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FIG.1

(57) Abregée/Abstract:

sleeve has an inner layer (110) with a hard surface inner jacket (112), which defines a longitudinal axis (A)

mounting on the cylinder, and an outer layer (130) with a cylindrical outer jacket (132) for carrying an outer shell

a separate outer sleeve, In particular. An intermediate layer (120), manufactured in the form of a lightweight
honeycomb cells oriented radially (B) to the longitudinal axis (A), Is provided between the inner jacket (112) an

he Invention relates to a multi-layer, expandable sleeve (100) for a printing press cylinder, particularly for flexographic printing. The

and the cavity for
a printing plate or
oneycomb having
d the outer jacket

(132). According to the invention, the intermediate layer (120) comprises at least one honeycomb layer (122-1, 122-2, 122-3, 122-

4, 122-5) consisting of shaped cured fibore composite honeycomb made of fibre material embedded In a
Intermediate layer (120) In itself makes the essential contribution to the inner jacket (112) being able to expand
the longitudinal axis (A) for mounting the sleeve (100) on the cylinder.
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(57) Abstract: The mvention relates to a multi-layer,
expandable sleeve (100) for a printing press cylinder,
particularly for tlexographic printing. The sleeve has
an 1nmer layer (110) with a hard surface inner jacket
(112), which defines a longitudinal axis (A) and the
cavity for mounting on the cylinder, and an outer lay-
er (130) with a cylindrical outer jacket (132) for car-
rying an outer shell, a printing plate or a separate out-
er sleeve, In particular. An intermediate layer (120),
manufactured m the form of a lightweight honeycomb
having honeycomb cells oriented radially (B) to the
longitudinal axis (A), 1s provided between the inner
jacket (112) and the outer jacket (132). According to
the mvention, the mtermediate layer (120) comprises
at least one honeycomb layer (122-1, 122-2, 122-3,
122-4, 122-5) consisting of shaped cured fibre com-
posite honeycomb made of fibre material embedded
in a resin matrix. This intermediate layer (120) 1 it-
self makes the essential contribution to the mner jack-
et (112) being able to expand radially away from the
longitudinal axis (A) for mounting the sleeve (100) on
the cylinder.
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MULTI-LAYER, EXPANDABLE SLEEVE FOR A PRINTING PRESS CYLINDER,
PARTICULARLY FOR FLEXOGRAPHIC PRINTING

Technical field

[0001] The present invention generally relates to a multi-layer sleeve for use on a
cylinder of a rotary press, wherein the sieeve is expandable, i.e. its inside diameter
can be increased. The invention particularly relates to a sleeve designed for

flexographic printing, specifically for so-called variable-sleeve offset printing.

Prior art

[0002] Such sleeves are generally used to change the printing plate rapidly and
inexpensively. They eliminate the need for changing the rotating, driven printing
press cylinder itself. In the prior art, the term "sleeve” encompasseé both adapter
sleeves, which are mounted on the cylinder to carry a further, thinner-walled

sleeve. and also sieeves with an actual plate or plate holder, to which a typically

flexible printing plate is applied. Also known are sleeves where the plaies are

engraved directly into the outer surface, e.g. by laser, or applied in some other

way. Furthermore sleeves are known whose surfaces serve as a cushioning,
intermediate layer to accommodate comparatively rigid printing plates with the

actual printing plate. The present invention is fundamentally applicable both to the

first two sleeve types and to the two last mentioned types.

[0003] The sleeves are usually slid onto the carrier body, i.e. the printing press
cylinder, by generating an air cushion between the sleeve and the cylinder. To this
end, the printing press cylinder typically has air outlet openings on its surface that
are only pressurised to mount and dismount the sleeve. The sleeves are designead
to be expandable to this purpose, i.e. with an expandable inside diameter. Mulii-
layer sleeves have found widespread use in this context, in order to guarantee
stability during operation, and particularly slip-free fixing on the cylinder by means

of a non-rotating, frictional connection, despite the expandable inside diameter.

[0004] A multi-layer sleeve designed specifically for flexographic prinﬁng IS known
from European Patent Application EP 1361 073, for example. This sleeve
encompasses, in a typical design, an inner layer with an inner jacket of

comparatively high strength and/or surface hardness that permits frequent
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mounting and dismounting. The inner jacket is nevertheless elastically expandable
to a minimum degree for mounting and dismounting. Expandability is additionally
enabled, in wholly conventional manner, by a compressible layer being specially
provided, radially outside the inner jacket. The compressible layer is customarily a
relatively thin-walled layer of foamed polymer and permits reversible expansion of
the inner jacket. The sleeve according to EP 1 361 073 has an intermediate layer
on the outside of the compressible layer. The customary intermediate layer
determines the wall thickness or the overall diameter of the sieeve and is designed
with a corresponding thickness. Particularly in the case of relatively large wall
thicknesses, the intermediate layer should be made of the lightest possible
material, such as foamed polyurethane. According to the conventional design, as
also proposed in EP 1361073, the intermediate layer is, in contrast {o the
compressible layer, designed to be as rigid as possible, i.e. radially
incompressible. The intermediate layer is then followed by an outer layer. The

latter, in turn, typically has an outer jacket that has the hardest possible surface

and is usually not expandable.

[0005] With the aim of increasing the service life and surface quality (TIR), U.S.
Patent Application US 2002/0046668 proposes a multi-layer, expandable sleeve
that comes entirely without a conventional compressible layer. The compressible
layer is eliminated in that, as a result of an appropriate design, the intermediate
layer itself permits a certain degree of elastic expansion of the inner jacket, e.g. in
the range of approx. 4 to approx. 12 hundredths of a millimetre. For an
intermediate layer of this kind, US 2002/0046668 recommends a special

polyurethane with a Shore D hardness between approx. 45 and 0.

[0006] Patent Specification EP 0 683 040 likewise discloses a sleeve without a
compressible layer on the inner jacket. The sleeve according to EP 0 683 040 also
displays a multi-layer structure with an inner and outer jacket and an intermediate

layer. Apart from the absence of a separate compression layer, this sleeve has —
with a view to saving weight and in contrast to US 2002/0046668 - an

intermediate layer of special, lightweight honeycomb design with radially oriented

honeycomb webs (see FIG. 3). This intermediate layer comprises layers of

matting/ resin composite, between which at ieast one hexagonal honeycomb

structure is formed, consisting of cured polymer resin. The hexagonal structure is
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produced integrally from polymer resin. To this end, a strip of special matting that

is specifically suitable for this purpose with impressed channels and which does
not itself absorb resin during impregnation, is wound around the matting layers In
spiral fashion. The matting layers and the channels in the special strip are

subsequently coated with resin, such that the matting layers are impregnated and
the hexagonal channel structure is filled with resin. After curing, this results in a
special sandwich structure with honeycomb webs consisting exclusively of
polymer resin. These webs form bridges between the matting/resin face layers.
According to EP 0 683 040, pillar-like resin bridges are additionally provided within
the non-impregnated hexagonal cells made of matting. They are produced by
radial holes in the special matting, distributed around the circumference, Which are
likewise filled with resin. According to EP 0 683 040, the special design of the
intermediate layer itself, with hexagonal webs and supports made of resin between
the matting/resin composite layers, is essential so that the inner jacket can expand

radially away from the longitudinal axis. According to EP 0683 040, several

hundredths of a millimetre, i.e. at least 20 pm, expansion in the radial direction are

said to be guaranteed.

[0007] The disadvantages of a sleeve according to EP 0 683 040 are at least the

relatively complex process and the nevertheless comparatively high density 1.e.

volumetric weight of the special intermediate layer.

Object of the invention

[0008] It is thus an object of the present invention to propose a sleeve and a
corresponding manufacturing method that permit further weight reduction

compared to known sleeves. Additionally or alternatively, the complexity of the

process for manufacturing a sleeve with a lightweight intermediate layer Is to be

reduced, particularly when compared to EP 0 683 040.

[0009] These objects are achieved by a sleeve according to Claim 1 and a

method according to Claim 11.

‘General description of the invention

[0010] The invention relates to a multi-layer, expandable sleeve according to the

generic term of Claim 1. It comprises an inner layer with an inner jacket having a
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wear-resistant, hard surface, preferably made of a composite fibre material, that
defines a cylindrical or conical cavity corresponding to the printing press cylinder.
The sleeve furthermore encompasses an intermediate layer generally designed as
a lightweight honeycomb structure, particularly with honeycbmb cells whose
central axes are oriented as radially as possible. In the known manner, the

intermediate layer determines the overall diameter of the sleeve and can be
designed with a correspondingly variable thickness. An outer layer is provided on
the outside of the intermediate layer. Said outer layer has a cylindrical,
compression-proof outer jacket, preferably made of a composite fibre material.
The outer jacket serves, for example, to carry an outer shell, a printing plate or a

separate outer sleeve (sleeve as an adapter sieeve).

[0011] According to the invention, the aforementioned object is achieved in that
the intermediate layer comprises at least one honeycomb layer with a shaped
cured composite-fibre honeycomb made of fibre material embedded in a resin
matrix. The intermediate layer typically has a greater thickness (radial dimension)

than the inner layer or outer layer for example, and preferably includes several

such honeycomb layers.

[0012] Surprisingly, even an intermediate layer of this kind with honeycomb layers
makes it possible for the inner jacket to be expanded radially away from the
longitudinal axis for mounting the sleeve on the cylinder, and particularly permits

expansion in the radial direction of several hundredths of a millimetre, at least

10 um, preferably at least 20 um. Use of an additional compression layer as an
auxiliary measure is possible, if so desired, but not necessary. Weight savings are

achieved by, inter alia, the low density of the honeycomb layers.

[0013] The use of composite-fibre honeycomb is in itself known in the field of
press rollers. Up to now, however, the use of honeycomb was only proposed for
applications where compressibility in the radial direction is to be minimised, not

enabled, owing to the relatively high strength in the web direction that is typical for

honeycombs, e.g. on the multi-layer cutting roller from DE 100 18 418 with an
intermediate layer made of lightweight CFRP or GFRP honeycomb material.

[0014] Contrary to expectations, however, a structure of the intermediate layer

using shaped cured composite-fibore honeycomb, i.e. honeycomb made of fibre
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material embedded in a resin matrix, is also capable .of achieving at least a major
portion of the necessary compressibility through the intermediate layer itself (much

like the more elaborate and heavier structure according to EP O 683 040).

[0015] The invention also relates to a method according to Claim 11 that is
suitable for manufacturing the sleeve according to the invention. Advantageous

embodiments are revealed in dependent Claims 2-10 and 12-15.

Brief description of the drawings

[0016] Further details and advantages of the invention can be taken from the
foliowing, more detailed description of possible embodiments of the invention on

the basis of the enclosed drawings. The not-to-scale drawings. show the following

in schematic form:

FIG. 1 a cross-section of a first embodiment of an expandable sleeve with multi-

layer structure, particularly suitable for large outside diameters;

FIG. 2 a schematic side view in the radial direction according to arrow Il in FIG. 1,
illustrating the arrangement of two adjacent honeycomb layers in an intermediate

layer of the sleeve according to FIG. 1,

FIG. 3 a cross-section of a second embodiment of an expandable sleeve with

multi-layer structure, particularly suitable for smaller outside diameters;

FIG. 4 a cross-section of a further embodiment of an expandable sleeve with

multi-layer structure, as an alternative to FIG. 1,

FIG. 5 a cross-section of an alternative inner layer for use in a sleeve according
to FIG. 4;

FIG.6 a cross-section of a further, alternative inner layer for use in a sleeve

according to FIG. 4.

Detailed description based on the drawings

[0017] FIG. 1 shows a first embodiment of an expandable sleeve, generally
referred to as 100, in a cross-section at right angles to its longitudinal axis A.

Sleeve 100 has multiple layers and comprises, consecutively from the inside-

outwards, an inner layer 110, an intermediate layer 120 and an outer layer 130.

[0018] In the embodiment according to FIG. 1, inner layer 110 consists of a
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generally rotationally symmetrical inner jacket 112, made of a multi-layer GFRP
composite fibre material. Inner jacket 112 has a hard surface, i.e. is sufficiently
wear-resistant for a given number of mounting and dismounting procedures. Inner
jacket 112 is in itself not appreciably compressible, but its inside diameter can be
elastically expanded by several hundredths of a millimetre, particularly when
pressurised with compressed air in the pressure range typical for flexographic
printing. As a rotational and hollow body, inner jacket 112 defines longitudinal axis
A of sleeve 100, as well as the inner cavity by means of which sleeve 100 Is
mounted on the cylinder of a rotary press, particularly the compressed-air cylinder
of a flexographic press, by expansion with compressed air. The terms "cylinder”
and "cylindrical" are to be interpreted in the broadest sense here, i.e. inner jacket
112 can have not only the known circular cylindrical geometry, but also a conically
tapered geometry. Compared to the cylinder of the printing press, inner jacket 112
often has a predefined, slight undersize, such that, when the compressed air is
shut off, a slip-free frictional connection is ensured on the cylinder. Further details
regarding the suitable design of inner jacket 112 and inner layer 110 are prior art,

e.g. according to the literature indicated in the introduction, and are thus not

explained in more detalil.

[0019] Like inner layer 110, outer layer 130 can also display an essentially
conventional structure in itself. In the embodiment according to FIG. 1, outer layer
130 has a hard surface, compression-proof outer jacket 132 made of composite
fibre material, preferably multiple layers of GFRP. In contrast to inner jacket 112,
outer jacket 132 should preferably not be appreciably deformable when exposed
to normal stresses from the inside or the outside. This is particularly achieved by a
suitable combination of resin and fibre material in outer jacket 132. For example,
compared to inner jacket 112, outer jacket 132 can display more layers than inner
jacket 112 and/or a different fibre material, such as a different fabric, or a less
expansible combination of different fibre material types, etc. Outer layer 130
according to FIG. 1 furthermore has an external outer shell 134 made of a hard,
chemically resistant material, preferably polyurethane or a material with the same
property profile. Quter shell 134 displays a technically circular-cylindrical outer
surface about longitudinal axis A and is correspondingly machined, e.g.

cylindrically turned, where appropriate. Outer shell 134 is attached to outer jacket
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132. To this end, a thin, outer honeycomb layer (not shown) can optionally be
attached to outer jacket 132 to improve connection, similar to the innermost
honeycomb layer described further below, to which outer shell 134 made of
polyurethane is applied. Quter shell 134 likewise has a hard surface and Is
compression-proof. Alternatively to this, an elastic shell, e.g. made of rubber-like
material, a separate outer sleeve, i.e. for use of sleeve 100 as an adapter sleeve,
or directly the printing plate itself, for example, can be applied to outer jacket 132.
However, the embodiment according to FIG. 1, with outer shell 134 made of
polyurethane, is preferred for flexographic printing. In the known manner, outer
shell 134 thus forms the plate or plate hoider for interchangeable attachment of a
flexible plate. Suitable retaining means (not shown in detail) for flexographic
printing plates, e.g. a milled retaining slit, can be provided in or on outer shell 134.

Further details regarding the suitable design of an outer layer 130 are known from

the prior art.

[0020] FIG. 1 furthermore schematically shows the structure of intermediate layer

120 according to one aspect of the invention. Intermediate layer 120 is cylindrical
and made of lightweight honeycomb material, particularly in multi-layer form with
several layers of honeycomb material. Intermediate layer 120 is attached to inner
layer 110, on inner jacket 112 according to FIG. 1, for example, preferably by
means of a suitable adhesive layer 114. In contrast, outer layer 130 can be
attached to intermediate layer 120 made of honeycomb material either directly,

e.g. by winding impregnated fibre material, or additionally by a separate adhesive

layer.

[0021] As can best be seen from FIG. 2, honeycomb cells 123 of the individual
layers of intermediate layer 120 are arranged in such a way that their central axes
B (transverse to the plane of FIG. 2) are oriented essentially radially to longitudinal
axis A. Thus, central axes B radiate from longitudinal axis A in a star-shaped
arrangement, preferably in the plane of FIG. 1. In the unshaped flat state, a
central axis B corresponds to the axis of symmetry of honeycomb cell 123 in the
direction of the honeycomb thickness parallel to the cell walls. Owing to the
curvature-induced expansion of honeycomb cells 123 (see below), the cells walls,
i.e. honeycomb webs 126, are not exactly parallel to central axis B, but are

likewise essentially radial. FIG.2 shows an idealised, schematic view without
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corresponding curvature, Of course, curvature-induced deformations and a lesser

degree of symmetry in the cross-section of honeycomb cells 123 according to

FIG. 2 cannot be avoided in practice. .

[0022] As can be seen from FIG. 1 and FIG. 2, intermediate layer 120 i1s made of
several, adjacent honeycomb layers 122-1, 122-2, 122-3, 122-4, 122-5. Every
single honeycomb layer 122-1, 122-2, 122-3, 122-4, 122-5 of intermediate layer
120 is manufactured according to the invention, with shaped cured fibre composite
honeycomb made of fibre material embedded in a resin matrix. In this context, the
term "shaped cured" means that the individual honeycombs of each honeycomb
layer 122-1, 122-2, 122-3, 122-4, 122-5 already form an actual fiore composite, I.e.
are cured before being placed on top of each other during production of
intermediate layer 120. Moreover, the term "honeycomb” is not used here to
denote a single (honeycomb) cell, but the coherent structure of cells. The fibre
composite honeycombs of each honeycomb layer 122-1, 122-2, 122-3, 122-4,
122-5 can, in principle, be manufactured from any suitable combination of glass
fibres, carbon fibres, aramid fibres, or mixtures thereof, with epoxy resins, vinyl
ester resins, polyester resins, phenolic resins or other types of resin, including
hybrid resins, where appropriate. However, honeycomb made of aramid fibre
paper, particularly of Nomex® paper, in conjunction with phenolic resin (e.g. of the
Euro-Composites® ECA/ECA-R type) is particularly preferred for weight and cost
optimisation. As can furthermore be seen from FIG. 1, honeycomb layers 122-1,
122-2, 122-3, 122-4, 122-5 are directly attached to each other, on top of each
other and between each other, by means of intermediate adhesive layers 124,
coaxially to axis A. Suitable for adhesive layers 124 is, for example, adhesive film
based on epoxy resin or of thermoplastic adhesive. Adhesive layers 124 preferably
have a weight per unit area of <500 g/m* and preferably consist of pure, cured
adhesive, e.g. resin without fibre reinforcement, in order to guarantee a minimum
of elastic deformation. In other words, in contrast to the prior art, no sandwich-
typical face layers of fibore composite are provided in the circumferential direction
within intermediate layer 120, but pure, non-reinforced adhesive layers 124, e.g. of
epoxy resin or thermoplastic material. This has proven to be advantageous for

expansion of inner layer 110 and is presumably decisive In this respect.

[0023] Despite the characterising application of fibre composite honeycomb to
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achieve high resistance to compression in the direction of central axes B of
honeycomb cells 123, the structure of intermediate layer 120 proposed here is
surprisingly capable of achieving sufficient expansion of inner layer 120 and of

inner jacket 122 of several hundredths of a milimetre in the radial direction,

particularly of more than 30 um. This property is presumably attributable to
production-related effects, such as the expansion of honeycomb cells 123 in the

radial direction, and also to their direct connection to each other by means of non-

reinforced adhesive layers 124.

[0024] Ideal values were obtained in an embodiment schematically illustrated in
FIG. 2. In this instance, two radially adjacent pairs of honeycomb layers, 122-1/
122-2, 122-2/122-3, 122-3/122-4 and 122-4/122-5 (the latter pair is shown In
FIG. 2), are in each case arranged in such a way that central axes B of
honeycomb cells 123 of outer honeycomb layer 122-5 are, as far as possible,
offset relative to the central axes of the honeycomb cells of adjacent inner
honeycomb layer 122-4, at least over a material portion of the circumference,
viewed around longitudinal axis A. In other words, alignment of central axes B
between two immediately adjacent honeycomb layers 122-1/122-2, 122-2/122-3,
122-3/122-4 or 122-4/122-5 is avoided to the extent technically possible In the
framework of production. Alignment of this kind can be technically avoided
relatively easily, at least over a portion of the circumference exceeding 75% of the
circumference on the statistical average. In contrast, alignment between non-
adjacent honeycomb layers, e.g. innermost honeycomb layer 122-1, middle
honeycomb layer 122-3 and/or outer honeycomb layer 122-5, is perfectly
permissible, irrelevant, and sometimes even advantageous. Applying appropriate
precision during production, manufacturing is preferably performed Iin such a way
that, as illustrated in FIG. 2, the honeycombs in pairs of radially adjacent
honeycomb layers, e.g. 122-4/122-5, are offset in such a way that cell webs 126,
i.e. the radially oriented cell walls, of honeycomb cells 123 of inner honeycomb
layer 122-4 (shown in FIG. 2) support cell webs 126 of outer honeycomb layer
122-5 centrally within the bounds of the technically feasible. Put another way, in a
radial side view according to FIG. 2, adjacent cell webs 126 are supposed fo
intersect as centrally as possible. As a result, cell webs 126 typically bear loads at

four points each, as exempilified in C in FIG. 2 (similar to a four-point bearing). For
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manufacturing reasons, it is, of course, impossible to completely rule out slight,
unintentional alignment over limited angular ranges (sectors about longitudinal
axis A). Equally, central load bearing of cell webs 126 on each other cannot be
exactly guaranteed. On average, the arrangement of two adjacent honeycomb
layers, e.g. 122-4/122-5, can and should, however, for the greater part display the
above-mentioned offset or central load bearing, rather than alignment of central
axes B and cell webs 126. This preferred arrangement additionally improves the
already surprising radial compressibility of intermediate layer 120 towards the
outside, which guarantees the expandability of inner layer 110. The pairwise non-
aligned arrangement obviously requires that the pairs of adjacent honeycomb
layers, e.qg. 122-2/122-3, 122-3/122-4 and 122-4/122-5, each be manufactured
from fibre composite honeycomb of identical cell size. As a result and despite
expansion towards the outside, the cell cross-section of adjacent honeycomb cells

123 coincides almost exactly at their interface, i.e. at the level of adhesive layer

124 between them.

[0025] It should furthermore be noted that intermediate layer 120 preterably
displays an innermost honeycomb layer 122-1 made of shaped cured fibre
composite honeycomb with hexagonal honeycomb cells (not shown in more
detail). Thus, unlike honeycomb cells 123 of the further outer honeycomb layers
122-2. 122-3, 122-4, 122-5, shown in FIG. 2, innermost honeycomb layer 122-1
has no overexpanded honeycomb cells. In contrast, honeycomb cells 123 of the
further outer honeycomb layers 122-2, 122-3, 122-4, 122-5 are overexpanded,
preferably in the direction of longitudinal axis A, i.e. at least not regularly
hexagonal, as schematically illustrated in FIG. 2. Not shown in more detail in
FIG. 2 is the preferred embodiment with honeycomb cells 123 that are completely
overexpanded (in the W or L direction), i.e. overexpanded into a quasi-rectangular
cross-section ("overexpanded rectangular core", e.g. of the Euro-Composites®
ECA-R type). Corresponding overexpansion of the fibore composite honeycomb
before its curing greatly facilitates its subsequent bending into the cylindrical jacket
shape about axis A, and reduces the associated warping. Furthermore, the
embodiment according to FIG.1 displays the preferred characteristic that
innermost honeycomb layer 122-1, made of hexagonal honeycomb, displays a

substantially smaller thickness (dimension in the radial direction), compared to the



CA 02813017 2013-03-21

WO 2012/038514 . PCT/EP2011/066542

further outer honeycomb layers 122-2, 122-3, 122-4, 122-5. A thickness of
innermost honeycomb layer 122-1, made of hexagonal honeycomb, of less than
10%, preferably less than 7.5%, of the total thickness of intermediate layer 120
emerged in experiments. In order to guarantee practicable bending of innermost
honeycomb layer 122-1, made of hexagonal honeycomb, and given éustomary
inside diameters of sleeve 100, said innermost honeycomb layer 122-1 preferably
has a thickness of less than 7.5 mm, preferably 5 mm, in absolute terms.
Hexagonal honeycomb in a thin innermost honeycomb layer 122-1 is particularly
preferred together with an auxiliary layer of foamed polymer, as described further
below (FIGS. 5, 6). An arrangement comprising a thin, relatively more stable
innermost hexagonal honeycomb layer 122-1 and an adjacent, overexpanded
honeycomb layer 122-2 according to FIG. 1 is apparently also beneficial to
expansion, this possibly being attributable to favourable bending properties at the

- points of intersection of the hexagonal and overexpanded honeycomb webs 126.

[0026] Not to be seen in more detail from FIG. 1 is the preferred embodiment
according to which intermediate layer 120 comprises honeycomb layers 122-1,
122-2. 122-3, 122-4, 122-5 of at least three different thicknesses, increasing
towards the outside. For instance, inner honeycomb layer 122-1 can display a
thickness of approx. 1.5-3.5 mm, the thickness of outer honeycomb layers 122-2,
122-3, 122-4, 122-5 being in the range 7.5-12.5 mm, 12.5-17.5 mm and 17.5-
25 mm in each case, in which context the two middie honeycomb layers 122-3,
122-4, for example, can display the same thickness of 12.5-17.5 mm. Similarly,
instead of a layer 122-5 in the range from 17.5 mm to 25 mm, it is also possible to
provide a plurality of identical layers, e.g. four to seven such layers, depending on
the required outside diameter. Fine-tuning of the overall thickness of intermediate
layer 120 can be achieved by again applying appropriately selected honeycomb

layers of lesser thickness on the outside of the one or more thickest layers (see

example below).

[0027] FIG. 3 shows a generic sleeve 200 according to a second embodiment.
Like the embodiment in FIG. 1, it has no separate compression layer, as
customarily used. In this embodiment, too, the sleeve has a multi-layer structure
with an inner layer 210, comprising a GFRP inner jacket 212, an intermediate layer

220 and a relatively rigid outer layer 230 with an outer jacket 232 and a
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polyurethane outer shell 234. Sleeve 200 essentially differs in that a smaller
number of honeycomb layers is present, e.g. merely two honeycomb layers 222-1,
222.2 as illustrated, where innermost honeycomb layer 222-1 is preferably
relatively thin, particularly having a thickness << 10 mm, and manufactured from
hexagonal honeycomb, and outer honeycomb layer 222-2 is relatively thick, e.g.
having a thickness > 15 mm, and manufactured from completely overexpanded
honeycomb (e.g. of the Euro-Composites® ECA-R type). Apart from having
different diameters, the structure of inner layer 210 and outer layer 230 can
correspond to the above description. What was said above similarly applies to the
structure of individual honeycomb layers 222-1, 222-2. In the embodiment
according to FIG. 3, too, intermediate layer 220, made of shaped cured fibre
composite honeycomb, in itself thus contributes essentially to inner jacket 212
being able to expand radially away from longitudinal axis A for mounting sleeve
200 on a printing press cylinder. An intermediate layer 220 with a relatively thin

overall thickness likewise permits expansion of at least 20 ym (2 hundredths of a

millimetre) in the radial direction.

[0028] FIG. 4 shows a further embodiment of a sieeve 300 as an alternative to
FIG. 1. Sleeve 300 essentially differs as regards the structure of its inner layer
310. Although illustrated differently, intermediate layer 320 can be essentially
structured as described above in relation to FIG. 1 or, however, without a thin
innermost layer (see FIG. 1, Ref. 122-1) and/or with a different arrangement of
honeycomb layers 322-1, 322-2, 322-3. Outer layer 330 is designed as described

above for use in flexographic printing.

[0029] In contrast, inner layer 310 according to FIG. 4 comprises, in addition to
the hard surface inner jacket 312 described above and from the inside outwards, a
compressible auxiliary layer 316 and, for manufacturing reasons, an intermediate
jacket 318. Compared to outer jacket 332, intermediate jacket 318 is likewise
relatively elastic, e.g. made of fibre composite, preferably of just a few layers of
GFRP, in order to permit the required expansion. Intermediate layer 320 according
to the invention is produced and attached on intermediate jacket 318. Auxiliary
layer 316 according to FIG. 3 consists of compressible material, particularly a
foamed polymer with a density in the range of 25-40 kg/m°. An elastomer or a

foam type with the most durable possible preservation of >90% resilience is
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preferred.

[0030] An embodiment with auxiliary layer 316 according to FIG. 4 is preferred,
particularly if, in addition to the essential contribution made by intermediate layer
320, an additional contribution to the expansibility of inner jacket 312 is required

or, for example, the non-slip frictional connection on the cylinder is to be

specifically influenced by means of suitable selection of the material of auxiliary

layer 316. Compared to intermediate layer 320, auxiliary layer 316 makes a
smaller contribution (< 50%), also in the embodiment of sleeve 300 according to
FIG. 4, to radial expansion in relation to longitudinal axis A in absolute terms (not
in relation to length). Thus, in the embodiment according to FIG. 4, too, > 50% of
the expansion in the radial direction in absolute terms is absorbed by intermediate
layer 320, e.g. on the basis of a structure according to FIG. 1. Accordingly, the

contribution of intermediate jacket 318 to expansibility is preferably < 50%.

[0031] FIGS. 5 and 6 show preferred alternatives for an inner layer 410, 510 with
a compressible auxiliary layer, which can particularly also be incorporated
separately into structures according to FIG. 1, FIG. 3 or FIG. 4 as an inner layer. In

this context, said structures then display an inner jacket 112, 212 or an

intermediate jacket 314 of lesser thickness and an oversize corresponding to the

diameter of the inner layer according to FIG. 5 or FIG. 6, plus an assembly gap of

approx. 0.1-0.5 mm for bonding.

[0032] Inner layer 410 according to FIG. 5 comprises, from the inside outwards, a
hard surface inner jacket 412, a compressible auxiliary layer 416, particularly
made of an elastomer or foamed polymer, as above, and a thin honeycomb layer
422. Thin honeycomb layer 422 is attached adjacent to compressible auxiliary
layer 416, i.e. the foamed polymer, by means of a suitable, non-reinforced,
elastically deformable adhesive layer 414. Thin honeycomb layer 422 s

particularly manufactured from shaped cured fibre composite honeycomb,

preferably with hexagonal honeycomb cells having a thickness <7.5 mm. For
manufacturing purposes, inner layer 410 additionally comprises an outer
intermediate jacket 418, preferably made of composite fibre material, which can be
designed to be of comparatively small thickness, such that, when bonded together
with a further intermediate jacket, e.g. 318 in FIG. 4, it does not impair the

essential contribution to expansion in the radial direction of the intermediate layer,
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e.g. 320 in FIG. 4. A polyurethane-based or epoxy resin-based paste adhesive Is

preferred as adhesive layer 414, applied adjacent to auxiliary layer 416 made of

an elastomer or a foamed polymer.

[0033] The structure of inner layer 510 according to FIG. 6 is identical, apart from
the sequence from the inside outwards, where thin honeycomb layer 522 Is

provided on the inside, and compressible auxiliary layer 516 on the outside In
FIG. 6.

[0034] Compared to inner layer 310 according to FIG. 4, for example, use of an
inner layer 410; 510 according to FIG. 5 or FIG. 6 permits an increase in the
possible compression or a lesser thickness of compressible auxiliary layer 416;
516, since the latter can, particularly when using foam material, at least slightly

escape into the open honeycomb cells of thin honeycomb layer 422; 522.

[0035] Possible manufacturing methods for sleeves 100; 200; 300, with
intermediate layer 120; 220; 320 and/or inner layer 310; 410; 510 according to the

invention, are described below on the basis of preferred exemplary embodiments:

[0036] As a general overview, the method for manufacturing a muliti-layer,

expandable sleeve typically comprises Steps A) to C), as follows:

A) production of an inner layer 110; 210; 310 with a hard surface inner
jacket 112; 212; 312, preferably from composite fibre maierial, on a

mandrel defining a longitudinal axis, preferably by means of

- application, preferably by winding, of dry or resin-impregnated

fibre material on the mandrel in one or more layers,

- impregnation of the fibre material with resin by vacuum

infusion, or by the wet-winding technique directly during winding,

- curing of the impregnated fibre material to obtain a hard

surface inner jacket;

B) production of an intermediate layer 120; 220; 320 in the form of a

lightweight honeycomb, with honeycomb cells whose central axes are

oriented radially to the longitudinal axis by

- application of an adhesive layer 124; 224; 324, particularly on
the produced inner layer 110; 210; 310;
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- application of at least one honeycomb layer 122-I; 222-I; 322,
made of previously cured fibre composite honeycomb consisting of
fibre material embedded in a resin matrix, coaxially to longitudinal
axis A, where fibre composite honeycomb layer 122-1; 222-i; 322-i
is shaped during application or beforehand for bending it into
curvature about longitudinal axis A. In this context, the cell sizes of
the honeycombs are preferably in the range from 3.2 to 6.4 mm.
The densities of the honeycomb layers are preferably in the range
from 38 to 52 kg/m°. Phenolic resin-impregnated aramid fibre
honeycomb is preferably used as the honeycomb material (e.g.
ECA honeycomb from Euro-Composites® S.A.). Bonding of the
honeycomb layers by the adhesive layers is performed in an oven

cycle at 50 to 160 °C, depending on the adhesive type used.

C) production of an outer layer 130; 230; 330 with a hard surface,

cylindrical outer jacket 132; 232; 332, preferably made of composite fibre
material, on intermediate layer 120; 220; 320, preferably by

- application, e.g. by winding, of fibre material pre-impregnated .
with resin, preferably epoxy resin or vinyl ester resin, in one or
more layers, indirectly or directly on the intermediate layer,

particularly on the outer honeycomb layer, and

- curing of the pre-impregnated fibre material to obtain a hard

surface outer jacket,

- application of an outer, hard layer made of chemically resistant
material, preferably polyurethane or a material with a similar

property profile, by suitable application methods (e.g. casting,

spraying or spin coating).

[0037] As an alternative to manufacturing intermediate layer 320 directly on the

complete inner layer 310, it is also possible to manufacture intermediate layer 320

on a first intermediate jacket 318, into which a separate inner layer 410; 510
according to FIG. 4 or FIG. 5 is subsequently bonded. In this case, inner layer 410;
510 is thus produced separately and independently in terms of time. This

procedure particularly permits the production of modular intermediate layers 120;
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220: 320, which can be provided with an inner jacket of the required diameter.
Similarly, outer layer 130; 230; 330 can comprise, in addition to compression-proof
outer jacket 132; 232; 332 and possibly outer shell 134; 234; 334, one or more
inner spacer layers, subsequently applied to a modular intermediate layer 120;

220; 320, particularly also made of shaped cured fibre composite honeycomb.

[0038] Finally, it should once again be noted that, according to the invention, the

use of at least one honeycomb layer made of shaped cured fibre composite
honeycomb, e.g. according to FIG. 1, FIGS. 3-4, or also FIGS. 5-6, achieves

simplified manufacturing and low weight. Furthermore, while achieving low weight,

an intermediate layer is made possibie that permits significant expansion in the

radial direction, particularly expansion by at least 20 um.
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FIGS. 1, 2 FIG. 4
A longitudinal axis A longitudinal axis
B central axes 300 sleeve
100 sleeve 310 inner layer
110 Inner layer 312 inner jacket
112 inner jacket 316 auxiliary layer
114 adhesive layers 318 intermediate jacket
120 intermediate layer 320 intermediate layer
122-1, 322-1,
122-2, 322-2, honeycomb layers
122-3, honeycomb layers 322-3
::gg:g’ 330 outer layer
123 honeycomb cells 332 outer jacket
124 adhesive layers 534 outer shel
126 cell webs |
130 outer layer FIG. |
132 outer jacket 410 inner layer
134 outer shell 412 inner jacket
' 414 adhesive layer
56 416 auxiliary layer
A ongitudinal axis 418 intermediate jacket
500 Sleeve 422 honeycomb layer
210 inner layer
212 inner jacket FIG. |
220 intermediate layer >10 nner layer
222-1, honeycomb layers ‘ 012 inner jacket
222-2. 514 adhesive layer
230 outer layer 516 auxiliary layer
232 outer jacket 518 intermediate jacket
234 outer shell 522 honeycomb layer
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1.

AMENDED CLAIMS
recelved by the International Bureau on 07 February 2012 (07.02.12)

Multi-layer, expandable sleeve for a printing press cylinder, in particular for
flexographic printing, wherein the sleeve comprises, from the inside outwards,
at least:

a hard surface inner jacket, preferably made of composite fibre material, that
defines a longitudinal axis and a cavity for mounting the sleeve on the
cylinder,

an intermediate layer, manufactured in the form of a lightweight honeycomb
with honeycomb cells whose central axes are oriented radially to the
longitudinal axis,

a compression-proof outer jacket, preferably made of composite fibre
material, for carrying, in particular, an outer shell, a printing plate or a
separate outer sleeve,

wherein the intermediate layer, between the hard surface inner jacket and the
compression-proof outer jacket, itself makes an essential contribution to the
inner jacket being capable of expanding radially away from the longitudinal
axis for mounting the sleeve on the cylinder, and in particular to permitting
expansion of at least 20 um, preferably at least 30 um in the radial direction,
characterised in that

the intermediate layer comprises at least one honeycomb layer consisting of

shaped fibre composite honeycomb made of fibre material embedded in a

resin matrix that has been previously cured.

Multi-layer, expandable sleeve according to Claim 1, characterised in that the
iIntermediate layer comprises at least two, preferably several, honeycomb
layers, which are each manufactured from shaped cured fibre composite
honeycomb and attached coaxially to the longitudinal axis, one on top of the

other, preferably by means of non-reinforced adhesive layers.

Multi-layer, expandable sleeve according to Claim 2, characterised in that two
radially adjacent honeycomb layers are arranged in such a way that the
central axes of the honeycomb cells of the outer honeycomb layer are offset

relative to the central axes of the honeycomb cells of the adjacent inner

honeycomb layer over a material portion of the circumference.

23
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4,

10.

Multi-layer, expandable sleeve according to Claim 3, characterised in that the
two radially adjacent honeycomb layers are manufactured from fibre
composite honeycomb of the same cell size, and the central axes are offset in

such a way that the cell webs of the inner honeycomb layer bear the cell webs

of the outer honeycomb layer essentially centrally.

Multi-layer, expandable sleeve according to one of Claims 2 to 4,
characterised in that the intermediate layer comprises
a thinner, innermost honeycomb layer made of shaped cured fibre
composite honeycomb, preferably with hexagonal honeycomb cells, and
at least one thicker, outer honeycomb layer made of shaped cured fibre
composite honeycomb with honeycomb cells overexpanded In the

direction of the longitudinal axis.

Multi-layer, expandable sleeve according to Claim 5, characterised in that the

thinner, innermost honeycomb layer displays a thickness of < 7.5 mm.

Multi-layer, expandable sleeve according to one of Clams 2 to 6,
characterised in that the intermediate layer comprises honeycomb layers of at

least three different thicknesses, increasing towards the outside.

Multi-layer, expandable sleeve according to one of the preceding Claims,
wherein all honeycomb layers of the intermediate layer are manufactured from

shaped cured honeycomb made of aramid fibre paper and phenolic resin.

Multi-layer, expandable sleeve according to one of the preceding Claims,
characterised in that the outer jacket is manufacturea from muliti-layer, glass
fibre-reinforced plastic, and a compression-proof outer layer made of

polyurethane Is attached on the outer jacket.

Multi-layer, expandable sleeve according to one of the preceding Claims,
characterised by an inner layer comprising, from the inside outwards:
the hard surface inner jacket, a compressible auxiliary layer, in particular
made of an elastomer or a foamed polymer, and an intermediate jacket,

preferably made of composite fibre material;

preferably comprising, from the inside outwards:

the hard surface inner jacket, a compressible auxiliary layer, in particular

made of an elastomer or a foamed polymer, and, adjacent to it, a thin

24
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honeycomb layer, in particular made of shaped cured fibre composite

honeycomb, preferably with hexagonal honeycomb cells having a
thickness <7.5mm, and an intermediate jacket, preferably made of

composite fibre material, or

the hard surfaced inner jacket, a thin honeycomb layer, in particular
made of shaped cured fibre composite honeycomb, preferably with
hexagonal honeycomb cells having a thickness < 7.5 mm, and, adjacent

to it, a compressible auxiliary layer, in particular made of an elastomer

or a foamed polymer, and an intermediate jacket, preferably made of

composite fibre material.

11. Method for manufacturing a multi-layer, expandable sleeve for a printing press
cylinder, in particular for flexographic printing, the method comprising:

providing an inner layer with a hard surface inner jacket, preferably from

composite fibre material, on a mandrel defining a longitudinal axis,

preferably comprising

- applying, preferably by winding, of dry or resin-impregnated fibre

material on the mandrel in one or more layers,

- impregnating the fibre material with resin by vacuum infusion, or

by the wet winding technique directly during winding,

- curing the impregnated fibre material to obtain a hard surface

inner jacket;

providing an intermediate layer in the form of a lightweight honeycomb,

with honeycomb cells whose central axes are oriented radially to the

longitudinal axis, comprising

- applying of an adhesive layer, in particular on the produced Iinner

layer;

- applying at least one honeycomb layer, made of previously cured
fibre composite honeycomb consisting of fibre material embedded
in a resin matrix, coaxially to the longitudinal axis, wherein the
fibore composite honeycomb is shaped during application or

beforehand for bending about the longitudinal axis, and

23
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providing an outer layer with a compression-proof outer jacket, preferably

made of composite fibre material, on the intermediate layer, preferably

comprising

- applying, e.g. by winding, of fibore material pre-impregnated with
resin, in one or more layers, indirectly or directly on the

intermediate layer, in particular on the outer honeycomb layer, and

- curing the pre-impregnated fibre material to obtain a compression-

proof outer jacket.

12. Method according to Claim 11, wherein manufacturing of the intermediate

layer comprises:

- applying at least two honeycomb layers with intermediate non-
reinforced adhesive layers, wherein the honeycomb layers are
made of previously cured fibre composite honeycomb consisting of
fibre material embedded in a resin matrix, and are shaped during

application or beforehand for bending about the longitudinal axis,

- attaching each honeycomb layer directly to an adjacent, inner
honeycomb layer, or indirectly or directly on the inner layer, by

curing the respective non-reinforced adhesive layers between

them.

13. Method according to Claim 12, wherein at least two honeycomb layers are
consecutively applied in such a way that, in two radially adjacent honeycomb
layers, the central axes of the honeycomb cells of the outer honeycomb layer
are offset relative to the central axes of the honeycomb cells of the adjacent
inner honeycomb layer over a material portion of the circumference,
preferably in such a way that the two radially adjacent honeycomb layers are
manufactured from fibre composite honeycomb of the same cell size, and the
central axes are offset in such a way that the cell webs of the Inner

honeycomb layer bear the cell webs of the outer honeycomb layer essentially

centrally.

14. Method according to Claim 12 or 13, wherein manufacturing of the

intermediate layer comprises:

- applying a thinner, innermost honeycomb layer made of shaped

26
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cured fibre composite honeycomb, preferably with hexagonal
honeycomb cells, in particular with a thickness of the honeycomb
layer of < 7.5 mm, and

applying at least one thicker, outer honeycomb layer made of
shaped cured fibre composite honeycomb with honeycomb cells
overexpanded in the direction of the longitudinal axis, on the

thinner, innermost honeycomb layer.

Method according to Claim 12 or 13, wherein manufacturing of the inner layer

comprises:

or

applying a thin, innermost honeycomb layer made of shaped cured
fibre composite honeycomb, preferably with hexagonal
honeycomb cells, in particular with a thickness of the honeycomb
layer of < 7.5 mm, on the inner jacket, and

applying at least one compressible auxiliary layer, preferably made
of an elastomer or a foamed polymer, on the thin, innermost

honeycomb layer,

applying at least one compressibie auxiliary layer, preferably made
of an elastomer or a foamed polymer, on the inner jacket, and

applying a thin, innermost honeycomb layer made of shaped cured
fibore composite honeycomb, preferably with hexagonal
honeycomb cells, in particular with a thickness of the honeycomb

layer of < 7.5 mm, on the compressible auxiliary layer.

27
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