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(57) Abréegée/Abstract:

An expandable slit-sheet stock material (16) having a plurality of longitudinally expandable slits (20) arranged In a plurality of
transversely-extending, longitudinally-spaced rows (18) of slits. Each slit of the plurality of slits includes one or more un-slit
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stock material includes an expander (250) having a pair of opposed rollers (260, 262). The rollers engage the stock material to
effect breaking of the un-slit reinforcement portions and expansion of the slit-sheet stock material.
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EXPANDABLE SLIT-SHEET STOCK MATERIAL,
DUNNAGE CONVERSION SYSTEM AND METHOD FOR EXPANDING

Related Applications
This application claims priority to U.S. Application No. 62/483,688 filed April

10, 2017, which Is hereby incorporated herein by reference In its entirety.

Field of the Invention
This Invention relates generally to a sheet stock material, a dunnage
conversion system, and a method for converting the sheet stock material into a
dunnage product, and more particularly to an expandable slit-sheet stock material, a
dunnage conversion system, and a method for converting the slit-sheet stock

material into an expanded dunnage product.

Background

In the process of shipping one or more articles from one location to another, a
packer typically places some type of dunnage material in a shipping container, such
as a cardboard box, along with the article or articles to be shipped. The dunnage
material typically 1s used to wrap the articles or to partially or completely fill the empty
space or void volume around the articles in the container. By filling the void volume,
the dunnage prevents or minimizes movement of the articles that might lead to
damage during the shipment process. The dunnage also can perform blocking,
bracing, or cushioning functions. Some commonly used dunnage materials are
plastic foam peanuts, plastic bubble pack, air bags, and converted paper dunnage
material.

Expandable slit-sheet packing material, also referred to as slit-sheet material,
slit-sheet stock material, stock material, or sheet material, i1s useful as a cushioning
material for wrapping articles and as a void-fill material for packages. The term
expanding, as used herein, refers to a three-dimensional expansion, or a volume

expansion. The material expands In length and thickness while decreasing in width,
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to yield an increase In volume and comparable decrease in density. The slit-sheet
material has multiple slits typically arranged in rows across the sheet material. WWhen
the slit-sheet material is stretched In a direction transverse the direction of the slits,
the material deforms, increasing Iin length and thickness. This stretching and increase
IN thickness of the slit-sheet material packing material is referred to as expansion.
Exemplary slit-sheet packing materials, and the manufacturing thereof, are
described in greater detail in U.S. Patent Nos. 5,667,871 and 5,688,578, the
disclosures of which are incorporated herein by reference Iin their entireties. As
described therein, one exemplary slit-sheet packing material for converting into a
dunnage product iIs made from paper. Paper packing material is an environmentally-
friendly packing material that is recyclable, biodegradable, and composed of a

renewable resource.

Summary of the Invention

While existing slit-sheet stock material may be used to provide an adequate
resultant expanded dunnage product, the existing stock material may not have an
ideal production process, be ideal for all uses, or be ideal for use with all dunnage
conversion systems for expanding slit-sheet stock material. In designing slit-sheet
material for conversion, a balance must be struck between tension needed to open
the slits for expansion and sufficient strength of the sheet material under tension to
avold tearing of the slit-sheet material, such as during winding of the unexpanded slit-
sheet material or during expansion of the slit-sheet material.

An iImproved slit-sheet stock material is provided that is configured to aid In
controlling, such as restricting, opening of a plurality of slits of the slit-sheet stock
material, to thereby minimize or prevent tearing. For example, the improved slit-sheet
stock material may be configured to minimize or altogether prevent opening of the
plurality of slits during winding of the unexpanded slit-sheet material into roll form for
subsequent expansion In a conversion machine as the slit sheet material Is unwound
from the roll. The improved slit-sheet stock material may alternatively or additionally

be configured to slow opening of the plurality of slits or minimize opening of slits until



10

15

20

25

CA 03059352 2015-10-07

WO 2018/191012 PCT/US2018/024704

the respective slits are further downstream In a respective dunnage conversion
system for expanding the slit-sheet material.

The downstream direction of the system, also referred to as the longitudinal
direction, Is the direction in which stock material travels through the system from a
supply of stock material to an outlet of the system. The upstream direction Is
oppositely disposed to the downstream direction of the stock material.

The aforementioned expandable slit-sheet stock material 1s generally a pre-
slit-sheet stock material, having a plurality of transversely-extending rows of slits
arranged across a surface of the sheet stock material. Since tension generally is
applied parallel to a length dimension of the sheet material during both winding and
expansion, the slits are oriented transverse the length dimension, which Is along the
downstream and longitudinal directions. The rows are longitudinally-spaced from one
another. Each row includes a plurality of slits intermittently dispersed across the row.
And the slits In each row typically are arranged In a staggered or offset relationship
relative to the slits in adjacent rows.

Each slit of the plurality of slits includes one or more un-slit reinforcement
portions, such as reinforcement ties, extending between opposite longitudinal sides
of the slit, and disposed between opposed transverse endpoints of the slit. These un-
slit reinforcement portions are smaller in the transverse direction than the distance of
un-slit spacing portions extending between adjacent slits of a row, but provide
sufficient strength to hold the slit temporarily while being drawn.

An exemplary expandable slit-sheet stock material may be supported on a
supply support, and the exemplary expandable slit-sheet stock according to the
iInvention includes a plurality of expandable slits arranged in a plurality of
transversely-extending, longitudinally-spaced rows of slits, where each slit Is
longitudinally expandable, where each slit has therein an un-slit reinforcement tie
extending from an upstream side to a downstream side, longitudinally-spaced from
the upstream side, of the respective slit, and where the un-slit reinforcement tie

temporarily restricts opening of the plurality of slits.
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Each un-slit reinforcement tie may separate a respective slit into opposed
transversely-spaced apart slit portions.

Each slit may have therein one or more additional un-slit reinforcement ties
fully extending between an upstream side and downstream side, longitudinally-
spaced from the upstream side, of the respective slit.

The un-slit reinforcement tie and the one or more additional un-slit
reinforcement ties may separate a respective slit into opposed transversely-spaced
apart slit portions of the same length extending in the transverse direction.

The un-slit reinforcement tie and the one or more additional un-slit
reinforcement ties may split a respective slit into transversely-spaced apart slit
portions of at least two different lengths extending in the transverse direction.

At least one of the un-slit reinforcement tie or one of the one or more
additional un-slit reinforcement ties may be of a different length extending in the
transverse direction than the others of the un-slit reinforcement tie and the one or
more additional un-slit reinforcement ties.

At least one slit of the plurality of expandable slits may have therein one
additional un-slit reinforcement tie fully extending between an upstream side and a
downstream side longitudinally-spaced from the upstream side of the respective slit,
where the at least one slit extends In the transverse direction between opposed slit

endpoints, and where spacing between each of the un-slit reinforcement tie and the

additional un-slit reinforcement tie and a respective opposing slit endpoint Is less than

the spacing between the un-slit reinforcement tie and the additional un-slit
reinforcement tie.

Each longitudinally-spaced row of slits may be transversely offset from the
adjacent upstream longitudinally-spaced row of slits and the adjacent downstream
longitudinally-spaced row of slits.

The expandable slit-sheet stock material may be configured to expand

longitudinally, transversely, and In thickness such that the resultant expanded

product has a reduced density as compared to the unexpanded expandable slit-sheet

stock material.
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The un-slit reinforcement tie of each slit may be configured to break into
opposed longitudinally-separated broken portions during expansion of the respective
slit also In the longitudinal direction.

The slit-sheet stock material may include paper.

The expandable slit-sheet stock material may be recyclable, biodegradable,
and composed of a renewable resource.

The slit-sheet stock material may be wound to form a roll.

An exemplary method of making an expanded dunnage product from an
expandable slit-sheet stock material includes the steps of (a) providing the
aforementioned slit-sheet stock material wound to form a supply roll or fan-folded into
a supply stack, (b) drawing sheet stock material from the supply, (c) breaking the
reinforcement ties, and (d) opening the slits, where the opening and breaking steps
Include applying a force to the sheet stock material in a longitudinal direction
transverse the slits.

The breaking and opening steps may occur concurrently for each row of slits.

An exemplary assembly for converting a slit-sheet stock material into an
expanded dunnage product may include the slit-sheet stock material, means for
drawing the slit-sheet stock material from the supply, means for breaking the
reinforcement ties, and means for opening the slits.

The breaking means and the opening means may include a common pair of
opposed rollers.

Each of the rollers of the common pair of opposed rollers may include a
plurality of contact portions for engaging the slit-sheet stock material, where the
contact portions are spaced apart along a longitudinal axis of each of the respective
rollers, and where the contact portions extend radially further from the respective
longitudinal axes than intermediate portions spaced therebetween.

An exemplary dunnage conversion system for expanding the improved slit-
sheet stock material includes a supply of the improved slit-sheet stock material and a
dunnage converter. The improved slit-sheet stock material includes a plurality of slits

transversely spaced-apart by un-slit spacing portions. The un-slit spacing portions
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are provided for support and are not provided for being broken. The stock material
also includes one or more un-slit reinforcement portions disposed intermediately in
each slit of the plurality of slits. The un-slit reinforcement portions are smaller in the
transverse direction of the slits than the un-slit spacing portions and are provided for
restricting complete opening of the plurality of slits until being broken. The dunnage
converter, also referred to as a dunnage conversion machine, has a pair of opposed
rollers. The opposed rollers may include contact portions spaced apart from one
another for engaging the stock material to effect breaking of the un-slit reinforcement
portions and expansion of the slit-sheet stock material while minimizing or preventing
tearing of the stock material.

The foregoing and other features of the invention are hereinafter fully
described and particularly pointed out in the claims, the following description and
annexed drawings setting forth in detail certain illustrative embodiments of the

invention, these embodiments being indicative, however, of but a few of the various

ways in which the principles of the invention may be employed.

Brief Description of the Drawings

The annexed drawings, which are not necessarily to scale, show various
aspects of the disclosure.

FIG. 1 is a partial view of a slit-sheet stock material in accordance with the
present invention.

FIGS. 2A and 2B are partial views of an expanded dunnage product formed
from the slit-sheet stock material of FIG. 1.

FIG. 3 is a partial view of another slit-sheet stock material in accordance with
the present invention.

FIG. 4A is a partial view of yet another slit-sheet stock material in accordance

with the present invention.

FIG. 4B 1s a partial view of still another slit-sheet stock material in accordance

with the present invention.

RECTIFIED SHEET (RULE 91) ISA/EP
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FIG. 4C is a partial view of another slit-sheet stock material in accordance with
the present invention.

FIG. 5A is a partial view of yet another slit-sheet stock material in accordance
with the present invention.

FIG. 5B is a partial view of still another slit-sheet stock material in accordance
with the present invention.FIG. 6 i1s a schematic view of an exemplary dunnage
conversion system provided in accordance with the present invention including both a
dunnage conversion machine and one or more supplies of the slit-sheet stock
material of FIG. 1.

FIG. 7 is a partial schematic view of the conversion machine of FIG. 6.

FIG. 8 Is a cross-sectional view through the breaking members of another
conversion machine in accordance with the invention.

FIG. 9 is a cross-sectional view through breaking members of another

conversion machine in accordance with the invention.

Detailed Description

The present invention provides an improved expandable slit-sheet stock
material that is configured to aid in temporarily restricting opening of a plurality of slits
of the slit-sheet stock material, such as during production of the unexpanded stock
material or during expansion of the stock material. The improved slit-sheet stock
material may improve yield and performance with respect to the production or the
expansion of the stock material. The improved performance may include one or both
of minimal jamming and minimal tearing of the stock material during the production or
expansion.

Referring now to FIGS. 1, 2A, and 2B in detail, an exemplary slit-sheet stock
material is depicted at 16. The slit-sheet stock material 16, also herein referred to as
the sheet matenial 16 for purposes of brevity, may include paper, such as kraft paper,
and typically includes a single-ply kraft paper. A suitable kraft paper may have
various basis weights, such as twenty-pound or forty-pound, for example. Paper is

recyclable, biodegradable, and composed of a renewable resource. In some

RECTIFIED SHEET (RULE 91) ISA/EP
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embodiments, the sheet material 16 may be laminated or may include any other
suitable material such as another paper, plastic sheets, metal foil, or any combination
thereof. In some embodiments the sheet material 16 may not include paper.

The sheet material 16 may be provided In a supply of sheet material 16 that
typically includes one or more plies. The sheet material 16 generally 1s supplied In
one or more rolls for use In a respective dunnage conversion system. In other
embodiments, the sheet material 16 may be additionally or alternatively provided In
another suitable arrangement, such as in a fan-folded stack, where the material Is
alternatingly folded into a stack of generally rectangular pages.

The slit-sheet material 16 generally has a plurality of longitudinally-spaced
apart, transversely-extending rows 18 of slits 20 cut into the sheet material 16. The
exemplary sheet material 16 with its plurality of slits 20 Is configured to expand along
a longitudinal feed direction 30, which Is also the downstream direction, as it travels
through a dunnage conversion system. The slits 20 may be formed by cutting, such
as by stamping or die-cutting, the sheet material 16, or otherwise by weakening the
sheet material intermittently across the sheet material 16. In this way the sheet
material 16 separates across a majority, and preferably each, slit 20 under
longitudinal tension provided In the longitudinally-directed upstream-to-downstream
feed direction 30.

The exemplary sheet material 16 has a flat, planar shape with minimal
thickness much less than either its width or length. The sheet material 16 Is
configured for expanding In one or more dimensions, also herein referred to as
volume expansion or volumetric expansion. WWhen a force Is applied to the sheet
material 16 In a direction transverse the direction of the slits 20, typically in the
longitudinal feed direction 30, perpendicular to a width dimension of the sheet
material 16, the sheet material 16 stretches in length. When sufficient force Is
applied, the sheet material adjacent an upstream side 22 of a slit 20 separates from
the sheet material adjacent a downstream side 26 of the slit 20. The downstream
side 26 Is longitudinally-spaced from the upstream side 22 in the longitudinal feed

direction 30. Due to the separation of the sides 22 and 26, the material's longitudinal
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length and its thickness increase, while the material's transverse width dimension
between lateral edges 34 of the sheet material 16 decreases.

The Increased thickness as the sheet material 16 Is stretched longitudinally Is
caused at least in part via un-slit spacing portions 40 of the sheet material 16
between the rows 18 of slits 20 rotating relative to the plane of the unexpanded sheet
material 16 as the upstream sides 22 and downstream sides 26 of the slits 20
separate. The thickness dimension extends in a normal direction relative to a face of
the sheet material 16, and is a function of a longitudinal distance between slits 20 in
adjacent transverse rows 18. The normal direction is defined as generally orthogonal
to the material's longitudinal length and also generally orthogonal to a transverse
extent between the lateral edges 34 of the sheet material 16.

The thickness of the slit-sheet material 16 can increase by an order of
magnitude, or more, relative to its original thickness, when stretched in this manner.
The expanded slit-sheet material 16 has an increased length and thickness and
reduced width as compared to the unexpanded slit-sheet material 16. This
longitudinal stretching and increase In thickness, results in a volumetrically expanded
dunnage product 36 (FIG. 2A). The increased volume allows the expanded dunnage
product 36 to serve as a perforate protective void-fill or cushioning wrap for
packaging articles in containers.

Referring now in greater detail to the slits 20 of the sheet material 16, in the
iHlustrated embodiment of FIG. 1, the slits 20 extend in a transverse direction 32
across the width of the sheet material 16 between the lateral edges 34. The
transverse direction 32 is transverse the longitudinal feed direction 30 of the material
16 through a related dunnage conversion system. Typically, the slits 20 are provided
INn the rows 18, such as longitudinally-spaced transverse rows 18. The rows 18
generally are parallel to one another and generally are periodically, and typically
equally, spaced from one another. In other embodiments the rows 18 may be
otherwise suitably arranged relative to one another.

The slits 20 are intermittently dispersed across the rows 18 with the slits 20 of

each row 18 generally being staggered, such as being offset, in relation to slits 20 of

RECTIFIED SHEET (RULE 91) ISA/EP
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directly adjacent upstream and downstream rows 13. The slits 20 are tfransversely-
separated from one another by the un-slit spacing portions 40. Across each row 18 of
slits 20, there may be a combined greater length of slits 20 than a length of the un-slit
spacing portions 40 transversely-spaced between opposed slit endpoints 42 of the
slits 20, providing for an optimum amount of expansion of the sheet material 16.

Each slit 20 extends in the transverse direction 32 between its slit endpoints
42 which are disposed between the lateral edges 34. Each slit 20 has intermediately
therein an un-slit reinforcement tie 50 extending fully between and connecting the
upstream side 22 to the downstream side 26 of the slit 20. The un-slit reinforcement
tie 50 is disposed between the transverse endpoints 42 of the slit 20, preferably to
separate the respective slit 20 into opposed transversely-spaced apart portions 54.
As depicted, the transversely-spaced apart portions 54 may be of equal transverse
length. The un-slit reinforcement tie 50 has a lesser length in the transverse direction
32 than either of the opposed transversely-spaced apart portions 54. The un-slit
reinforcement ties 50 also are smaller in the transverse direction 32 than the un-slit
spacing portions 40 transversely-disposed between adjacent slits 20 in a row 18.

Under sufficient tension provided in the longitudinal feed direction 30, the un-
slit reinforcement tie 50 is configured to break into opposed longitudinally-separated
broken slit portions 52 (FIG. 2B) due to its minimal thickness in the transverse
direction as compared to slit length or a length of an un-slit portion in the transverse
direction. When the reinforcement ties 50 are broken, the laterally-adjacent slit
portions 54 are opened to one another.

Via the dimensions and the location of the un-slit reinforcement ties 50
between the pairs of slit endpoints 42, the un-slit reinforcement ties 50 are configured
to temporarily restrict opening of the respective slits 20. One instance where the
temporary restricted opening is useful is during production of unexpanded sheet
material 16. Particularly, after the slits 20 are formed in the base stock matenal, the

newly-slit unexpanded stock material 16 is drawn into its final state before use with a

respeclive dunnage conversion system. As previously mentioned, the final state may

10

RECTIFIED SHEET (RULE 91) ISA/EP



10

15

20

25

30

CA 03059352 2015-10-07

WO 2018/191012 PCT/US2018/024704

be a fan-folded stack or a wound roll of expandable slit-sheet stock material 16,
though other configurations may be suitable.

During the temporary winding or folding process for each respective section,
for example, 1t Is less than desirable for the slits 20 to open, even partially. The un-slit
reinforcement ties 50 are formed intermediately In the slits 20 to temporarily resist
tension urging the upstream and downstream sides 22 and 26 of the slits 20 to
separate from one another. The un-slit reinforcement ties 50 extend in the
longitudinal feed direction 30 and thus provide strength In this same direction along
which the stock material 16 I1s drawn Into its final state. In turn, opening of the slits 20
IS minimized, and preferably prevented, and consequently, bunching, tearing, or
jJamming of the sheet material 16 also Is minimized, and preferably prevented. For
example, tearing of the sheet material 16 In the transverse direction 32 at the
transverse endpoints 42 into the un-slit spacing portions 40 i1s minimized. It follows
that efficiency Is improved In the winding or the fan-folding of the newly-slit
unexpanded stock material 16 until the stock material 16 Is In the form of a fan-folded
stack or a wound roll, for example.

The un-slit reinforcement ties 50 likewise are configured to resist tension in the
longitudinal feed direction 30 at least temporarily during expansion of the slit-sheet
stock material 16 In a respective dunnage conversion system. Thereafter, the un-slit
reinforcement ties 50 are configured to break to allow full opening of the slits 20. Due
to the Initial restriction of opening of the slits 20 by the reinforcement ties 50, and
then the breaking of the reinforcement ties 50, the slit-sheet stock material 16 Is
restricted, If not prevented, from tearing, binding, and jamming during expansion.

Particularly, as the sheet material 16 Is drawn In the longitudinal feed direction
30 higher tension 1s applied to the slit-sheet stock material during the expansion
process than was applied during the production process, and the slits 20 begin to
open. As aforementioned, the upstream sides 22 of the slits 20 begin to separate
from the downstream sides 26 of the slits 20. At this stage, each slit 20 is temporarily
restricted from opening In the longitudinal feed direction 30 by the reinforcement tie

S50 disposed therein, and which extend Iin the longitudinal direction 30.

11
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By temporarily restricting the opening of the slits 20, the reinforcement ties 50
facilitate control of the expansion of the sheet material 16. For example, by
maintaining some tension between the upstream and downstream sides 22, 26 of the
slits 20, the reinforcement ties 50 prevent too rapid of an opening of the slits 20. Too
rapid of opening could cause tearing of the sheet material 16 In the transverse
direction 32 at the transverse endpoints 42 into the un-slit spacing portions 40.

Upon further drawing of a respective longitudinally-extending portion of the
stock material 16 In the longitudinal feed direction 30 In the dunnage conversion
system, the reinforcement ties 50 are caused to break into the longitudinally-
separated broken slit portions 52. The slits 20 are then enabled to fully open, the
laterally-adjacent slit portions 54 are opened to one another, and the un-slit spacing
portions 40 transversely-disposed between slits 20 are enabled to rotate out of the
plane of the sheet material 16. In this way, the sheet material 16 continues to
volumetrically change due to the continued expansion.

The respective dunnage conversion system, discussed In greater detail below,
may be configured to effect breaking of the reinforcement ties 50 at a particular
location In the dunnage conversion system. This added control may minimize, or
preferably prevent, complete expansion of the slits 20 until the respective slits 20 are
further downstream In the dunnage conversion system, such as nearer at outlet of
the dunnage conversion system, for example.

Referring next in brief to FIG. 3, another exemplary sheet material is shown at
116. The sheet material 116 Is substantially the same as the above-referenced sheet
material 16, and consequently corresponding reference numerals but indexed by 100
are used to denote structures corresponding to similar structures in the sheet
material 116. In addition, the foregoing description of the sheet material 16 1s equally
applicable to the sheet material 116 except as noted below. Moreover, it will be
appreciated upon reading and understanding the following description that aspects of
the sheet material 16 and the sheet material 116 may be substituted for one another

or used In conjunction with one another where applicable.
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The sheet material 116 includes a plurality of longitudinally-spaced,
transversely-extending rows 118 of slits 120 cut into the sheet material 116. Each slit
120 has therein two transversely-spaced apart un-slit reinforcement ties 150. The
pair of un-slit reinforcement ties 150 1s spaced between the opposed transverse
endpoints 142 of the respective slit 120. Each reinforcement tie 150 extends fully
pbetween and connects an upstream side 122 of the respective slit 120 and a
downstream side 126 of the respective slit 120. The reinforcement ties 150 separate
each respective slit 120 into three transversely-spaced apart portions 154, which may
be of equal transverse length. Upon breaking of the reinforcement ties 150 and
opening of the respective slits 120, the three transversely-spaced apart portions 154
are opened to one another.

Provision of more than one reinforcement tie 150 in each slit 120 of the sheet
material 116 may provide increased control of the opening of the slits 120. Thus,
restriction of opening of the slits 120 may be temporarily restricted for a longer period
of draw during a respective production process or through a respective dunnage
conversion system than if the slits 120 included a single reinforcement tie 150. One
INstance where an increased resistance to opening of the slits 120 may be useful Is
where a sheet material 116 of a low basis weight Is used. For example, a low basis
welight material, such as a kraft paper of less than twenty-pound basis weight, may
tear more easily than a high basis weight material, such as a kraft paper of a forty-
pound basis weight.

Further embodiments of sheet materials may include any one or more of (i)
slits of any suitable transverse length, (i) transversely-spaced apart slit portions of
any suitable transverse length, (i) any suitable number of reinforcement ties, one or
more, and (1v) reinforcement ties of any suitable transverse width.

For instance, turning next to FIGS. 4A-4C, three different embodiments of
expandable slit-sheet stock materials are partially illustrated including unbalanced
slits, such as slits having transversely-spaced apart slit portions of different lengths.
FIG. 4A illustrates a sheet material 160 having one or more slits 162 including a

single reinforcement tie 164. The reinforcement tie 164 is positioned between
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transversely-opposed slit endpoints 166 such that the reinforcement tie 164 s offset
from a midpoint between the endpoints 166. Thus, two transversely-spaced apart slit
portions 168 of unequal length or formed. The leftmost slit portion 168 has a longer
transverse length than the rightmost slit portion 168.

FIG. 4B illustrates a sheet material 170 having one or more slits 172 including
three reinforcement ties 174. The reinforcement ties 174 are positioned equidistant
from one another but are not transversely-spaced equally apart between slit
endpoints 1/6 and 1//7. Rather the reinforcement ties 174 are each disposed nearer
a left slit endpoint 176 than an opposed right slit endpoint 177. With this spacing, four
transversely-spaced apart slit portions 1/8 are formed, where three of the slit
portions 178 are of equal length and the rightmost slit portion 178 (nearest the right
slit endpoint 1/77) has a larger length than the three other slit portions 1/8.

FIG. 4C illustrates a sheet material 180 having one or more slits 182 including
two reinforcement ties 184. The reinforcement ties 184 are each positioned adjacent
an opposed slit endpoint 186. Spacing between each of the un-slit reinforcement ties
184 and a respective opposing slit endpoint 186 Is less than the spacing between the
un-slit reinforcement ties 184. The two reinforcement ties 184 split the illustrated
respective slit 182 into transversely-spaced apart slit portions 188 of at least two
different lengths extending in the transverse direction. Particularly, three transversely-
spaced apart slit portions 188 are formed, where the center slit portion 188 Is longer
than the two outer slit portions 188 of equal transverse length. Due to the placement
of the two un-slit reinforcement ties 184, the illustrated slit 182 I1s configured with
added strength at or near the slit endpoints 186 to minimize tearing transversely
outwardly from the slit endpoints 186 when tension is applied in a longitudinal feed
direction 187, such as during opening of the illustrated slit 182. The slit 182 Is
configured first to tear at the ties 184 when Initially opening, rather than tearing into
un-slit portions 189 adjacent the slit endpoints 186.

Referring now to FIGS. 5A and 5B, two different embodiments of expandable
slit-sheet stock materials are partially illustrated including slits having reinforcement

ties of different transverse lengths, such as where at least one reinforcement tie Is of
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a different transverse length than the other reinforcement tie(s). FIG. 5A depicts a
sheet material 190 having one or more slits 191. The illustrated slit 191 Iincludes two
transversely-spaced apart reinforcement ties 192, where each tie 192 Is of a different
transverse length. FIG. 5B depicts a sheet material 193 including a slit 194 having
three reinforcement ties 195. A center tie 195 1s smaller In transverse length than two
outer ties 195 of equal transverse length. During expansion, the center tie 195 will
break prior to breaking of the two outer ties 195. Similar to the embodiment of FIG.
4C, due to the placement of the two outer un-slit reinforcement ties 195, the
llustrated slit 194 i1s configured with added strength at or near the slit endpoints 196
to minimize tearing transversely outwardly from the slit endpoints 196 when tension is
applied In a longitudinal feed direction 197, such as during opening of the illustrated
slit 194.

Turning now to FIG. 6, the present invention further provides a dunnage
conversion system 200 for expanding a slit-sheet stock material such as the
aforementioned sheet materials 16, 116, 160, 170, 180, 190, and 193. A dunnage
conversion system 200 Is schematically shown, though description of the conversion
system 200 will be with reference to the sheet material 16 including slits 20 each
having a single reinforcement tie 50 disposed intermediately therein.

The dunnage conversion system 200 includes a supply 220 of the slit-sheet
stock material 16 and a dunnage conversion machine 240. As shown, the sheet
material 16 1s In the form of a roll 222 wound about a hollow core 224 that may be
recelved on a respective supply support 226. An exemplary supply support may have
an axle (not shown) that rotates with the hollow core 224 or about which the hollow
core 224 rotates as the sheet material 16 i1s unwound off the roll 222.

Generally, the dunnage conversion machine 240, also herein referred to as
the conversion machine 240 or converter 240, includes a means for drawing the slit-
sheet stock material 16 from the supply 220, a means for breaking the reinforcement
ties 50, and a means for opening the slits 20. Any two or more of the means may be
concurrently provided by a single subassembly, such as simultaneously provided. As

used herein, concurrent events can occur intermittently relative to one another (which
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may or may not include overlap of the respective events) or overlap continuously
over a given period of time, where simultaneous events overlap continuously over a
given period of time.

As schematically depicted, the conversion machine 240 receives the sheet
material 16 from the supply 220. The sheet material 16 advances in a downstream
direction from an inlet 242 of the conversion machine 240 to an outlet 244 of the
conversion machine 240. The conversion machine 240 includes at least an expander
250, but optionally may also include a separator 254 downstream from the expander
250 for separating discrete dunnage products 36 from a continuous expanded
dunnage strip 256 output from the expander 250. The expander 250 Is located
downstream of the supply 220 and upstream of the optional separator 254.

Referring next to FIG. 7, a partial view of the expander 250 is shown. The
expander 250 includes a frame (not shown) supporting opposed rollers 260 and 262.
As depicted, the opposed rollers 260 and 262 are configured as both an opening
means for opening the slits 20 and a breaking means for breaking the reinforcement
ties 50. The opposed rollers 260 and 262, such as the depicted opposed breaking
members 260 and 262, are configured for breaking the un-slit reinforcement ties 50
during expansion of the plurality of slits 20.

The pair of opposed breaking members 260 and 262 I1s rotatable about
respective parallel axes 264 and 266. The opposed breaking members 260 and 262
may rotate in the same or in opposite directions relative to one another about the
respective axes 264 and 266. The opposed breaking members 260 and 262 are
spaced apart In the normal direction for gripping the sheet material 16 received from
the supply 220 therebetween. The opposed breaking members 260 and 262 are
each segmented and each include a plurality of contact portions 270 transversely-
spaced apart from one another between respective opposed transverse ends 272 of
the breaking members 260 and 262. The segmenting of the breaking members 260
and 262 may assist In facilitating increased rotation of portions of the sheet material

16 out of the original plane of the sheet material 16 during its expansion.
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The contact portions 270 extend further radially outward from the axes 264
and 266 than intermediate portions 273 disposed therebetween. For example, the
llustrated contact portions 270 are each disc-shaped portions having a gripping
surface 278 at a circumferential extent of the contact portions 270, which Is provided
to engage the sheet material 16. The gripping surface 2/8 may any suitable gripping
means such as radially-outwardly extending projections or other friction-providing
surface, such as and including a rubber.

In some embodiments, the axle of the supply 220 may be rotatably tensioned.
This may provide tension on the unexpanded sheet material 16 being drawn between
the supply 220 and the expander 250, resulting Iin the aforementioned concurrent
breaking and expansion.

In some embodiments, the expander 250 may Include one or more separate
driven feeding members rotatably coupled to the frame for advancing the sheet
material 16 through the conversion system 200. These feeding members may be
disposed downstream of the rollers 260 and 262, for example. By setting a gripping
force of the rollers 260 and 262 on the sheet material 16 relative to a gripping force of
the feeding members on the sheet material 16, the slits 20 may be expanded during
advancement between the rollers 260 and 262 and the feeding members.

In some embodiments one or both of the breaking members 260 and 262 may
be driven. In other embodiments, a pulling force at the outlet 244 of the conversion
machine 240 may be provided by an additional assembly or may be a user-provided
force.

In some embodiments, one or both of the breaking members 260 and 262 may
be bilased towards the other of the breaking members 260 and 262 to account for
variance In sheet material thickness or use of sheet materials of different
thicknesses. An adjustment member may be included for adjusting a biasing force of
a biasing member.

Turning now to the optional separator 254 illustrated in FIG. 6, the continuous
dunnage strip 256 may be separated or severed to provide distinct dunnage products

36 of a desired length. The separator 254 may include one or more cutting members,
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which may be actuated manually or automatically. An exemplary severing assembly
IS described in U.S. Patent No. 4,699,609 to Ranpak Corp. of Concord Township,
Ohio.

In some situations, the separator 254 may be omitted altogether, such as
where discrete lengths of sheet material are supplied to the expander 250. Another
alternative Is to employ a sheet stock material that 1s perforated across its width so
that a length of dunnage product can be torn from the dunnage strip 256. The
perforations can be formed In the stock material before being supplied to the
expander 250 or formed as part of the conversion process. Additionally or
alternatively, the expander 250 may be configured to automatically separate a
desired length of dunnage product from dunnage strip made of perforated stock
material. This can be accomplished by providing a second set of rotating members
upstream or downstream of the opposed rollers 260 and 262, and stopping
whichever set Is upstream, while continuing to feed sheet material through the
downstream set of rotating members.

In view of the above, the present invention also provides a method for
expanding the slit-sheet stock material 16, 116, 160, 170, 180, 190, 193 wound to
form a supply 220 in the form of a roll or a fan-folded stack. The method includes the
steps of (a) drawing the sheet material 16, 116 from the supply 220, (b) breaking the
un-slit reinforcement ties 50, 150, and (c) opening the slits 20, 120. The opening and
breaking steps (b) and (¢) include applying a force to the sheet material 16, 116 In a
longitudinal direction transverse the slits 20, 120. In some embodiments, the breaking
and opening steps (b) and (¢) may occur concurrently, such as simultaneously, for
each row 18, 118 of slits 20, 120.

Turning next to the alternative embodiment of FIG. 8, each transversely-
spaced apart contact portion 370 may be a toothed-gear 370. The toothed-gears 370
may be spaced apart from one another in the normal direction such that the teeth
380 may apply friction to or even tear or break through the reinforcement ties of the
sheet material 16, 116, 160, 170, 180, 190, 193. The opposed breaking members
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360 and 362 may rotate in the same or In opposite directions relative to one another
about the respective axes 364 and 366.

Each toothed-gear 370 may Include a plurality of circumferentially spaced-
apart teeth 380 extending from a gear center 382. The spaced-apart teeth 380 define
spaces 384 therebetween, with the gears 370 being rotatable about the respective
axes 364 and 366. The toothed-gears 370 of the first breaking member 360 may be
rotatably positioned relative to the toothed-gears 370 of the second breaking member
362 so that the plurality of teeth 380 of the toothed-gears 370 of the first breaking
member 360 Interlace sequentially with the plurality of teeth 380 of the toothed-gears
370 of the second breaking member 362 as the breaking members 360 and 362
rotate.

In some embodiments, the breaking members 360 and 362 may not include a
plurality of discrete toothed-gears 370. Instead teeth 380 may extend along a
transverse length of one or both breaking members 360 and 362 to form a single
contact portion 370.

Turning finally to the additional alternative embodiment of FIG. 9, each
transversely-spaced apart contact portion 4/0 may be a brush 470 having bristles
472 extending at least partially-circumferentially about, but preferably fully-
circumferentially about, the respective axes 464 and 466 of the opposed breaking
members 460 and 462. The contact portions may be spaced apart from one another
IN the normal direction such that the bristles 472 may apply friction to or even tear or
puncture through the reinforcement ties of the sheet material 16, 116, 160, 170, 180,
190, 193. The bristles 472 may be made of any one or more suitable materials such
as a polymer or metal. The opposed breaking members 460 and 462 may rotate In
the same or In opposite directions relative to one another about the respective axes
464 and 466.

In some embodiments, the breaking members 460 and 462 may not include a
plurality of discrete contact portions 470, and the bristles 4/2 may instead extend
along a transverse length of one or both breaking members 460 and 462 to form a

single contact portion 470.
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In summary, an improved expandable slit-sheet stock material 16, 116, 160,
170, 180, 190, 193 Is configured to aid in temporarily restricting opening of a plurality
of slits 20, 120, 162, 172, 182, 191, 194 of the slit-sheet stock material 16, 116, 160,
170, 180, 190, 193, such as during winding of the unexpanded stock material 16,
116, 160, 170, 180, 190, 193 or during expansion of the stock material 16, 116, 160,
170, 180, 190, 193. Each slit 20, 120, 162, 172, 182, 191, 194 of the plurality of slits
20, 120, 162, 172, 182, 191, 194 Includes one or more un-slit reinforcement portions
050, 150, 164, 174, 184, 192, 195, such as reinforcement ties, extending fully between
opposite longitudinal sides of the slit 20, 120, 162, 172, 182, 191, 194, and disposed
between opposed transverse slit endpoints 42, 142, 166, 176, 186, 196. The
reinforcement ties 50, 150, 164, 174, 184, 192, 195 minimize or prevent tearing of
the stock material 16, 116, 160, 170, 180, 190, 193 during the winding or expansion.
A dunnage conversion system 200 for expanding the slit-sheet stock material 16,
116, 160, 170, 180, 190, 193 Includes an expander 250 having a pair of opposed
rollers 260, 262, 360, 362, 460, 462. The rollers 260, 262, 360, 362, 460, 462 engage
the slit-sheet stock material 16, 116, 160, 170, 180, 190, 193 to effect breaking of the
un-slit reinforcement portions 50, 150, 164, 174, 184, 192, 195 and expansion of the
slit-sheet stock material 16, 116, 160, 170, 180, 190, 193.

Although the Invention has been shown and described with respect to a
certain illustrated embodiment or embodiments, equivalent alterations and
modifications will occur to others skilled in the art upon reading and understanding
the specification and the annexed drawings. In particular regard to the various
functions performed by the above described integers (components, assemblies,
devices, compositions, etc.), the terms (including a reference to a "'means’) used to
describe such integers are intended to correspond, unless otherwise indicated, to
any integer which performs the specified function (i.e., that is functionally equivalent),
even though not structurally equivalent to the disclosed structure which performs the

function In the herein Iillustrated embodiment or embodiments of the invention.
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Claims

1. An expandable slit-sheet stock material supportable on a supply
support, the slit-sheet stock material, comprising:

a plurality of expandable slits arranged In a plurality of transversely-extending,
longitudinally-spaced rows of slits, where each slit i1s longitudinally expandable,
where each slit has therein an un-slit reinforcement tie extending from an upstream
side to a downstream side, the downstream side being longitudinally-spaced from the
upstream side of the respective slit, and where the un-slit reinforcement temporarily
restricts opening of the plurality of slits.

2. The expandable slit-sheet stock material of claim 1, where each un-slit
reinforcement tie separates a respective slit into opposed transversely-spaced apart
slit portions.

3. The expandable slit-sheet stock material of any of claims 1 and 2,
where each slit has therein one or more additional un-slit reinforcement ties fully
extending between an upstream side and downstream side, longitudinally-spaced
from the upstream side, of the respective slit.

4 The expandable slit-sheet stock material of claim 3, where the un-slit
reinforcement tie and the one or more additional un-slit reinforcement ties separate a
respective slit Into opposed transversely-spaced apart slit portions of the same length
extending In the transverse direction.

. The expandable slit-sheet stock material of claim 3, where the un-slit
reinforcement tie and the one or more additional un-slit reinforcement ties separate a
respective slit into transversely-spaced apart slit portions of at least two different
lengths extending In the transverse direction.

o. The expandable slit-sheet stock material of any of claims 3-5, where at
least one of the un-slit reinforcement tie or one of the one or more additional un-slit
reinforcement ties 1s of a different length extending in the transverse direction than
the others of the un-slit reinforcement tie and the one or more additional un-slit

reinforcement ties.
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/. The expandable slit-sheet stock material of any of claims 1 and 2,
where at least one slit of the plurality of expandable slits has therein one additional
un-slit reinforcement tie fully extending between an upstream side and a downstream
side longitudinally-spaced from the upstream side of the respective slit, where the at
least one slit extends In the transverse direction between opposed slit endpoints, and
where spacing between each of the un-slit reinforcement tie and the additional un-slit
reinforcement tie and a respective opposing slit endpoint Is less than the spacing
between the un-slit reinforcement tie and the additional un-slit reinforcement tie.

8. The expandable slit-sheet stock material of any of claims 1-7, where
each longitudinally-spaced row of slits Is transversely offset from the adjacent
upstream longitudinally-spaced row of slits and the adjacent downstream
longitudinally-spaced row of slits.

9. The expandable slit-sheet stock material of any of claims 1-8,
configured to expand longitudinally, transversely, and in thickness such that the
resultant expanded product has a reduced density as compared to the unexpanded
expandable slit-sheet stock material.

10.  The expandable slit-sheet stock material of any of claims 1-9, where the
un-slit reinforcement tie of each slit iIs configured to break into opposed longitudinally-
separated broken portions during expansion of the respective slit also in the
longitudinal direction.

11.  The expandable slit-sheet stock material of any of claims 1-10, where
the slit-sheet stock material includes paper.

12.  The expandable slit-sheet stock material of any of claims 1-11, where
the expandable slit-sheet stock material is recyclable, biodegradable, and composed
of a renewable resource.

13.  The expandable slit-sheet stock material of any of claims 1-12, where
the slit-sheet stock material Is wound to form a roll.

14. A method of making an expanded dunnage product from an

expandable slit-sheet stock material, comprising the steps of:
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providing the slit-sheet stock material of any of claims 1-13 wound to form a
supply roll or fan-folded into a supply stack;

drawing sheet stock material from the supply;

breaking the reinforcement ties; and

opening the slits;

where the opening and breaking steps include applying a force to the sheet
stock material in a longitudinal direction transverse the slits.

15. The method of claim 14, where the breaking and opening steps occur
concurrently for each row of slits.

16.  An assembly for converting a slit-sheet stock material into an expanded
dunnage product, comprising:

the slit-sheet stock material of any of claims 1-13;

means for drawing the slit-sheet stock material from the supply;

means for breaking the reinforcement ties; and

means for opening the slits.

17. The assembly of claim 16, where the breaking means and the opening
means Include a common pair of opposed rollers.

18. The assembly of claim 17, where each of the rollers of the common pair
of opposed rollers includes a plurality of contact portions for engaging the slit-sheet
stock material, where the contact portions are spaced apart along a longitudinal axis
of each of the respective rollers, and where the contact portions extend radially
further from the respective longitudinal axes than intermediate portions spaced

therebetween.
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