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Description

[0001] This invention relates to a web-winding core. It
has particular, but not exclusive, application to a web-
winding core for use with a lightweight material, such as
tissue paper.
[0002] Traditionally, webs such as paper have been
wound on cores made of dense cardboard from which
they are unwound, often at high speed, for subsequent
processing. Since cardboard cores are essentially good
for just a few uses, they are considered to be wasteful,
and their disposal can be costly for their users. For that
reason, alternative cores formed from metal or from com-
posite materials have been developed that are capable
of use multiple times. Metal and composite cores that
have previously been proposed have been particularly
intended for use with heavy webs such as newsprint.
Such webs are wound with considerable tension and
therefore exert substantial radial compressive forces up-
on the core. Therefore, the core must be made strong
enough to resist crushing. They must also be made to
have high beam stiffness to prevent them whirling exces-
sively while rotating at high speed.
[0003] Much lighter webs, such as tissue paper, have
also been traditionally carried on cardboard cores, and
there has also been a demand to replace these with cores
that can be used many times. However, those cores de-
scribed above that are intended for use with newsprint
have far greater strength, and are therefore heavier and
more costly, than is necessary for use with a lightweight
web. They are also not well-suited to production of cores
with the larger diameters (150 mm or more) typically used
for tissue. Excess weight of these cores mean that a core
may weigh more than an equivalent cardboard core,
which can cause manual handling issues.
[0004] DE 20 2009 017716 U1 discloses a winding
core which has a composite body that has an inner and/or
outer coating.
[0005] DE 296 12 786 U1 discloses a winding core that
comprises a tube on which a compressible coating is
formed, and a hard surround is formed on the compress-
ible coating.
[0006] JPH09300488 discloses a large-diameter pa-
per tube by filling a foamed cured resin layer in a gap
between an outside paper tube and an inside paper tube
whose end parts are fixed with a base.
[0007] DE-A-31 05 828 discloses a web-winding tube
that comprises a paper tube coated with inner and outer
layers of synthetic paper.
[0008] JP H06 239533 A discloses a web-winding core
formed as a hollow cylindrical shell, the shell being a
sandwich that includes three-layers, the layers including
inner and outer skins (10, 40), between which is a filler
(20) to which the inner and outer skins are bonded, the
filler (20) being formed from a foam material, the inner
skin (10) being formed from a reinforced composite ma-
terial that comprises reinforcing fibres disposed within a
polymer matrix.

[0009] An aim of this invention is to provide a web-
winding core that is better optimised for use with a light-
weight web material such as tissue paper, and which is
no heavier than a cardboard core that it will replace.
[0010] To this end, from a first aspect, the invention
provides a web-winding core as set forth in claim 1.
[0011] By careful selection of the materials from which
the skins and the filler are made, the core can be suffi-
ciently strong for use as a core for a lightweight web, and
which is of a sufficiently low density that the core is not
heavier than a conventional cardboard core. A cardboard
core has a typical density of 0.75x103 - 0.85x103 kgm-3.
Embodiments of the present invention can typically save
10-15% of this. (A greater or lesser saving may be
achieved while still gaining the advantage of the inven-
tion.) In addition, the cores have the advantage over card-
board that they are resistant to damage from water, and
so can be stored outside.
[0012] The inner and outer layers may be of similar
construction and composition. The reinforcing fibres
comprise organic or inorganic materials and may be ap-
plied as preformed fabrics, short fibre fabrics or contin-
uous orientated fibres. The fibres may be incorporated
into a ballistic fabric. Fibres of aramid are particularly
preferable for its resistance to cutting and abrasion. It is
also highly desirable to make the core highly resistant to
damage low-speed impacts. To this end, fibres of ultra-
high molecular weight polyethylene are particularly suit-
able, because they have a high impact resistance, and
resist adhesion from the matrix, which acts to disperse
the energy of impact against the core. The fibres may be
dry or may be pre-impregnated with an appropriate un-
cured polymer.
[0013] The matrix is typically a thermoset or thermo-
plastic polymer compound that is capable of a high de-
gree of elongation. For example, it may be a modified
polyester resin which has a urethane acrylate additive.
Alternatively, the inner and/or outer layer may be formed
from a hemp fibre.
[0014] A high proportion of the core will be void space
formed either by the use of cellular materials with en-
trapped air, or low density 3D woven fabrics. This
achieves low overall density of the tube wall construction.
Alternatively, the filler may be formed from a low-density
natural material, such as balsa or cork. A wide range of
alternative filler materials can be used, with an aim of
achieving a density within the core of 0.3-0.6x103 kgm-3.
An example is foamed PET formed as a lightweight 3-
dimensional core. In general, the filler is bonded to the
inner and outer layers so that the filler transmits stresses
between the inner and the outer layers. The filler is par-
tially or wholly impregnated with the matrix of the inner
and/or outer layers to form a strong bond between them,
by effectively unifying the three layers of the wall.
[0015] The resin system proposed for the core tubes
is a high grade modified polyester resin which has a ure-
thane acrylate additive to impart very good impact resist-
ant properties to the tube. This has already been exten-
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sively trialled in the resin transfer moulding process and
gives very good cycle times and product quality.
[0016] A ring of impact-resistant material, e.g., metal,
such as steel, or a plastic material such as urethane pol-
ymer, may be provided at an end portion of the core to
resist damage to the core, for example as might occur
though impact. The ring will typically be bonded to one
or both of the inner and the outer layers. Most preferably,
the inner and outer diameters of the ring are substantially
the same as the respective diameter of the core.
[0017] The core may include end portions in each of
which there is a reinforcing structure that increases the
hoop strength of the core. For example, the reinforcing
structure may comprises a strengthening tape wound
around the inner layer.
[0018] An embodiment of the invention will now be de-
scribed in detail, by way of example, and with reference
to the accompanying drawings, in which:

Figure 1 is a side view of an end portion of a web-
winding core being an embodiment of the invention;

Figure 2 is a cross-section along A-A in Figure 1;

Figure 3 is an end view of a mould that can be used
in production of the embodiment of Figure 1;

Figure 4 is a cross-section along B-B in Figure 3;

Figure 5 is a cross-section of a web-winding core
being a modification of the embodiment of Figure 1;

Figure 6 is a cross-section of a web-winding core
being a second modification of the embodiment of
Figure 1; and

Figure 7 is an end view of the embodiment of Figure
6.

[0019] With reference to the drawings, a core for wind-
ing a lightweight web is formed as a generally cylindrical
hollow cylindrical tube that is rotationally symmetrical
about a longitudinal axis X-X. For the most common ap-
plications of embodiments of the invention, the outer di-
ameter of the cylinder is typically in the range
150-510mm, and the wall thickness of the tube is typically
in the range 12-20mm. The cylindrical tube is formed with
three radially-spaced layers that are disposed coaxially
around the axis X-X: an inner layer 12, an outer layer 14
and a low-density reinforcing filler 16 that fills the space
between the inner layer 12 and the outer layer 14. The
inner and outer layers 12, 14 are bonded to the filler 16
to form a composite sandwich structure. The thicknesses
of the inner and outer layers of the wall are typically in
the range 1.5-4 mm, and the thickness of the filler is typ-
ically in the range 8-16 mm.
[0020] The filler 16 serves to link the inner and outer
layers 12, 14 and will transmit stresses between the lay-

ers 12, 14 to provide a stable structure.
[0021] The inner and outer layers 12, 14 are formed
from reinforcing fibres which are impregnated with, and
embedded in, a matrix of thermoset or thermoplastic pol-
ymer compound. In this embodiment, the fibres are ultra-
high molecular weight polyethylene, the matrix is a pol-
yester resin which has a urethane acrylate additive, and
the filler is an expanded hexagonal segment PET foam
core.
[0022] The sandwich core portion of the tube is formed
from a cellular or foam material which is bonded between
the inner and outer skins of the tube and is partially or
wholly impregnated with the polymer matrix compound.
A high proportion of the core will be void space formed
either by the use of cellular materials with entrapped air,
or low density 3D woven fabrics. This is key to achieving
low overall density of the tube wall construction. In this
example, the filler is polyethylene terephthalate (PET)
foam formed as flexibly interconnected hexagonal units.
[0023] The tube wall is formed in layers with internal
and external skins containing a reinforcing medium, and
a bonded sandwich core portion which is of low density
material. The sandwich core serves to link the two skins
and will transmit stresses between the skins to provide
a stable structure.
[0024] The skins are formed from reinforcing fibres
which are impregnated with, and embedded in, a matrix
of thermoset or thermoplastic polymer compound. The
reinforcing fibres may be of organic or inorganic materials
and may be applied as preformed fabrics, short fibre fab-
rics or continuous orientated fibres. The fibres may be
dry or may be pre-impregnated with an appropriate un-
cured polymer as described.
[0025] One method and apparatus for manufacture of
a core embodying the invention, and apparatus for im-
plementing the method, will now be described.
[0026] A one-piece metal cylindrical member 20, of ex-
ternal diameter equal to the internal diameter of the fin-
ished core tube 10, forms a central part of a mould tool
for forming a core embodying the invention. This central
cylinder 20 is mounted concentrically with an outer metal
mould shell 22, with an annular space 24 between the
central cylinder 20 and the outer mould shell 22 equal to
the design wall-thickness of the finished core tube 10. A
highly polished finish is required on this central cylinder
and it is treated with a release agent to ensure that the
resin will not be able to adhere to the surface.
[0027] The external mould shell 22 is split along its
longitudinal centreline at 30 into two identical half shells
which are precisely located relative to each other to form
an accurate hollow cylindrical mould shell equal in diam-
eter to the outside diameter of the core tube 10 to be
formed. This external mould shell 22 is provided with stiff-
eners (not shown) to ensure good dimensional stability
of the structure, to provide the close dimensional toler-
ances required in the finished core tube 10.
[0028] Sealing rings 32 are fitted to the central cylinder
at a distance apart which is equal to the required length
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of the finished core tube 10. The longitudinal seams of
the outer mould shell also incorporate airtight seals which
are essential to the correct functioning of the mould.
[0029] A number of resin entry ports 34 and air venting
points 36 are incorporated into the outer mould shell 22
to ensure that liquid resin can be introduced into the an-
nular space 24 between the inner cylinder 20 and the
outer split mould shell 22, and that air can be vented from
the space 24 as the mould is filled. The air may be dis-
placed naturally by the ingress of the resin or a small
level of vacuum may be applied through the air vent ports
36 to improve the resin flow into the mould.
[0030] With the mould dismantled, the inner cylinder
20 is prepared by wrapping a layer of dry fibre fabric onto
the surface between the two pre-located sealing rings 32
which determine the overall length of the core tube 10.
A dry layer of the selected foam core medium is then
applied to cover the inner glass fabric. This foam may be
applied in sheets which are thermally preformed or may
be applied as a spirally-wound or convolute-wound strip,
depending upon the material selected. On top of the foam
material, another layer of dry fibre fabric is applied over
the entire surface.
[0031] The prepared inner cylinder 20 with the dry ma-
terials is then located within the lower half of the split
external mould 22. The upper half of the external mould
22 is then accurately located onto the lower half mould
trapping the internal cylinder 20 and the dry fabric and
foam layers into the closed mould space.
[0032] A resin metering and pumping unit prepares a
pre-determined quantity of liquid polyester resin with the
appropriate curing agents added, and then pumps this
mixed resin into the mould through one or more of the
ingress ports 34 on the outer mould surface. Air venting
or vacuum may be used to promote the resin flow through
the mould and resin is pumped into the mould until all
the air is displaced and resin flows from the air venting
port 36.
[0033] The pumping process is stopped and the resin
is allowed to cure, either at ambient temperature or at an
elevated process temperature. Elevated temperature
can be advantageous as it will speed up the curing reac-
tion of the resin. Elevated temperature can readily be
applied by pumping hot water or oil through the central
cylindrical 20 member or by incorporating heating ele-
ments within the wall of the mould during construction.
[0034] Once the resin is cured the outer mould may be
unsealed and split open and the cylindrical inner mould
20 with the laminated core tube may be removed from
the assembly.
[0035] The moulded core tube 10 is then drawn off the
internal cylinder with a mechanical or hydraulic pulling
device. The finished tube should need minimal second
operation works to make it ready for despatch. The pos-
sible removal of flash lines along the mould split lines
may be necessary.
[0036] Similar production techniques can be used for
the construction of cores using materials other than those

described in the above example.
[0037] Some applications of cores embodying the in-
vention may favour a textured external and/or internal
surface on the core tube. This may be formed directly
using the mould itself Alternatively the required internal
and external surface textures may be applied by wrap-
ping peel ply or similar textured fabric onto the central
cylindrical mould member prior to applying the inner
structural fabric layers, and/or onto the outer surface of
the external layers of structural fabrics. The texture of
the fabric is thereby transferred to the surface of the core.
Use of such fabric has an additional advantage, in that
it prevents the formation of mould flash, which obviates
any need to remove such flash from the moulded core.
There is some risk of the core tube edges spalling in the
event of severe impact - typically if accidentally dropped
during handling operations. A modification to the mould
tooling has been incorporated within the initial design to
permit a protective body 40 of tough material such as
metal or urethane polymer to be bonded or moulded with-
in to an end portion of the core tube 10 to enhance the
impact resistance if required, as shown in Figure 5. This
may be done by routing a cylindrical groove in an end
face of the filler, and forming the protective body 40 by
moulding it in situ. The material of the protective body
flows into the groove to retain the protective body 40 in
place. To enhance retention, the groove may be formed
with a dovetail shape, as shown in the lower half of Figure
5.
[0038] The protective body 40 has a cylindrical locating
portion 42 that is a close fit between the inner and the
outer layers 12, 14. An end portion of each of the inner
and outer layers 12, 14 projects beyond the end of the
filler 16 to accommodate the locating portion 42, which
is bonded to them. The protective body projects beyond
the inner and outer layers 12, 14, and has an outer di-
ameter that is substantially the same as that of the core
tube 10. The protective body 40 has an axial through
bore that has a diameter that is substantially the same
as the inner diameter of the core tube 10. This arrange-
ment ensures that the core as a whole has a substantially
uniform inner and outer diameter along its length. An out-
er portion of the bore of the protective body, shown at
44, is chamfered to provide a lead-in to assist the inser-
tion of handling apparatus into the bore of the core.
[0039] In the embodiment of Figure 6, additional
strengthening can be applied to resist bursting of end
portions of the core tube 10. The aim is to increase the
hoop strength of the core tube 10 at a region close to
each of its ends. This is achieved in the present embod-
iment by omitting the filler 16 from a region at the end of
the core tube 10 approximately 50 mm in length. The
inner layer 12 is encircled by a strengthening band 44 to
the same depth as the filler 16. In this embodiment, the
strengthening band 44 is formed from unidirectional glass
tape, which has high tensile strength along its length.
[0040] In order to secure the protective body, several
slots 50 are formed into the annular end surface of the
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strengthening band 44 that is exposed at the end of the
core tube 10. In order to form the slots, an entry hole is
formed of 9mm diameter and 12 mm depth at a radius
of approximately 212 mm from the centre of the core tube
10. The slot 50 is formed with a parallel cutter 6 or 7 mm
in diameter, extending from the entry hole in an arc cen-
tred on the centre of the core tube 10. The slot 50 is then
expanded with a dovetail cutter. The dovetail cutter en-
ters the entry hole and moves along the previously
formed slot. The dovetail cutter expands the slot such
that it is approximately 7 mm in with at the surface and
9 mm in the base. The circumferential length of each slot
is approximately 40 mm, and they are spaced apart by
approximately 10 mm. In Figure 6, the lower part of the
section is shown through the dovetailed part of the slot
and the upper part of the section is shown through the
space between the slots 50. This provides secure keying
of the protective body 44 while maintaining the structural
integrity of the core tube 10. The dimensions are specific
to this embodiment and may be scaled as appropriate.

Claims

1. A web-winding core formed as a hollow cylindrical
shell, the shell being a sandwich that includes three-
layers, the layers including comprising inner and out-
er skins (12, 14), between which is a filler (16) to
which the inner and outer skins are bonded, the filler
(16) being formed from a synthetic polymer cellular
or a foam material; characterised in that the inner
and/or the outer skins (12, 14) are formed from a
reinforced composite material that comprises rein-
forcing fibres disposed within a polymer matrix; and
in that the filler (16) is partially or wholly impregnated
with a matrix of the inner and outer layers and in that
the fibres are one of aramid, ultra-high molecular
weight polyethylene, or hemp.

2. A web-winding core according to claim 1 in which
the reinforcing fibres are in the form of a preformed
fabric, a short-fibre fabric or as continuous orientated
fibres.

3. A web-winding core according to any preceding
claim in which the fibres are pre-impregnated with
an appropriate uncured polymer.

4. A web-winding core according to any preceding
claim in which the matrix includes a modified poly-
ester resin which has a urethane acrylate additive.

5. A web-winding core according to any preceding
claim in which the filler (16) is a three-dimensional
core of PET.

6. A web-winding core according to any preceding
claim in which the filler (16) is cork or balsa.

7. A web-winding core according to any preceding
claim in which the filler (16) has a density in the range
0.3 to 0.6 x 103kgm-3.

8. A web-winding core according to any preceding
claim further including a ring (40) of resilient material
provided at an end portion of the core to resist dam-
age to the core the ring (40) being bonded to one or
both of the inner and outer layers (12, 14), the ring
(40) having an inner and outer diameter substantially
the same as the respective diameter of the core (10).

9. A web-winding core according to claim 8 in which
the ring (40) is a resilient polymer that is moulded on
the core (10).

10. A web-winding core according to claim 9 in which a
slot (50) formed into an end surface of the core (10)
to provide a key into which the ring (40) can be mould-
ed.

11. A web-winding core according to any preceding
claim in that includes end portions in each of which
there is a reinforcing structure (44) wound around
the inner layer (12) that increases the hoop strength
of the core.

Patentansprüche

1. Wickelhülse für Bahnmaterial, die als ein hohler zy-
lindrischer Mantel ausgebildet ist, wobei der Mantel
eine Schichtanordnung ist, die drei Schichten um-
fasst, wobei die Schichten Innen- und Außenhäute
(12, 14) umfassen, zwischen welchen ein Füllstoff
(16) ist, an welchen die Innen- und Außenhäute ge-
bunden sind, wobei der Füllstoff (16) aus einem syn-
thetischen porösen Polymer oder einem Schaum-
stoffmaterial gebildet ist; dadurch gekennzeichnet,
dass die Innen- und/oder die Außenhäute (12, 14)
aus einem verstärkten Verbundmaterial gebildet
sind, das Verstärkungsfasern umfasst, die innerhalb
einer Polymermatrix angeordnet sind; und dadurch
dass der Füllstoff (16) ganz oder teilweise mit einer
Matrix der Innen- und Außenschichten imprägniert
ist, und dadurch, dass die Fasern eines von Aramid,
Polyethylen mit ultrahoher Molmasse oder Hanf
sind.

2. Wickelhülse für Bahnmaterial nach Anspruch 1, wo-
bei die Verstärkungsfasern in der Form eines vorge-
formten Gewebes, eines Kurzfasergewebes oder als
ausgerichtete Endlosfasern sind.

3. Wickelhülse für Bahnmaterial nach einem der vor-
hergehenden Ansprüche, wobei die Fasern mit ei-
nem geeigneten unvernetzten Polymer vorimpräg-
niert sind.
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4. Wickelhülse für Bahnmaterial nach einem der vor-
hergehenden Ansprüche, wobei die Matrix ein mo-
difiziertes Polyesterharz umfasst, das ein Urethana-
crylatadditiv aufweist.

5. Wickelhülse für Bahnmaterial nach einem der vor-
hergehenden Ansprüche, wobei der Füllstoff (16) ein
dreidimensionaler PET-Kern ist.

6. Wickelhülse für Bahnmaterial nach einem der vor-
hergehenden Ansprüche, wobei der Füllstoff (16)
Kork oder Balsa ist.

7. Wickelhülse für Bahnmaterial nach einem der vor-
hergehenden Ansprüche, wobei der Füllstoff (16) ei-
ne Dichte im Bereich von 0,3 bis 0,6 x 103 kgm-3

aufweist.

8. Wickelhülse für Bahnmaterial nach einem der vor-
hergehenden Ansprüche, ferner umfassend einen
Ring (40) aus elastischem Material, der an einem
Endabschnitt der Hülse vorgesehen ist, um Beschä-
digung der Hülse zu widerstehen, wobei der Ring
(40) an eine oder beide der Innen- und Außenschich-
ten (12, 14) gebunden ist, und der Ring (40) einen
Innen- und Außendurchmesser aufweist, der im We-
sentlichen gleich wie der jeweilige Durchmesser der
Hülse (10) ist.

9. Wickelhülse für Bahnmaterial nach Anspruch 8, wo-
bei der Ring (40) ein elastisches Polymer ist, das auf
der Hülse (10) geformt ist.

10. Wickelhülse für Bahnmaterial nach Anspruch 9, wo-
bei ein Schlitz (50), der in eine Endfläche der Hülse
(10) gebildet ist, um einen Schlüssel bereitzustellen,
in welchem der Ring (40) geformt werden kann.

11. Wickelhülse für Bahnmaterial nach einem der vor-
hergehenden Ansprüche, dadurch dass sie En-
dabschnitte umfasst, wobei in jeden von ihnen eine
Verstärkungsstruktur (44) um die Innenschicht (12)
gewickelt ist, welche die Ringsteifigkeit der Hülse
erhöht.

Revendications

1. Mandrin d’enroulement de bande formé comme une
coquille cylindrique creuse, la coquille constituant un
sandwich incluant trois couches, les couches com-
prenant des peaux interne et externe (12, 14), entre
lesquelles se trouve un élément intérieur (16) auquel
les peaux interne et externe sont liées, l’élément in-
térieur (16) étant constitué d’un matériau polymère
synthétique alvéolaire ou d’une mousse ; caracté-
risé en ce que les peaux interne et/ou externe (12,
14) sont constituées d’un matériau composite ren-

forcé comprenant des fibres de renforcement dispo-
sées à l’intérieur d’une matrice polymère ; et en ce
que l’élément intérieur (16) est en tout ou en partie
imprégné d’une matrice des couches interne et
externe ; et en ce que les fibres sont soit de l’ara-
mide, soit du polyéthylène à poids moléculaire ultra-
élevé, soit encore du chanvre.

2. Mandrin d’enroulement de bande selon la revendi-
cation 1, dans lequel les fibres de renforcement se
présentent sous la forme d’un tissu préformé, d’un
tissu à fibres courtes ou de fibres continues orien-
tées.

3. Mandrin d’enroulement de bande selon l’une quel-
conque des revendications précédentes, dans le-
quel les fibres sont préimprégnées d’un polymère
approprié non durci.

4. Mandrin d’enroulement de bande selon l’une quel-
conque des revendications précédentes, dans le-
quel la matrice comprend une résine de polyester
modifié comportant un additif du type acrylate d’uré-
thane.

5. Mandrin d’enroulement de bande selon l’une quel-
conque des revendications précédentes, dans le-
quel l’élément intérieur (16) est un mandrin tridimen-
sionnel en PET.

6. Mandrin d’enroulement de bande selon l’une quel-
conque des revendications précédentes, dans le-
quel l’élément intérieur (16) est du liège ou du balsa.

7. Mandrin d’enroulement de bande selon l’une quel-
conque des revendications précédentes, dans le-
quel l’élément intérieur (16) a une masse volumique
située dans la plage de 0,3 à 0,6 x 103 kg·m-3.

8. Mandrin d’enroulement de bande selon l’une quel-
conque des revendications précédentes, compre-
nant en outre une bague (40) de matériau élastique,
placée à une partie d’extrémité du mandrin pour ré-
sister à un endommagement du mandrin, la bague
(40) étant liée à l’une des couches interne et externe
(12, 14) ou aux deux, la bague (40) présentant un
diamètre intérieur et extérieur sensiblement identi-
que au diamètre respectif du mandrin (10).

9. Mandrin d’enroulement de bande selon la revendi-
cation 8, dans lequel la bague (40) est un polymère
élastique qui est moulé sur le mandrin (10).

10. Mandrin d’enroulement de bande selon la revendi-
cation 9, dans lequel une encoche (50) est ménagée
sur une surface d’extrémité du mandrin (10) pour
procurer une clé dans laquelle la bague (40) peut
être moulée.
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11. Mandrin d’enroulement de bande selon l’une quel-
conque des revendications précédentes, compre-
nant des parties d’extrémité, dans chacune desquel-
les se trouve une structure de renforcement (44) en-
roulée autour de la couche interne (12), qui accroît
la résistance circonférentielle du mandrin.
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