenolic resin or
polyester. The impregnated ply can serve as a moisture barrier and/or can impart a desired surface finish to the die
board, and/or can be a strength-enhancing feature. The impregnated ply alternatively can be located other than at the
outermost or innermost position, i.e., as an intermediate ply of the die board. Various embodiments are possible. In one
embodiment, the die board includes only one impregnated ply comprising either the outermost ply, an intermediate ply,
or the innermost ply. In another embodiment, the die board includes a plurality of impregnated plies, which can be
contiguous or can have one or more non-impregnated plies (i.e., free of any resin or polymer impregnant) disposed
therebetween.
[0038] It is advantageous, however, to minimize the use of such impregnated plies, and most advantageously to omit
impregnated plies altogether. In the case of using a laser for cutting the slots in the die board, a phenolic-impregnated
ply is undesirable because the phenolic tends to burn.
[0039] It is also possible to include in the die board one or more paperboard plies that are sized or otherwise treated
to be water-resistant, although without impregnating the plies with a resin or polymer impregnant. For example, a pa-
perboard ply can be sized with a sizing composition such as rosin and alum, alkyl ketene dimer (AKD), or alkenyl succinic
anhydride (ASA), to render the paperboard substantially resistant to absorbing liquids such as water.

# Plies Caliper (inch / mm) Grade Width (inch / mm) Max. Ply Gap (inch / mm)

1 (outside) 0.013 / 0.33 Outer Ply 7.25/184.2 0.03/0.8

1 0.025 / 0.64 Grade A 7.22/183.4 0.06/1.5

19 0.025 / 0.64 Grade B 7.19/182.6 0.092/2.3

1 (inside) 0.025 / 0.64 Grade A 7.22/183.4 0.06/1.5

Sum of Plies 0.538 / 13.67
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[0040] Additional examples and results of tests conducted on predominantly paperboard rotary die boards are set
forth below.

Examples and Test Results

[0041] Rotary die boards (RDBs) need to be dimensionally stable in order to produce die cut parts that are within
tolerance no matter what the ambient conditions, which means that the dimensions should remain fairly constant when
changes in ambient relative humidity occur. Composite Can and Tube Institute (CCTI) Technical Committee Report
TCR-2 teaches a rule of thumb that spirally wound paper tubes can change 0.12% in length, 0.09% in outside diameter,
0.6% in wall thickness, and 0.03% in inside diameter for each percentage unit change in tube moisture content, on an
air dry basis (ADB). For example, a 100-inch long tube initially exposed to a 20% Relative Humidity (RH) environment
and then moved into a 90% RH environment (a 12% change in equilibrium moisture content) can theoretically grow in
length by 1.44 inches, to a length of 101.44 inches. Therefore, paper moisture content and ambient air RH are important
factors affecting rotary die board dimensions. Temperature, adhesive type, and sizing tend to have little effect unless
they shield the paper from moisture transport, while paper density can have some effect. Tubes made of very dense
papers will change in dimensions a little more (10-20%) than those of average density. The purpose of the work done
as shown in the following examples was to produce a more dimensionally stable paper split tube or rotary die board
(RDB) by impeding moisture transport between the ambient air and the paper by using moisture barriers and controlling
the moisture introduced into the tube during spiral winding. The ultimate goal was to produce a paper RDB that is as
dimensionally stable as the current plywood industry standard.

EXAMPLE 1:

[0042] Paper tubes having dimensions of 72" long x �" wall thickness were made using the spiral winding process
with a 19.25" diameter mandrel. The tube wall thickness and build-up consisted of approximately 20 plies of 0.013",
0.025" and 0.030" high-strength papers made from recycled cardboard, with the tube outer diameter controlled at 20.250".
The outermost ply consisted of a 0.00256" thick (35 lb/3000 ft2) green-colored parchment material manufactured by
Ahlstrom Corporation. A dextrin-based adhesive (viscosity=600 cps) was used to adhere the body plies. The outermost
ply was adhered using a PVA-based adhesive (viscosity =1600 cps).
[0043] Once manufactured, the tubes were allowed to dry and stabilize for 48 hours before splitting the tube in half
lengthwise using a band saw. The split tubes or rotary die boards (RDB), along with standard birch plywood RDB (the
control), were then placed in an environmental chamber controlled at 100° F and 20% RH for 4 days. The RDBs were
then removed and immediately weighed and measured for length ("L"), inside diameter or span ("ID’), and wrap length
("W") on the top, middle, and bottom of each tube. The RDBs were then placed in another environmental chamber set
at 100° F and 95% RH for 2 days and were again measured as noted above. The percentage changes in length, ID,
wrap, and weight were calculated. Table 1 shows the results.

[0044] Table 1 shows that the RDB length and the ID changed by greater percentages for the paper tube in comparison
with the current standard plywood design, which indicates that plywood is more dimensionally stable than the paper
RDB. The change in wrap was essentially the same for both boards. It is to be noted that the angle of wind of the paper
tube was in the range of 80 to 90 degrees, and hence the CD direction of the paperboard plies was nearly in alignment
with the length of the RDB. Thus, the test results in Table 1 are believed to reflect the fact that the paperboard making
up the paper RDB has greater dimensional stability in the paper machine direction (MD) of the board than in the cross
machine direction (CD).
[0045] In order to improve the length and ID dimensional stability of the paper RDBs, options were considered involving
different types of moisture barriers strategically placed within the tube build-up during the winding process. EXAMPLE
2 shows some of the options considered.

TABLE 1

Dimension Paper RDB-Example 1, % Change Plywood RDB, % Change

W 0.07 0.07

ID 4.92 2.53

L 1.13 0.10

Weight 6.26 5.54
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EXAMPLE 2:

[0046] Paper tubes having dimensions of 72" long x �" wall thickness were made using the spiral winding process
with a 19.25" diameter mandrel. The tube wall thickness and build-up consisted of approximately 20 plies of 0.013",
0.025" and 0.030" high-strength papers (unless otherwise noted) made from recycled cardboard, with the tube outer
diameter controlled at 20.250". Test RDB numbers 9 and 10 used medium-strength "square" papers (i.e., papers with
fibers aligned in both CD and MD directions giving nearly equal paper strength in both directions). The outermost ply
for all test RDBs except for RDB numbers 2 through 4 consisted of a 0.00256" thick (35 1b/3000 ft2) green-colored
parchment material manufactured by Ahlstrom Corporation. RDB numbers 2-4 did not use the parchment material. A
dextrin-based adhesive (viscosity=600 cps) was used to adhere the body plies except where otherwise noted in the
tables below. The outermost ply was adhered using a PVA-based adhesive (viscosity =1400 cps) unless otherwise noted
in the tables. Many of the RDBs listed in the tables were treated with various materials as noted: SBR adhesive coating,
polyurethane (water based) coating, and wax saturation. RDBs 7 and 8 used moisture barrier laminates having the
structure kraft/poly/foil/poly/kraft manufactured by Jen-Coat, and another moisture barrier laminate having the structure
kraft/poly/kraft (specifically, Sellowrap 40 from Converdis) located at the 2nd ply from the inside and the 3rd ply from the
outside.
[0047] Once manufactured, the tubes were allowed to dry and stabilize for 48 hours before splitting the tubes in half
lengthwise using a band saw. The RDBs were then measured for length, ID, and wrap on the top, middle, and bottom
of the tube, and were weighed. Half of the samples of each RDB build-up were placed in an environmental chamber
controlled at 100° F and 20% RH (referred to as a "desert" environment) for 4 days, and the other half were placed in
another environmental chamber set at 100° F and 95% RH (referred to as a "jungle" environment) for 2 days. After
conditioning, the RDBs were measured again as noted above. The averages of the absolute values of the differences
in length, ID, wrap, and weight between normal ambient conditions and the desert and jungle environments were cal-
culated. Table 2A and 2B shows the results.

TABLE 2A: AMBIENT TO DESERT

RDB # RDB BUILD-UP AVERAGE ABSOLUTE CHANGE

% MOISTURE 
CHANGE

Wrap Top, inch Length, inch I.D.-Span, inch

1 CONTROL, DEXTRIN 
ADHESIVE

-3.61 0.06 0.53 0.50

2 SBR ADHESIVE 
COATED

-0.39 0.00 0.38 0.28

3 POLYURETHANE 
COATED

-3.01 0.00 0.50 0.53

4 WAX SATURATED 4.61 0.09 0.13 0.09

5 SBR ADHESIVE 
OUTSIDE/INSIDE 
PLIES ONLY

-4.23 0.03 0.63 0.59

6 SBR ADHESIVE ALL 
PLIES

-3.77 0.06 0.59 0.59

7 FOIL MOISTURE 
BARRIER

-1.40 0.03 0.44 0.16

8 SELLOWRAP 
MOISTURE BARRIER

-2.74 0.03 0.53 0.38

9 SQUARE PAPER -3.97 0.16 0.38 0.59

10 SQUARE PAPER, 
SBR ADHESIVE 
OUTSIDE/INSIDE

-3.99 0.09 0.47 0.63
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[0048] The RDBs that appeared to be best in terms of tube length and ID dimensional stability, and the most practical
to manufacture, were RDB #7 (foil moisture barrier) and #8 (Sellowrap moisture barrier). Saturating these large tubes
in hot wax or coating using other materials are deemed not cost-effective. The next step was to investigate the effect of
multiple layers of moisture barriers, including extra-dry papers.

EXAMPLE 3:

[0049] 72" long x �" thick wall paper tubes were made using the spiral winding process with a 19.25" diameter mandrel.
The tube wall thickness and build-up consisted of 18 to 20 plies of 0.013", 0.025" and 0.030" high-strength papers made
from recycled cardboard with the outer diameter controlled at 20.250". The outermost ply consisted of a 0.00256" thick
(35 1b/3000 ft2) green-colored parchment material manufactured by Ahlstrom Corporation. A dextrin-based adhesive
(viscosity=600 cps) was used to adhere the body plies. The outermost ply was adhered using a PVA-based adhesive
(viscosity =1400 cps). Sellowrap 40 made by Converdis, a moisture barrier paper, was placed in various configurations
within the tube build-up (see Table 3). Also, RDBs 20 through 24 were made using regular high-strength papers (moisture
content approximately 6%) and RDBs 25 through 28 were made using extra-dry high-strength paper (moisture content
approximately 4%).
[0050] Once manufactured, the tubes were allowed to dry and stabilize for 48 hours before splitting the tubes in half
lengthwise using a band saw, and then the tube were immediately measured for length, ID, and wrap on the top, middle,
and bottom of the tube, and were weighed. The resulting paper RDBs, along with standard birch plywood RDB (the
control), were then placed in an environmental chamber controlled at 100° F and 20% RH for 5 days and measured
again. The averages of the absolute changes in the length, ID, wrap, and weight were calculated. Table 3 shows the
results ("MB" = moisture barrier).

TABLE 2B: AMBIENT TO JUNGLE

RDB # RDB BUILD-UP AVERAGE CHANGE

% MOISTURE CHANGE Wrap, inch Length, inch ID, inch

1 CONTROL, DEXTRIN 
ADHESIVE

8.70 0.06 1.11 1.25

2 SBR ADHESIVE COATED 3.79 0.09 0.63 0.81

3 POLYURETHANE COATED 7.57 0.03 1.44 1.03

4 WAX SATURATED 3.40 0.06 0.44 0.53

5 SBR ADHESIVE OUTSIDE/
INSIDE PLIES ONLY

4.78 0.03 0.66 0.63

6 SBR ADHESIVE ALL PLIES 4:93 0.06 0.63 0.78

7 FOIL MOISTURE BARRIER 1.25 0.06 0.19 0.41

8 SELLOWRAP MOISTURE 
BARRIER

2.25 0.06 0.34 0.59

9 SQUARE PAPER 7.83 0.09 0.72 1.28

10 SQUARE PAPER, SBR 
ADHESIVE OUTSIDE/INSIDE

5.36 0.00 0.53 1.03

TABLE 3: AMBIENT TO DESERT

RDB #
RDB BUILD-UP

AVERAGE ABSOLUTE DIFFERENCES

% Moisture Change WRAP inch LENGTH inch ID inch TOTAL inch

20 CONTROL - NO MB -3.35 0.08 0.24 0.35 0.68

21 SELLOWRAP - 2 
(IN/OUT)

-2.07 0.10 0.32 0.15 0.57
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[0051] Table 3 shows that RDBs made with the extra-dry high-strength papers generally had better dimensional
stability, especially in length and ID, compared to those made using the regular papers. The RDBs made using the
Sellowrap and foil moisture barriers had better dimensional stability than those without, and had smaller ID changes
than the Plywood control. However, distributing multiple plies of moisture barrier papers throughout the RDB wall does
not seem to improve the dimensional stability as compared to placing one or two moisture-barrier plies on the inside
and outside.

EXAMPLE 4:

[0052] 82" long x �" thick wall paper tubes were made using the spiral winding process with a 19.125" diameter
mandrel. The tube wall thickness and build-up consisted of 18 to 20 plies of 0.015", 0.025" and 0.030" extra-dry (moisture
content approximately 4%) high-strength papers made from recycled cardboard, with the outer diameter controlled at
20.145". The outermost ply consisted of a 0.00256" thick (35 lb/3000 ft2) green-colored parchment material manufactured
by Ahlstrom Corporation. A dextrin-based adhesive (viscosity=600 cps) was used to adhere the body plies on RDB
numbers 23, 37, 38, 39, and 42. A silicate adhesive was used for the body plies in RDB numbers 40 and 41. The
outermost ply was adhered using a PVA-based adhesive (viscosity =1400 cps). Sellowrap 40 made by Converdis, and
a kraft/polypropylene/ kraft laminate (designated "PP") made by Jen-Coat were the moisture barrier papers compared
in this experiment. The moisture barrier papers were located as the 2nd ply from the inside ply and as the 5th ply from

(continued)

RDB #
RDB BUILD-UP

AVERAGE ABSOLUTE DIFFERENCES

% Moisture Change WRAP inch LENGTH inch ID inch TOTAL inch

22 SELLOWRAP - 3 
(IN/MID/OUT)

-2.07 0.07 0.33 0.15 0.55

23 SELLOWRAP-4 
(2IN/2OUT)

-1.70 0.08 0.30 0.15 0.53

24 SELLOWRAP - 4 
(1IN/1MID/1MID/
1OUT)

-1.98 0.06 0.31 0.23 0.60

25 EXTRA-DRY HIGH-
STRENGTH 
PAPER (4% 
MOISTURE) - NO 
MB

-2.72 0.06 0.44 0.44 0.94

26 EXTRA-DRY HIGH-
STRENGTH 
PAPER (4% 
MOISTURE), 
SELLOWRAP - 2 
(IN/OUT)

-1.69 0.04 0.25 0.08 0.38

27 EXTRA-DRY HIGH-
STRENGTH 
PAPER (4% 
MOISTURE), 
SELLOWRAP - 4 
(2IN/2OUT)

-1.43 0.06 0.25 0.13 0.44

28 EXTRA-DRY HIGH-
STRENGTH 
PAPER (4% 
MOISTURE), FOIL - 
2 (IN/OUT)

-3.37 0.02 0.23 0.02 0.27

PLY PLYWOOD -0.91 0.04 0.25 0.46 0.75
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the outside within the tube build-up, and in other configurations as shown in Table 4A.
[0053] Once manufactured, the tubes were allowed to dry and stabilize for 48 hours (at room temperature, 55% RH)
before splitting them in half lengthwise using a band saw, and then the tubes were immediately measured for length ID,
and wrap on the top, middle, and bottom of the tube, and were weighed. The resulting RDBs, along with standard birch
plywood RDB (the control), were then placed in an environmental chamber controlled at 100° F and 20% RH for 7 days
and measured again. Tube samples were also weighed and oven dried in order to calculate the % moisture. The average
of the absolute change for the length, ID, wrap, and weight were calculated. Tables 4A and 4B shows the results.

[0054] From the results summarized in Table 4A, it was noted that RDB numbers 23 and 42 had the best dimensional
stability in terms of length and ID changes, as had been previously observed when moisture barriers were located on
both the inside and outside of the tube. It is thought such moisture barriers add resistance and hinder moisture transport
between the ambient air and the tubes. Also, the silicate adhesive apparently imparts too much moisture to the paper,
causing the paper to shrink with age if the ambient conditions become drier. The results in Table 4B show that the
moisture barrier on both the inside and outside maintains the ID on the high side. The PP moisture barrier causes the
ID to actually decrease with age, and the Sellowrap causes the ID to decrease slightly with age. It is preferred to keep
the ID for this particular RDB size within the range 18-7/8" to 19-5/16".

EXAMPLE 5:

[0055] 72" long x �" thick wall paper tubes were made using the spiral winding process with a 19.25" diameter mandrel.

TABLE 4A: 20% RH ROOM MOISTURE STUDY (7 DAYS)

RDB #, 
DESCRIPTION

AVG INITIAL DAY 1 
MOISTURE %

AVERAGE ABSOLUTE DIFFERENCES

% Moisture Change Length Change, in. ID Change, in.

23, DEXTRIN, 
SELLOWRAP 2 
LAYERS IS/OS

8.5 -1.94 0.31 0.15

37, DEXTRIN, NO MB 9.5 -3.99 0.67 0.48

38, DEXTRIN, PP MB 
INSIDE ONLY

8.6 -2.77 0.52 0.27

39, DEXTRIN, PP MB 
OUTSIDE ONLY

9 -3.33 0.58 0.33

40, SILICATE, NO MB 10.3 -4.88 0.73 0.71

41, SILICATE, PP MB 
IS/OS

11 -2.59 0.54 0.25

42, DEXTRIN, PP MB 
IS/OS

8.5 -1.88 0.38 0.17

TABLE 4B: ID VALUES AT 55% RH VERSUS 20% RH

DESCRIPTION ID @ Splitting, inch ID @ 7 Days, inch

23, DEXTRIN, SELLOWRAP 2 LAYERS IS/OS 19.31 19.25

37, DEXTRIN, NO MB 19.21 18.73

38, DEXTRIN, PP MB INSIDE ONLY 19.19 18.92

39, DEXTRIN, PP MB OUTSIDE ONLY 19.25 18.92

40, SILICATE, NO MB 19.13 18.42

41, SILICATE, PP MB IS/OS 19.25 19.46

42, DEXTRIN, PP MB IS/OS 19.25 19.42
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The tube wall thickness and build-up consisted of approximately 20 plies of 0.013", 0.025" and 0.030" high-strength
papers made from recycled cardboard, with the outer diameter controlled at 20.250". The outermost ply consisted of a
0.00256" thick (35 1b/3000 ft2) green-colored parchment material manufactured by Ahlstrom Corporation. A dextrin-
based adhesive (viscosity=600 cps) was used to adhere the body plies. The outermost plies were adhered using a PVA-
based adhesive (viscosity =1400 cps). RDB number 15 (CONTROL) included no moisture barriers. RDB numbers 17
and 18 used moisture barrier laminates having the structure kraft/poly/foil/poly/kraft (FOIL) manufactured by Jen-Coat,
and another moisture barrier laminate having the structure kraft/poly/kraft (Sellowrap 40 by Converdis), 1 ply each,
located on the 2nd ply from the inside and the 3rd ply from the outside of the tube.
[0056] Once manufactured, the tubes were allowed to dry and stabilize for 48 hours before splitting in half lengthwise
using a band saw. The resulting RDBs, along with standard birch plywood RDB (the control), were then sent to a die
maker where they were laser cut and ruled using a normal rotary die design. The RDBs were then measured for weight,
bolt hole spacing ("H"), length, ID, and wrap. The RDBs were then placed in an environmental chamber set at 100° F
and 95% RH for 2 days and were again measured the same as above. The average of the absolute difference in the
hole spacing, length, ID, wrap, and weight were calculated. Table 5A shows the results.
[0057] The same die boards from Table 5A were placed in another environmental chamber set at 100° F and 20%
RH for 3 days and measured the same as above. The average of the absolute difference in the hole spacing, length,
ID, wrap, and weight were calculated for the 90% RH and 20% RH conditions. Table 5B shows the results. Bowing in
the center of the RDBs was measured on both right and left sides of the board and the condition of each of the RDBs
was noted.

[0058] Table 5A shows that the RDBs using the foil or Sellowrap moisture barriers improved the dimensional stability,
to a point approaching that of the plywood, by adding resistance and thereby preventing moisture transport into the
paper. Table 5B shows that the foil and Sellowrap moisture barriers improved the length dimensional stability over the
control with no moisture barrier. It was found that the steel rules in the board would become loose when the RDBs were
dried. This problem was later resolved by laser cutting smaller slots in the RDB. Steel rules for the 66" rotary die board
were 0.0575" wide. For optimum rule fit and performance, "smooth" wall laser cut slots should measure using a taper
gage 0.030" to 0.048" wide from the underneath side and 0.040" to 0.048" from the top side of the board. "Pulse" laser
jagged wall cut slots should measure using a taper gage 0.030" to 0.040" wide from both underneath and top sides of

TABLE 5A: RULED DIE, AMBIENT TO JUNGLE

RDB # RDB BUILD-UP AVG DIFFERENCES

% MOIST. H, inch Length (L), inch Wrap (W), inch

N/A PLYWOOD 1.91 0.01 0.05 0.16

15 CONTROL 1.31 0.09 0.16 0.09

17 FOIL 0.25 0.00 0.05 0.03

18 SELLOWRAP 0.34 0.00 0.06 0.09

TABLE 5B: RULED DIE, JUNGLE TO DESERT

RDB #
RDB 

BUILD 
-UP

AVERAGE ABSOLUTE DIFFERENCES BOWING IN CENTER

CONDI 
TION OF 

RDB

% 
Moist.

H, inch Length 
(L), inch

Wrap 
(W), 
inch

ID, inch Left 
inch

Right, 
inch

N/A PLYW 
OOD

-3.71 0.04 0.08 0.13 0.27 1/16 3/16 OK

15 CONT 
ROL

-3.15 0.23 0.31 0.13 0.71 1/4 1/4 RULES 
LOOSE

17 FOIL -2.01 0.13 0.19 0.03 0.52 3/16 1/4 RULES 
LOOSE

18 SELLO 
WRAP

-2.31 0.12 0.13 0.13 0.69 1/4 1/4 RULES 
LOOSE
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the board.

EXAMPLE 6

[0059] 72" long x �" thick wall paper tubes were made using the spiral winding process with a 19.25" diameter mandrel.
The tube wall thickness and build-up consisted of 18 to 20 plies of 0.013", 0.025" and 0.030" high-strength papers made
from recycled cardboard, with the outer diameter controlled at 20.250". The outermost ply consisted of a 0.00256" thick
(35 1b/3000 ft2) green-colored parchment material manufactured by Ahlstrom Corporation. A dextrin-based adhesive
(viscosity=600 cps) was used to adhere the body plies. The outermost plies were adhered using a PVA-based adhesive
(viscosity =1400 cps). Sellowrap 40 made by Converdis, a moisture barrier laminate, was placed in various configurations
within the tube build-up (see Table 6). RDB number 24 was made using regular high-strength papers (moisture content
approximately 6%) and RDB numbers 25 and 27 were made using extra-dry high-strength paper (moisture content
approximately 4%).
[0060] Once manufactured, the tubes were allowed to dry and stabilize for 48 hours before splitting the tubes in half
lengthwise using a band saw. The resulting RDBs, along with standard birch plywood RDB (the control), were then sent
to a die maker where they were laser cut and ruled using a normal rotary die design. The RDBs were then measured
for weight, bolt hole spacing ("H"), length, wrap, and ID. The RDBs were then placed in an environmental chamber set
at 100° F and 95% RH for 3 days and again measured the same as above. The average of the absolute difference in
the hole spacing, length, ID, wrap, and weight were calculated. Table 6 shows the results.

[0061] Table 6 shows that the RDB number 27 using the Sellowrap moisture barriers and extra-dry papers improved
the dimensional stability over that of the plywood, by adding resistance and thereby preventing moisture transport into
the paper. RDB number 27 also prevented shrinkage of the rule slot, thereby preventing the rules from becoming loose
in the board. Also, it was found that loosening of the rules can be prevented by laser cutting smaller slots in the RDB.
Steel rules for the 66" rotary die board are 0.0575" wide. For optimum rule fit and performance, "smooth" wall laser cut
slots should measure using a taper gage 0.030" to 0.048" wide from the underneath side and 0.040" to 0.048" from the
top side of the board. "Pulse" laser jagged wall cut slots should measure using a taper gage 0.030" to 0.040" wide from
both underneath and top sides of the board.
[0062] Many modifications and other embodiments of the inventions set forth herein will come to mind to one skilled

TABLE 6: RULED DIE, AMBIENT TO DESERT

RDB # RDB BUILD-UP AVERAGE ABSOLUTE DIFFERENCES Center Bow, 
Inch% MOIST. 

CHANGE
H, Inch L, Inch W, Inch ID, Inch

PLY 24 PLYWOOD 
HIGH 
STRENGTH 
PAPER (6% 
MOISTURE), 
SELLOWRAP - 
4 (1IN/1MID/
1MID/1OUT)

-1.81 0.02 0.07 0.03 0.48 0.13
-1.46 0.08 0.07 0.05 0.48 0.25

25 EXTRA-DRY 
HIGH-
STRENGTH 
PAPER (4% 
MOISTURE) - 
NO MB

-1.44 0.08 0.10 0.03 0.46 0.22

27 EXTRA-DRY 
HIGH-
STRENGTH 
PAPER (4% 
MOISTURE), 
SELLOWRAP - 
4 (2IN/2OUT)

-1.11 0.07 0.07 0.00 0.33 0.19
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in the art to which these inventions pertain having the benefit of the teachings presented in the foregoing descriptions
and the associated drawings. Therefore, it is to be understood that the inventions are not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to be included within the scope of
the appended claims. Although specific terms are employed herein, they are used in a generic and descriptive sense
only and not for purposes of limitation.

Claims

1. A die board for a rotary die, comprising:

an arcuate part-cylindrical wall having an outer part-cylindrical surface and
an inner part-cylindrical surface; and
wherein the part-cylindrical wall is formed at least predominantly of a plurality of paperboard plies adhesively
laminated together.

2. The die board of claim 1, further comprising a plurality of slots formed in the outer part-cylindrical surface of the wall
for receiving die tools.

3. The die board of claim 1 or 2, wherein the part-cylindrical wall is formed
substantially entirely of a plurality of paperboard plies adhesively laminated together.

4. The die board of any preceding claim, wherein the inner part-cylindrical surface has a diameter of approximately
482 to 489 mm.

5. The die board of claim 4, wherein the part-cylindrical wall has a thickness of approximately 12.6 to 13.3 mm.

6. The die board of any preceding claim, wherein the plurality of paperboard plies include paperboard plies of at least
two different types.

7. The die board of any preceding claim, wherein an outermost ply of the die board is substantially thinner than at least
some of the other plies.

8. The die board of any preceding claim, wherein the plies include at least a first moisture-barrier ply.

9. The die board of claim 8, wherein the first moisture-barrier ply comprises a laminate of at least one paper layer and
at least one substantially moisture-impervious layer.

10. The die board of claim 8, wherein the first moisture-barrier ply is proximate a radially outer surface of the die board.

11. The die board of claim 10, further comprising a second moisture-barrier ply proximate the radially outer surface of
the die board.

12. The die board of claim 9, wherein the first moisture-barrier ply is proximate a radially inner surface of the die board.

13. The die board of claim 12, further comprising a second moisture-barrier ply proximate a radially outer surface of the
die board.

14. The die board of claim 13, further comprising a third moisture-barrier ply
located radially inwardly of the first and second moisture-barrier plies.

15. The die board of claim 13, wherein there is a substantially greater number of paperboard plies than moisture-barrier
plies.

16. The die board of claim 1, comprising approximately 15 to 25 paperboard
plies ranging in thickness from about 0.01 inch to about 0.03 inch, the die board having a wall thickness of about
0.4 to 0.6 inch.



EP 1 925 409 A1

14

5

10

15

20

25

30

35

40

45

50

55

17. A method for making die boards for a rotary die, comprising the steps of:

wrapping a plurality plies, predominantly made up of a plurality of paperboard plies, one atop another about a
cylindrical mandrel and adhering the plies to one another to form a hollow predominantly paperboard tube on
the mandrel; removing the tube from the mandrel; and
cutting the tube lengthwise to form at least two part-cylindrical portions each formed by a part-cylindrical wall
having a part-cylindrical inner surface and a part-cylindrical outer surface.

18. The method of claim 17, further comprising the step of:

forming a pattern of slots in the part-cylindrical outer surface of each of the part-cylindrical portions, the slots
being configured to hold die tools.

19. The method of claim 17 or 18, wherein the wrapping step comprises helically wrapping the plies about the cylindrical
mandrel.

20. The method of claim 17 or 18 or 19, wherein the wrapping step comprises wrapping plies of at least two different types.

21. The method of any one of claims 17 to 20, wherein the wrapping step includes wrapping at least one moisture-
barrier ply.

22. The method of claim 17, wherein the wrapping step includes wrapping at least one moisture-barrier ply in the form
of a laminate having at least one paper layer and at least one substantially moisture-impervious layer.

23. The method of claim 22, wherein the wrapping step includes wrapping at least two of said moisture-barrier plies
each in the form of said laminate.

24. The method of claim 17, wherein the wrapping step includes wrapping a plurality of paperboard plies having a
moisture content not greater than about 4%.

25. The method of claim 24, wherein the wrapping step further comprises wrapping at least one moisture-barrier ply in
the form of a laminate having at least one paper layer and at least one substantially moisture-impervious layer.
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