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Description
Technical field

[0001] The invention relates to improvements to em-
bossed web materials, especially based on tissue paper,
of the multi-ply type, i.e. comprising four plies bonded
together by gluing. The invention also relates to improve-
ments to the processing methods to emboss materials
made of tissue paper or the like, to obtain new and im-
proved functional characteristics.

[0002] The invention also relates to a method for the
production of a material of this type.

Prior art

[0003] Embossingis one of the operations that are nor-
mally performed on plies or sheets of tissue paper, to
produce paper articles for personal and household clean-
ing and hygiene, and also for professional and industrial
use, such as toilet paper, kitchen towels, paper napkins
and handkerchiefs and the like.

[0004] Embossing is an operation that is performed for
the dual purpose of improving aesthetic properties and
increasing functional properties, in particular the soft-
ness, smoothness, absorption capacity or thickness of
the finished material.

[0005] Normally, atissue paper material, such as kitch-
en towel or toilet paper, is produced from two or more
plies of paper embossed separately and subsequently
bonded together by applying a glue and laminating the
plies between counter-rotating rollers defining a lamina-
tion nip.

[0006] Embossingis, for example, performed by feed-
ing each ply between an embossing roller, provided with
protuberances, and a pressure roller with an outer sur-
face coated in yielding material, such as rubber or the
like. In some machines embossing is performed between
two rollers made of steel or another hard material, one
equipped with protuberances and the other with corre-
sponding recesses. The protuberances of the embossing
roller produce corresponding protuberances or projec-
tions in the paper ply. The protuberances formed in the
two outermost plies are facing the inside of the finished
product.

[0007] According to a possible technique (known as
"tip-to-tip"), the two plies of paper web material are bond-
ed by making at least some of the protuberances of one
ply coincide with the protuberances of the other ply, hav-
ing previously applied glue to the protuberances of one
of the two plies, or to at least some of these protuberanc-
es. In practice, in tip-to-tip embossing machines two em-
bossing rollers which emboss the two paper plies sepa-
rately by means of respective pressure rollers, form ther-
ebetween a lamination nip, through which the two em-
bossed plies are fed before being detached from the roll-
ers. In the lamination nip the protuberances of one roller
coincide with the protuberances of the other roller and
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the reciprocal distance between the rollers is such as to
cause localized compression of the plies at said protu-
berances.

[0008] A tip-to-tip embossing unit to obtain a product
of this type is described in US-A-3,414,459. Further tip-
to-tip embossing units are described in US-A-5,173,351;
US-A-6,032,712; US-A-6,245,414; US-A-6,053,232.
[0009] US-A-3,961,119discloses a method forthe pro-
duction of a two-ply embossed web or sheet material,
wherein two plies are individually embossed between an
embossing roller and a pressure roller. The embossing
rollers are provided with helically developing projections
and grooves. The first roller has projections with individ-
ual protrusions thereon, matching with indentations pro-
vided on the helical projections of the second embossing
roller. Glue is applied on the first ply in correspondence
of said individual protrusions, such that the two plies are
spot-glued to one another in correspondence of said pro-
trusions and indentations.

[0010] According to a different technique, known as
"nested", the two plies are embossed separately, each
between an embossing roller and a counter-roller or pres-
sure roller, and then matched so that the protuberances
of one ply are inserted between the protuberances of the
other ply. Lamination of the two plies to obtain reciprocal
bonding is performed between one of the embossing roll-
ers an alaminating roller, while the two embossing rollers
do not normally touch. Examples of embossing-laminat-
ing devices of this type are described in US-A-3,556,907;
US-A-3,867,225; US-A-5,339,730.

[0011] US-A-5,686,168 describes a method of nested
embossing, wherein the plies are bonded by lamination
between two opposed embossing rollers.

[0012] US-A-6,578,617 and US-A-6,470,945 describe
embossing units that can perform embossing according
to both techniques, i.e. nested or tip-to-tip. To switch from
tip-to-tip to nested embossing, the reciprocal angular po-
sition and/or the reciprocal axial position of the two em-
bossing rollers can be modified.

[0013] US-A-6,261,666 describes an analogous de-
vice for alternatively performing tip-to-tip or nested em-
bossing. Another similar device is described in US-A-
6,109,326.

[0014] Initially, embossing was performed according
to very simple geometric patterns, with uniform distribu-
tion of truncated-cone or truncated-pyramid shaped pro-
tuberances. These embossings had a prevalently tech-
nical function, and were used to produce a product of
adequate thickness and with sufficient softness and ab-
sorption capacity.

[0015] Currently, embossing must increasingly
achieve a dual function, both technical-functional and
aesthetic. Therefore, embossing patterns and emboss-
ing devices have been developed which make it possible
to obtain a product that is aesthetically pleasing and at
the same time suitable to satisfy the aesthetic require-
ments and increasing commercial requirements de-
manded of these products. Examples of complex em-
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bossing patterns with a technical and aesthetic function
are described in US-A-6,136,413; US-A-5,846,636; US-
A-6,106,928.

[0016] A new embossing technique that makes it pos-
sible to obtain particularly refined and easily interchange-
able motifs is described in US-A-6,755,928 and in US-
A-6,681,826.

[0017] The technical function of embossing tissue pa-
per products has always been aimed at increasing the
liquid absorption properties and apparent thickness of
the product. In fact, embossing was, and continues to
be, utilized prevalently in the field of kitchen towels, more
than in the field of toilet paper.

Objects and summary of the invention

[0018] An object of the invention is to produce an em-
bossing pattern that gives the tissue paper a different
function from that of conventional products.

[0019] This objectis achieved with a method according
to claim 1 and with a product according to claim 3. Addi-
tional advantageous embodiments and features of the
method and product according to the invention are set
forth in the dependent claims.

[0020] Further advantageous features and embodi-
ments of the method and of the material according to the
invention are set forth in the dependent claims, which are
incorporated in the present description, and will be de-
scribed in more detail hereunder with reference to some
non-limiting embodiments of the invention.

Brief description of the drawings

[0021] The invention will be better understood by fol-
lowing the description and accompanying drawing, which
shows some non-limiting practical embodiments of the
invention. More specifically, in the drawing:

Figure 1 shows a diagram of a first embossing-lam-
inating unit not falling within the scope of the claims;

Figure 2 shows a diagram of a second embossing-
laminating unit not falling within the scope of the
claims n;

Figures 2A, 2B show enlarged details of Figure 2;

Figures 3 to 5 show sections and partial axonometric
views of a portion of a web material not falling within
the scope of the claims;

Figures 6 and 7 show schematic plan views of pos-
sible embodiments of the embossing pattern not fall-
ing within the scope of the claims;

Figure 8 shows a schematic section of aweb material
according to a further embodiment not falling within
the scope of the claims;
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Figure 9 shows a plan view of a fragment of a further
embodiment not falling within the scope of the
claims;

Figure 10 shows a schematic local section according
to X-Xin Figure 9;

Figures 11 to 13 show schematic plan views of fur-
ther embossing patterns;

Figure 14 shows a schematic side view of an em-
bossing device according to one embodiment of the
invention;

Figure 15 shows an enlargement of the detail shown
at XV in Fig.14;

Figures 16-18 show enlarged and diagrammatic
cross sections of multi-ply products, wherein the em-
bodiment of Fig. 16 is according to the invention, and
the embodiments of Figs. 17 and 18 do not fall within
the scope of the claims;

Figure 16A shows a top plan view of a multi-ply prod-
uct according to the invention;

Figure 19 shows a top plan view of an intermediate
ply of a multi-ply paper material in one embodiment
of the invention;

Figure 20 shows a diagrammatic cross section of a
multi-ply paper sheet including two intermediate
sheets shaped as shown in Figure 19;

Figure 21 shows a diagrammatic side view of a mod-
ified embodiment of an embossing unit for the man-
ufacturing of an embossed material according to the
invention;

Figure 22 shows an enlargement of the detail shown
at XXIl in Figure 21; and

Figure 23 shows a further embodiment of an em-
bossing arrangement for the production of an article
according to the invention.

Detailed description of embodiments of the inven-
tion

[0022] Figure 1 shows a diagram of an embossing unit,
also known as embossing-laminating unit, indicated as
awhole with 2. The unit comprises a firstembossing roller
1 and a second embossing roller 3, rotating about re-
spective rotation axes 1A and 3A. The directions of ro-
tation are indicated with f1 and f3. A nip G is defined
between the two embossing rollers, through which two
plies of tissue paper V1 and V3 are fed, which are sep-
arately embossed by the rollers 1 and 3, respectively.
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Embossing takes place by feeding each of the plies be-
tween the respective embossing roller 1 or 3 and a cor-
responding pressure roller 5 or 7, the axes of rotation of
which are indicated with 5A and 7A. The rollers 5 and 7
are coated with a layer of yielding material, such as rub-
ber or the like, in which protuberances, indicated sche-
matically and as a whole with 1P and 3P in Figure 1, with
which the embossing rollers 1 and 3 are equipped pen-
etrate. Possible configurations of these protuberances
will be described in detail hereunder.

[0023] According to a possible embodiment, in a way
known per se, the two rollers 1 and 3 can be phased to
position the protuberances 1 P and 3P in the tip-to-tip or
nested configuration. In the first condition, in the lamina-
tion nip G at least some of the protuberances of the roller
1 coincide with the protuberances of the roller 3 and the
distance between the rollers 1 and 3 is such that sufficient
pressure is exerted between the protuberances to cause
lamination and bonding of the plies V1 and V3. In the
second condition, the protuberances 1 P are intercalated
between the protuberances 3P. In this case, reciprocal
adhesion between the two plies V1 and V3 is obtained
by lamination between the embossing roller 1 and a lam-
inating roller 13. The two alternative paths of the web
material N formed by the two plies V1 and V3 are indi-
cated with Nn and Npp, said paths differing according to
whether the material is processed with the tip-to-tip tech-
nique (path Npp) of with the nested technique (path Nn).
It would also be possible for the embossing-laminating
unit 2 to be suitable only to produce using the tip-to-tip
technique or using the nested technique. In the first case,
the laminating roller 13 can be omitted, while in both cas-
es, the characteristic of being able to variably phase the
rollers 1, 3 can be omitted. When, on the other hand, the
unit is two-purpose and can operate both in tip-to-tip and
nested mode, the rollers are reciprocally positionable
with angular and/or axial phasing. The mechanical mem-
bers and in particular the supports for the rollers 1 and 3
which allow adjustment are known per se and will not be
described in greater detail herein.

[0024] A glue dispensing unitis indicated schematical-
ly with 17, and applies a glue to the radially projecting
surfaces of the ply V1 embossed by the roller 1, when
this ply is still engaged with the surface of said roller 1.

[0025] Figure 2 schematically shows the conformation
of a different possible embossing machine or unit, of the
type described, for example, in WO-A-99/44414. The two
plies of tissue paper, again indicated with V1 and V3, are
fed towards an embossing unit or embossing-laminating
unit 100 comprising an embossing roller 101 equipped
with protuberances 101 P and cooperating with a lami-
nation or marrying roller 103, which can optionally be
coated with a material which is softer, or more yielding
than the material forming the surface of the embossing
roller 105. A glue dispenser 107 cooperates with the em-
bossing roller 105 to apply glue to the protuberances pro-
duced through embossing by the projections 101 P in the
ply V1 through pressure between the embossing roller
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101 and a pressure roller 109 coated in rubber or another
yielding material.

[0026] Accordingtoapossible embodiment, before be-
ing guided about the pressure roller 109, the ply V1 is
fed into a secondary embossing unit 111 with an em-
bossing roller 113 cooperating with a pressure roller 115.
The surface of the embossing roller 113 is equipped with
micro-embossing protuberances 113P.

[0027] According to an advantageous embodiment,
the ply V3 is fed through a second secondary embossing
unit 114, comprising an embossingroller 117, the surface
of which is equipped with projections or protuberances
117P, cooperating with a pressure roller 119 similar to
the pressure roller 115.

[0028] The secondary embossing unit 111 canbe omit-
ted, as can the secondary embossing unit 114, depend-
ing on the type of pattern and machining to be performed
on the paper material formed by the two plies V1, V3.
[0029] The glue applied by the dispensing unit 107 to
the projections of the paper deformed between the pres-
sure roller 109 and the embossing roller 101 is used to
reciprocally bond the two plies, which for this purpose
are laminated in the nip formed by the embossing roller
101 and the mating roller 103 to form multi-ply web ma-
terial N delivered from the embossing unit 100.

[0030] Figures 3 to 8 schematically show, in various
views and sections, portions of a multi-ply web material
produced with one or other of the embossing units in
Figures 1 and 2, or other equivalent embossing units.
[0031] Figure 3 represents a local section and partial
perspective view of a portion of a multi-ply web material
constituted by two plies V1 and V3 embossed and lam-
inated in tip-to-tip configuration with a glue C to bond the
two plies at the level of grooves produced on said plies
by the protuberances 1 P and 3P of the embossing rollers
1, 3 of the device in Figure 1 or other equivalent device.
[0032] As can be seen in Figure 3, the grooves, indi-
cated with 201 for the ply V1 and with 203 for the ply V3,
have a substantially linear extension and defined there-
between are bulging portions 205, 207 of the web mate-
rial formed by the outwardly projecting plies V1, V3 of
the web material defining projections with an elongated
extension delimited by adjacentgrooves 201, 203. Figure
6 schematically shows in a top view a portion of the web
material N, i.e. observed from the side of the ply V1, em-
bossed as described above. In this example, the projec-
tions 205 and the grooves 201 have a slightly undulating
linear shape and the width of the portions 205 is much
greater than the width of the grooves 201.

[0033] By passing a web material with this conforma-
tion over a surface to be cleaned, e.g. when the web
material N forms a sheet of kitchen towel, a very efficient
cleaning effect is obtained on the surface, due to the fact
that the portions 205 of material project outward to form
contact and cleaning surfaces, while the grooves 201
define areas to collect the substances or products located
on the surface to be cleaned and which must be removed.
The rounded convex conformation of the outwardly pro-
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jecting portions 205 of the ply V1 and of the outwardly
projecting portions 203 of the ply V3 make the product
soft and pleasing to the touch. In this embodiment, the
cleaning effect is provided to the same degree on both
faces of the web material.

[0034] According to an advantageous embodiment of
the invention, on both faces the portions 205, 207 project
from the base plane of the original ply, i.e. from the sur-
face on which the first ply lies before deformation by em-
bossing. In fact, in relation to this plane the grooves 201,
203 project towards the inside of the web article and the
protuberances 205, 207 project outward to form bulges
or embossings with positive effect. Embossing with pos-
itive effectis intended as an effect of deformation through
embossing wherein the cellulose ply has been deformed
to project from the surface of the original ply in relation
to the shape thereof prior to embossing.

[0035] Toensure thatthe outwardly facing convex por-
tions 205, 207 are not compressed, above all when the
web product is wound in rolls, according to an advanta-
geous embodiment each ply V1, V3is in actual fact com-
posed of a plurality of cellulose layers, to provide ade-
quate consistency and mechanical resistance to the fin-
ished product.

[0036] According to a different embodiment, resist-
ance to compression can be obtained by producing the
web material N with an embossing technique of the nest-
ed type, as indicated schematically in Figure 4. In this
case, the web material N is again formed by the plies V1
and V3, where the ply V1 is embossed to obtain grooves,
again indicated with 201, having a linear extension, de-
fined between which are areas 205 with outwardly pro-
jecting convex profiles, i.e. areas of positive embossing.
[0037] Conversely, the ply V3 is embossed to form
thereon projections 209 facing the inside of the web ma-
terial N and inserted in the empty space defined by the
portions 205 of the ply V1. The protuberances 209 there-
fore form supports for the convex areas 205 of the ply
V1 preventing or in any case reducing compression
thereof. In the example shown in Figure 4, the protuber-
ances 209 facing the inside of the web material are ap-
proximately in the shape of truncated cones, but it must
be understood that they can also have a conformation
with linear extension like the grooves 201 produced on
the ply V1. The two plies V1 and V3 are bonded by a glue
5 applied to the surface of the ply V1 facing the ply V3
at the level of the grooves 201.

[0038] The conformation of the surface of the ply V1
can substantially be identical to the one illustrated in Fig-
ure 6, with grooves 201 with an undulated linear exten-
sion and corresponding convex projections 205 with a
width preferably greater than the width of the grooves
201. The article N configured as shown in Figure 4 will
have a preferred active surface defined by the ply V1,
with a cleaning capacity, i.e. capacity to remove dirt from
the surfaces to be cleaned, substantially equivalent to
that of the web material N in Figure 3. Conversely, the
lower surface of the material, defined by the ply V3, has
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a lesser cleaning capacity, substantially equivalent to as
that of conventional products.

[0039] Figure 5 shows a local section and partial per-
spective view of a web material N obtained, for example,
with an embossing-laminating device of the type illustrat-
ed in Figures 2, 2A and 2B. In this case, the ply V1 is still
embossed as described with reference to Figures 3 and
4, with the formation of convex projections 205 with a
substantially linear extension delimited by grooves 201.
The glue C with which the ply V1 is bonded to the ply V3
below is applied at the level of the grooves 201. The ply
V3 has micro-embossing obtained with the embossing
unit 114. In the example shown in Figure 5, the ply V1
has no micro-embossing, and therefore the secondary
embossing unit 111 substantially remained idle or is not
present. It would also be possible for the ply V1 to have
micro-embossing over which the embossing forming the
projections 205 and the grooves 201 is positioned.
[0040] The surface conformation of the ply V1 can be
the same as that shown in Figure 6.

[0041] Figure 7 shows a top view of a different em-
bossing pattern of the ply V1 and/or of the ply V3. The
same numbers indicate the same or equivalent parts to
those shown in Figure 6. The pattern is characterized by
a more marked undulation of the protuberances and of
the grooves on the surface of the ply.

[0042] Figure 8 shows a local section of an embossed
web material obtained, for example, with an embossing-
laminating unit as shown in Figure 1. The same numbers
indicate the same or equivalent parts to those in Figure
4. In this case, inside the empty space produced under
the projections 205 are several adjacent protuberances
or projections 209 produced on the ply V3.

[0043] Figure 9 shows a top view of a fragment of an
embossed web material with a different surface structure.
In this case grooves, again indicated with 201, are pro-
duced on the surface of the ply V1, arranged to at least
partly surround raised areas, i.e. outwardly facing convex
areas, indicated with 205. These areas 205 form projec-
tions embossed according to a positive embossing as
defined above.

[0044] Figure 9 shows a fragment of the web material
with one of these projecting portions 205, surrounded by
grooves 201 divided into four contiguous portions. It must
be understood that on the surface of the web material
there can be a plurality of grooves 201 defining the same
number of projections 205 arranged according to a suit-
able pattern. The grooves can have a different confor-
mation, e.g. they can fully surround the projecting por-
tions 205, and/or they can have a different geometrical
shape in relation to the one shown.

[0045] Figure 10 shows a local section of a portion of
the web material shown in Figure 9, in which it can be
seen that arranged under the convex projection 205 are
protuberances, still indicated with 209, produced in the
ply V3 and arranged in nested configuration in the empty
space inside the web material below the convex projec-
tions 205. It must be understood that also in this case
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the lower ply V3 can be embossed with micro-embossing
as shown in Figure 5, or with a similar pattern to that of
the ply V1in atip-to-tip embossed configuration as shown
in Figure 3 or in any other suitable way.

[0046] Therefore, in the embossing pattern in Figure 9
the projections 205 are constituted by areas almost
closed and surrounded by grooves 201, which no longer
extend for a substantially indefinite length like those in
Figures 6 and 7. In any case, the convex projecting por-
tions 205 again define contact and cleaning surfaces,
while the grooves 201 define spaces to collect the dirt
and debris removed from the surface cleaned with the
web material N.

[0047] Figures 11 and 13 schematically show further
possible embossing patterns according to the invention.
The lines represented in the drawings indicate emboss-
ing motifs or patterns with linear extension, according to
closed lines. In particular, Figure 11 shows embossing
patterns characterized by embossed lines with double
lobes, delimiting an inner surface forming an outwardly
facing convex projection of the web material. Figure 12
shows an embossing pattern characterized by groups of
closed, V-shaped embossing lines with a wide aperture,
arranged to produce a sort of flower. Figure 13 shows
closed embossing lines similar to the lines in Figure 12,
but arranged according to parallel and intercalated align-
ments.

[0048] Inany case, the ply embossed with the emboss-
ing lines defining the outwardly projecting areas of the
web material can also have conventional embossing, in-
tercalated with these embossing lines forming the
grooves, to "embed" the areas embossed with positive
embossing in areas embossed according to a conven-
tional embossing motif.

[0049] Figure 14 shows a diagrammatic side view of
an embodiment of an embossing unit for manufacturing
a multi-ply embossed paper sheet according to the in-
vention in a particularly preferred embodiment. The unit,
designated 301 as a whole, includes a first embossing
roller 303 and a second embossing roller 305, defining
a lamination nip 307 therebetween. An enlargement of
the lamination nip 307 is shown in Fig.15. Each emboss-
ing roller 303, 305 co-acts with a corresponding pressure
roller 309, 311. The pressure rollers 309, 311 are provid-
ed with an outer pliable cover, made of elastically yielding
material, such as rubber or the like, shown at 309A and
311A respectively. Each embossing roller forms, along
with the corresponding pressure roller, an embossing nip,
through which a respective first and second outer ply V1
and V3 are fed. A glue applicator 313 applies glue on the
top surface of the embossing protrusions generated on
ply V1 by the coaction of rollers 303 and 309. A similar
glue applicator can be arranged around the embossed
roller 305.

[0050] A first and a second intermediate plies V5, V7
are fed into the lamination nip 307 between embossing
rollers 303, 305. Each ply V5, V7 is embossed in a re-
spective auxiliary embossing device 315, 317. Each aux-
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iliary embossing device includes an embossing roller
315A, 317A provided with outwardly oriented protrusions
(see enlargement of roller 315A), co-acting with a pres-
sure roller 317A, 317B provided with an elastic yielding
surface.

[0051] As shown more specifically in Fig. 15, the two
embossing rollers 303, 305 are provided with protrusions
303P and 305P. In a preferred embodiment, the protru-
sions 303P, 305P are arranged in a tip-to-tip arrange-
ment as shown in detail in Fig.15. This means that the
protrusions of one roller are substantially in phase with
those of the opposing roller. The four plies V1, V3, V5,
V7 are laminated together at the mutually corresponding
top surfaces of the opposing protrusions 303P, 305P, so
that they are glued together by means of the adhesive
applied by the glue distributor 313 and possibly by the
second glue distributor 313A (if present).

[0052] Fig 16 shows an enlarged diagrammatic cross
section of a product which can be obtained with the unit
of Figs. 14, 15. The outer plies V1, V3 are embossed
such as to form bubbles or bulging protrusions B and B1
extending towards the outside. Inwardly oriented depres-
sions or grooves D and D1 are generated in the two plies
by the protrusions 303P, 305P of the rollers 303 and 305.
The two inner plies V5, V7 are arranged within the outer
plies V1, V3 and their protrusions (generated by auxiliary
embossing devices 315, 317 protrude towards the outer
pliesV1,V3, such as toforma supporting structure, which
limits the risk of the bulging protrusions B, B1 collapsing
towards the interior of the product. The height H of the
bulging protrusions extending towards the outside of the
product can be larger than the height h of the inner pro-
trusions formed in the intermediate plies. For example
the height H can range from 1.2 to 1.6 mm and preferably
around 1.4 mm, while the height h can range between
1.0 and 1.4 and preferably between 1.1 and 1.3 mm. It
shall be understood that these values are given by way
of example only and are not to be considered limitative
of the invention.

[0053] Fig.16A shows a top plan view of a fragment of
a product according to the invention. Bulging protrusions
are shown again at B, each protrusion being surrounded
by a closed inwardly oriented linear groove or depression
D. The bottom portions of the grooves or depressions D
(or at least part thereof) are provided with glue. In the
example shown each protrusion B is entirely surrounded
by a groove or depression D extending along a closed
line. This line can be however only substantially closed,
i.e. it can partly but not entirely surround the protrusion
B. According to some embodiments of the invention, a
substantially closed line shall be understood as a line,
which covers at least 60% and preferably at least 70%
and most preferably at least 80% of the linear perimeter
of the protrusion B.

[0054] The bulging protrusions B extend towards the
outside forming a sort of bubble. The bubble is at least
partly prevented from collapsing by the linear glue distri-
bution along the partly or entirely closed groove or de-
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pression line D surrounding the protrusions B, in combi-
nation with the protrusions of the intermediate plies V5,
V7.

[0055] A similar embossing pattern and a similar effect
can be achieved in other embodiments of the product
according to the invention as described above.

[0056] Fig.17 shows a modified embodiment of a prod-
uct not falling within the scope of the claims. In this case
only one intermediate ply V5 is provided and the second
outer ply V3 is substantially smooth, i.e. not embossed.
This product can be achieved by removing or making the
auxiliary embossing device 313 inactive and by replacing
the roller 305 with one which is substantially smooth, i.e.
not provided with protrusions. As an alternative, the roller
305 can be moved away from roller 303, such that the
two rollers are not pressed one against the outer in the
lamination nip 307 and a further marrying or lamination
roller with a smooth surface is arranged e.g. downstream
of the nip 307, said marrying or lamination roller being
pressed against the protrusions of roller 303.

[0057] Figs. 19, 20 show a further embossing pattern
according to the invention. More specifically, Fig.19
shows a top view of a fragment of one of the inner plies
V5, V7. In this embodiment the or each one of the inner
plies has embossing lines surrounding bulging protru-
sions BP in the shape of elongated projections. Fig. 20
shows the four-ply product resulting from the embossing
and lamination of plies V1, V3, V5, V7 with the embossing
unit 301 of Fig. 14 using inner plies embossed according
to the pattern in Fig.19. According to some embodiments
the inner plies V5, V7 are arranged randomly, as shown
inFig.20, i.e. there is no pre-established correspondence
between the protrusions of one ply and those of the other
ply.

[0058] Fig.18 shows still a further embodiment of a
product not falling within the scope of the claims. In this
embodiment only one inner ply V5 is provides, said ply
being provided with protrusions which project from both
surfaces towards both outer plies V1 and V3. The product
of Fig.18 can be obtained with an embossing and lami-
nating unit shown in Figs, 21 and 22, and again desig-
nated 301 as a whole. The same reference numbers are
used to indicate elements and parts of the unit which are
identical or equivalent to those of Fig.14. The main dif-
ference between the two embodiments is thatin Figs 21,
22 the auxiliary embossing unit 315 is comprised of two
embossing rollers each provided with protrusions (see
Fig.22, showing an enlargement of the embossing nip
between rollers 315X, 315Y). The protrusions of the two
rollers mesh with each other such as to generate protru-
sions on both surfaces of the ply V5.

[0059] In all embodiments where inner plies are lami-
nated along with outer plies as shown e.g. in Figs. 16-20
the protrusions generated in the inner ply or plies are
flattened in correspondence of the depressions, i.e. the
inwardly oriented grooves D of the outer plies V1, V5.
[0060] According to a preferred embodiment of the in-
vention, the inner plies are arranged in a tip-to-tip ar-
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rangement, wherein at least part of the protrusions of the
two plies are opposing each other such as to increase
the overall thickness of the product.

[0061] In a further embodiment, schematically shown
in Fig.23, the two inner plies are embossed in a tip-to-tip
embossing and laminating unit 401 combined to the em-
bossing and laminating unit 301. The same reference
numbers are used in Fig.23 to designate the same or
equivalent parts and elements as in Fig.21. The two inner
plies V5, V7 are fed in respective embossing nips formed
by first and second embossing rollers 401, 403 and two
pressure rollers 405, 407. The two embossed plies V5,
V7 are then fed through a lamination nip between em-
bossingrollers 401, 403 where they are bonded together.
Glue can be applied e.g. by means of a glue applicator
409 arranged around the periphery of embossing roller
401 or alternatively around embossing roller 403. The
unit 401 is quite the same as unit 301, but the protrusions
of the embossing rollers 401, 403 are smaller in size and
preferably of simpler shape. For example they can have
the shape shown in Fig.19. The protrusions of the em-
bossing rollers 401, 403 can be distributed with a density
higher than 15 protrusions per square centimeter, and
preferably between 20 and 300 protrusions per square
centimeter, more preferably between 30 and 150 protur-
sions per square centimeter or any range within the val-
ues mentioned above.

[0062] Itis understood that the drawing merely shows
an example provided by way of a practical arrangement
oftheinvention, which can vary informs and arrangement
without however departing from the scope of the concept
underlying the invention.

Claims

1. Method for producing an embossed multi-ply tissue
paper sheet, (N) comprising at least a first outer ply
(V1) and a second outer ply (V3), said first outer ply
having afirst, outwardly facing surface and a second,
inwardly facing surface, wherein said first outer ply
is embossed to obtain surface portions defining out-
wardly projecting protuberances of the ply formed
by bulging portions of sheet material, at least partly
surrounded by substantially linear grooves (201)
projecting towards the inside of the sheet, and
wherein glue (C) is applied on the second, inwardly
facing surface of said first outer ply in correspond-
ence of said linear grooves, to join said first outer ply
(V1) to said second outer ply (V3); wherein said sec-
ond outer ply (V3) is embossed to form a three-di-
mensional surface pattern comprising outwardly pro-
jecting, bulging embossed protuberances defined by
portions of said second outer ply (V3), at least partly
surrounded by substantially linear grooves, extend-
ing towards the inside of said sheet material (N); and
wherein between said first outer ply (V1) and said
second outer ply (V3) a first intermediate embossed
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ply (V5) and a second intermediate embossed ply
(V7) are arranged, said firstand second intermediate
embossed plies (V5, V7) being provided each with
embossing protrusions facing towards the first outer
ply (V1) and the second outer ply (V3) respectively;
embossing protrusions of said first intermediate em-
bossed ply being arranged in correspondence of the
bulging embossed protuberances of said first outer
ply (V1) and said second outer ply (V3).

Method according to claim 1, wherein said second
outer ply (V3) is provided with glue applied on an
inwardly facing surface of said second outer ply in
correspondence of said linear grooves.

A tissue paper multi-ply sheet material comprising
at least a first outer ply (V1) and a second outer ply
(V3) of tissue paper bonded by gluing, said first outer
ply (V1) having a first, outwardly facing surface and
a second, inwardly facing surface; wherein said first
outer ply (V1) has a three-dimensional surface pat-
tern comprising outwardly projecting, bulging em-
bossed protuberances defined by portions of said
first outer ply (V1), at least partly surrounded by sub-
stantially linear grooves, extending towards the in-
side of said sheet material; wherein said second out-
er ply (V3) has a three-dimensional surface pattern
comprising outwardly projecting, bulging embossed
protuberances defined by portions of said second
outer ply, at least partly surrounded by substantially
linear grooves, extending towards the inside of said
sheet material; wherein said first outer ply (V1) is
provided with glue (C) applied on the second, inward-
ly facing surface of said first outer ply (V1) in corre-
spondence of said linear grooves; wherein between
said first outer ply (V1) and said second outer ply
(V3) a first intermediate embossed ply (V5) and a
second intermediate embossed ply (V7) are ar-
ranged; wherein said first and second intermediate
embossed plies (V5, V7) are provided each with em-
bossing protrusions facing towards the first outer ply
(V1) and the second outer ply (V3) respectively; em-
bossing protrusions of said first intermediate em-
bossed ply (V5) being arranged in correspondence
of the bulging embossed protuberances of said first
outer ply (V1) and said second outer ply (V3).

Multi-ply sheetmaterial according to claim 3, wherein
said outwardly projecting, bulging embossed protu-
berances of said first outer ply (V1) are delimited by
said linear grooves forming substantially closed lines
surrounding said bulging protuberances.

Multi-ply sheet material according to claim 3 or 4,
wherein said second outer ply is provided with glue
applied on an inwardly facing surface of said second
outer ply in correspondence of said linear grooves.
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Multi-ply sheet material according to claim 4, wherein
said outwardly projecting, bulging embossed protu-
berances on said second outer ply (V3) are delimited
by said linear grooves forming substantially closed
lines surrounding said bulging embossed protuber-
ances.

Multi-ply sheet material according to any one of
claims 5 or 6, wherein the bulging embossed protu-
berances of said first outer ply (V1) are arranged in
a face-to-face arrangement with the bulging em-
bossed protuberances of said second outer ply (V3).

Multi-ply sheet material according to one or more of
claims 5 to 7, wherein said inwardly facing linear
grooves of said first outer ply (V1) and of said second
outer ply (V3) are phased in a tip-to-tip arrangement.

Multi-ply sheet material according to claim 3, wherein
said first and second intermediate embossed plies
(V5, V7) each have embossing projections formed
by bulging embossed protuberances facing towards
said first and second outer ply (V1, V3) respectively,
said bulging embossed protuberances being sur-
rounded by linear grooves facing away from said first
and second outer plies.

Multi-ply sheet material according to claim 3, wherein
said first and second intermediate embossed plies
(V5; V7) are arranged in a tip-to-tip arrangement.

Multi-ply sheet material according to one or more of
claims 3 to 10, wherein said first intermediate em-
bossed ply (V5) is flattened in correspondence of
said substantially linear embossed grooves of said
first outer ply (V1).

Multi-ply sheet material according to one or more of
claims 3 to 11, wherein said outwardly projecting,
bulging embossed protuberances are each sur-
rounded by glued areas projecting inwardly inside
said sheet material.

Multi-ply sheet material according to one or more of
claims 3 to 12, wherein said outwardly projecting,
bulging embossed protuberances are bubble-
shaped.

Multi-ply sheet material according to one or more of
claims 3 to 13, wherein said three-dimensional sur-
face pattern is formed by deformation through em-
bossing wherein the embossed ply has been de-
formed to project outwardly from the surface of the
original ply.
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Patentanspriiche

1.

Verfahren zur Herstellung eines gepragten mehrla-
gigen Tissuepapierblattes (N), umfassend zumin-
dest eine erste dullere Lage (V1) und eine zweite
aullere Lage (V3), wobei die erste aullere Lage eine
erste, nach aulen zeigende Oberflache und eine
zweite, nach innen zeigende Oberflache besitzt, wo-
bei die erste dulRere Lage gepragt wird, um Oberfla-
chenabschnitte zu erhalten, die durch gewdlbte Ab-
schnitte von Blattmaterial geformte, nach aul3en ste-
hende Vorspriinge der Lage bestimmen, die zumin-
dest teilweise von im Wesentlichen linearen, gegen
die Innenseite des Blattes gerichteten Nuten (201)
umgeben sind, und wobei ein Kleber (C) auf der
zweiten, nach innen zeigenden Oberflache der ers-
ten duleren Lage entsprechend den linearen Nuten
aufgebracht wird, um die erste dufRere Lage (V1) mit
der zweiten dufReren Lage (V3) zu verbinden, wobei
die zweite dulere Lage (V3) gepragt wird, um ein
dreidimensionales Oberflachenmuster zu bilden,
das nach aufen stehende, gewdlbt gepragte Vor-
spriinge umfasst, die durch Abschnitte der zweiten
aulleren Lage (V3) bestimmt werden und zumindest
teilweise durch im Wesentlichen lineare, sich gegen
die Innenseite des Blattmaterials (N) erstreckende
Nuten umgeben sind; und wobei zwischen derersten
aufleren Lage (V1) und der zweiten dufleren Lage
(V3) eine erste gepragte Zwischenlage (V5) und eine
zweite gepragte Zwischenlage (V7) angeordnet wer-
den, die ersten und zweiten gepragten Zwischenla-
gen (V5, V7) jeweils gepragte Vorspriinge aufwei-
sen, die durch gegen jeweils die erste und zweite
aullere Lage (V1, V3) gerichtete, gewdlbt gepragte
Vorspriinge gebildet sind; gepragte Ausbuchtungen
der ersten gepragten Zwischenlage in Ubereinstim-
mung mit den gewdlbten gepragten Vorspriingen
der ersten dulleren Lage (V1) und der zweiten au-
Reren Lage (V3) angeordnet werden.

Verfahren nach Anspruch 1, wobeidie zweite dulRere
Lage (V3) mit einem Kleber versehen wird, der auf
einer nach innen zeigenden Oberflache der zweiten
auReren Lage in Ubereinstimmung mit den linearen
Nuten aufgebracht wird.

Mehrlagiges Tissuepapier-Blattmaterial, umfassend
zumindest eine erste dufere Lage (V1) und eine
zweite durch Kleben verbundene dufRere Lage (V3)
eines Tissuepapiers, welche erste Lage (V1) eine
erste, nach aulen zeigende Oberflache und eine
zweite, nach innen zeigende Oberflache besitzt, wo-
beidie erste dulRere Lage (V1) eindreidimensionales
Oberflachenmuster aufweilt, umfassend nach au-
Ren stehende, gewdlbt gepragte Vorspriinge, die
durch Abschnitte der ersten dufleren Lage (V1) be-
stimmtund zumindest teilweise von im Wesentlichen
linearen, sich gegen die Innenseite des Blattmateri-
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als erstreckenden Nuten umgeben sind; wobei die
zweite auflere Lage (V3) ein dreidimensionales
Oberflachenmuster aufweist, umfassend nach au-
Ren stehende, gewodlbt gepragte Vorspriinge, die
durch Abschnitte der zweiten duReren Lage be-
stimmtund zumindest teilweise vonim Wesentlichen
linearen sich gegen die Innenseite des Blattmateri-
als erstreckenden Nuten umgeben sind; wobei die
erste dulRere Lage (V1) mit einem Kleber (C) verse-
hen ist, der auf die zweite, nach innen zeigende
Oberflache der ersten duReren Lage in Ubereinstim-
mung mit den linearen Nuten aufgebracht ist, und
wobei zwischen der ersten duReren Lage (V1) und
der zweiten dufReren Lage (V3) eine erste gepragte
Zwischenlage (V5) und eine zweite gepragte Zwi-
schenlage (V7) angeordnet sind, die ersten und
zweiten gepragten Zwischenlagen (V5, V7) jeweils
gepragte Vorspriinge aufweisen, die durch gegen
jeweils die erste und zweite dufRere Lage (V1, V3)
gerichtete, gewdlbt gepragte Vorspriinge gebildet
sind; gepragte Vorspriinge der ersten gepragten
Zwischenlage (V5) und der zweiten dufleren Lage
(V7) in Ubereinstimmung mit den gewdlIbt gepragten
Vorspriingen der ersten duReren Lage (V1) und der
zweiten aulBeren Lage (V3) angeordnet sind.

Mehrlagiges Blattmaterial nach Anspruch 3, wobei
nach auRen stehende, gewdlbt gepragte Vorsprin-
gedererstenaulerenLage (V1) durchlineare Nuten
begrenzt werden, die im Wesentlichen geschlosse-
ne, die gewdlbten Vorspriinge umgebende Linien
bilden.

Mehrlagiges Blattmaterial nach Anspruch 3 oder 4,
wobei die zweite dulRere Lage mit einem Kleber ver-
sehen ist, der auf eine nach innen zeigenden Ober-
fliche der zweiten duBeren Lage in Ubereinstim-
mung mit den linearen Nuten aufgebracht ist.

Mehrlagiges Blattmaterial nach Anspruch 4, wobei
die nach aulRen stehenden, gewdlbt gepragten Vor-
spriinge auf der zweiten duf3eren Lage (V3) durch
lineare Nuten begrenzt sind, die im Wesentlichen
geschlossene, die gewdlbten Vorspriinge umgeben-
de Linien bilden.

Mehrlagiges Blattmaterial nach nach einem der An-
spriiche 5 oder 6, wobei die gewdlbt gepragten Vor-
spriinge der ersten duReren Lage (V1) gegeniber-
liegend zu den gewdlbt gepragten Vorspriingen der
zweiten aulBeren Lage (V3) angeordnet sind.

Mehrlagiges Blattmaterial nach einem oder mehre-
ren der Anspriiche 5 bis 7, wobei die nach innen
zeigendes linearen Nuten der ersten dulReren Lage
(V1) und der zweiten dulReren Lage (V3) auf einan-
der in einer tip-to-tip Anordnung ausgerichtet sind.
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Mehrlagiges Blattmaterial nach Anspruch 12, wobei
die ersten und zweiten gepragten Zwischenlagen
(V5, V7) jeweils mit gegen die erste dufRere Lage
(V1) und die zweite dufRere Lage (V3) gerichteten,
gepragten Vorspriingen versehen sind, die gewdlbt
gepragte Vorspriinge durch lineare Nuten umgeben
sind, die von den ersten und zweiten dulReren Lagen
weggerichtet sind.

Mehrlagiges Blattmaterial nach Anspruch 3, wobei
die ersten und zweiten gepragten Zwischenlagen
(V5, V7) in einer tip-to-tip Anordnung ausgerichtet
sind.

Mehrlagiges Blattmaterial nach einem oder mehre-
ren der Anspriiche 3 bis 10, wobei die erste gepragte
Zwischenlage (V5) in Ubereinstimmung mit den im
Wesentlichen linear gepragten Nuten der ersten au-
Reren Lage (V1) abgeflacht ist.

Mehrlagiges Blattmaterial nach einem oder mehre-
ren der Anspriiche 3 bis 11, wobei die nach auften
gerichteten gewdlbt gepragten Vorspriinge je von
Klebebereichen umgeben sind, die innerhalb des
Blattmaterials nach innen zeigen.

Mehrlagiges Blattmaterial nach einem oder mehre-
ren der Anspriiche 3 bis 12, wobei die nach auften
gerichteten gewdlbt gepragten Vorspriinge blasen-
férmig sind.

Mehrlagiges Blattmaterial nach einem oder mehre-
ren der Anspriiche 3 bis 13, wobei das dreidimensi-
onale Oberflachenmuster durch eine Prageverfor-
mung gebildet ist, wobei die gepragte Lage verformt
worden ist, um von der Oberflache der urspriingli-
chen Lage nach auflen zu zeigen.

Revendications

Procédé de fabrication d’une feuille gaufrée de pa-
pier sanitaire et domestique a couches multiples (N)
comprenant au moins une premiere couche exté-
rieure (V1) et une seconde couche extérieure (V3),
ladite premiere couche extérieure possédant une
premiére surface tournée vers I'extérieur et une se-
conde surface tournée vers lintérieur, dans lequel
ladite premiere couche extérieure est gaufrée pour
obtenir des parties de surface définissant des pro-
tubérances faisant saillie vers I'extérieur de la cou-
che formées par des parties gonflées de matériau
en feuille, au moins partiellement entourées par des
rainures sensiblement linéaires (201) faisant saillie
vers l'intérieur de la feuille, et dans lequel de la colle
(C) est appliquée sur la seconde surface tournée
vers l'intérieur de ladite premiére couche extérieure
en correspondance avec lesdites rainures linéaires,
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pour joindre ladite premiere couche extérieure (V1)
aladite seconde couche extérieure (V3); dans lequel
ladite seconde couche extérieure (V3) est gaufrée
pour former une configuration de surface tridimen-
sionnelle comprenant des protubérances gaufrées
gonflées faisant saillie vers I'extérieur définies par
des parties de ladite seconde couche extérieure
(V3), au moins partiellement entourées par des rai-
nures sensiblement linéaires, s’étendant vers l'inté-
rieur dudit matériau en feuille (N) ; et dans lequel
entre ladite premiére couche extérieure (V1) etladite
seconde couche extérieure (V3) une premiére cou-
che gaufrée intermédiaire (V5) et une seconde cou-
che gaufrée intermédiaire (V7) sont agencées, les-
dites premiére et seconde couches gaufrées inter-
médiaires (V5, V7) comportent chacune des saillies
de gaufrage tournées vers lesdites premiere couche
extérieure (V1) et seconde couches extérieures
(V3), respectivement; des protubérances de gaufra-
ge de ladite premiere couche gaufrée intermédiaire
etladite seconde couche gaufrée intermédiaire étant
agenceées en correspondance avec les protubéran-
ces gaufrées gonflées d’au moins ladite premiéere
couche extérieure (V1) and ladite seconde couche
extérieure (V3).

Procédé selon la revendication 1, dans lequel ladite
seconde couche extérieure (V3) est pourvue de colle
appliquée sur une surface tournée vers l'intérieur de
ladite seconde couche extérieure en correspondan-
ce avec lesdites rainures linéaires.

Matériau en feuille a couches multiples de papier
sanitaire et domestique comprenant au moins une
premiere couche extérieure (V1) et une seconde
couche extérieure (V3) de papier sanitaire et domes-
tique collées par collage, ladite premiére couche ex-
térieure (V1) possédant une premiere surface tour-
née vers |'extérieur et une seconde surface tournée
vers l'intérieur ; dans lequel ladite premiére couche
extérieure (V1) comporte une configuration de sur-
face tridimensionnelle comprenant des protubéran-
ces gaufrées gonflées faisant saillie vers I'extérieur
définies par des parties de ladite premiére couche
extérieure (V1), au moins partiellement entourées
par des rainures sensiblement linéaires, s’étendant
vers l'intérieur dudit matériau en feuille ; dans lequel
ladite seconde couche extérieure (V3) comporte une
configuration de surface tridimensionnelle compre-
nant des protubérances gaufrées gonflées faisant
saillie vers I'extérieur définies par des parties de la-
dite seconde couche extérieure, au moins partielle-
ment entourées par des rainures sensiblement li-
néaires, s'étendant vers l'intérieur dudit matériau en
feuille; dans lequel ladite premiére couche extérieu-
re (V1) est pourvue de colle (C) appliquée sur la se-
conde surface tournée vers l'intérieur de ladite pre-
miere couche extérieure (V1) en correspondance
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avec lesdites rainures linéaires; et dans lequel, entre
ladite premiere couche extérieure (V1) et ladite se-
conde couche extérieure (V3), une premiére couche
gaufrée intermédiaire (V5) et une seconde couche
gaufrée intermédiaire (V7) are agencées, lesdites
premiere et seconde couches gaufrées intermédiai-
res (V5,V7) comportent chacune des saillies de gau-
frage tournées vers lesdites premiére couche exté-
rieure (V1) et seconde couches extérieures (V3),
respectivement; des protubérances de gaufrage de
ladite premiere couche gaufrée intermédiaire (V5)
et ladite seconde couche gaufrée intermédiaire (V7)
étant agencées en correspondance avec les protu-
bérances gaufrées gonflées de ladite premiére cou-
che extérieure (V1) and ladite seconde couche ex-
térieure (V3).

Matériau en feuille a couches multiples selon la re-
vendication 3, dans lequel lesdites protubérances
gaufrées gonflées faisant saillie vers I'extérieur de
ladite premiere couche extérieure (V1) sont délimi-
tées par lesdites rainures linéaires formant des li-
gnes sensiblement fermées entourant lesdites pro-
tubérances gonflées.

Matériau en feuille a couches multiples selon la re-
vendication 3 ou 4, dans lequel ladite seconde cou-
che extérieure est pourvue de colle appliquée sur
une surface tournée versl'intérieur de ladite seconde
couche extérieure en correspondance avec lesdites
rainures linéaires.

Matériau en feuille a couches multiples selon la re-
vendication 4, dans lequel lesdites protubérances
gaufrées gonflées faisant saillie vers I'extérieur sur
ladite seconde couche extérieure (V3) sont délimi-
tées par lesdites rainures linéaires formant des li-
gnes sensiblement fermées entourant lesdites pro-
tubérances gaufrées gonflées.

Matériau en feuille a couches multiples selon l'une
quelconque des revendications 5 o 6, dans lequel
les protubérances gaufrées gonflées de ladite pre-
miére couche extérieure (V1) présentent un agen-
cementface a face avec les protubérances gaufrées
gonflées de ladite seconde couche extérieure (V3).

Matériau en feuille a couches multiples selon une ou
plusieurs des revendications 5 a 7, dans lequel les-
dites rainures linéaires tournées vers l'intérieur de
ladite premiere couche extérieure (V1) et de ladite
seconde couche extérieure (V3) présentent un
agencement pointe a pointe.

Matériau en feuille a couches multiples selon la re-
vendication 3, dans lequel lesdites premiére et se-
conde couches gaufrées intermédiaires (V5, V7)
sont chacune pourvues de saillies de gaufrage tour-
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nées vers lesdites premiéere et seconde couches ex-
térieures (V1, V3), , respectivement, lesdites protu-
bérances gaufrées gonflées étant entourées par des
rainures linéaires tournées dans une direction oppo-
sée auxdites premiére et seconde couches extérieu-
res.

Matériau en feuille a couches multiples selon la re-
vendication 3, dans lequel lesdites premiére et se-
conde couches gaufrées intermédiaires (V5 ; V7)
présentent un agencement pointe a pointe.

Matériau en feuille a couches multiples selon une ou
plusieurs des revendications 3 a 10, dans lequel la-
dite premiére couche gaufrée intermédiaire (V5) est
aplatie en correspondance avec lesdites rainures
gaufrées sensiblement linéaires de ladite premiéere
couche extérieure (V1).

Matériau en feuille a couches multiples selon une ou
plusieurs des revendications 3 a 11, dans lequel les-
dites protubérances gaufrées gonflées faisant saillie
vers |'extérieur sont chacune entourées par des zo-
nes collées faisant saillie vers l'intérieur a I'intérieur
dudit matériau en feuille.

Matériau en feuille a couches multiples selon une ou
plusieurs des revendications 3 a 12, dans lequel les-
dites protubérances gaufrées gonflées faisant saillie
vers I'extérieur présentent une forme de bulle.

Matériau en feuille a couches multiples selon une ou
plusieurs des revendications 3 a 13, dans lequel la-
dite configuration de surface tridimensionnelle est
formée par déformation par l'intermédiaire de gau-
frage dans lequel la couche gaufrée a été déformée
pour faire saillie vers I'extérieur a partir de la surface
de la couche d’origine.
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Fig. 5
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Fig. 11
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