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Description

Background of the Invention

1. Field of the Invention

[0001] This invention relates to methods for making
honeycomb useful in high temperature environments and
honeycomb made thereby that has been shaped such
that the face of the honeycomb has at least two points
that are located in different tangential planes. In a pre-
ferred embodiment this invention relates to methods for
making honeycomb having a curved shape and honey-
comb made thereby.

2. Description of Related Art.

[0002] United States Patent No. 5,096,526 discloses
a process for forming a shaped structure from a high melt
temperature thermoplastic laminate and a honeycomb
core and particularly a process for bonding a thermoplas-
tic laminate to a honeycomb core and subsequently
shaping the structure on a molding tool. The process in-
volves heating the laminate to more than 315 °C (600
°F) to bond the thermoplastic laminate coversheets to
the honeycomb core without adhesives and then shaping
the coversheets with the honeycomb core.
[0003] United States Patent Nos. 5,137,768;
6,544,622; and 5,789,059 disclose honeycombs made
from sheets made from high modulus paraaramid mate-
rials. These honeycombs are highly prized due to their
high stiffness, high strength-to-weight ratio, and temper-
ature resistance. The high modulus of the para-aramid
materials can create very stiff honeycomb, which is de-
sirable in many instances, but can create problems when
trying to mold these honeycombs into curved shapes.
When the honeycomb is shaped over or in a form having
an area of curvature, one face of the honeycomb is put
in tension and the other in compression. The side in com-
pression generally suffers the more damage and this
damage is generally a recurving of cell walls; that is, a
collapsing or bending of cell walls into the cell. If a large
number of the cells have recurved cell walls the honey-
comb has a serious structural defect.
[0004] US 5,217,556 A discloses a process of making
a honeycomb comprising cells, the honeycomb being
fabricated from fiber-reinforced and non-reinforced ther-
moplastic webs wherein the density and other physical
characteristics of portions of the honeycomb are varied
during the manufacture of the honeycomb.
[0005] United States Patent No. 6,186,766 discloses
an apparatus for shaping honeycomb core.
[0006] EP 1 048 446 A describes dipping resins used
for coating composite honeycomb structures such as
composite honeycomb cores made from graphite or
glass fibers impregnated with flexible phenolic resins.
[0007] Therefore what is needed is a honeycomb con-
taining high modulus materials that also is able to with-

stand molding without damaging an excessive number
of honeycomb cells.

Brief Summary of the Invention

[0008] This invention relates to a process of making a
honeycomb comprising cells formed from a paper, and
having edges forming a face of the honeycomb, the face
defined by a plurality of points and having an area of
curvature wherein at least two of the points are located
in different tangential planes, comprising, in accordance
with claim 1, the steps of:

a) bonding a plurality of paper sheets along parallel
lines of adhesive, the sheets comprising 5 to 50 parts
by weight thermoplastic material having a melting
point of from 120 °C to 350 °C, and 50 to 95 parts
by weight high modulus fiber of para-aramid, poly-
benzazole, polypyridazole, or mixtures thereof hav-
ing a modulus of 550 grams per dtex (600 grams per
denier) or greater, based on the total amount of ther-
moplastic material and high modulus fiber in the
walls;
b) pulling the bonded sheets apart in directions per-
pendicular to the plane of the sheets to form a hon-
eycomb having cells;
c) heating the honeycomb to a temperature +/- 10
°C of the melt temperature of the thermoplastic ma-
terial in the cell walls to soften the thermoplastic ma-
terial;
d) bending, molding, or forming the honeycomb in a
mold or over a form having an area of curvature; and
e) cooling the honeycomb to retain the shape of the
area of curvature of the mold or form.

[0009] This invention also relates to a process of mak-
ing a honeycomb, the honeycomb comprising cells
formed from a paper, and having edges forming a face
of the honeycomb, the face defined by a plurality of points
and having an area of curvature wherein at least two of
the points are located in different tangential planes, com-
prising, in accordance with claim 8, the steps of:

a) bonding a plurality of paper sheets along parallel
lines of adhesive, the sheets comprising 5 to 50 parts
by weight thermoplastic material having a melting
point of from 120 °C to 350 °C and 50 to 95 parts by
weight high modulus fiber of para-aramid, polyben-
zazole, polypyridazole, or mixtures thereof having a
modulus of 550 grams per dtex (600 grams per de-
nier) or greater, based on the total amount of ther-
moplastic material and high modulus fiber in the
walls;
b) pulling the bonded sheets apart in directions per-
pendicular to the plane of the sheets to form a hon-
eycomb having cells;
c) impregnating the honeycomb with a thermoset
resin;
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d) heating the honeycomb to cure the thermoset res-
in;
e) cutting the honeycomb into slices;
f) heating the honeycomb slices to a temperature
above the point that both the thermoset resin and
the thermoplastic material soften, the temperature
being +/- 10 °C of the melt temperature of the ther-
moplastic material in the cell walls;
g) bending, molding, or forming the honeycomb slic-
es in a mold or over a form having an area of curva-
ture; and
h) cooling the honeycomb slices to substantially re-
tain the shape of the area of curvature of the mold
or form.

[0010] This invention also relates to is a process of
making a honeycomb, the honeycomb comprising cells
formed from a paper, and having edges forming a face
of the honeycomb, the face defined by a plurality of points
and having an area of curvature wherein at least two of
the points are located in different tangential planes, com-
prising, in accordance with claim 14, the steps of:

a) bonding a plurality of paper sheets along parallel
lines of adhesive, the sheets comprising 5 to 50 parts
by weight thermoplastic material having a melting
point of from 120 °C to 350 °C and 50 to 95 parts by
weight high modulus fiber of para-aramid, polyben-
zazole, polypyridazole, or mixtures thereof having a
modulus of 550 grams per dtex (600 grams per de-
nier) or greater, based on the total amount of ther-
moplastic material and high modulus fiber in the
walls;
b) pulling the bonded sheets apart in directions per-
pendicular to the plane of the sheets to form a hon-
eycomb having cells;
c) impregnating the honeycomb with a thermoset
resin;
d) heating the honeycomb to B-stage or partially cure
the thermoset resin;
e) cutting the honeycomb into slices;
f) heating a honeycomb slice to a temperature above
the point that both the thermoset resin and the ther-
moplastic material soften, the temperature being +/-
10 °C of the melt temperature of the thermoplastic
material in the cell walls;
g) bending, molding, or forming the honeycomb slice
in a mold or over a form having an area of curvature;
h) holding the honeycomb slice in the mold or over
a form for a time and temperature sufficient to cure
the thermoset resin; and
i) cooling the honeycomb to substantially retain the
shape of the area of curvature of the mold or form.

Detailed Description of the Invention

[0011] The honeycomb comprises cells having edges
forming a face of the honeycomb, the face defined by a

plurality of points and having an area of curvature wherein
at least two of the points are located in different tangential
planes. One example is a honeycomb having hexagonal
cells wherein each cell is formed by a number of cell
walls, and the outer edges of the cell walls form the faces
of the honeycomb, in particular wherein the outer edges
of the cell walls form a series of points that lie in different
tangential planes on the face of the honeycomb. Hexag-
onal cells are considered; however, other geometric ar-
rangements are possible with rectangular cells being the
other most common possible arrangement.
[0012] The honeycomb has a plurality of points on the
face of the honeycomb located in different tangential
planes, meaning the face of the honeycomb has a cur-
vature or is bent in some manner. In some preferred em-
bodiments the face of the honeycomb is curved in a par-
abolic form, a hyperbolic form, or some combination of
curved forms. In other preferred embodiments the face
of the honeycomb is curved in a hemispherical or bowl-
shaped manner. In some embodiments the honeycomb
can have a combination of an area without curvature and
an area with curvature. In those embodiments, the area
of curvature can be distinguished from the area without
curvature by inspection. The area of curvature will have
a face that in at least one surface dimension has a plu-
rality of points in differing tangential planes; the area with-
out curvature will have a face that has a plurality of points
all in one plane. In some embodiments, the area with
curvature has a radius of curvature as measured from
the center of the thickness of honeycomb of 10 times the
thickness of the honeycomb or less. In some embodi-
ments the area of curvature has a radius of curvature as
measured from the center of the thickness of honeycomb
that is seven to two times the thickness of the honey-
comb.
[0013] The formation of the curved honeycomb usually
requires bending, molding, or forming the honeycomb
over a form or in a mold having an area of curvature, or
between male and female sections of a mold having an
area of curvature. One example is a honeycomb having
a first face and a second face being formed over a curved
form having a convex surface; alternatively said honey-
comb can be molded in a curved mold having a concave
surface. The first face is in contact with the form and as
the honeycomb is deformed from a flat plane to a curved
structure over the convex form this face is put into com-
pression. The opposite second face is likewise put into
tension. Alternatively, the first face is in contact with the
concave mold and as the honeycomb is deformed from
a flat plane to a curved structure this face is put in tension
and the second face is put in compression.
[0014] The act of putting one face of the honeycomb
in compression can collapse cell walls at the honeycomb
face. For example, due to compression a hexagonal cell
can collapse resulting in a damaged hexagonal cell with
collapsed or recurved walls. The angle the collapsed
walls make into the cell is called the re-entrant angle.
Hexagonal cell further illustrates by use of a solid line the
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original position of the cell walls and illustrates by use of
a dashed line a representation of a 180 degree re-entrant
angle. The dotted line represents a re-entrant angle of
greater than 180 degrees. The collapse of a cell wall may
not be as distinct asmentioned above. The cell wall may
invert in a manner that forms a curve into the cell. In this
case, the re-entrant angle is calculated based on tan-
gents to the recurved walls. It can be readily appreciated
that any substantial collapse of two adjacent cell walls
into the center of cell will generally result in a re-entrant
angle of greater than 180 degrees.
[0015] The cell can be an undamaged square cell hav-
ing four cell walls. Due to compression the square cell
can collapse; damaged square cell has collapsed or re-
curved walls. The square cell further illustrates by use of
a solid line the original position of the cell walls and illus-
trates by use of a dashed line a representation of a 180
degree re-entrant angle. For a square cell, the dashed
line can be drawn across the cell wall at any point. The
dotted line represents a re-entrant angle of greater than
180 degrees. The collapse of a cell wall may not be as
distinct as explained above. The cell wall may invert in a
manner that forms a curve into the cell as explained for
the hexagonal cell. In this case, the re-entrant angle is
calculated based on tangents to the recurved walls. It
can be readily appreciated that any substantial collapse
of two adjacent cell walls into the center of cell will gen-
erally result in a re-entrant angle of greater than 180 de-
grees. The number of cells having a re-entrant angle of
greater than 180 degrees can be determined by inspec-
tion, or in the case of exceedingly small cells, other optical
methods.
[0016] The honeycomb can be formed into a curved or
bent shape without substantial collapse of the cells that
are put into compression in the area of curvature. In fact,
after forming, less than 25 percent of the honeycomb
cells in the area of curvature have a re-entrant angle of
greater than 180 degrees. In one preferred embodiment,
less than 15 percent of the honeycomb cells in the area
of curvature have and re-entrant angle of greater than
180 degrees. It is thought that the combination of a high
modulus fiber and a sufficient portion of thermoplastic
material in the cell walls provide a more pliable structure
that can deform without substantial collapse of cells,
while providing an ultimate honeycomb structure that has
high stiffness and high temperature stability.
[0017] The cell walls of the honeycomb are formed
from a paper comprising a high modulus fiber and a ther-
moplastic material. As employed herein the term "paper"
is employed in its normal meaning and it can be prepared
using conventional paper-making processes and equip-
ment.
[0018] The paper used in this invention can be formed
on equipment of any scale from laboratory screens to
commercial-sized papermaking machinery, such as
Fourdrinier or inclined wire paper machines. A typical
process involves making a dispersion of high modulus
fibrous material such as floc and/or pulp and a binder

material in an aqueous liquid, draining the liquid from the
dispersion to yield a wet composition and drying the wet
paper composition. The dispersion can be made either
by dispersing the fibers and then adding the binder ma-
terial or by dispersing the binder material and then adding
the fibers. The dispersion can also be made by combining
a dispersion of fibers with a dispersion of the binder ma-
terial. If the binder material is a fiber, the binder fiber can
be added to the dispersion by first making a mixture with
high modulus fibers, or the binder fiber can be added
separately to the dispersion. The concentration of fibers
in the dispersion can range from 0.01 to 1.0 weight per-
cent based on the total weight of the dispersion. The con-
centration of a binder material in the dispersion can be
up to 50 weight percent based on the total weight of sol-
ids.
[0019] In a typical process, the aqueous liquid of the
dispersion is generally water, but can include various oth-
er materials such as pH-adjusting materials, forming
aids, surfactants, defoamers and the like. The aqueous
liquid is usually drained from the dispersion by conduct-
ing the dispersion onto a screen or other perforated sup-
port, retaining the dispersed solids and then passing the
liquid to yield a wet paper composition. The wet compo-
sition, once formed on the support, is usually further de-
watered by vacuum and/or other pressure forces and fur-
ther dried by evaporating the remaining liquid.
[0020] In one preferred embodiment high modulus fi-
brous material and a thermoplastic binder, such as a mix-
ture of short fibers or short fibers and binder particles,
can be slurried together to form a mix that is converted
to paper on a wire screen or belt. Reference is made to
United States Patent and Patent Application Nos.
3,756,908 to Gross; 4,698,267 and 4,729,921 to Tokar-
sky; 5,026, 456 to Hesler et al.; 5,223,094 to Kirayoglu
et al.; 5,314,742 to Kirayoglu et al.; 6,458,244 and
6,551,456 to Wang et al.; and 6,929,848 and
2003-0082974 to Samuels et al. for illustrative processes
for forming papers from various types of fibrous material
and binders.
[0021] Once the paper is formed it is preferably hot
calendered, with the high temperature and pressure from
the rolls increasing the bond strength of the paper. This
step increases the density and strength of the paper.
Generally one or more layers of the paper are calendered
in the nip between metal-metal, metal-composite, or
composite-composite rolls. Alternatively, one or more
layers of the paper can be compressed in a platen press
at a pressure, temperature, and time that are optimal for
a particular composition and final application. Calender-
ing paper in this manner also decreases the porosity of
the paper. The thickness of the paper used in this inven-
tion is dependent upon the end use or desired properties
of the honeycomb and in some embodiments is typically
from 0.025 to 0.127 mm (1 to 5 mils) thick. In some em-
bodiments, the basis weight of the paper is from 17 to
203 grams per square meter (0.5 to 6 ounces per square
yard). Also, heat-treatment of the paper, such as radiant
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heat treatment, as an independent step before, after, or
instead of calendering or compression, can be conducted
if strengthening or some other property modification is
desired without or in addition to densification.
[0022] The honeycomb comprises high modulus fibers
having a tensile or Young’s modulus of 550 grams per
dtex (600 grams per denier) or greater. High modulus of
the fiber provides necessary stiffness of the final honey-
comb structure and corresponding panel. In the preferred
embodiment, the Young’s modulus of the fiber is 820
grams per dtex (900 grams per denier) or greater. In the
preferred embodiment, the fiber tenacity is at least 19
grams per dtex (21 grams per denier) and its elongation
is at least 2% so as to better survive the molding process-
ing and provide higher level of mechanical properties to
the final structure.
[0023] The high modulus fibers useful in this invention
are fiber made from para-aramid, polybenzazole, polypy-
ridazole polymer, or mixtures thereof. In a preferred em-
bodiment the high modulus fiber is poly(paraphenylene
terephthalamide).
[0024] In a preferred embodiment the high modulus
fiber is heat resistant fiber. By "heat resistant fiber" it is
meant that the fiber preferably retains 90 percent of its
fiber weight when heated in air to 500 °C at a rate of 20
°C per minute. Such fiber is normally flame resistant,
meaning the fiber or a fabric made from the fiber has a
Limiting Oxygen Index (LOI) such that the fiber or fabric
will not support a flame in air, the preferred LOI range
being about 26 and higher.
[0025] The high modulus fibers can be in the form of
a floc or a pulp or a mixture thereof. By "floc" is meant
fibers having a length of 2 to 25 millimeters, preferably 3
to 7 millimeters and a diameter of 3 to 20 micrometers,
preferably 5 to 14 micrometers. If the floc length is less
than 3 millimeters, its impact on the paper strength is not
high enough and if it is more than 25 millimeters, it is
almost impossible to form a uniform web by a wet-laid
method. If the floc diameter is less than 5 micrometers,
it can be difficult to produce it with enough uniformity and
reproducibility and if it is more than 20 micrometers, it is
virtually impossible to form uniform paper of light to me-
dium basis weights. Floc is generally made by cutting
continuous spun filaments into specific-length pieces.
[0026] The term "pulp", as used herein, means parti-
cles of material having a stalk and fibrils extending gen-
erally therefrom, wherein the stalk is generally columnar
and about 10 to 50 micrometers in diameter and the fibrils
are fine, hair-like members generally attached to the stalk
measuring only a fraction of a micrometer or a few mi-
crometers in diameter and about 10 to 100 micrometers
long.
[0027] As employed herein the term aramid means a
polyamide wherein at least 85% of the amide (-CONH-)
linkages are attached directly to two aromatic rings.
"Para-aramid" means the two rings or radicals are para
oriented with respect to each other along the molecular
chain. Additives can be used with the aramid. In fact, it

has been found that up to as much as 10 percent, by
weight, of other polymeric material can be blended with
the aramid or that copolymers can be used having as
much as 10 percent of other diamine substituted for the
diamine of the aramid or as much as 10 percent of other
diacid chloride substituted for the diacid chloride of the
aramid. In some embodiments, the preferred para-ara-
mid is poly(paraphenylene terephthalamide). Methods
for making para-aramid fibers useful in this invention are
generally disclosed in, for example, U.S. Patent Nos.
3,869,430; 3,869,429; and 3,767,756. Such aromatic
polyamide organic fibers and various forms of these fib-
ers are available from E. I. du Pont de Nemours and
Company, Wilmington, Delaware under the trademark
Kevlar® fibers and from Teijin, Ltd., under the trademark
Twaron®.
[0028] Commercially available polybenzazole fibers
useful in this invention include Zylon® PBO-AS (Poly(p-
phenylene-2,6-benzobisoxazole) fiber, Zylon® PBO-HM
(Poly(p-phenylene-2,6-benzobisoxazole)) fiber, availa-
ble from Toyobo, Japan. Commercially available carbon
fibers useful in this invention include Tenax® fibers avail-
able from Toho Tenax America, Inc.
[0029] The honeycomb has 5 to 50 parts by weight
thermoplastic material having a melting point of from 120°
to 350° Celsius. In some preferred embodiments, the
thermoplastic material is present in an amount that is
from 20 to 40 parts by weight. Thermoplastic is meant to
have its traditional polymer definition; that is, these ma-
terials flow in the manner of a viscous liquid when heated
and solidify when cooled and do so reversibly time and
time again on subsequent heatings and coolings.
[0030] In some other preferred embodiments the melt-
ing point of the thermoplastic is from 180 °C to 300°C. In
some other preferred embodiments the melting point of
the thermoplastic is 220 °C to 250 °C. While papers can
be made with thermoplastic material having a melt point
lower than 120 °C, this paper can be susceptible to un-
desirable melt flow, sticking, and other problems after
paper manufacture. For example, during honeycomb
manufacture, after node line adhesive is applied to the
paper, generally heat is applied to remove solvent from
the adhesive. In another step, the sheets of paper are
pressed together to adhere the sheets at the node lines.
During either of these steps, if the paper has a low melt
point thermoplastic material, that material can flow and
undesirably adhere the paper sheets to manufacturing
equipment and/or other sheets. Therefore, preferably the
thermoplastic materials used in the papers can melt or
flow during the formation and calendering of the paper,
but do not appreciably melt or flow during the manufac-
ture of honeycomb. Thermoplastic materials having a
melt point above 350 °C are undesired because they re-
quire such high temperatures to soften that other com-
ponents in the paper may begin to degrade during paper
manufacture. In those embodiments where more than
one type of thermoplastic material is present then at least
30% of the thermoplastic material should have melting
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point not above 350 °C.
[0031] In some embodiments the glass transition tem-
perature (Tg) of the thermoplastic is from about 100 °C
to 250 °C. Thermoplastics having a Tg of less than 100
°C can in some instances adversely affect the efficient
expansion of the honeycomb cells during manufacture;
thermoplastics having a Tg of greater than 250 °C can
in some instances affect the final molding of the honey-
comb.
[0032] Thermoplastic material useful in this invention
can be in the form of fibers, bicomponent fibers, polymer
flakes, polymer particles, fibrids, pulp or mixtures thereof.
Binder fibers are typically made from a thermoplastic ma-
terial that flows at a temperature that is lower (i.e., has a
softening point lower) than the softening point of any of
the other fibers in the fiber blend. Sheath/core bicompo-
nent fibers are preferred as binder fibers, especially bi-
component binder fibers having a core of polyester
homopolymer and a sheath of copolyester that is a binder
material, such as are commonly available from Unitika
Co., Japan (e.g., sold under the trademark MELTY®).
Useful types of binder fibers can include those made from
polypropylene, polyester polymers or copolymers, the
fibers containing only that polymer or copolymer, or as a
bicomponent fiber in side-by-side or sheath/core config-
uration. In some embodiments a preferred binder powder
is a thermoplastic binder powder such as copolyester
Griltex® EMS 6E adhesive powder. The term "fibrids" as
used herein, means a very finely-divided polymer product
of small, filmy, essentially two-dimensional particles hav-
ing a length and width on the order of 100 to 1000 mi-
crometers and a thickness only on the order of 0.1 to 1
micrometer. Fibrids are typically made by streaming a
polymer solution into a coagulating bath of liquid that is
immiscible with the solvent of the solution. The stream
of polymer solution is subjected to strenuous shearing
forces and turbulence as the polymer is coagulated.
[0033] In some embodiments, the preferred thermo-
plastic materials used in the paper are polyethylene
terephthalate (PET) and/or polyethylene naphthalate
(PEN) polymers. These polymers may include a variety
of comonomers, including diethylene glycol, cyclohexan-
edimethanol, poly(ethylene glycol), glutaric acid, azelaic
acid, sebacic acid, isophthalic acid, and the like. In ad-
dition to these comonomers, branching agents like tri-
mesic acid, pyromellitic acid, trimethylolpropane and tri-
methyloloethane, and pentaerythritol may be used. The
PET may be obtained by known polymerization tech-
niques from either terephthalic acid or its lower alkyl es-
ters (e.g. dimethyl terephthalate) and ethylene glycol or
blends or mixtures of these. PEN may be obtained by
known polymerization techniques from 2,6-naphthalene
dicarboxylic acid and ethylene glycol. One useful PEN
fiber is sold under the tradename Teonex® by Teijin, Ltd.
[0034] In other embodiments, the preferred thermo-
plastic materials used are liquid crystalline polyesters.
By a "liquid crystalline polyester" (LCP) herein is meant
a polyester polymer that is anisotropic when tested using

the TOT test or any reasonable variation thereof, as de-
scribed in U.S. Patent 4,118,372, which is hereby includ-
ed by reference. One preferred form of LCP is "all aro-
matic", that is all of the groups in the polymer main chain
are aromatic (except for the linking groups such as ester
groups), but side groups that are not aromatic may be
present. Preferably the melting point of the LCP is up to
about 350 °C. In the case of a sheathcore bicomponent
fiber, in which the sheath polymer is the binder or low
meltable component, this sheath polymer should have a
melting point below or up to about 350 °C, while the core
component can be a polymer having a higher melt point.
Melting points are measured by ASTM Method D3418.
Melting points are taken as the maximum of the melting
endotherm, and are measured on the second heat at a
heating rate of 10°C/min. If more than one melting point
is present the melting point of the polymer is taken as
the highest of the melting points. A preferred LCP for this
invention include corresponding grades of Zenite® avail-
able from DuPont Co, and Vectra ® LCP available from
Ticona Co.
[0035] Other materials, particularly those often found
in or made for use in thermoplastic compositions may
also be present in the thermoplastic material. These ma-
terials should preferably be chemically inert and reason-
ably thermally stable under the operating environment of
the honeycomb. Such materials may include, for exam-
ple, one or more of fillers, reinforcing agents, pigments
and nucleating agents. Other polymers may also be
present, thus forming polymer blends. In some embodi-
ments, other polymers are present it is preferred that they
are less than 25 weight percent of the composition. In
another preferred embodiment, other polymers are not
present in the thermoplastic material except for a small
total amount (less than 5 weight percent) of polymers
such as those that function as lubricants and processing
aids.
[0036] The honeycomb is useful as a structural com-
ponent in many articles, including overhead storage bins
and wing-to-body fairings on commercial airliners. Due
to the lightweight structural properties of honeycomb, one
preferred use is in aerodynamic structures wherein light-
er weights allow savings in fuel or the power required to
propel an object through the air.
[0037] One or more facesheets may be attached to the
face of the honeycomb to form a panel. Facesheets pro-
vide integrity to the final panel in its resistance to com-
pression, bending, and other stresses. Also, facesheets
can seal the cells of the honeycomb to prevent material
from the cells, or the facesheets can help retain material
in the cells. One example is a honeycomb having a
facesheet attached to one face by use of an adhesive. A
second facesheet is attached to the opposing face of the
honeycomb, and the honeycomb with the two opposing
facesheets attached forms a panel. Additional layers of
material can be attached to either side of the panel as
desired. In some preferred embodiments face sheets ap-
plied to both sides of the honeycomb contain two layers
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of material. In some preferred embodiments, the
facesheet comprises a woven fabric or a crossplied uni-
directional fabric. In some embodiments crossplied uni-
directional fabric is a 0/90 crossply. If desired, the
facesheet can have a decorative surface, such as em-
bossing or other treatment to form an outer surface that
is pleasing to the eye. Fabrics containing glass fiber, car-
bon fiber, and/or other high strength/high modulus fibers
are useful as facesheet material.
[0038] One process of making a honeycomb compris-
ing cells formed from a paper, and having edges forming
a face of the honeycomb, the face defined by a plurality
of points and having an area of curvature wherein at least
two of the points are located in different tangential planes,
comprises the steps of:

a) bonding a plurality of paper sheets along parallel
lines of adhesive, the sheets comprising 5 to 50 parts
by weight thermoplastic material having a melting
point of from 120 °C to 350°C, and 50 to 95 parts by
weight high modulus fiber of poly(paraphenylene
therephthalamide), polybenzazole, polypyridazole,
or mixtures thereof having a modulus of 550 grams
per dtex (600 grams per denier) or greater, based
on the total amount of thermoplastic material and
high modulus fiber in the walls;
b) pulling the bonded sheets apart in directions per-
pendicular to the plane of the sheets to form a hon-
eycomb having cells;
c) heating the honeycomb to a temperature +/- 10°C
of the melt temperature of the thermoplastic material
in the cell walls to soften the thermoplastic material;
d) bending, molding, or forming the honeycomb in a
mold or over a form having an area of curvature; and
e) cooling the honeycomb to retain the shape of the
area of curvature of the mold or form.

[0039] In one embodiment the step of bonding a plu-
rality of sheets along parallel lines that are spaced apart
is as described below. For typical hexagonal cells, the
distance between the trailing edge of one applied node
line to the leading edge of the next applied node line on
any one sheet is equal to three times one cell wall length.
The adhesive is applied along a number of lines at a
certain width and a pitch to a belt of the high modulus
fiber-containing paper by any applying method or printing
method. The adhesive may be a resin selected from
epoxy resins, phenolic resins, acrylic resins, polyimide
resins, and other resins; however, it is preferred that a
thermoset resin be used. A belt-like high modulus fiber-
containing paper from a reel is fed into the nip of at least
one set of rollers comprising an applying roller and a
pressing roller. Through the grooves provided on the ap-
plying roller, the adhesive contained in an adhesive tank
is applied or coated along a number of lines to one surface
of the paper and is then dried.
[0040] The belt-like high modulus fiber-containing pa-
per is cut at a predetermined interval to a plurality of

sheets. The cut sheets are stacked one on top of the
other, such that each of the sheets is shifted to the other
by half a pitch or a half the interval of the applied adhesive.
For a typical example, 400 cut sheets can be stacked
vertically to form a block, in such a positional relationship
that each of the sheets is shifted by half the interval of
the lines of the coated adhesive.
[0041] Each of the stacked high modulus fiber-contain-
ing paper sheets are bonded to each other by pressure
and heat. In a preferred embodiment a number of stacked
high modulus fiber-containing paper sheets are then hot-
pressed at the softening point of the adhesive. The ad-
hesive is then allowed to harden to bond the sheets with
each other.
[0042] The step of pulling the bonded sheets apart in
directions perpendicular to the plane of the sheets to form
a honeycomb having cells may be illustrated as de-
scribed below. This also can be referred to as the ex-
panding step. The stacked and bonded high modulus
fiber-containing paper sheets are expanded in the direc-
tion counter to the stacking direction by a tensile force or
tension. Each of the sheets are thereby expanded or ex-
tended between them such that the sheets are folded
along the edges of the bonded portions, and the portions
not bonded are extended in the direction counter to the
stacking direction, to separate the sheets from each oth-
er. Consequently, there are formed honeycomb cells
composed of a planar assembly of hollow, columnar cells
separated by cell walls made of sheets that were bonded
to each other along a number of adhesive node lines and
were expanded.
[0043] The next step in this process for making the
honeycomb is heating the honeycomb to soften the ther-
moplastic material in the cell walls of the honeycomb.
This can be done by any available means of providing a
heat source, such as radiant heating, forced-air heated
ovens, and dielectric ovens, and the like; however, in
some preferred embodiments radiant heating is pre-
ferred. The heating is conducted at a temperature and
for a time to sufficiently soften the thermoplastic material
in the cell walls; generally the temperature will be close
to or above the melting point of the thermoplastic material
and the time required will be dictated by the mass of
material present. The heating temperature is +/- 10 de-
grees Celsius of the thermoplastic melt temperature. If
desired, the heat source and the mold or form may be
combined so that the honeycomb can be heated and
formed without intervening handling of the heated hon-
eycomb.
[0044] The honeycomb is then shaped by bending,
molding, or forming of the heated honeycomb in a mold
or over a form having an area of curvature. In one exam-
ple, heat is applied to a honeycomb disposed onto a
molding form having the shape of the article desired. The
honeycomb is then pressed on the form by any available
means to have the honeycomb assume the curved or
bent surface of the form. In some embodiments, the form
will be a molding tool having male and female halves that
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are pressed together to mold and form the curved hon-
eycomb therebetween; conforming the honeycomb to the
desired shape represented by the molding tool. The
molding tool or form may be temperature controlled, pro-
viding either additional heating or cooling to the honey-
comb.
[0045] The heated and shaped honeycomb is then
cooled below the softening temperature of the thermo-
plastic to set and retain the shape of the area of curvature
of the mold or form. This cooling can be accomplished
by passive cooling, such as free convection; or by active
cooling, such as by cooling the mold with some cooling
agent such as air, water or other fluid. Generally the cool-
ing will be accomplished while the honeycomb is retained
in the mold or is disposed over a form. If desired, the
honeycomb may be removed from the mold or form and
cooled separately. If the honeycomb is removed from the
mold without cooling steps may need to be taken to en-
sure the honeycomb retains an adequate representation
of the desired shape of the area of curvature. In a pre-
ferred embodiment, after the cooling step, less than
about 25 percent of the honeycomb cells in the area of
curvature of the honeycomb have a re-entrant angle of
greater than 180°. The process can further comprise the
step of impregnating the honeycomb with a resin, pref-
erably a thermoset resin.
[0046] The use of substantial amount of thermoplastic
material in the cell walls of the honeycomb allows the
formation of these curved or bent shapes without exces-
sive damage or collapse of the honeycomb cells on the
side of the honeycomb that is put in compression during
shaping.
[0047] Another process of making a honeycomb, the
honeycomb comprising cells formed from a paper, and
having edges forming a face of the honeycomb, the face
defined by a plurality of points and having an area of
curvature wherein at least two of the points are located
in different tangential planes, comprises the steps of:

a) bonding a plurality of paper sheets along parallel
lines of adhesive, the sheets comprising 5 to 50 parts
by weight thermoplastic material having a melting
point of from 120 °C to 350 °C and 50 to 95 parts by
weight high modulus fiber of poly(paraphenylene
therephthalamide), polybenzazole, polypyridazole,
or mixtures thereof having a modulus of 550 grams
per dtex (600 grams per denier) or greater, based
on the total amount of thermoplastic material and
high modulus fiber in the walls;
b) pulling the bonded sheets apart in directions per-
pendicular to the plane of the sheets to form a hon-
eycomb having cells;
c) impregnating the honeycomb with a thermoset
resin;
d) heating the honeycomb to cure the thermoset res-
in;
e) cutting the honeycomb into slices;
f) heating the honeycomb slices to a temperature

above the point that both the thermoset resin and
the thermoplastic material soften, the temperature
being +/- 10°C of the melt temperature of the ther-
moplastic material in the cell walls;
g) bending, molding, or forming the honeycomb slic-
es in a mold or over a form having an area of curva-
ture; and
h) cooling the honeycomb slices to substantially re-
tain the shape of the area of curvature of the mold
or form.

[0048] In this embodiment of a process for forming a
honeycomb, the honeycomb is impregnated with a ther-
moset resin after it is expanded. Typically this is accom-
plished by dipping the expanded honeycomb made after
step b) into a bath of thermoset resin, however, other
means such as sprays could be employed to coat and
fully impregnate the expanded honeycomb. In some em-
bodiments the thermoset resins useful as impregnants
include epoxy resins, phenolic resins, acrylic resins, poly-
imide resins, and mixtures thereof.
[0049] After the honeycomb is fully impregnated with
thermoset resin, the resin is then cured by heating the
saturated honeycomb to crosslink the thermoset resin.
Generally this temperature is in the range of 150 °C to
180 °C. Curing the thermoset resin provides stiffness to
the honeycomb. The cured honeycomb is then cut into
slices. In this way, multiple thin sections or slices of hon-
eycomb can be obtained from a large block of honey-
comb. The honeycomb is sliced perpendicular to the
plane of the cell edges so that the cellular nature of the
honeycomb is preserved.
[0050] The slices are then heated and molded or
formed and then cooled as in the previous process. Al-
though the honeycomb has a cured thermoset resin, the
addition of heat not only softens the thermoplastic mate-
rial in the cell walls, but can also plasticize the thermoset
resin in the walls. The softening and plasticizing of the
cell wall material assists the formation of curved or bent
shapes without excessive damage or collapse of the hon-
eycomb cells on the side of the honeycomb that is put in
compression during shaping. If desired, the slices can
be dipped in heat water; likewise the slices can be dipped
in water before heating and molding or forming. In some
resin systems this will further plasticize some resins, for
example some phenolic resins, for even better shaping.
In a preferred embodiment, after the cooling step less
than about 25 percent of the honeycomb cells in the area
of curvature of the honeycomb have having a re-entrant
angle of greater than 180°.
[0051] Another process of making a honeycomb, the
honeycomb comprising cells formed from a paper, and
having edges forming a face of the honeycomb, the face
defined by a plurality of points and having an area of
curvature wherein at least two of the points are located
in different tangential planes, comprises the steps of:

a) bonding a plurality of paper sheets along parallel
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lines of adhesive, the sheets comprising 5 to 50 parts
by weight thermoplastic material having a melting
point of from 120 °C to 350 °C and 50 to 95 parts by
weight high modulus fiber of poly(paraphenylene
therephthalamide), polybenzazole, polypyridazole,
or mixtures thereof having a modulus of 550 grams
per dtex (600 grams per denier) or greater, based
on the total amount of thermoplastic material and
high modulus fiber in the walls;
b) pulling the bonded sheets apart in directions per-
pendicular to the plane of the sheets to form a hon-
eycomb having cells;
c) impregnating the honeycomb with a thermoset
resin;
d) heating the honeycomb to B-stage or partially cure
the thermoset resin;
e) cutting the honeycomb into slices;
f) heating a honeycomb slice to a temperature above
the point that both the thermoset resin and the ther-
moplastic material soften, the temperature being +/-
10°C of the melt temperature of the thermoplastic
material in the cell walls;
g) bending, molding, or forming the honeycomb slice
in a mold or over a form having an area of curvature;
h) holding the honeycomb slice in the mold or over
a form for a time and temperature sufficient to cure
the thermoset resin; and
i) cooling the honeycomb to substantially retain the
shape of the area of curvature of the mold or form.

[0052] In this process, the expanded honeycomb is
again impregnated with a thermoset resin, but in this em-
bodiment the thermoset resin is only partially cured, or
as referred to in the art, "B-staged". "B-staged" is nor-
mally used to refer to an intermediate stage in the reaction
of certain thermosetting polymers wherein the material
can still be softened when heated or swelled in contact
with certain liquids but cannot be completely fused or
dissolved; B-staged resins generally permit some degree
of formability or shaping into certain specific configura-
tions.
[0053] In a similar manner as in the previous process,
the B-stage honeycomb is then cut into slices so that the
cellular nature of the honeycomb is preserved. The slices
are then heated and molded or formed and then cooled
as in the previous process; however, in this process the
heating serves both the purpose of softening the thermo-
plastic material while also curing the thermoset resin. As
before, the addition of heat adequately softens the ther-
moplastic material to provide some elongation of the
walls during molding to allow the formation of these
curved or bent shapes without excessive damage or col-
lapse of the honeycomb cells in the area of curvature on
the side of the honeycomb that is put in compression
during shaping. In a preferred embodiment, after the
cooling step less than about 25 percent of the honeycomb
cells in the area of curvature of the honeycomb have a
re-entrant angle of greater than 180°.

Test Methods

[0054] Fiber denier is measured using ASTM D1907.
Fiber modulus is measured using ASTM D885. Paper
density is calculated using the paper thickness as meas-
ured by ASTM D374 and the basis weight as measured
by ASTM D646. The glass transition temperature (Tg)
and melting point temperature (Tm) are measured using
ASTM D3418.

Example 1

[0055] An aramid/thermoplastic paper comprised of
Teijin Twaron® 1080 chopped filament fiber, Teijin Twar-
on® 1094 pulp, and Toray Tetoron® thermoplastic pol-
yester fiber is formed on conventional paper forming
equipment. The composition of the paper is 52 weight %
Twaron® 1080 fiber, 18 weight % Twaron® 1094 pulp
and 30 weight % Tetoron® fiber. The Twaron® 1080 fiber
has a nominal filament linear density of 1.7 dtex per fil-
ament (1.5 denier per filament) and a 6 mm cut length.
The Tetoron® thermoplastic fiber has a nominal filament
linear density of 2.2 dtex per filament (2 denier per fila-
ment) and a 6 mm cut length. The paper is preheated
and prepressed at 245 °C and under 2 MPa pressure. It
is then calendered under 1200 N/cm of linear pressure
at 260 °C. This produces an aramid/thermoplastic paper
with a density of about 0.75 g/cm3.
[0056] A honeycomb is then formed from the calend-
ered paper. Node lines of adhesive are applied to the
paper surface at a width of 2 mm and a pitch of 5 mm.
The adhesive is a 50% solids solution comprising 70 parts
by weight of an epoxy resin identified as Epon® 826 sold
by Shell Chemical Co.; 30 parts by weight of an elas-
tomer-modified epoxy resin identified as Heloxy® WC
8006 sold by Wilmington Chemical Corp., Wilmington,
DE, USA; 54 parts by weight of a bisphenol A - formal-
dehyde resin curing agent identified as UCAR® BRWE
5400 sold by Union Carbide Corp.; 0.6 parts by weight
of 2-methylimidazole as a curing catalyst, in a glycol ether
solvent identified as Dowanol® PM sold by The Dow
Chemical Company; 7 parts by weight of a polyether resin
identified as Eponol® 55-B-40 sold by Miller-Stephenson
Chemical Co.; and 1.5 parts by weight of fumed silica
identified as Cab-O-Sil® sold by Cabot Corp. The adhe-
sive is partially cured on the paper in an oven at 130 °C
for 6.5 minutes.
[0057] The sheet with the adhesive node lines is cut
into 500 mm lengths. 40 sheets are stacked one on top
of the other, such that each of the sheets is shifted to the
other by half a pitch or a half the interval of the applied
adhesive node lines. The shift occurs alternately to one
side or the other, so that the final stack is uniformly ver-
tical. The number of stacked sheets is then hot-pressed
between plates at the softening point of the adhesive,
causing the adhesive node lines to melt; once the heat
is removed the adhesive then hardens to bond the sheets
with each other. For the node line adhesive above, the

15 16 



EP 2 101 989 B1

10

5

10

15

20

25

30

35

40

45

50

55

hot press operates at 140 °C for 30 minutes and then
177 °C for 40 minutes at 3.5 kg per square cm pressure.
[0058] The bonded aramid sheets are then expanded
in the direction counter to the stacking direction to form
cells having an equilateral cross section. Each of the
sheets are extended between each other such that the
sheets are folded along the edges of the bonded node
lines and the portions not bonded are extended in the
direction of the tensile force to separate the sheets from
each other. A frame is used to expand and hold the hon-
eycomb in the expanded shape.
[0059] The expanded honeycomb is then placed in a
bath containing PLYOPHEN® 23900 solvent-based phe-
nolic resin from the Durez Corporation. The phenolic res-
in is used in a liquid form wherein the resin is dissolved
in ethanol. The resin adheres to and covers the interior
surface of the cell walls and can also fill in and penetrate
into the pores of the paper. After impregnating with resin,
the honeycomb is taken out from the bath and is dried in
a drying furnace by hot air first at 82 °C for 15 minutes
and then at 121 °C for 15 minutes and then at 182 °C for
60 minutes to remove the solvent and cure the phenolic
resin. The frame holding the honeycomb is then re-
moved. The impregnation step in the resin bath and the
drying step in the drying furnace are repeated for 5 times
so that the cell walls of the honeycomb are coated by
and impregnated with a total of 730 grams of the rein-
forcing resin.
[0060] To form the curved honeycomb having a radius
of bending of 10 times the core thickness, the honeycomb
is soaked in water until dripping wet to plasticize the phe-
nolic matrix. The core is placed in a low thermal mass
metal mold having the desired area of curvature with the
core cells in direct contact with the mold surface. A spring
loaded wire mesh is applied over the top of the core to
hold the core in place on the mold. The mold and core
are introduced into a hot air convection oven preheated
to 270 °C. Once the mold reaches 260 °C, it is held in
the oven for 5 minutes. The mold is removed and forced
air cooling is applied for 30 minutes to return the core to
ambient temperature. The mold is opened and the
shaped core is removed. The core is inspected for col-
lapsed cells with re-entrant angles of greater than 180°
in the area of curvature. The total count of collapsed cells
on any one face in the area of curvature is less than 25
percent of the total number of cells in the area of curva-
ture.

Example 2

[0061] A paper is made as in Example 1. The paper is
printed with adhesive node lines, sheeted, stacked and
bonded as in Example 1.
[0062] The bonded aramid sheets are then expanded
in the direction counter to the stacking direction to form
cells having an equilateral cross section. Each of the
sheets are extended between each other such that the
sheets are folded along the edges of the bonded node

lines and the portions not bonded are extended in the
direction of the tensile force to separate the sheets from
each other. A frame is used to expand and hold the hon-
eycomb in the expanded shape.
[0063] The expanded honeycomb is then placed in a
bath containing PLYOPHEN® 23900 solvent-based phe-
nolic resin from the Durez Corporation. The phenolic res-
in is used in a liquid form wherein the resin is dissolved
in ethanol. The resin adheres to and covers the interior
surface of the cell walls and can also fill in and penetrate
into the pores of the paper. After impregnating with the
resin, the honeycomb is taken out from the bath and is
dried in a drying furnace by hot air first at 82 °C for 15
minutes and then at 121 °C for 15 minutes to remove the
solvent and partially cure or b-stage the phenolic resin.
This expanded honeycomb core is more flexible than that
in example 1. The frame holding the honeycomb is then
removed.
[0064] To form the curved honeycomb having a radius
of bending of 10 times the core thickness, the core is
placed in a low thermal mass metal mold having an area
of curvature with the core cells in direct contact with the
mold surface. A spring loaded wire mesh is applied over
the top of the core to hold the core in place on the mold.
The mold and core are introduced into a hot air convec-
tion oven preheated to 190 °C. Once the mold reaches
182 °C, it is held in the oven for 60 minutes. The mold is
removed and forced air cooling is applied for 30 minutes
to return the core to ambient temperature. The mold is
opened and the shaped core is removed. The core is
inspected for collapsed cells with re-entrant angles of
greater than 180° in the area of curvature. The total count
of collapsed cells on any one face in the area of curvature
is less than 25 percent of the total number of cells in the
area of curvature.

Claims

1. A process of making a honeycomb comprising cells
formed from a paper, and having edges forming a
face of the honeycomb, the face defined by a plurality
of points and having an area of curvature wherein at
least two of the points are located in different tan-
gential planes, comprising the steps of:

a) bonding a plurality of paper sheets along par-
allel lines of adhesive, the sheets comprising:

i) 5 to 50 parts by weight thermoplastic ma-
terial having a melting point of from 120 °C
to 350 °C, and
ii) 50 to 95 parts by weight high modulus
fiber of para-aramid, polybenzazole,
polypyridazole, or mixtures thereof having
a modulus of 550 grams per dtex (600
grams per denier) or greater, based on the
total amount of thermoplastic material and
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high modulus fiber in the walls;

b) pulling the bonded sheets apart in directions
perpendicular to the plane of the sheets to form
a honeycomb having cells;
c) heating the honeycomb to a temperature +/-
10°C of the melt temperature of the thermoplas-
tic material in the cell walls to soften the thermo-
plastic material;
d) bending, molding, or forming the honeycomb
in a mold or over a form having an area of cur-
vature; and
e) cooling the honeycomb to retain the shape of
the area of curvature of the mold or form.

2. The process of making a honeycomb of claim 1
wherein the para-aramid is poly(paraphenylene
terephthalamide).

3. The process of making a honeycomb of claim 1
wherein the high modulus fiber is present in an
amount of from about 60 to 80 parts by weight.

4. The process of making a honeycomb of claim 1
wherein the thermoplastic material is present in an
amount of from 20 to 40 parts by weight.

5. The process of making a honeycomb of claim 1 fur-
ther comprising the step of impregnating the honey-
comb with a resin.

6. The process of making a honeycomb of claim 1
wherein the thermoplastic material comprises poly-
ester.

7. A honeycomb made by the process of claim 1 where-
in after the cooling step less than 25 percent of the
honeycomb cells in the area of curvature have a re-
entrant angle of greater than 180°.

8. A process of making a honeycomb, the honeycomb
comprising cells formed from a paper, and having
edges forming a face of the honeycomb, the face
defined by a plurality of points and having an area
of curvature wherein at least two of the points are
located in different tangential planes, comprising the
steps of:

a) bonding a plurality of paper sheets along par-
allel lines of adhesive, the sheets comprising:

i) 5 to 50 parts by weight thermoplastic ma-
terial having a melting point of from 120 °C
to 350 °C and
ii) 50 to 95 parts by weight high modulus
fiber of para-aramid, polybenzazole,
polypyridazole, or mixtures thereof having
a modulus of 550 grams per dtex (600

grams per denier) or greater, based on the
total amount of thermoplastic material and
high modulus fiber in the walls;

b) pulling the bonded sheets apart in directions
perpendicular to the plane of the sheets to form
a honeycomb having cells;
c) impregnating the honeycomb with a thermo-
set resin;
d) heating the honeycomb to cure the thermoset
resin;
e) cutting the honeycomb into slices;
f) heating the honeycomb slices to a tempera-
ture above the point that both the thermoset res-
in and the thermoplastic material soften, the
temperature being +/- 10 °C of the melt temper-
ature of the thermoplastic material in the cell
walls;
g) bending, molding, or forming the honeycomb
slices in a mold or over a form having an area
of curvature; and
h) cooling the honeycomb slices to substantially
retain the shape of the area of curvature of the
mold or form.

9. The process of making a honeycomb of claim 8
wherein the para-aramid is poly(paraphenylene
terephthalamide).

10. The process of making a honeycomb of claim 8
wherein the high modulus fiber is present in an
amount of from about 60 to 80 parts by weight.

11. The process of making a honeycomb of claim 8
wherein the thermoplastic material is present in an
amount of from 20 to 40 parts by weight.

12. The process of making a honeycomb of claim 8
wherein the thermoplastic material is selected from
the group consisting of polyester, polyolefin, polya-
mide, polyetherketone, polyetheretherketone,
polyamide-imide, polyether-imide, polyphenylene
sulfide, and mixtures thereof.

13. A honeycomb made by the process of claim 8 where-
in after the cooling step less than 25 percent of the
honeycomb cells in the area of curvature have a re-
entrant angle of greater than 180°.

14. A process of making a honeycomb, the honeycomb
comprising cells formed from a paper, and having
edges forming a face of the honeycomb, the face
defined by a plurality of points and having an area
of curvature wherein at least two of the points are
located in different tangential planes, comprising the
steps of:

a) bonding a plurality of paper sheets along par-
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allel lines of adhesive, the sheets comprising:

i) 5 to 50 parts by weight thermoplastic ma-
terial having a melting point of from 120 °C
to 350 °C and
ii) 50 to 95 parts by weight high modulus
fiber of para-aramid, polybenzazole,
polypyridazole, or mixtures thereof having
a modulus of 550 grams per dtex (600
grams per denier) or greater, based on the
total amount of thermoplastic material and
high modulus fiber in the walls;

b) pulling the bonded sheets apart in directions
perpendicular to the plane of the sheets to form
a honeycomb having cells;
c) impregnating the honeycomb with a thermo-
set resin;
d) heating the honeycomb to B-stage or partially
cure the thermoset resin;
e) cutting the honeycomb into slices;
f) heating a honeycomb slice to a temperature
above the point that both the thermoset resin
and the thermoplastic material soften, the tem-
perature being +/-10 °C of the melt temperature
of the thermoplastic material in the cell walls;
g) bending, molding, or forming the honeycomb
slice in a mold or over a form having an area of
curvature;
h) holding the honeycomb slice in the mold or
over a form for a time and temperature sufficient
to cure the thermoset resin; and
i) cooling the honeycomb slice to substantially
retain the shape of the area of curvature of the
mold or form.

15. The process of making a honeycomb of claim 14
wherein the para-aramid is poly(paraphenylene
terephthalamide).

Patentansprüche

1. Prozess zum Herstellen einer Wabe, umfassend aus
einem Papier gebildete Zellen und Kanten aufwei-
send, die eine Fläche der Wabe bilden, die Fläche
definiert durch eine Vielzahl von Punkten und auf-
weisend eine Krümmungsfläche, in der mindestens
zwei der Punkte in verschiedenen Tangentialebenen
angeordnet sind, die folgenden Schritte umfassend:

a) Kleben einer Vielzahl von Papierblättern ent-
lang parallelen Linien von Klebstoff, die Blätter
umfassend:

i) 5 bis 50 Teile nach Gewicht eines ther-
moplastischen Materials mit einem
Schmelzpunkt von 120 °C bis 350 °C und

ii) 50 bis 95 Teile nach Gewicht einer Faser
mit hoher Dehngrenze von Paraaramid, Po-
lybenzazol, Polypyridazol oder Mischungen
davon mit einer Dehngrenze von 550
Gramm pro dtex (600 Gramm pro Denier)
oder höher, basierend auf der Gesamtmen-
ge von thermoplastischem Material und Fa-
sern mit hoher Dehngrenze in den Wänden;

b) Auseinanderziehen der geklebten Blätter in
Richtungen senkrecht zu der Ebene der Blätter,
um eine Wabe mit Zellen zu bilden;
c) Erwärmen der Wabe auf eine Temperatur von
+/- 10 °C der Schmelztemperatur des thermo-
plastischen Materials in den Zellwänden, um
das thermoplastische Material zu erweichen;
d) Biegen, Pressen oder Formen der Wabe in
einer Pressform oder über einer Form mit einer
Krümmungsfläche; und
e) Kühlen der Wabe, um die Form der Krüm-
mungsfläche der Pressform oder Form beizu-
behalten.

2. Prozess zum Herstellen einer Wabe nach Anspruch
1, wobei das Paraaramid Poly(paraphenylentereph-
thalamid) ist.

3. Prozess zum Herstellen einer Wabe nach Anspruch
1, wobei die Faser mit hoher Dehngrenze in einer
Menge von etwa 60 bis 80 Teilen nach Gewicht vor-
handen ist.

4. Prozess zum Herstellen einer Wabe nach Anspruch
1, wobei das thermoplastische Material in einer Men-
ge von 20 bis 40 Teilen nach Gewicht vorhanden ist.

5. Prozess zum Herstellen einer Wabe nach Anspruch
1, ferner umfassend den Schritt des Imprägnierens
der Wabe mit einem Harz.

6. Prozess zum Herstellen einer Wabe nach Anspruch
1, wobei das thermoplastische Material Polyester
umfasst.

7. Wabe, hergestellt durch den Prozess nach Anspruch
1, wobei nach dem Schritt des Kühlens weniger als
25 Prozent der Wabenzellen in der Krümmungsflä-
che einen einspringenden Winkel von mehr als 180°
aufweisen.

8. Prozess zum Herstellen einer Wabe, die Wabe um-
fassend aus einem Papier gebildete Zellen und Kan-
ten aufweisend, die eine Fläche der Wabe bilden,
die Fläche definiert durch eine Vielzahl von Punkten
und aufweisend eine Krümmungsfläche, in der min-
destens zwei der Punkte in verschiedenen Tangen-
tialebenen angeordnet sind, die folgenden Schritte
umfassend:
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a) Kleben einer Vielzahl von Papierblättern ent-
lang parallelen Linien von Klebstoff, die Blätter
umfassend:

i) 5 bis 50 Teile nach Gewicht eines ther-
moplastischen Materials mit einem
Schmelzpunkt von 120 °C bis 350 °C und
ii) 50 bis 95 Teile nach Gewicht einer Faser
mit hoher Dehngrenze von Paraaramid, Po-
lybenzazol, Polypyridazol oder Mischungen
davon mit einer Dehngrenze von 550
Gramm pro dtex (600 Gramm pro Denier)
oder höher, basierend auf der Gesamtmen-
ge von thermoplastischem Material und Fa-
sern mit hoher Dehngrenze in den Wänden;

b) Auseinanderziehen der geklebten Blätter in
Richtungen senkrecht zu der Ebene der Blätter,
um eine Wabe mit Zellen zu bilden;
c) Imprägnieren der Wabe mit einem wärme-
härtbaren Harz;
d) Erwärmen der Wabe, um das wärmehärtbare
Harz zu härten;
e) Schneiden der Wabe in Scheiben;
f) Erwärmen der Wabenscheiben auf eine Tem-
peratur über dem Punkt, der sowohl das wär-
mehärtbare Harz als auch das thermoplastische
Material erweicht, wobei die Temperatur +/- 10
°C der Schmelztemperatur des thermoplasti-
schen Materials in den Zellwänden beträgt;
g) Biegen, Pressen oder Formen der Waben-
scheiben in einer Pressform oder über einer
Form mit einer Krümmungsfläche; und
h) Kühlen der Wabenscheiben, um die Form der
Krümmungsfläche der Pressform oder Form im
Wesentlichen beizubehalten.

9. Prozess zum Herstellen einer Wabe nach Anspruch
8, wobei das Paraaramid Poly(paraphenylentereph-
thalamid) ist.

10. Prozess zum Herstellen einer Wabe nach Anspruch
8, wobei die Faser mit hoher Dehngrenze in einer
Menge von etwa 60 bis 80 Teilen nach Gewicht vor-
handen ist.

11. Prozess zum Herstellen einer Wabe nach Anspruch
8, wobei das thermoplastische Material in einer Men-
ge von 20 bis 40 Teilen nach Gewicht vorhanden ist.

12. Prozess zum Herstellen einer Wabe nach Anspruch
8, wobei das thermoplastische Material aus der
Gruppe ausgewählt ist, bestehend aus Polyester,
Polyolefin, Polyamid, Polyetherketon, Polyethere-
therketon, Polyamidimid, Polyetherimid, Polypheny-
lensulfid und Mischungen davon.

13. Wabe, hergestellt durch den Prozess nach Anspruch

8, wobei nach dem Schritt des Kühlens weniger als
25 Prozent der Wabenzellen in der Krümmungsflä-
che einen einspringenden Winkel von mehr als 180°
aufweisen.

14. Prozess zum Herstellen einer Wabe, die Wabe um-
fassend aus einem Papier gebildete Zellen und Kan-
ten aufweisend, die eine Fläche der Wabe bilden,
die Fläche definiert durch eine Vielzahl von Punkten
und aufweisend eine Krümmungsfläche, in der min-
destens zwei der Punkte in verschiedenen Tangen-
tialebenen angeordnet sind, die folgenden Schritte
umfassend:

a) Kleben einer Vielzahl von Papierblättern ent-
lang parallelen Linien von Klebstoff, die Blätter
umfassend:

i) 5 bis 50 Teile nach Gewicht eines ther-
moplastischen Materials mit einem
Schmelzpunkt von 120 °C bis 350 °C und
ii) 50 bis 95 Teile nach Gewicht einer Faser
mit hoher Dehngrenze von Paraaramid, Po-
lybenzazol, Polypyridazol oder Mischungen
davon mit einer Dehngrenze von 550
Gramm pro dtex (600 Gramm pro Denier)
oder höher, basierend auf der Gesamtmen-
ge von thermoplastischem Material und Fa-
sern mit hoher Dehngrenze in den Wänden;

b) Auseinanderziehen der geklebten Blätter in
Richtungen senkrecht zu der Ebene der Blätter,
um eine Wabe mit Zellen zu bilden;
c) Imprägnieren der Wabe mit einem wärme-
härtbaren Harz;
d) Erwärmen der Wabe, um das wärmehärtbare
Harz in den B-Zustand zu versetzen oder teil-
weise zu härten;
e) Schneiden der Wabe in Scheiben;
f) Erwärmen der Wabenscheiben auf eine Tem-
peratur über dem Punkt, der sowohl das wär-
mehärtbare Harz als auch das thermoplastische
Material erweicht, wobei die Temperatur +/- 10
°C der Schmelztemperatur des thermoplasti-
schen Materials in den Zellwänden beträgt;
g) Biegen, Pressen oder Formen der Waben-
scheiben in einer Pressform oder über einer
Form mit einer Krümmungsfläche;
h) Halten der Wabenscheiben in der Pressform
oder über einer Form für eine Zeit und Tempe-
ratur, die ausreichend sind, das wärmehärtbare
Harz auszuhärten; und
i) Kühlen der Wabenscheibe, um die Form der
Krümmungsfläche der Pressform oder Form im
Wesentlichen beizubehalten.

15. Prozess zum Herstellen einer Wabe nach Anspruch
14, wobei das Paraaramid Poly(paraphenylentere-
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phthalamid) ist.

Revendications

1. Procédé pour la fabrication d’un nid d’abeilles com-
prenant des alvéoles formées à partir d’un papier et
possédant des bords formant une face du nid
d’abeilles, la face étant définie par une pluralité de
points et ayant une surface de courbure où au moins
deux des points sont localisés dans des plans tan-
gentiels différents, comprenant les étapes de:

a) collage d’une pluralité de feuilles de papier le
long de lignes parallèles d’adhésif, les feuilles
comprenant:

i) de 5 à 50 parties en poids d’un matériau
thermoplastique possédant un point de fu-
sion de 120°C à 350°C, et
ii) de 50 à 95 parties en poids d’une fibre à
haut module de para-aramide, polybenza-
zole, polypyridazole ou de mélanges de
ceux-ci ayant un module de 550 grammes
par dtex (600 grammes par denier) ou plus,
sur la base de la quantité totale de matériau
thermoplastique et de fibre à haut module
dans les parois;

b) écartement des feuilles collées dans des di-
rections perpendiculaires au plan des feuilles
pour former un nid d’abeilles possédant des al-
véoles;
c) chauffage du nid d’abeilles à une température
6 10°C de la température de fusion du matériau
thermoplastique dans les parois des alvéoles
pour ramollir le matériau thermoplastique;
d) pliage, moulage ou formation du nid d’abeilles
dans un moule ou au-dessus d’une forme ayant
une surface de courbure; et
e) refroidissement du nid d’abeilles pour conser-
ver le façonnage de la surface de courbure du
moule ou de la forme.

2. Procédé pour la fabrication d’un nid d’abeilles selon
la revendication 1, dans lequel le para-aramide est
un poly(paraphénylène téréphtalamide).

3. Procédé pour la fabrication d’un nid d’abeilles selon
la revendication 1, dans lequel la fibre à haut module
est présente dans une quantité d’environ 60 à 80
parties en poids.

4. Procédé pour la fabrication d’un nid d’abeilles selon
la revendication 1, dans lequel le matériau thermo-
plastique est présent dans une quantité d’environ 20
à 40 parties en poids.

5. Procédé pour la fabrication d’un nid d’abeilles selon
la revendication 1 comprenant en outre l’étape d’im-
prégnation du nid d’abeilles avec une résine.

6. Procédé pour la fabrication d’un nid d’abeilles selon
la revendication 1, dans lequel le matériau thermo-
plastique comprend un polyester.

7. Nid d’abeilles fabriqué par le procédé selon la reven-
dication 1, dans lequel après l’étape de refroidisse-
ment moins de 25 pour-cent des alvéoles du nid
d’abeilles dans la surface de courbure ont un angle
rentrant de plus de 180°.

8. Procédé pour la fabrication d’un nid d’abeilles, le nid
d’abeilles comprenant des alvéoles formées à partir
d’un papier et possédant des bords formant une face
du nid d’abeilles, la face étant définie par une plura-
lité de points et ayant une surface de courbure où
au moins deux des points sont localisés dans des
plans tangentiels différents, comprenant les étapes
de:

a) collage d’une pluralité de feuilles de papier le
long de lignes parallèles d’adhésif, les feuilles
comprenant:

i) de 5 à 50 parties en poids d’un matériau
thermoplastique possédant un point de fu-
sion de 120°C à 350°C, et
ii) de 50 à 95 parties en poids d’une fibre à
haut module de para-aramide, polybenza-
zole, polypyridazole ou de mélanges de
ceux-ci ayant un module de 550 grammes
par dtex (600 grammes par denier) ou plus,
sur la base de la quantité totale de matériau
thermoplastique et de fibre à haut module
dans les parois;

b) écartement des feuilles collées dans des di-
rections perpendiculaires au plan des feuilles
pour former un nid d’abeilles possédant des al-
véoles;
c) imprégnation du nid d’abeilles avec une rési-
ne thermodurcissable;
d) chauffage du nid d’abeilles pour durcir la ré-
sine thermodurcissable;
e) coupe du nid d’abeilles en tranches;
f) chauffage des tranches de nid d’abeilles à une
température au-dessus du point pour lequel à
la fois la résine thermodurcissable et le matériau
thermoplastique ramollissent, la température
étant 6 10°C de la température de fusion du
matériau thermoplastique dans les parois des
alvéoles;
g) pliage, moulage ou formation des tranches
de nid d’abeilles dans un moule ou au-dessus
d’une forme ayant une surface de courbure; et
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h) refroidissement des tranches de nid d’abeilles
pour conserver substantiellement le façonnage
de la surface de courbure du moule ou de la
forme.

9. Procédé pour la fabrication d’un nid d’abeilles selon
la revendication 8, dans lequel le para-aramide est
un poly(paraphénylène téréphtalamide).

10. Procédé pour la fabrication d’un nid d’abeilles selon
la revendication 8, dans lequel la fibre à haut module
est présente dans une quantité d’environ 60 à 80
parties en poids.

11. Procédé pour la fabrication d’un nid d’abeilles selon
la revendication 8, dans lequel le matériau thermo-
plastique est présent dans une quantité d’environ 20
à 40 parties en poids.

12. Procédé pour la fabrication d’un nid d’abeilles selon
la revendication 8, dans lequel le matériau thermo-
plastique est choisi dans le groupe constitué de po-
lyester, polyoléfine, polyamide, polyéthercétone, po-
lyétheréthercétone, polyamide-imide, polyéther-imi-
de, sulfure de polyphénylène et de mélanges de
ceux-ci.

13. Nid d’abeilles fabriqué par le procédé selon la reven-
dication 8, dans lequel après l’étape de refroidisse-
ment moins de 25 pour-cent des alvéoles du nid
d’abeilles dans la surface de courbure ont un angle
rentrant de plus de 180°.

14. Procédé pour la fabrication d’un nid d’abeilles, le nid
d’abeilles comprenant des alvéoles formées à partir
d’un papier et possédant des bords formant une face
du nid d’abeilles, la face étant définie par une plura-
lité de points et ayant une surface de courbure où
au moins deux des points sont localisés dans des
plans tangentiels différents, comprenant les étapes
de:

a) collage d’une pluralité de feuilles de papier le
long de lignes parallèles d’adhésif, les feuilles
comprenant:

i) de 5 à 50 parties en poids d’un matériau
thermoplastique possédant un point de fu-
sion de 120°C à 350°C, et
ii) de 50 à 95 parties en poids d’une fibre à
haut module de para-aramide, polybenza-
zole, polypyridazole ou de mélanges de
ceux-ci ayant un module de 550 grammes
par dtex (600 grammes par denier) ou plus,
sur la base de la quantité totale de matériau
thermoplastique et de fibre à haut module
dans les parois;

b) écartement des feuilles collées dans des di-
rections perpendiculaires au plan des feuilles
pour former un nid d’abeilles possédant des al-
véoles;
c) imprégnation du nid d’abeilles avec une rési-
ne thermodurcissable;
d) chauffage du nid d’abeilles pour le stade B
ou partiellement durcir la résine
thermodurcissable ;
e) coupe du nid d’abeilles en tranches;
f) chauffage d’un tranche de nid d’abeilles à une
température au-dessus du point pour lequel à
la fois la résine thermodurcissable et le matériau
thermoplastique ramollissent, la température
étant 6 10°C de la température de fusion du
matériau thermoplastique dans les parois des
alvéoles;
g) pliage, moulage ou formation de la tranche
de nid d’abeilles dans un moule ou au-dessus
d’une forme ayant une surface de courbure;
h) maintien de la tranche de nid d’abeilles dans
le moule ou au-dessus d’une forme pendant un
temps et à une température suffisants pour dur-
cir la résine thermodurcissable; et
i) refroidissement de la tranche de nid d’abeilles
pour conserver substantiellement le façonnage
de la surface de courbure du moule ou de la
forme.

15. Procédé pour la fabrication d’un nid d’abeilles selon
la revendication 14, dans lequel le para-aramide est
un poly(paraphénylène téréphtalamide).

27 28 



EP 2 101 989 B1

16

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 5096526 A [0002]
• US 5137768 A [0003]
• US 6544622 B [0003]
• US 5789059 A [0003]
• US 5217556 A [0004]
• US 6186766 B [0005]
• EP 1048446 A [0006]
• US 3756908 A, Gross [0020]
• US 4698267 A [0020]
• US 4729921 A, Tokarsky [0020]
• US 5026456 A, Hesler  [0020]

• US 5223094 A, Kirayoglu  [0020]
• US 5314742 A, Kirayoglu  [0020]
• US 6458244 B [0020]
• US 6551456 B, Wang  [0020]
• US 6929848 B [0020]
• US 20030082974 A, Samuels  [0020]
• US 3869430 A [0027]
• US 3869429 A [0027]
• US 3767756 A [0027]
• US 4118372 A [0034]


	bibliography
	description
	claims
	cited references

