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HALF CLOSED THERMOPLASTIC HONEYCOMB, THEIR PRODUCTION

PROCESS AND EQUIPMENT TO PRODUCE

The present invention relates to cellular structures such as folded honeycomb

5  structures, methods of manufacturing the same and equipment for

-manufacturing the same. In particular, the present invention concerns a

thermoplastic folded honeycomb structure, a process and equipment to
produce the same.

10  Technical Background

?

ccccc

Folded honeycombs known from WO 97/03816 are produced
continuously from a single layer, e.g. a flat body. Hexagonal cells are
constructed by foldlng after the lntroductlon of cuts. The cells are bi ldged by
covering-layer oonnectlng-surfaces. dFolded honeycombs without cuts can be

15 producted econonﬂcally' from one continuous layer of thermoplaetio film by

.........

WO 00/32382 and have connectmg surfaces covenng every hexagonal cell on
both sides. |

20 Sumrnary' of the 'lnvention -

The present mventlon provides a folded honeycomb structure, formed
from a plurahty of cells arranged in rows, comprising: cells having lateral cell
30" walls which adjom one another m the. form of a ring and are bounded toward.
two opening sides of each cell by coverlng layer planes whereby the cells are
each bridged 'parti'ally or compietely in one_or other of the covering-layer -

planes; the folded honeycomb being forrned from a sobstan'tially uncut' flat
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body; the folded honeycomb having a plurality of 3D-structures formed by plastic
deformation and connecting areas produced by the plastic deformations the

connecting areas being located in one or other of the covering-layer planes in the

folded honeycomb.

In a further aspect, a flat body, e.g. a web of material, is plastically
deformed mainly perpendicularly to the material plane and narrowed, e.g. folded, In
the conveying direction, until the cell walls meet and can be connected. Connection
areas having a u- or v-shape are formed between the half-hexagonal cell walls to

enable a good attachment of the honeycomb cell walls to both covering layers with a

minimal amount of additional material.

Other aspects provide methods and apparatus for producing folded

honeycombs without using cuts.

An advantage of one aspect is that it enables vacuum forming and a

good attachment to the covering layers. A further advantage is a minimal material

usage.

Another aspect of the present invention provides a process for
producing a folded honeycomb from a flat body composed of a plastically deformable

material, comprising:

a) plastically deforming the flat body to form 3D-structures and connection areas

therein, the connection areas being formed between the 3D-sturctures; and

b) folding the 3D-structures towards each other to form cells having cell walls which
adjoin one another in the form of a ring so that a cell wall of one cell adjoins the cell

wall of another cell in a honeycomb structure.

Another aspect of the present invention provides an equipment for
producing a folded honeycomb from a flat body composed of a plastically deformable

material, comprising:
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a) means for plastically deforming the flat body to form 3D-structures and connection

areas therein, the connection areas being formed between the 3D-structures; and

b) means for folding the 3D-structures towards each other to form cells having cell
walls which adjoin one another in the form of a ring so that a cell wall of one cell

adjoins the cell wall of another cell in a honeycomb structure.

Brief Description of the Drawings

The present invention and its exemplary embodiments will be described with

reference to the following schematic drawings:
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FIG. 1 shows a section of the plastic deformed material web in accordance
with an embodiment of the present invention,

FIG. 2 shows a section of the material web half-folded to form the honeycomb
cells in accordance with an embodiment of the present invention,

FIG. 3 shows the almost fully folded material web creating two rows of partially
closed honeycomb cells in accordance with an embodiment of the present
iInvention,

FIG. 4 shows a side view of the plastically formed material web section in
accordance with an embodiment of the present invention,

FIG. 5 shows a side view on the material web during the folding process,
showing folding equipment in accordance with an embodiment of the present
invention.

FIG. 6 shows the successive in-line steps in a continuous panel production line

In accordance with an embodiment of the present invention.

Description of the lllustrative Embodiments

The present invention will be described with respect to particular
embodiments and with reference to certain drawings but the invention is not
limited thereto but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size of some of the
elements may be exaggerated and not drawn on scale for illustrative purposes.
Where the term "comprising” is used in the present description and claims, it
does not exclude other elements or steps. Furthermore, the terms first,
second, third and the like in the description and in the claims, are used for
distinguishing between similar elements and not necessarily for describing a
sequential or chronological order. It is to be understood that the terms so used
are interchangeable under appropriate circumstances and that the
embodiments of the invention described herein are capable of operation in
other sequences than described or illustrated herein.

FI1G. 1 shows a section of a flat web made of a plastically deformable
material. The plastically deformable material may be a thin thermoplastic
polymeric material, a fiber composite material, plastically deformable paper or

metal sheet or similar. In accordance with this embodiment the flat web has
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plastic deformations 1, 2 formed therein mainly perpendicular {o the material
web. In the regions 1 and 2, the material is deformed, e.g. polygonally, for
example trapezoidally, or sinusoidally, or arcuately or the like, from the plane
of the web. The deformations form ridges 8 and valleys 9 whereby each of
these is not continuous. For example, the ridges are composed of a linear
series of deformed sections 1, 2 e.g. polygonal, for example trapezoidal, or
sinusoidal, or arcuate sections or the like. Preferably the ridges have a top
surface 15 that may be initially (e.g. as formed) parallel to the plane of the web
of material. The production direction is preferably as shown in Fig. 1 however a
direction perpendicular thereto (parallel to the axes 5 and 6) could be used as
well.

The regions 1 and 2 are preferably formed inclined i.e. rotated towards
each other around the axis 5 and/or 6, to form additionally u- or v-shaped
connection areas 3 and 4. The areas 3 and 4 separate the ridge sections 1, 2,
e.g. the polygonal, for example trapezoidal, or sinusoidal, or arcuate sections
or the like in one row of regions 1, 2. One connecting section 3, 4 is placed
between two regions 1, 2 and connecting sections 3 alternate along the row of
regions 1, 2 with connecting sections 4. The areas 3, 4 form cross-valleys, i.e.
perpendicular to the valleys 9. Adjacent cross-valleys are on opposite sides of
the web material. The rotation of the regions 1, 2 to bring them into the initial
position of Fig. 1 is preferably performed at the same time as the deformations
are placed into the web of material. The web material is stretched at the
transitions between the areas 1 and 2 to form the areas 3 and 4, which are
substantially perpendicular to the outer surfaces 15 of the areas 1 and 2. The
angle between surfaces 3, 4 on different ridge sections, allows a part of a tool
to enter and thus to form these sections. The width direction of the material
web elongates preferably in the direction of the axis 5 and 6 while the endless
length direction of the material web is continuous along the production
direction at the lines 7.

The deformation of the web material in the regions 1 and 2 serves the
purpose of the formation of three-dimensional shapes, which form the walls of
cell halves in the folded end product. The cells thus formed are structural and

load bearing elements of the folded end product, the walls of which extend
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transversely to the longitudinal direction of the folded end product. In the
folded end product, the cells formed by folding are preferably cylindrical in
cross section, the axis of the cylinder extending transversely with respect to
the longitudinal direction of the folded end product and in thickness direction of
the planar honeycomb finally produced. The cross-sectional shape of a cell
can be selected as desired, for example circular or polygonal, in particular
even-numbered polygonal, for example hexagonal. The final cell shape is
determined by the shape of the deformed areas 1, 2 in the original web and
how they fold together. As shown in Fig. 3 when the web is fully folded each
cell is formed from two half-cells. The cells are arranged in rows. Each final cell
is formed by the bottom and sides of two longitudinally adjacent (in the web
material) valley sections 9. The half cells are joined preferably together across
touching surfaces 15 from two longitudinally adjacent (in the web material)
ridge sections 8. Accordingly, the present invention provides a folded
honeycomb, formed from a plurality of cells arranged in rows, with the
following features: the cells have lateral cell walls which adjoin one another in
the form of a ring and are bounded toward two opening sides of the cell by
covering-layer planes whereby the cells are each bridged or closed completely
In one or other of the covering-layer planes. The folded honeycomb is formed
from a substantially uncut flat body. The folded honeycomb contains a plurality
of 3D-structures, e.g. polygonally, sinusoidally or arcuately shaped regions (1
and 2) formed by plastic deformation and connecting areas (3 and 4) in the
covering-layer planes produced by the plastic deformation. At least a part of
the cell walls are preferably wholly or partly permanently connected to one
another, e.g. by glue or adhesive or welding. The present invention includes
the final folded product being a mixture of cells with different cross-sectional
shapes and/or sizes. The final honeycomb structure is a planar product
whereby the cells are arranged perpendicular to the plane of the product and
across the thickness. Cells on alternating sides of the planar structure are
closed by the connection areas 3, 4. All the cells can be closed by the
application of one or more covering layers, e.g. by laminating the planar
product of the present invention with covering sheets. The present invention
includes within its scope the possibility that the 3D structures 1, 2, e.g.
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trapezoidal, sinusoidal or circular structures in the web which form the cell
walls are not fully vertical and/or not contacting each other after the folding of
the deformed material web thus forming a structure which is at least in one
direction open in-plane (as shown in fig. 3).

Returning to Fig. 1, the production method continues by rotating the
regions 1 and 2 further so that the surfaces 15 from adjacent ridge sections
are adjacent to each other or preferably touch. FIG. 2 shows a further
intermediate state in the production of the folded honeycomb. The narrowing of
the plastically deformed material web occurs by the folding operation of the
material web about the folding lines 5 and 6. The u- or v-shaped connection
areas 3 and 4 are unfolded and come to lie flat in the plane perpendicular to
the cell walls. The areas 3 and 4 are infroduced to avoid substantial
deformation of the 3D structures of the material web e.g. the polygonally, for
example trapezoidally, or sinusoidally, or arcuately deformed sections 1 or 2 or
the like.

FIG. 3 shows the material almost fully folded to form two rows of
hexagonal honeycomb cells. As a result of being folded together, the adjacent
regions 3 (respectively 4) butt against one another. Each honeycomb cell is
then closed by an area 3 or 4 on at least one side. That is the cells have on
one end a closed surface formed by the areas 3, 4. The surfaces 15 can be
connected to one another, e.g. with glue or adhesive or by welding such as
ultrasonic welding. However, this connection is not an essential requirement of
the present invention.

The above process relies on folding the deformed web material
whereby the way the 3D-structures 1, 2 and the surfaces 3, 4 are formed is
done to ease the folding and rotation process. FIG. 4 shows a side view of the
formed material web prior to a folding operation. To ease the folding operation
the plastically deformed material web has the axis 5 and 6 (around which the
material regions 1 and 2 rotate during folding) preferably positioned out-of-
plane with a positive value “x”. The dimension x is selected so that the cross-
valley on the upper surface of the material has its lowest apex joining point on
the axis 6 of the valley higher than the apex joining point on the axis 5 of a

cross-valley which is on the lower surface of the web. A longitudinal force
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along the production direction will act through the axes 5 and 6 and by so
doing will exert a bending moment about the axes 5, 6. This allows that the
formed material web can be folded up by simple compression in the production
direcftion.

The production can be automated and run continuously. Preferably
pairs of rollers are used to push the material web together in production
direction. However, rotating tools, oscillating translating tools or guiding
profiles can be used to help or ensure the folding up of the web. Accordingly,
an independent aspect of the present invention is to form a folded honeycomb
by means of non-cutting, continuous, plastic rotation forming of a material web.
The plastic deformation can be carried out, for example, by means of a
"rotation vacuum thermoforming" process, such as is common in the
production of air-bubble film. The material, provided as a preheated film or
directly via a film die from an extruder, is preferably drawn by a profiled roll
with the aid of vacuum. Inter-engaging profiles on the rolls running against
each other can also be used.

The surface of the vacuum roller for the thermoforming of the material
web has a relative complex geometry to enable that in the formed material web
the areas 1 and 2 are not only formed but also preferably only slightly rotated
(e.g. 10 to 30°) towards each other. This allows the formation of the v-shaped
areas 3 and 4, and ensures a vacuum thermoformable airtight shape of the
material web that can be folded by further rotation (e.g. of about 80° to 60°) of
the areas 1 and 2 around the axis 5 and 6.

FIG. 5 shows a side view of the material web during the folding
operation and a cross section of a folding equipment in accordance with an
embodiment of the present invention. The speed of the non-folded material
web relative to the folded honeycomb core i.e. the material take-up factor is
shown for a half closed thermoplastic honeycomb core open with a thickness
of 8 mm and a cell size of 6.4 mm. The unfolded material runs at a speed of
2.696 In arbitrary speed units; the reduces to 2.5 within the first set of rollers ?
20 and then further to 1 in the second rollers 22. The final speed is that of the
throughput of the folded honeycomb planar structure.

The folding unit contain a pair of feeding rollers 20, e.g. rubber coated
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feeding rollers 10, with grooves 10a within the surfaces are placed upstream of
a guiding grid 11 to keep the material web in-plane during folding and a
second set of rollers 22, e.g. rubber coated pushing rollers 12 with similar
grooves 12a to apply a counter pressure, which ensures a sufficient in-plane
compression force to enable the folding. The compression force between the
lower and upper feeding rollers 20 may reduce the inclination and rotation of
the areas 1 and 2 towards each other by elastic deformation, but in the section
between the feeding rollers 20 and the counter rollers 22 the material web will
move back into is thermoformed shape, preferably but not necessarily without
the help of tools or guides 11a, and continue to folded up. A gating and/or
braking mechanism 13 initially retards or stops the web. It opens at a force that
IS generated only by the material web in the fully folded stage. It continues to
apply a friction force in its open state as the folded web is formed.

The folded honeycomb is preferably directly further processed to a
lightweight sandwich panel by lamination or direct extrusion of covering layers
14 onto both sides of the honeycomb core, e.g. with lamination rollers or belts
23. The equipment provided by the present invention can including a
deforming and folding unit as well as a core gluing or welding unit and a
lamination unit.

FIG. 6 shows the successive in-line production steps for a continuous
panel production. The in-line postforming is optional and can include the
forming of edge closures or edge profiles. In step 25 the web sheet material is
provided either directly from a suitable forming equipment such as an extruder
or from a roll of web material. Optionally the web of material is maintained at a
temperature or heated up to forming temperatures. In step 26 the 3D
structures 1, 2 are formed in the web material by any suitable process e.g;
vacuum forming or hot rolling. In step 27 the web material with the 3D-
structures formed is folded together to form the honeycomb core. Optionally in
step 28 a lamination of one or more cover layers or other layers is performed
either in-line or off-line. In step 29 postforming operations are performed such
as cutting to length or forming the honeycomb material into shapes, e.g. by
pressing or fixing the honeycomb material to another, e.g. to a metal part.

The present invention includes folded honeycombs where the
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connecting areas 3 and 4 are later e.g. during lamination of non-woven
covering layers are removed, €.g. by cutting or melting away so that all cells
are opened on both sides, leading to a 3D-formable sandwich preform.
Dependent on the raw material used for the folded honeycomb core and
the covering layers the sandwich panel can be used for example for structural

components, impact and crash protection, decorative panels or packaging
applications.
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CLAIMS:
1. Folded honeycomb, formed from a plurality of cells arranged in rows,

comprising: cells having lateral cell walls which adjoin one another in the form of a
ring and are bounded toward two opening sides of each cell by covering-layer planes
whereby the cells are each bridged completely or partially in one or other of the
covering-layer planes; the folded honeycomb being formed from an uncut flat body;
the folded honeycomb having a plurality of 3D-structures formed by plastic
de:formation and connecting areas produced by the plastic deformation, the

connecting areas being located in one or other of the covering-layer planes in the

folded honeycomb.

2. Folded honeycomb of claim 1, wherein the 3D-structures are

polygonally, sinusoidally or arcuately shaped regions.

3. Folded honeycomb according to claim 1 or 2, in which at least a part of

the cell walls are wholly or partly permanently connected to one another.

4. Folded honeycomb according to any one of claims 1 to 3, in which the
flat body is formed a thermoplastic polymer, a fiber composite material or a plastically

deformable paper or metal sheet.

5. Process for producing a folded honeycomb from a flat body composed

of a plastically deformable material, comprising:

a) plastically deforming the flat body to form 3D-structures and
connection areas therein, the connection areas being formed between

the 3D-structures; and

b) folding the 3D-structures towards each other to form cells having cell
walls which adjoin one another in the form of a ring so that a cell wall of one cell

adjoins the cell wall of another cell iIn a honeycomb structure.
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6. Process according to claim 5, wherein the 3D-structures are

polygonally, sinusoidally or arcuately shaped regions.

7. Process according to claim 5 or 6, wherein at least a part of mutually

contacting surface areas and edges of the cells are firmly connected to one another.

8. Process according to any one of the claims 5 to 7, wherein the
deformable material is a thermoplastic polymer, a fiber composite material or a

plastically deformable paper or metal sheet.

9. Process according to any one of the claims 5 to 8, wherein the
deforming to form the 3D-structures is carried out by means of a non-cutting rotation

process.

10. Process according to claim 9, in which the deformation is carried out by

means of a rotation vacuum thermoforming process.

11. An equipment for producing a folded honeycomb from a flat body

composed of a plastically deformable material, comprising:

a) means for plastically deforming the flat body to form 3D-structures
and connection areas therein, the connection areas being formed between

the 3D-structures; and

b) means for folding the 3D-structures towards each other to form cells
having cell walls which adjoin one another in the form of a ring so that a cell wall of

one cell adjoins the cell wall of another cell in a honeycomb structure.

12. Equipment according to claim 11, wherein the means for plastically
deforming the flat body includes a first roller with a surface profile to form the

3D-structures.

13. Equipment according to claim 12, wherein the means for folding

includes a second roller located downstream of the first roller and turning at a lower

speed than the first roller.
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14 Equipment according to claim 12 or 13, further comprising a guide
between the first and second roller.
15. Equipment according to any one of claims 12 to 14 wherein the first

roller is adapted as a rotation vacuum thermoforming roller.

16. Equipment according to any one of the claims 11 to15, further

comprising a core gluing or welding and lamination unit.
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