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FOLDED PRODUCT MADE FROM 
EXTRUDED PROFILE AND METHOD OF 

MAKING SAME 

FIELD OF THE INVENTION 

0001. This invention relates generally to a product for 
structural, packaging, and other applications and the process 
of making the product. 

BACKGROUND OF THE INVENTION 

0002. In the aerospace industry, honeycomb products have 
been used as a core component for Sandwich panels and 
boards that are resistant to buckling and bending. These hon 
eycomb products each comprise a plurality of cells, which in 
cross-section have a generally hexagonal shape. Such prod 
ucts may be fabricated from aluminum, fiber paper or plastic, 
among other materials. A sandwich structure may be prepared 
having two cover layers or skins which are welded, adhe 
sively bonded or otherwise secured to the honeycomb product 
to create a multi-layered or multi-laminate material. Interest 
expressed in other industrial sectors concerning the use of 
light weight Sandwich structures is continually growing, due 
at least in part to the realization of its high strength properties 
while maintaining a relatively low structural weight per Vol 
ume of product. 
0003. A multi-layered or multi-laminate material having a 
honeycomb product as the core thereof may be used in the 
packaging industry. However, in automobile part packaging 
and comparable markets. Such a product must compete with 
corrugated paperboard or corrugated plastic or like materials 
which may be produced quickly and relatively inexpensively. 
0004 U.S. Pat. No. 6,183,836 discloses a honeycomb core 
for use in a sandwich material in which the material of the 
honeycomb core is cut and then folded to create a plurality of 
hexagonal cells. Due to the cuts in the sheet prior to folding 
the sheet, the resultant cells may be weaker than desired. 
0005. A process for producing a folded honeycomb core 
for use in Sandwich materials from a continuous uncut web is 
disclosed in U.S. Pat. No. 6,726,974. U.S. Pat. No. 6,800,351 
discloses another process for producing a folded honeycomb 
core which includes scoring a corrugated material before 
rotating interconnected corrugated Strips. The honeycomb 
core resulting from using either of these methods may have 
material which adds to the weight of the honeycomb core but 
may not significantly improve the strength of the honeycomb 
COC. 

0006. Accordingly, there is a need for a product which 
may be used alone or in a multi-layered material, and which 
has a favorable strength to weight ratio. 
0007. There is further a need for a process for manufac 
turing a product such as a honeycomb product for use alone or 
in a multi-layered material which is less expensive and may 
be produced in higher quantities than heretofore known pro 
CCSSCS. 

SUMMARY OF THE INVENTION 

0008. These and other objectives of the invention have 
been attained in a process for producing a product such as a 
honeycomb product for use alone or in a sandwich-like prod 
uct. The process includes extruding a web of material which 
has a non-planar profile, i.e. has a non-linear cross-section, 
plastically deforming or treating portions of Such web, and 
then folding the treated web to produce the product. Other 

Jun. 5, 2008 

fabrication operations may optionally be included in the pro 
cess. The process of preparing a web of material Suitable for 
further fabrication into a product is rendered efficient in part 
by producing an extrudate having a non-linear cross-section. 
For purposes of this document, linear shall be defined as a 
single straight continuous line, the shortest distance between 
two points. Each of the extrudates or extruded webs illus 
trated herein has a non-planar profile and has a non-linear 
cross-section. Shapes of other webs of material not shown are 
intended to be included in such a definition. 
0009. The extrudate displays a non-linear cross-sectional 
configuration upon exiting the extruder head. This cross 
section may assume any of a variety of shapes. A relatively 
simple shape would be that of a continuous sine wave. 
Another example is corrugated plastic. More complex shapes 
can include interrupted sine wave sections connected by 
straight lines, one or more polygons connected by Straight 
lines, nested polygons, and the like, as needed or desired in 
connection with ultimately preparing the core structure of 
interest. 
0010 Representative product like a honeycomb product 
can be produced using a variety of starting materials capable 
of being processed through an extruder, including various 
plastic compositions, in an efficient manner to produce a 
product having good strength to weight properties. The prod 
uct may be used alone, or may be incorporated as a part of a 
multi-layered sandwich-like material to produce, for 
example, panels or sheets used in structural applications. 
More broadly, the products of the present invention may be 
used in any desired environment or industry. For example, 
product may be produced under conditions which generate a 
material having a high Surface area. The material may then be 
further treated to produce a product having Surface activity, 
which could be used for example in catalytic applications. 
0011. According to one aspect of this invention, a process 
of making a product comprises extruding a web of material 
having a predetermined or desired width or transverse dimen 
Sion, the extruded web having a generally non-linear cross 
section; plastically deforming such as flattening areas of the 
extruded web; and folding the web. 
0012. As defined herein, the term “web' encompasses 
material processed in extrusion equipment intended to accept 
the specific material introduced into that equipment, and issu 
ing or exiting from an extruder head. The extrudate has a 
non-linear cross-section. In one aspect of the present inven 
tion, a plurality of openings may be introduced into the 
extruded web. These openings can be introduced by stamping 
the material, but may also include processing of the extruded 
web by one or more tools to thereby form the openings. As 
used herein, a tool is intended to encompass any device, or 
energy flowing from that device, which is used to desirably 
alter the physical appearance of the web. Thus, by way of 
example and not by limitation, a tool for the purpose of 
forming a plurality of openings in the extruded web can 
include a laser cutter, one or more rotating cutting blades, a 
perforating or slitting machine, and the like. 
0013 The process of plastically deforming or flattening 
selected areas of the extruded web can comprise contacting 
the extruded web with an element which may be heated. 
Alternatively, selected areas of the extruded web can be flat 
tened by a tool applying pressure, heat, or a combination of 
pressure and heat, in one or more selected areas. The process 
of flattening may alternatively precede the introduction of 
openings into the extruded web, may follow the introduction 
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of openings into the extruded web, or the two processes may 
occur Substantially simultaneously. 
0014. One type of non-linear cross-section shape which 
the extruded web may display is a generally corrugated shape 
with flattened peaks and flattened valleys along the transverse 
dimension of the extruded web. Further, the extruded web is 
folded along transversely extending fold lines during the fold 
ing step. One or more individual cells can be formed as a 
result of the folding step, for example where a section of the 
extrudate is oriented at 90° from its original position by the 
folding operation. 
0015 The process of making a product like a honeycomb 
product may also encompass extruding a web having agen 
erally non-linear cross-section which in addition forms a 
plurality of Substantially closed channels. Small openings in 
one or more channels, up to all channels in the extruded web, 
may be introduced to facilitate introduction of a cooling 
medium to the extrudate, as required based on the particular 
material utilized to produce the web and the complexity and 
wall thickness of the web, or portions thereof. The openings 
may extend in a continuous fashion along the entire length of 
the channel, or openings may be intermittently introduced 
along the channellength. Further processing with one or more 
tools can be effected on this type of extruded web in a manner 
similar to that discussed above to alter the appearance of the 
extruded web, by cutting, flattening, folding, and the like. 
0016. The product of this invention can also comprise an 
extruded web having a non-linear cross-section formed into a 
plurality of similar cells arranged in rows, wherein at least 
some of the rows of cells are being made of two row walls, 
each of the row walls having alternating planar and non 
planar regions, the planar regions of the adjacent row walls 
being joined together and non-planar regions of the adjacent 
row walls defining side walls of the cells, wherein each of the 
cells have side walls, a top and a bottom. This product can be 
characterized by at least one opening created by at least one 
tool in at least some of its cells. 
0017. In a further aspect, the product has at least some 
openings in lateral side walls of at least Some of the cells. At 
least some of the cell openings can be of a pre-defined size, or 
of a pre-defined shape, or both a pre-defined size and shape. 
0018. The product made from extruded web material can 
be produced by manipulating the web material into a plurality 
of similar cells arranged in rows, at least some of those cells 
being made of a continuous cell wall, the continuous cell wall 
may have any desired shape including the shape generally of 
a ring, wherein the cells are oriented substantially 90° to the 
longitudinal dimension of the extrusion web material. 
0019. Another aspect of the invention is a product such as 
a honeycomb product made by the process of extruding a web 
of material having a transverse dimension, the extruded web 
having a generally non-linear cross-section; creating a plu 
rality of generally planar areas in the extruded web; folding 
the extruded web along edges of the generally planar areas to 
create a plurality of identical cells arranged in rows, at least 
some of the rows of cells being made of two row walls, each 
of the row walls having planar and non-planar regions, the 
regions of adjacent row walls being joined together, and non 
planar regions of adjacent row walls defining side walls of the 
cells, each of the cells also having a top and bottom. If desired, 
one may form in at least some of the cells an opening created 
by at least one tool. 
0020. The tops and bottoms of the cells of the honeycomb 
product described herein may be in the shape of a polygon. 
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More specifically, the honeycomb product may be shaped 
Such that the polygon is a hexagon. In a further aspect of the 
invention, each of the cells may have an opening allowing 
access to an interior of the cell. 
0021. In another aspect of the invention, where a plurality 
of openings are formed in the web of material, those openings 
typically extend completely through the web. The openings 
may be circular, but may assume one of any number of other 
shapes. Such as oval, hourglass, asymmetric, and the like. The 
openings optionally correspond to locations along the web 
whereinmaterial has been removed to realize good strength to 
weight properties. 
0022 Regardless of the method used to create the product, 
one advantage is that a light weight, strong product may be 
quickly and easily manufactured in a desired size or height. 
The product of this invention, which is produced according to 
the processes described herein, has a good strength to weight 
ratio even without forming openings in the web, and may be 
made from many different materials quickly and inexpen 
sively. The strength to weight ratio may be improved by 
strategic removal of material from the extruded web at some 
time in the process of fabricating the product. The product 
may be used alone, incorporated into a multi-layered sand 
wich-like material, or used in any other desired manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The objectives and features of the present invention 
will become more readily apparent when the following 
detailed description of the drawings is taken in conjunction 
with the accompanying drawings in which: 
0024 FIG. 1 is a perspective view of a web of material 
having a generally non-planar cross-section being extruded 
from an extruder; 
0025 FIG. 1A is a perspective view of a web of material 
having a generally non-linear cross-section being extruded 
from an extruder head of alternate design; 
0026 FIG. 2 is a perspective view of a portion of the 
extruded web of FIG. 1; 
0027 FIG. 2A is a perspective view of a portion of the 
extruded web of FIG. 1A: 
0028 FIG. 3 is a perspective view of a portion of the 
extruded web of FIG. 2 being treated to create transversely 
extending flats; 
(0029 FIG. 3A is a side elevational view of a portion of the 
extruded web of FIG. 1A being treated to create transversely 
extending flats; 
0030 FIG. 4 is a perspective view of a portion of the 
plastically deformed web of FIG. 3 being folded to create 
rows of cells; 
0031 FIG. 4A is a side elevational view of the web of FIG. 
3A being folded to create re-oriented portions containing 
channels; 
0032 FIG. 5 is a perspective view of a portion of the 
plastically deformed web of FIG. 3 being further folded to 
create a portion of a honeycomb product; 
0033 FIG.5A is a side elevational view of the web of FIG. 
4A after orientation to create a portion of a honeycomb prod 
uct; 
0034 FIG. 6 is a perspective view of a row of cells; 
0035 FIG. 7 is a perspective view of a portion of the 
plastically deformed web of FIG. 4 being treated to create a 
plurality of openings in the plastically deformed web: 
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0036 FIG. 8 is a perspective view of a portion of the 
plastically deformed web of FIG. 7 being further folded to 
create rows of cells; 
0037 FIG. 9 is a perspective view of an extruded web 
having been plastically deformed and punched simulta 
neously according to another aspect of this invention; 
0038 FIG. 10 is a perspective view of a portion of the 
plastically deformed web of FIG. 9 being folded to create 
rows of cells; 
0039 FIG. 1B is a perspective view of a web of material 
having a generally non-linear cross-section being extruded 
from an extruder head of alternate design; 
0040 FIG. 2B is a perspective view of a portion of the 
extruded web of material extruded from the extruder head of 
FIG. 1B: 
0041 FIG. 3B is an end view of the extruded web of FIG. 
2B: 
0042 FIG. 4B is a perspective view of a portion of the 
extruded web of FIG. 2B being treated to create a plurality of 
plastically deformed areas or regions; 
0043 FIG. 5B is a perspective view of a portion of the 
plastically deformed web of FIG. 4B being folded to create 
rows of cells; 
0044 FIG. 6B is a perspective view of a portion of the 
extruded web of FIGS. 1 B-5B being folded to createa portion 
of a product; 
004.5 FIG. 7B is a perspective view of a portion of the 
extruded web of FIG. 2B being treated to create a plurality of 
plastically deformed areas or regions in the form of flats; 
0046 FIG. 8B is a perspective view of a portion of the 
plastically deformed web of FIG. 7B being folded to create 
rows of cells; 
0047 FIG. 1C is a perspective view of a web of material 
having a generally non-linear cross-section being extruded 
from an extruder head of alternate design; 
0048 FIG. 2C is a perspective view of a portion of the 
extruded web of material extruded from the extruder head of 
FIG. 1C: and 
0049 FIG. 3C is an end view of the extruded web of FIG. 
2C. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0050 Referring to FIG. 5, a portion of a honeycomb prod 
uct 10 according to one embodiment of this invention is 
shown. The honeycomb product 10 may be made using 
numerous processes including those described herein and 
others within the scope of the claims. FIG. 5 shows a portion 
of a honeycomb product 10 comprising a plurality of rows 12 
of identical cells 14 made from extruded web or sheet of 
material. FIG. 6 illustrates one such row 12 of cells 14. Refer 
ring to FIG. 5, the honeycomb product 10 has a generally 
planarupper Surface 16 in a generally horizontal plane P1 and 
a generally planar lower Surface 18 in a generally horizontal 
plane P2, the distance between which defines the height H of 
the honeycomb product 10. The height H of the honeycomb 
product 10 may be any desired distance and is not intended to 
be limited to the height of the illustrated portion of the hon 
eycomb product. 
0051. As shown in FIGS. 4 and 5, each row 12 of cells 14 

is made by bringing two adjacent hinged row walls 20 
together in an accordion-like manner. Each row wall 20 has 
alternating planar and non-planar regions or areas 22, 24. 
respectively. Each non-planar region 24 in FIGS. 4 and 5 
comprises three rectangular walls comprising a half-hexagon 
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in cross-section. Regions 24 are bounded by planar regions 
22. During the process of making the honeycomb product 10, 
adjacent row walls 20 are brought together so that the planar 
regions 22 of adjacent row walls 20 at least partially contact 
each other and the non-planar regions 24 of row walls 20 
define sides or side walls 74, 76 of cells 14. 
0052. In certain applications, such as for example when a 
web of thermoplastic material is heated at Some stage in the 
manufacture of the honeycomb product 10, the planar regions 
22 of adjacent row walls 20 may be bonded, welded or 
secured to each other without any additional material. Alter 
natively, adhesive or other bonding agent may be used to 
secure adjacent row walls 20 together to complete the rows 12 
of cells 14. The non-planar regions 24 of adjacent row walls 
20 are spaced apart and define the shape or configuration of 
the cells 14 after the manufacturing process has been com 
pleted. Outermost portions or sides 74 of adjacent cells 14 in 
different rows 12 may contact each other and may be secured 
to each other in certain applications of this invention. 
0053 Although the drawings illustrate each non-planar 
region 24 of each row wall 20 having a cross-sectional con 
figuration of a half-hexagon, the non-planar regions of the 
row walls may have any desired cross-sectional configura 
tion, such as for example a curved or arcuate or sinuous 
cross-sectional configuration. The creation of the side walls 
or sides 74.76 of the cells 14 is described in more detail below. 
Depending upon the application, the cells 14 may be any 
desired shape or size. 
0054 Asbest illustrated in FIG. 6, each cell 14 has a top 28 
and a bottom 30 of a predetermined size and/or shape. As 
shown in FIG. 5, the tops 28 of the cells 14 are located in plane 
P1 and make up part of the upper surface 16 of the honeycomb 
product 10. Likewise, the bottoms 30 of the cells 14 are 
located in plane P2 and make up part of the lower surface 18 
of the honeycomb product 10. The top 28, bottom 30 and sides 
72, 74 of the cell 14 define a cell interior 32. 
0055. In the illustrated embodiment, each cell top 28 and 
bottom 30 is a polygon and more particularly a hexagon. 
However, if the non-planar regions of the row walls were in 
the shape of half a cylinder then the tops and bottoms of the 
cells would be circular or oval and the cells would have a 
cylindrical interior. 
0056 FIGS. 1-4 illustrate a method or process of making 
a honeycomb product 10 which may be used alone, in a 
multi-layered material or product, or in any desired manner. 
FIG. 1 illustrates an extruder 40 extruding a web of material 
42 which is shown in more detail in FIG. 2. Although one 
configuration of extruder 40 and extruder head 41 is illus 
trated, any type or configuration of extruder known in the art 
may be used. The extruder and extruder head configurations 
will vary as a function of the material being extruded and the 
cross-section of the extrudate. The material can include any of 
a variety of plastic compositions and any other material 
capable of being extruded, and can encompass additional 
compositions which can be further processed to produce a 
honeycomb product. 
0057. In FIG. 2, the extruded web 42 travels in a direction 
indicated by arrow 43 and has a pair of opposed side edges 45. 
the linear distance between which defines the width or trans 
versedimension of the extruded web 42. The extruded web 42 
may be any desired material of any desired thickness and/or 
width. 
0058. The extruded web 42 has a generally non-linear 
cross-section or cross-sectional configuration. In cross-sec 
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tion, the extruded web 42 has a generally corrugated configu 
ration or shape including a plurality of flattened peaks 48 and 
a plurality of flattened valleys 50 joined together by connect 
ing portions 52. Each of the flattened peaks 48, flattened 
valleys 50 and connecting portions 52 are longitudinally 
extending as shown in FIG. 2. The flattened valleys 50 are all 
generally co-planar in a horizontal plane P3. Likewise, the 
flattened peaks 48 are all generally co-planar in a horizontal 
plane P4 above the plane P3. The linear distance between the 
planes P3 and P4 defines the height H1 of the corrugations 46. 
Although one shape or configuration of extruded web 42 is 
illustrated in FIG. 2, the extruded web 42 may assume numer 
ous other non-linear configurations in cross-section. For 
example, the expanded view of the extruder head in FIG. 1A 
shows an alternate cross-sectional shape which can be used to 
create the non-linear cross-section extruded web. A perspec 
tive view of the extruded web 42 formed by the alternate 
extruder head design is provided in FIG. 2A. 
0059 FIGS. 3 and 4 illustrate a step in this process of 
making honeycomb product 10 comprising plastically 
deforming or flattening at least selected portions or areas 54. 
56 of the extruded web 42 to create a plastically deformed 
extruded web 58. This plastic deformation may include using 
movable tools 60, 61 such as shown in FIG. 3 to interrupt the 
continuous corrugations 46 formed in the emerging extruded 
web 42 and create a plurality of corrugated regions or areas 62 
each comprising a plurality of corrugations 46 extending in a 
first direction generally parallel the direction of travel 43 of 
the extruded web 42 or longitudinally, and a plurality of flats 
or flattened areas 54, 56 each extending in a second direction 
perpendicular to the first direction, transversely or from side 
to-side. The size of these regions or areas 62.54 and 56 may 
vary depending upon the desired size or shape of the cells 14 
of the honeycomb product 10. 
0060 Although tool 60 is illustrated as comprising three 
bars 64 joined together with connectors 66 (only one being 
shown for clarity) and tool 61 is illustrated as comprising two 
bars 64 joined together with connectors 65 (only one being 
shown for clarity), respectively, these tools 60, 61 may com 
prise any number of bars of any desired size or configuration 
joined together or not. Although two tools are illustrated, any 
number of tools of any desired type or configuration may be 
used. Again, the term tool is not intended to be limiting and 
may include any tool known in the art. 
0061 During the step of plastically deforming at least 
selected portions of the extruded web 42, the bars 64 of the 
tools 60, 61 may be chilled, at ambient temperature, or heated 
by any desired method to facilitate processing. Such heating 
is illustrated schematically by arrows 38. This heating step is 
optional and may be used in certain applications only. In other 
applications it may be omitted partially or entirely. Although 
it is shown schematically after the flats 54, 56 have been 
created in the extruded web 42, this heating step may occur 
any time during this manufacturing process. 
0062. Due to the creation of the flattened areas or flats 54, 
56, each corrugation 46 may have an end portion 69 which 
extends between a peak 48 and a valley 50. These end portions 
69 are illustrated as each being in the shape of a trapezoid but 
may be other shapes, depending upon the shape of the corru 
gations. 
0063 As best illustrated in FIGS. 3 and 4, each generally 
rectangular, transversely extending flat or flattened area 56 is 
located in the plane P3 of the extruded web 42. Each generally 
rectangular, transversely extending flat or flattened area 54 is 
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located in plane P4 above the plane P3 of the extruded web 42 
and coplanar with the plane of the flattened peaks 48 of 
corrugations 46. Flattened areas 56 and 54 alternate between 
corrugated regions 62. As seen in FIG. 4, due to the shape of 
the tools 60, 61, each flat or flattened area 54 has side walls 70 
extending from the outer edges of the flat 54 to the flattened 
valleys 50 in the corrugated regions 62. These side walls 70 
are illustrated as each being in the shape of a trapezoid but 
may be other shapes, depending upon the shape of the corru 
gations. Although not shown, the corrugations may have a 
semi-circular, sinuous, curved or other cross sectional con 
figuration. 
0064. As shown in FIG. 4, the plastically deformed web 
portion 58 is then folded along transversely extending fold 
lines 72 located generally on the edges of the flats 54, 56. 
Such fold lines 72 may be optionally scored or perforated at 
any step in the manufacturing process with cuts 71 to assist 
folding. Such scoring may be made by a separate tool or tools. 
As shown in FIG. 5, after the plastically deformed web por 
tion 58 is folded along transversely extending fold lines 72, 
side walls 70 lay underneath and may contact the raised flat 
54, and end walls 69 of corrugations 46 rest on and contact 
flats 56. 

0065. As best illustrated in FIG. 6, side walls 70 abut and 
are underneath portions of the raised flats 54. These two ply 
areas comprise approximately half of the tops 28 of some of 
the cells 14. In such cells the bottom 30 of the cell 14 is a 
single ply which was formed in the flat 56 before folding. As 
shown in FIG. 6, end walls 69 abut and are above portions of 
the flats 56 to form approximately half of the bottoms 30 of 
other cells 14. In such cells the top 28 of the cell 14 is a single 
ply which was formed in the flat 54 prior to folding. Thus, in 
one row 12 of cells 14, each cell 14 has a single ply top 28 and 
a double ply bottom 30. In adjacent rows of cells 14, each cell 
14 has a double ply top 28 and a single ply bottom 30. 
0066. As shown in FIGS. 4, 5 and 6, after the plastically 
deformed web portion 58 is folded along transversely extend 
ing fold lines 72, the corrugations 46 or non-planar regions 24 
of the row walls 20 become the side walls 74.76 of the cells 
14. More particularly, the generally planar peaks 48 of cor 
rugations 46 shown in FIG. 4 become the outmost side walls 
74 of the cells 14 and the generally planarconnecting portions 
52 of corrugations 46 become additional side walls 76 of the 
cells 14. As shown in FIGS. 5 and 6, within a row 12 of cells 
14, the planar portions 22 of row walls 20 come together to 
create flattened two-ply portions 77 of row 12. Side walls 74, 
76 along with the top 28 and bottom 30 of each cell 14 define 
a cell interior 32. 

0067. The last step in the process is to cut the extruded web 
42 at any desired location. FIG. 4 illustrates a cutter 78 at one 
location. However, one or more cutting tools or devices may 
be used at any desired location to create a honeycomb product 
10 of a desired length. 
0068 FIGS. 7-8 illustrate another method or process of 
making a honeycomb product which may be used alone or in 
a multi-layered material or product. FIG. 7 illustrates an 
extruded web 42a traveling in a direction indicated by arrow 
43a and having a pair of opposed side edges 45a, the linear 
distance between which defines the width or transverse 
dimension of the extruded web 42a. The extruded web 42a 
may be any desired material of any desired thickness and/or 
width. The extruded web 42a is identical to extruded web 42 
described above. 



US 2008/O 131654 A1 

0069. The extruded web 42a is then treated as described 
above and illustrated in FIG.3 to create a plastically deformed 
web portion 58a having a plurality of corrugations 46a. As 
seen in FIG. 7, the corrugations 46a may comprise coplanar 
flattened peaks 54a in a plane P6 and flattened valleys 56a in 
the plane P5 of the extruded web 42a with generally rectan 
gular flat connecting portions 52a extending therebetween. 
Lastly, each corrugation 46a may have an end portion 69a. 
These end portions 69a are illustrated as each being in the 
shape of a trapezoid but may be other shapes, depending upon 
the shape of the corrugations. 
0070. As best illustrated in FIG. 7, each generally rectan 
gular, transversely extending flat or flattened area 56a is 
located in the plane P5 of the extruded web 42a. Therefore, 
each generally rectangular, transversely extending flat or flat 
tened area 54a is located in plane P6 above the plane P5 of the 
extruded web 42a and coplanar with the flattened peaks 48 of 
corrugations 46a. Flattened areas 56a and 54a alternate 
between corrugated areas 62a. Each flat 54a has side walls 
70a extending from the outer edges of the flat 54a to the 
flattened valleys 50a in the corrugated regions 62a. These 
side walls 70a are illustrated as each being in the shape of a 
trapezoid but may be other shapes, depending upon the shape 
of the corrugations. Although not shown, the corrugations 
may have a semi-circular, sinuous, curved or other cross 
sectional configuration. 
(0071 FIG. 7 illustrates a movable tool 82 in the form of a 
punch press which is used to remove material 84 from plas 
tically deformed web 58a in predetermined or preselected 
locations. In FIG. 7, the punch press or tool 82 has a plurality 
of punchers 86 mounted on a plate 88 at preselected or pre 
determined locations or positions to create a plurality of rect 
angular openings 34a through predetermined or preselected 
portions of the plastically deformed web 58a. These openings 
34a become the openings in the honeycomb product boa 
described above. See. FIG. 8. Although illustrated as being 
rectangular, the openings 34a may be of any predefined 
desired size or shape and strategically located at any desired 
location on a portion of unrolled web. For example, the holes 
or openings 34a may be circular and be oriented Such that 
each cell 14 has at least one opening 34a allowing access to 
the interior of the cell 14. 
0072 Although a punch press is illustrated, any other tool, 
Such as a laser cutter, may be used to create the openings 34a 
through any portion of the plastically deformed portion58a of 
the extruded web 42a to lighten the extruded web 42a so that 
when this portion of the web 42a is formed into a honeycomb 
product boa, the resultant honeycomb product boa has a rela 
tively high strength-to-weight ratio due, at least in part, to the 
removal of Such material during the process of manufacturing 
the honeycomb product. 
0073. Although the tool 82 is illustrated beneath the 
extruded web 42a, tool 82 may be located above the extruded 
web 42a or at any desired location. More than one tool may be 
used if desired. 

0074 As shown in FIGS. 7-8, the strategic locations of the 
openings 34a are such that the openings 34a are located along 
the flats 54a, 56a of the plastically deformed web 58a, along 
the flattened peaks 48a of the corrugations 46a and along 
connecting portions 52a of corrugations 46a. As shown in 
FIG. 7 each opening 34a is illustrated as being generally 
rectangular but may be any predefined or preselected shape or 
size. As shown in FIGS. 7 and 8, some of the holes 34a inflats 
54a, 56a extend through the bottoms 30a and tops 28a of cells 

Jun. 5, 2008 

14a. Likewise, holes 34a through the connecting portions 52a 
of the corrugations 62a extend through the side walls 76a of 
cells 14a. 
(0075. As shown in FIG. 7, after the openings 34a have 
been bored, punched or otherwise made, the plastically 
deformed web portion 58a is then folded along transversely 
extending fold lines 72a located generally on the edges of the 
flats 54a, 56.a. As shown in FIGS. 7 and 8, after the plastically 
deformed web 58a is folded along transversely extending fold 
lines 72a, side walls 70a lay underneath the raised flats 54a 
and end walls 69a of corrugations 62a rest on flats 56a. 
0076. The last step in the process is to cut the extruded web 
42a at any desired location. FIG. 7 illustrates a cutter 78a at 
one location. However, one or more cutting tools or devices 
may be used at any desired location to create a honeycomb 
product boa of a desired length. 
0077 FIG. 8 shows a portion of the resultant honeycomb 
product boa along with skins or layers 80 (shown in phantom) 
one or both of which may be secured to at least one of the 
upper and lower surfaces 16a, 18a of honeycomb product boa 
to create a multi-layered product for any desired use. Such 
skins may be incorporated into a product having a honeycomb 
core or product made in accordance with any aspect of the 
present invention including via any method described or con 
templated herein. 
(0078 FIGS. 9-10 illustrate another method or process of 
making a honeycomb product lob which may be used alone or 
in a multi-layered material or product. 
007.9 FIGS.9 and 10 illustrate another method or process 
ofmaking a honeycomb product lob which may be used alone 
or in a multi-layered material or product, comprising plasti 
cally deforming at least portions of the extruded web 42b. 
Plastic deformation may include using movable tools 60b, 
61b such as shown in FIG.9 to create a plurality of corrugated 
regions or areas 62b comprising a plurality of corrugations 
46b extending in a first direction generally parallel the direc 
tion of travel 43b of the web 42b or longitudinally, and a 
plurality offlattened areas or regions 54b, 56b each extending 
in a second direction perpendicular to the first direction, 
transversely or from side-to-side. The size of these regions or 
areas 62b, 54b and 56b may vary depending upon the desired 
size or shape of the cells 14b of the honeycomb product 10b. 
See FIG 10. 

0080 FIG. 9 illustrates movable tools 60b, 61b, which in 
addition to plastically deforming the extruded web 42b also 
remove material 84b from plastically deformed web 58b in 
predetermined or preselected locations. In FIG.9, each of the 
tools 60b, 61b has a plurality of punchers 86b mounted on 
bars 64b at preselected or predetermined locations or posi 
tions to create a plurality of circular openings 34b through 
predetermined or preselected portions of the plastically 
deformed web 58b. These openings 34b become the openings 
in the honeycomb product 10b described above. Although 
illustrated as circular, the openings 34b may be of any desired 
shape and strategically located at any desired location on a 
portion of the extruded web. 
I0081 Although one configuration of tool 60.b (and 61b) is 
illustrated comprising bars 64bjoined by connectors 66b (and 
65b), any other configuration or type of tool may be used to 
plastically deform extruded portions of web 42b. Such tools 
may simultaneously create openings 34b through any portion 
of the extruded web to lighten the extruded web 42b so that 
when this portion of the web 42b is folded to create honey 
comb product 10b, the resultant honeycomb product 10b has 
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a relatively high strength-to-weight ratio due, at least in part, 
to the removal of Such material during the process of manu 
facturing the honeycomb product 10b. 
I0082 Although the tools 60b and 61b are illustrated 
respectively above and below extruded web 42b, the orienta 
tion of tools 60b and 61b may be reversed, or at any other 
desired location, such as one after the other in a staggered 
format. Any number of tools 60b, 61b may be used if desired. 
0083. During the step of plastically deforming at least 
selected portions of the extruded web 42b, the bars 64b of the 
tools 60b, 61b may be chilled, at ambient temperature, or 
heated by any desired method to facilitate processing. Such 
heating is illustrated schematically by arrows 38b. This heat 
ing step is optional and may be used in certain applications 
only. In other applications it may be omitted partially or 
entirely. This heating step may occur any time during this 
manufacturing process. 
0084. As shown in FIG. 10, after the web 42b has been 
plastically deformed and the openings 34b have been created, 
the plastically deformed web portion 58b is then folded along 
transversely extending fold lines 72b located generally on the 
edges of the flats 54b,56b. As shown in FIGS.9 and 10, after 
the plastically deformed web of material 58b is folded along 
transversely extending fold lines 72b, side walls 70b lay 
underneath the raised flats 54b and end walls 62b of corruga 
tions 60b rest on flats 56b. 
0085. The last step in the process is to cut the plastically 
deformed extruded web 58b at any desired location. FIG. 10 
illustrates a cutter 78b at one location. However, one or more 
cutting tools or devices may be used at any desired location to 
create a honeycomb product 10b of a desired length. 
0.086 As noted above, the cross-section of the extruded 
web can assume any number of shapes. FIGS. 1A-5A illus 
trate an alternative method of producing a honeycomb prod 
uct, and the product made by that method. 
0087. The temperature needed to process a plasticated 
material through an extruder and out an extruderhead, Such as 
41" in FIG. 1A, in conjunction with the properties of the 
material being extruded, the extruder speed, and complexity 
of the desired cross-section shape, may create an extruded 
web 42" which may retain an unacceptably high internal heat 
after exiting the extruder head 41'. If not cooled to an accept 
able temperature promptly after exiting the extruder head, 
Such an extrudate may warp or show other indicia of degra 
dation due to excessive levels of heat being retained. As 
shown in FIG. 2A, the channels 44 of the web 42", though 
open at one end, may be otherwise effectively closed to trans 
port of air or other heat exchange medium. Such channels 44 
are described herein as being closed. 
0088. To improve access, one or more access openings 101 
may be introduced into one or more longitudinally extending 
channels 44 of the web 42'. Creation of an access opening 10 
into a channel forms a modified channel 44' described herein 
as being substantially closed. See FIG. 2A. The access open 
ing 10 may be created in the web 42 by appropriate machin 
ing of the extruder head 41', or by the action of a cutting or 
material-removing tool (not shown) downstream of the 
extruder head 41'. Only one access opening 101 is shown in 
FIG. 2A on only one channel 44, but additional channels 44 
can have one or more access openings 10, up to all of the 
channels in the extrudate. The access opening or openings can 
vary in size or shape as needed to facilitate transport of 
Sufficient quantities of a heat exchange medium between the 
interior and exterior of a channel 44. The access opening 101 
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is depicted as being continuous along the channel 44, but this 
is not required. Any number of access openings 101 may be 
any desired length. 
I0089 FIG. 1A depicts an alternate extrusion cross-section 
shape as shown in extruder head 41'. FIG. 2A depicts an 
alternate extruded web 42 formed by use of extruder head 41 
containing closed corrugations, or channels 44, the channel as 
depicted having a hexagonal shape in cross-section. 
(0090 FIGS. 3A-5A depict side elevational views of the 
process of flattening portions of an extruded web of the gen 
eral configuration depicted in FIG. 2A having channels 
therein, followed by folding and re-orienting portions of the 
extruded web to create a honeycomb structure, portions of the 
extruded web being re-oriented at 90° relative to their original 
machine direction orientation or position. 
0091. As shown in FIG. 3A, sections 110 of the extruded 
web 42 may be flattened by tools 116, alternating the sections 
110 being compressed into upper flats 118 and lower flats 
120. Tool 116 may apply pressure only, heat only, or a com 
bination of pressure and heat, to create flats 118, 120. 
0092 Additional portions 124a-d shown in FIG. 3A each 
contain at least one channel disposed horizontally, which may 
be either closed or substantially closed. At least one portion is 
capable of being manipulated by a folding operation to mate 
with an adjacent portion, i.e., 124a with 124b, 124b with 
124c, or 124C with 124d, as shown in FIGS. 4A and 5A, to 
form vertically oriented cells 14. 
0093 FIG. 4A depicts portions 124a-din varying degrees 
of re-orientation, from an original machine direction having 
closed channels disposed horizontally, to an orientation at 90° 
relative to the original machine direction, wherein the chan 
nels, now cells 14", are substantially vertical. The portions 
124a-d re-orient along hinge lines 128. 
0094 FIG. 5A depicts the portions 124a-d, along with 
similarly disposed portions, after folding and re-orientation. 
The resulting honeycomb product 10' is comprised in part of 
re-oriented portions 124a, 124b, 124c, and 124d, with upper 
flats 118 and lower flats 120 respectively disposed above and 
below selected portions 124a-124d, the upper and lower flats 
being offset relative to each other. 
(0095 FIG. 1B depicts an extruder 40" with an alternate 
extruder head 41" used to extrude an extrusion 42" having a 
non-planar profile and non-linear cross-section as shown in 
FIGS. 2B and 3B. FIG. 2B depicts a portion of the extruded 
web 42" formed by use of extruder head 41", the extruded 
web 42" having a non-linear cross-section. For purposes of 
this document, the portion of extruded web 42" shown in FIG. 
2B has a non-planar profile because it does not comprise a 
single solid flat sheet of material. The present invention is 
intended to coverall extrusions which are not solid flat sheets 
or webs of material. 

(0096. As seen in FIG.3B, the extruded web 42" has spaced 
upper and lowerhorizontal walls 130 in planes P7 and P8, the 
linear distance between these planes defining the height H2 of 
the extrudate 42". The extrudate 42" also has side walls 132, 
the distance between which defines the width or transverse 
dimension W2 of the extrudate 42". Lastly, the extrudate 42" 
has a plurality of spacers 134 extending between the horizon 
tal walls 130 and spaced from each other so as to define a 
plurality of flutes or channels 136 which extend longitudi 
nally or in the direction of travel 43 of the web. As shown in 
FIG.3B, these flutes or channels 136 have a rectangular shape 
in cross-section. As seen in FIG. 2B, the extruded web 42" 
travels in a direction indicated by arrow 43. The extruded web 
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42" may be any desired material of any desired thickness 
and/or width. This type of extrusion, if made of plastic is 
known as one type of corrugated plastic. 
0097. One advantage of the present invention is the ability 
to extrude a product with reduced weight or density compared 
to the weight or density of a single solid sheet or web of the 
same material of the same dimensions. Due to the presence of 
holes, flutes or channels 136 in the extrudate 42", as best 
shown in FIG. 3B, the weight of any length of extrudate 42" 
is less than half the weight of a solid piece of material of the 
same dimensions. The same is also true of the extrudate 
shown in FIG. 2. 

0098 FIGS. 4B and 5B illustrate additional steps in this 
process of making product 10". FIG. 4B illustrates the step of 
plastically deforming at least selected portions or areas 138 of 
the extruded web 42" to create a plastically deformed 
extruded web 58". This plastic deformation may include 
using movable tools 140, 142 such as shown in FIG. 4B to 
interrupt the continuous corrugations or flutes 136 formed in 
the emerging extruded web 42" and create a plurality of 
generally V-shaped plastically deformed regions or areas 138 
each extending generally perpendicular to the direction of 
travel 43 of the extruded web 42" or transversely or from 
side-to-side. The size of these regions or areas 138 may vary 
depending upon numerous factors including the desired size 
or shape of the cells 14 of the resulting product 10". 
0099. Although tool 140 is illustrated as comprising six 
deforming members 144 joined together with connectors 146 
(only one being shown for clarity) and tool 142 is illustrated 
as comprising five deforming members 148 joined together 
with connectors 150 (only one being shown for clarity), 
respectively, these tools 140, 142 may comprise any number 
of deforming members of any desired size or configuration 
joined together or not. Although two movable tools are illus 
trated, any number of tools of any desired type or configura 
tion may be used. Again, the term tool is not intended to be 
limiting and may include any tool known in the art. 
0100. During the step of plastically deforming at least 
selected portions of the extruded web 42", the deforming 
members 144, 148 of tools 140, 142, respectively, may be 
chilled, at ambient temperature, or heated by any desired 
method to facilitate processing. Such heating is illustrated 
schematically by arrows 152. This heating step is optional and 
may be used in certain applications only. In other applications 
it may be omitted partially or entirely. Although it is shown 
schematically during the creation of the plastic deformed 
areas 138 of the extruded web 42" using tools 140, 142, this 
heating step may occur any time during this manufacturing 
process. 
0101. As shown in FIGS. 5B and 6B, the plastically 
deformed web portion 58" is then folded along transversely 
extending fold lines 154 located generally in the planes P7 
and P8 of the extrudate 42". See FIG. 3B. Such fold lines 154 
may be optionally scored or perforated at any step in the 
manufacturing process with cuts (not shown) to assist fold 
ing. Such scoring may be made by a separate tool or tools. As 
shown in FIG. 6B, after the plastically deformed web portion 
58" is folded along transversely extending fold lines 154, 
horizontal walls 130 of extrudate 42" become vertically ori 
entated and the flutes 136 become the vertically oriented cells 
14" of the resultant product 10" 
0102) Another step in the process may be to cut the 
extruded web 42" at any desired location. FIG. 4B illustrates 
a cutter 78 at one location. However, one or more cutting tools 
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or devices may be used at any desired location to create a 
product 10" of a desired length. 
(0103 FIG. 6B shows a portion of the resultant product 10" 
along with skins or layers 80 (shown in phantom) one or both 
of which may be secured to at least one of the upper and lower 
surfaces of product 10" to create a multi-layered or sandwich 
like product for any desired use. As shown in FIG. 6B, the 
plastically deformed web 58" is folded alternatively in upper 
and lowerplanes P7 and P8 to create a plurality of blocks 137, 
each block 137 containing a row 139 of vertically oriented 
cells 14". If desired, adjacent blocks 137 may be adhesively or 
otherwise joined to each other to create product 10" with or 
without any skins 80. 
0104 FIGS. 7B and 8B illustrate another method or pro 
cess of making a product 160 which may be used alone or in 
a multi-layered material or product. FIG. 7B illustrates an 
extruded web 42" like the one described above and shown in 
FIGS. 1B, 2B and 3B traveling in a direction indicated by 
arrow 43. 
0105. This method comprises plastically deforming or 
flattening at least selected portions or areas 162, 164 of the 
extruded web 42" to create a plastically deformed extruded 
web 166. This plastic deformation may include using mov 
able tools 168, 170 such as shown in FIG.7B to interrupt the 
continuous corrugations or flutes 136 formed in the emerging 
extruded web 42" and create a plurality of non-deformed 
regions or areas 172 and a plurality of flats or flattened areas 
162, 164 each extending in a second direction perpendicular 
to the direction of travel of the extruded web, transversely or 
from side-to-side. The size and location of these regions or 
areas 162, 164 and 172 may vary depending upon the desired 
size or shape of the cells 165 of the resultant product 160. 
0106 Although tool 168 is illustrated as comprising three 
bars 174.joined together with connectors 176 (only one being 
shown for clarity) and tool 170 is illustrated as comprising 
two bars 174 joined together with connectors 180 (only one 
being shown for clarity), respectively, these tools 168, 170 
may comprise any number of bars of any desired size or 
configuration joined together or not. Although two tools are 
illustrated, any number of tools of any desired type or con 
figuration may be used. Again, the term tool is not intended to 
be limiting and may include any tool known in the art. 
0107. During the step of plastically deforming at least 
selected portions of the extruded web 42", the bars 174 of the 
tools 168, 170 may be chilled, at ambient temperature, or 
heated by any desired method to facilitate processing. Such 
heating is illustrated schematically by arrows 178. This heat 
ing step is optional and may be used in certain applications 
only. In other applications it may be omitted partially or 
entirely. Although it is shown schematically after the flats 
162, 164 have been created in the extruded web 42", this 
heating step may occur any time during this manufacturing 
process. 

0108. As best illustrated in FIGS. 7B and 8B, each gener 
ally rectangular, transversely extending flat or flattened area 
162 is located in the plane P8 of the extruded web 42". Each 
generally rectangular, transversely extending flat or flattened 
area 164 is located in plane P7 above the plane P8 of the 
extruded web 42". Flattened areas 162 and 164 alternate 
between corrugated or non-deformed regions 172. Each cor 
rugated region 172 comprises rows of corrugations. 
0109. As shown in FIG. 5B, the plastically deformed web 
portion 166 is then folded along transversely extending fold 
lines 154 located generally in the planes P7 and P8 of the 
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extrudate 42". See FIG. 3B. Such fold lines 154 may be 
optionally scored or perforated at any step in the manufactur 
ing process with cuts (not shown) to assist folding. Such 
scoring may be made by a separate tool or tools. As shown in 
FIG. 6B, after the plastically deformed web portion 166 is 
folded along transversely extending fold lines 154, horizontal 
walls 130 of extrudate 42" become vertically orientated and 
the flutes 136 become the cells 14" of the resultant product 
160. 
0110 FIG.8B shows a portion of the resultant product 160 
along with skins or layers 80 (shown in phantom) one or both 
of which may be secured to at least one of the upper and lower 
surfaces of product 160 to create a multi-layered or sandwich 
like product for any desired use. As shown in FIG. 8B, the 
plastically deformed web 166 is folded alternatively in upper 
and lowerplanes P7 and P8 to create a plurality of blocks 161, 
each block 161 containing a row of vertically oriented cells 
like the ones shown in FIG. 6B. If desired, adjacent blocks 
161 may be adhesively or otherwise joined to each other to 
create product 160 with or without skins 80. 
0111. Another step in the process may be to cut the 
extruded web 166 at any desired location. FIG. 7B illustrates 
a cutter 78 at one location. However, one or more cutting tools 
or devices may be used at any desired location to create a 
product 160 of a desired length. 
0112 FIG. 1C depicts an extruder 40c with an alternate 
extruder head 41c used to extrude an extrusion having a 
non-planar profile and non-linear cross-section as shown in 
FIGS. 2C and 3C. FIG. 2C depicts a portion of the extruded 
web 42c formed by use of extruder head 41c, the extruded 
web 42c having a non-linear cross-section. FIG.2C depicts an 
alternate extruded web 42c formed by use of extruder head 
41c, the extruded web 42c having a non-linear cross-section. 
As seen in FIG. 3C, the extruded web 42c has spaced upper 
and lower horizontal walls 182 in planes P9 and P10, the 
linear distance between these planes defining the height H3 of 
the extrudate 42c. The extrudate 42c also has side edges 184, 
the distance between which defines the width or transverse 
dimension W3 of the extrudate 42c. Lastly, the extrudate 42c 
has a sinuous middle member 186 extending between the 
horizontal walls 182 so as to define a plurality of flutes or 
channels 188 which extend longitudinally. As seen in FIG. 
2C, the extruded web 42c travels in a direction indicated by 
arrow 43. The extruded web 42c may be any desired material 
of any desired thickness and/or width. Such an extruded web 
42c may be treated or processed as described above to create 
a product for use alone or in a sandwich-like core product. 
0113. While we have described several preferred embodi 
ments of the present invention, persons skilled in the art will 
appreciate changes and modifications which may be made 
without departing from the spirit of the invention. For 
example, although one configuration of a cell is illustrated 
and described, the cells of the present invention may be other 
configurations, such as cylindrical in shape. Therefore, we 
intend to be limited only by the scope of the following claims 
and equivalents thereof. 
We claim: 
1. A process of making a product comprising: 
extruding a web of material having a generally non-planar 

profile; 
flattening selected areas of the extruded web; and 
folding the web. 
2. The process of claim 1 further comprising forming a 

plurality of openings in the extruded web. 

Jun. 5, 2008 

3. The process of claim 2 wherein forming a plurality of 
openings in the extruded web comprises stamping the mate 
rial. 

4. The process of claim 1 wherein flattening selected areas 
of the extruded web comprises contacting the extruded web 
with a heated element. 

5. The process of claim 1 further wherein the extruded web 
has a generally corrugated shape with flattened peaks and 
flattened valleys. 

6. The process of claim 1 wherein the extruded web is 
folded along transversely extending fold lines. 

7. A process of making a product comprising: 
extruding a web of material such that the extruded web has 

a generally non-linear cross-section; 
flattening selected areas of the extruded web; and 
folding the extruded web along transversely extending fold 

lines. 
8. The process of claim 7 further comprising forming at 

least one opening in the extruded web. 
9. The process of claim 8 wherein forming a plurality of 

openings in the extruded web comprises stamping the mate 
rial. 

10. The process of claim 7 wherein the extruded web is 
flattened in selected areas by at least one tool applying pres 
SUC. 

11. The process of claim 7 wherein the extruded web is 
flattened in selected areas by at least one tool applying heat. 

12. The process of claim 8 wherein creating a plurality of 
openings in the extruded web comprises removing material 
from the extruded web using at least one tool. 

13. A process of making a product comprising: 
extruding a web of material such that the extruded web has 

a generally non-linear cross-section; 
plastically deforming selected areas of the extruded web: 

and 
folding the extruded web along transversely extending fold 

lines. 
14. The process of claim 13 wherein said extruded web is 

corrugated plastic. 
15. The process of claim 13 wherein said step of plastically 

deforming selected areas of the extruded web comprising 
using at least one heated tool. 

16. A honeycomb product comprising: 
an extruded web having a non-planar profile formed and 

folded into a plurality of similar cells arranged in rows, 
at least some of the rows of cells being made of two row 
walls, each of said row walls having alternating planar 
and non-planar regions, the planar regions of adjacent 
said row walls being joined together and the non-planar 
regions of adjacent said row walls defining side walls of 
the cells, each of the cells having a top and bottom. 

17. The honeycomb product of claim 16 wherein at least 
Some of the cells have at least one opening created by at least 
one tool. 

18. The honeycomb product of claim 16 wherein at least 
Some of the openings are in lateral sidewalls of at least some 
of the cells. 

19. The honeycomb product of claim 16 wherein at least 
Some of the cells have at least one opening of a predefined 
size. 

20. The honeycomb product of claim 16 wherein at least 
Some of the cells have at least one opening of a predefined 
shape. 
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21. A product comprising: 
an extruded web material having a longitudinal dimension 

formed into a plurality of similar cells arranged in rows, 
at least Some of the cells being made of a continuous cell 
wall, the continuous cell wall being in the shape of a 
ring, the cells oriented substantially 90° to the longitu 
dinal dimension. 

22. A product made by the process of: 
extruding a web of material, the extruded web having a 

generally non-linear cross-section; 
creating a plurality of generally planar areas in said 

extruded web: 
folding said extruded web along edges of said generally 

planar areas to create a plurality of cells arranged in 
rows, at least some of the rows of cells being made of two 
row walls, each of said row walls having planar and 
non-planar regions, the regions of adjacent said row 
walls being joined together, and the non-planar regions 
of adjacent said row walls defining side walls of the 
cells, each of the cells having a top and bottom. 

23. The product of claim 22 wherein at least some of said 
tops and bottoms of said cells are in the shape of a polygon. 

24. The product of claim 22 wherein at least some of the 
cells has an opening allowing access to an interior of the cell. 

25. The product of claim 22 wherein the polygon is a 
hexagon. 

26. The product of claim 22 wherein the web of material 
has a plurality of openings formed therethrough. 
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27. The product of claim 22 wherein the folding of said 
extruded web creates a plurality of identical cells oriented 90° 
relative to said extruded web. 

28. The product of claim 25 wherein at least some of the 
openings are located in the tops and bottoms of the cells. 

29. The product of claim 22 wherein the material is plastic. 
30. A product made by the process of: 
extruding a web of material, the extruded web having a 

generally non-linear cross-section; 
creating a plurality of generally planar areas in said 

extruded web: 
folding said extruded web along edges of said generally 

planar areas to create a plurality of cells arranged in 
OWS. 

31. The product of claim 30 wherein the extruded web is 
corrugated plastic. 

32. A product made by the process of: 
extruding a web of material, the extruded web having a 

generally non-linear cross-section; 
creating a plurality of plastically deformed areas in said 

extruded web: 
folding said extruded web along said plastically deformed 

areas to create a plurality of cells arranged in rows. 
33. The product of claim 32 wherein the extruded web is 

corrugated plastic. 
34. The product of claim 32 wherein the cells are vertically 

oriented. 


