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hygiene paper product

(57)  The present invention relates to a method of
manufacturing a hygiene paper product (1) comprising
the steps of providing a continuous paper web (12),
moving the continuous web (12) in the direction of its
longitudinal extension, applying a repetitive creative
structure relative to the longitudinal extension of the web
as a first pattern (3) to the web by means of a first roll
(16,17,18,19,20;33a,33b), applying a repetitive func-
tional structure relative to the longitudinal extension of
the web as a second pattern (2) to the web by means of
a second roll (22,23;25,26) wherein the method of man-
ufacturing of the present invention enables the first pat-
tern (3) to be in register with the second pattern (2) by
concurrently controlling the repetitive surface speed of
the continuous web (12) and the phasing between the
first roll (16,17,18,19,20;33a,33b) and the second roll
(22,23;25,26). Further, the present invention relates to
an apparatus (10,13,21,28,32) for conducting the meth-
od of manufacturing a hygiene paper product (1) ob-
tained by the method of the present invention, and to a
hygiene paper product (1) thus obtained.
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Description

Field of the Invention

[0001] The present invention relates to a method of
manufacture of hygiene paper products having a deco-
rative structure and a functional structure, as well as an
apparatus for such manufacture and the respective hy-
giene paper products.

[0002] A decorative structure in the sense of the
present invention includes any kind of treatment that im-
parts an aesthetically pleasing pattern to the hygiene
product. That is, the decorative structure is applied to
the hygiene product for design purposes. A typical dec-
oration element is a print on at least one surface of a
hygiene paper product.

[0003] In contrast, functional structures serve to im-
prove the properties of the hygiene paper product, that
is the functional structure may improve the product
thickness, absorbency, bulk softness, etc. A typical
functional element is embossing.

[0004] The hygiene paper product may be made of
tissue paper or a non-woven.

[0005] A tissue paper is defined as a soft absorbent
paper having a low basis weight. One generally selects
a basis weight of 8 to 30 g/m2, especially 10 to 25 g/m2
per ply. The total basis weight of multiple-ply tissue prod-
ucts is preferably equal to a maximum of 65 g/m2, more
preferably to a maximum of 50 g/m2. Its density is typi-
cally below 0.6 g/cm3, preferably below 0.30 g/cm3 and
more preferably between 0.08 and 0.20 g/cm3.

[0006] The production of tissue is distinguished from
paper production by the its extremely low basis weight
and its much higher tensile energy absorption index
(see DIN EN 12625-4 and DIN EN 12625-5). Paper and
tissue paper also differ in general with regard to the
modulus of elasticity that characterizes the stress-strain
properties of these planar products as a material param-
eter.

[0007] Atissue's high tensile energy absorption index
results from the outer or inner creping. The former is pro-
duced by compression of the paper web adhering to a
dry cylinder as a result of the action of a crepe doctor or
in the latter instance as a result of a difference in speed
between two wires ("fabrics"). This causes the still
moist, plastically deformable paper web to be internally
broken up by compression and shearing, thereby ren-
dering it more stretchable under load than an uncreped
paper.

[0008] Moist tissue paper webs are usually dried by
the so-called Yankee drying, the through air drying
(TAD) or the impulse drying method.

[0009] The fibers contained in the tissue paper are
mainly cellulosic fibres, such as pulp fibers from chem-
ical pulp (e.g. Kraft sulfite and sulfate pulps), mechani-
cal pulp (e.g. ground wood), thermo mechanical pulp,
chemo-mechanical pulp and/or chemo-thermo mechan-
ical pulp (CTMP). Pulps derived from both deciduous
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(hardwood) and coniferous (softwood) can be used. The
fibers may also be or include recycled fibers, which may
contain any or all of the above categories. The fibers
can be treated with additives - such as fillers, softeners,
such as quaternary ammonium compounds and bind-
ers, such as conventional dry-strength agents or wet-
strength agents used to facilitate the original paper mak-
ing or to adjust the properties thereof. The tissue paper
may also contain other types of fibers, e.g. regenerated
cellulosic fibres or synthetic fibers enhancing, for in-
stance, strength, absorption, smoothness or softness of
the paper.

[0010] Tissue paper may be converted to the final tis-
sue product in many ways, for example, by embossing
or laminating it into a multi-ply product, rolled or folded.
[0011] The term non-woven (ISO 9092, DIN EN
29092) is applied to a wide range of products which, in
terms of their properties, are located between those of
paper (cf. DIN 6730, May 1996) and cardboard (DIN
6730) on the one hand, and textiles on the other hand.
As regards non-woven a large number of extremely var-
ied production processes are used, such as the air-laid
and spun-laced techniques as well as wet-laid tech-
niques. The non- woven includes mats, non-woven fab-
rics and finished products made thereof. Non-wovens
may also be called textile-like composite materials,
which represent flexible porous fabrics that are not pro-
duced by the classic methods of weaving warp and weft
or by looping. In fact, non-wovens are produced by in-
tertwining, cohesive or adhesive bonding of fibres, or a
combination thereof. The non-woven material can be
formed of natural fibres, such as cellulose or cotton fi-
bres, but can also consist of synthetic fibres, such as
Polyethylene (PE), polypropylene (PP), polyurethane
(PU), polyester, nylon or regenerated cellulose, or a mix
of different fibres. The fibres may, for example, be
present in the form of endless fibres of pre-fabricated
fibres of a finite length, as synthetic fibres produced in
situ, or in the form of staple fibres. The nonwovens ac-
cording to the invention may thus consist of mixtures of
synthetic and cellulose fibrous material, e.g. natural
vegetable fibres (see 1ISO 9092, DIN EN 29092) .
[0012] Hygiene or wiping products primarily include
all kind of dry-creped tissue paper, wet-creped paper
and cellulose or pulp wadding or all kinds of nonwovens,
or combinations, laminates or mixtures thereof. Typical
properties of these hygiene and wiping products include
the ready ability to absorb tensile stress energy, their
drapability, good textile-like flexibility, properties which
are frequently referred to as bulk softness, a high sur-
face softness, and a high specific volume with a percep-
tible thickness. As high a liquid absorbency as possible
and, depending on the application, a suitable wet and
dry strength as well as an appealable visual appearance
of the outer product surface is desired. These proper-
ties, among others, allow these hygiene and wiping
products to be used, for example, as cleaning wipes
such as paper or non-woven wipes, windscreen clean-
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ing wipes, industrial wipes, kitchen paper, or the like; as
sanitary products such as for example toilet paper, pa-
per or non-woven handkerchiefs, household 'towels,
towels, and the like; as cosmetic wipes such as for ex-
ample facials and as serviettes or napkins, just to men-
tion some of the products that can be used. Further-
more, the hygiene and wiping products can be dry,
moist, wet or pre-treated in any manner. In addition, the
hygiene and wiping products may be folded, interleaved
or individually placed, stacked or rolled, connected or
not, in any suitable manner.

[0013] Due tothe above description, the products can
be used for personal and household use as well as com-
mercial and industrial use. They are adapted to absorb
fluids, for decorative purposes, for packaging or even
just as supporting material, as is common for example
in medical practices or in hospitals. In terms of their wide
variety, hygiene and wiping products are now consid-
ered to be everyday products.

Prior Art

[0014] In general, hygiene paper products are known
comprising a functional as well as a decorative struc-
ture. In particular, these hygiene paper products are
printed and then embossed. In an additional step, the
hygiene paper product, which is typically made in a con-
tinuous form, is cut to discreet lengths as desired so as
to form a single sheet or perforations are provided to
constitute a line of weakness that enables the consumer
to separate a single sheet from a plurality of sheets
which may be present in the form of a roll, e.g. a toilet
roll or a kitchen roll. Between the treatments, namely
printing, embossing and cutting/perforating there is gen-
erally no synchronization. That is, the functional or dec-
orative modifications of a continuous web during con-
verting depend on certain repeat rates, which are gen-
erally predetermined by the equipment used and, thus,
not the same.

[0015] For example, the repeat rate for the printing
decoration may be 378 mm, i.e., the printing decor
length is 378 mm and is repeated every 378 mm. How-
ever, the embossing pattern, for example, is repeated
every 30 mm. Consequently, the position of the print to
the embossing is different in every single sheet, as the
repeat rates of these treatments do not match. The
same occurs if the perforation repeat length (sheet
length) is also different, that is in the above example 250
mm. Thus, the position of the print and the embossing
is different on every sheet, as the perforation repeat
length also does not match the other repeat lengths.
This leads, as shown in Fig. 1, to print designs disturbed
by embossing and perforations everywhere in the de-
sign. One sheet 1 of the hygiene paper product includes
an embossed pattern 2 and printed pattern 3. Further,
the sheet 1 is cut or perforated along a separation line
4. Because the repeat rates of the three elements em-
bossing, printing and perforating do not match, e.g. the
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body of a printed animal interferes with the embossing
and is partly cut or intersected, respectively, by the sep-
aration line 4.

[0016] In order to improve the optical appearance of
the product, EP-A-0958112 discloses to synchronize or
register one of the functional structures or the decorative
structure with cutting or perforating. In this context, the
spatial relationship between one pattern and the lines
oftermination (i.e. the line that separates one sheet from
another either by means of a perforation or line of weak-
ness or cutting) are set by adjusting either the rate of
applying the pattern or the rate of applying the perfora-
tion or cutting, wherein the sheet is transported at a con-
stant velocity.

[0017] US-A-3,594,552 discloses a system and meth-
od for synchronizing single printing modules with each
other. All used printing cylinders are rotated in unison at
the same peripheral speed and the repeat rates of each
printing cylinder are the same. Any failure in the syn-
chronization is detected by a scanner detecting a refer-
ence mark on the web to be printed and, additionally, by
a rotary, digital encoder. If an error is detected, it is cor-
rected by means of a compensating device.

[0018] Thus, to enable two patterns to be in register,
a pattern size, i.e., the length in the direction of move-
ment of the web (in machine direction), needs to fit the
respective processes. In typical state of the art equip-
ment using a two-roll-combination, the pattern length of
printing or embossing is predetermined by the roll diam-
eters, roll circumferences or an integer number of the
circumferences, respectively. For example, a typical roll
circumference of a printing press is 756 mm. Conse-
quently, the pattern length predetermined by the roll cir-
cumference can be selected from 756, 378 or 252, etc.,
i.e. the circumference divided by an integer number will
define the repeat lengths. The maximum achievable re-
peat length is 756. The same considerations apply to
embossing, where an engraved steel embossing roll
with a certain diameter defines a maximum repeat
length and the feasible integer divisions. For example,
an embossing roll diameter of 530 mm having a circum-
ference of 1664 mm may be used.

[0019] In theory, the chosen repeat lengths of both
printing and embossing have to be identical to get a
matched printing/embossing decoration. With the afore-
mentioned roll dimensions, a print repeat of 75,6 mm
(10 repeats per revolution) would match and be in reg-
ister, respectively, with an embossing repeat of 75,6 (22
repeats perrevolution). However, such theory is only ap-
plicable if certain process parameters are neglected.
[0020] In particular, converting a material web re-
quires a web tension greater than 0 in order to pull the
web forward and to control web tracking. In addition, the
printing process, as well as the embossing process, re-
quires and creates web speed that matches roll surface
speeds. That is, there is no slip. Further, the web elon-
gation within the printing and embossing process varies.
Moreover, state of the art control systems control web
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tension, so that the stress-strain relation of the substrate
is varied. Especially in the case of a highly stretchable
tissue, this results in varying elongation at constant web
tension. Thus, a minimum error/difference in repeat
lengths or web elongation or speed will add up overtime.
For example, after 1000 repeats of the above example
with 75,6 mm, even a small difference of some microm-
eters will add up after less than two minutes. Fig. 2 sche-
matically illustrates such a mismatch, which is also
called "walking off pattern".

Summary of the Invention

[0021] Inview of the above, it is the technical problem
underlying the present invention to overcome the prob-
lems and theory of the prior art and to provide a method
of manufacturing a hygiene paper product, being im-
proved in its optical appearance in that the decorative
structure and the functional structure are in register, as
well as to provide an apparatus for such manufacture
and a respective hygiene paper product.

[0022] The technical problem is solved by the subject
matter defined in the independent claims. Further em-
bodiments may be taken from the dependent claims.
[0023] Accordingto the presentinvention, the method
of manufacturing a hygiene paper product comprises
the steps of providing a continuous paper web, moving
the continuous web in a direction of its longitudinal ex-
tension, applying a repetitive decorative structure rela-
tive to the longitudinal extension of the web as a first
pattern to the web by means of a first roll and applying
a repetitive functional structure relative to the longitudi-
nal extension of the web as a second pattern to the web
by means of a second roll. So as to register the first pat-
tern with the second pattern, that is, to phase the first
pattern and the second pattern with respect to each oth-
er to have the same repetitive spatial relationship rela-
tive to each other along the entire longitudinal extension
of the continuous web, the repetitive surface speed of
the continuous web and the phasing between the first
roll and the second roll are concurrently controlled. In
other words, e.g., the surface speed of the continuous
web in the first roll and/or the second roll can be con-
trolled.

[0024] Preferably, the printing and embossing proc-
esses are positioned close to each other; wherein either
the step of applying the decorative structure or the step
of applying the functional structure is conducted down-
stream of the other step as seen in the direction of move-
ment of the web. The downstream positioned process
is setup with a fixed overspeed (for example 2%) and
the equipment repeat rate (repeat length) of the two
processes, namely the upstream step and the down-
stream step, differ by a fixed ratio adapted to and de-
pending on the aforementioned overspeed. That is, the
repeat lengths predetermined by the equipment of the
two processes are chosen so that, under consideration
of the overspeed, both applied structures are in register.
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The adjustment of the step of applying the decorative
structure and the step of applying the functional struc-
ture so as to phase the first pattern and the second pat-
tern relative to each other along the entire longitudinal
extension of the continuous web, is performed by phase
shifting by means of, for example, a gearbox or a servo
drive.

[0025] Ina preferred embodiment, the web elongation
is controlled by an in-feed nip and an out-feed nip before
and after the step of applying the first pattern and/or the
step of applying the second pattern and relaxing the web
after it leaves the out-feed nip. In particular, two addi-
tional nip points before and after one of the two proc-
esses create a defined and adjustable web elongation
in this process and, thus, enable controlling of the sur-
face speed of the continuous web in the process. Pref-
erably, the nip point drives are coupled to the first or sec-
ond roll, respectively. Thus, the web speed in these nip
points is identical and the web passes the respective
process without a change in tension or elongation. The
web is relaxed after it leaves the out-feed nip. By this
arrangement, for example, a print design with 200 mm
repeat lengths on the printing roll can be printed on an
elongated web. With, for example, a 5% elongation, the
200 mm print design will shrink to about 190 mm on the
web after relaxation. This results in an adjustable repeat
length, although the printing equipment and process as
such are not adjustable. Consequently, within the con-
text of elastic elongation, the system can also be used
to correct a basic mismatch between the printing repeat
lengths and any other repeat lengths, for example, em-
bossing, perforation, etc. A typical range of adjustment
for a tissue product will be 0% to 20%, preferably 0% to
10% and most preferred 0% to 5%. For example, a 0%
to 5% range for a typical household towel will allow the
adjustment of repeat lengths between 0 mm and 12 mm.
By means of controlling the web elongation within one
step compared to another step, the surface speed of the
rollin the respective step can be controlled or influenced
indirectly, by controlling the surface speed of the contin-
uous web via the web elongation in the respective step.
[0026] Preferably, the method further comprises con-
trolling of the speed ratio between the step of applying
the first pattern and the step of applying the second pat-
tern and the phasing between the step of applying the
first pattern and the step of applying the second pattern
by a feedback control of the position of the continuous
web relative to a reference point. For example, a sensor,
e.g. acamera detects a reference mark, preferably print-
ed on the scrap part of the continuous web, and feeds
back the difference between the target distance and the
sensed distance between two marks. This signal can
then be used to automatically correct the speed ratio of
the drives of both processes. In addition, the correct
phasing between the two processes can be controlled
by this feedback control. Suitable feedback controls are
generally known to the person skilled in the art so that
a detailed description of same here is unnecessary.
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[0027] Preferably, the method further comprises the
step of repetitively perforating the continuous web trans-
verse to its longitudinal extension and controlling the
phasing between the perforating step and the step up-
stream of the perforating step, as seen in the direction
of movement of the web, by means of the sensor, so as
to phase perforations with the first pattern and/or the
second pattern such as to have the same repetitive spa-
tial relationship of the perforations relative to the first
and/or the second pattern along the entire longitudinal
extension of the continuous web. This method step is
necessary, for example, if a hygiene paper product is to
be produced that, as an end product, is present in the
form of a roll of a plurality of separable sheets. Such a
roll comprises a plurality of sheets separated by lines of
weakness such as perforations. For example, the roll
can have a total length of between 10 m and 20 m.
[0028] Preferably, the perforation of the continuous
web is phased in a controlled manner by a sensor signal
as described above as part of the feedback control. Per-
forating and cutting processes are rather uncritical in
terms of speed, and are typically operated at an over-
speed of 2% to 30% to achieve better sheer processes.
Due to the speed flexibility, an automatically controlled
phasing is sufficient to achieve a match of perforation to
print and/or embossing.

[0029] In a preferred embodiment, in the step of ap-
plying the first pattern, the continuous web is printed,
whereas in the step of applying the second pattern, the
web is embossed. In particular, printing imparts the dec-
orative structure, namely the design, whereas emboss-
ing imparts the functional structure, such as improving
product thickness, absorbency, bulk softness, etc.
[0030] Moreover, during the step of applying the first
pattern, a functional coating may be applied to the web.
Functional coatings can be, for example, abrasive coat-
ings to improve dry wiping capabilities of a towel. With
the process described above, functional coating spots
can be applied to defined areas of the product surface,
e.g. only the peaks or valleys of an embossed product.
[0031] An apparatus for manufacturing a hygiene pa-
per product comprises means for feeding a continuous
paper web, means for moving the continuous web in a
direction along its longitudinal extension, a first unit for
applying a first pattern and a repetitive decorative struc-
ture to the paper, the first unit having a first roll, a second
unit for applying a second pattern in a repetitive func-
tional structure to the paper web, the second unit having
a second roll. So as to phase the first pattern with re-
spect to the second pattern such that they have the
same repetitive spacial relationship relative to each oth-
er along the entire longitudinal extension of the contin-
uous web, the apparatus further comprises means for
concurrently controlling the surface speed of the contin-
uous web and phasing between the first roll and the sec-
ond roll.

[0032] Preferably, either the first unit or the second
unit is located downstream of the other, as seen in the
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direction of movement of the continuous web, wherein
both units are located close to each other. The down-
stream unit has a fixed surface overspeed, wherein a
repeat rate of the upstream unit to a repeat rate of the
downstream unit differs by a fixed ratio depending on
the fixed surface over-speed. That is, the repeat length
is selected or adjusted so as to theoretically enable
bringing into register of both patterns, taking into ac-
count the difference in surface speed resulting from the
overspeed. So as to phase the first pattern and the sec-
ond pattern relative to each other, the apparatus further
comprises means for phase shifting, wherein the means
for phase shifting connects the drives of the upstream
and the downstream units. The means for phase shifting
may be a gearbox or a servo drive.

[0033] In a preferred embodiment, the apparatus fur-
ther comprises two additional nip points, namely an in-
feed nip and an out-feed nip upstream and downstream
of one of the first or the second unit, as seen in the di-
rection of movement of the continuous web, wherein the
web is relaxed after leaving the out-feed nip. The nip
points may be constituted by a driven S-wrap and the
nip point drives may be coupled to the first or second
roll, respectively. By this arrangement, the elongation of
the web can be controlled within the respective unit be-
fore and after which the two nip points are located and,
thus, indirectly the surface speed of the continuous web.
[0034] Preferably, the apparatus further comprises a
feedback control of the position of the continuous web
relative to a reference point so as to control the speed
ratio between the first and second unit and/or the phas-
ing therebetween.

[0035] Preferably,inorderto produce a hygiene paper
product in the form of a roll having a plurality of separa-
ble sheets, the apparatus further comprises a perfora-
tion unit for repetitively perforating the continuous web
transverse to its longitudinal extension. The perforating
unit is provided downstream of the first and/or second
unit as seen in the direction of movement of the contin-
uous web. For phasing between the perforation unit and
the first and/or second unit a sensor is provided up-
stream of the perforating unit. The sensor may be part
of the aforementioned feedback control, which detects
a reference mark preferably printed on the scrap part of
the paper web, and feeds back the difference between
the target distance and the sensed distance between
the two marks. The signal is then used to automatically
control the phasing.

[0036] In a preferred embodiment, the first unit com-
prises a printing unit having a printing roll and the sec-
ond unit comprises an embossing unit having an em-
bossing roll.

[0037] The present invention further provides a prod-
uct obtained by the aforementioned method or in the
aforementioned apparatus.

[0038] The hygiene paper product of the present in-
vention preferably has the form of a continuous web and
comprises relative to the longitudinal web a first pattern
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with a repetitive decorative structure and a second pat-
tern with a repetitive functional structure. The first pat-
tern and/or the second pattern are positioned in a repet-
itive and adjustable position along the longitudinal ex-
tension of the web. That is, the respective pattern is re-
petitively positioned at a defined location on the web rel-
ative to a reference on the web such as, e.g., the perfo-
rations or the respective other pattern.

[0039] The inventive hygiene paper product has pref-
erably the form of a continuous web being presentin the
form of a roll and comprises a first pattern having a re-
petitive decorative structure relative to the longitudinal
extension of the web and the second pattern having a
repetitive functional structure relative to the longitudinal
extension of the web. The hygiene paper product is
characterized in that the first pattern and the second pat-
tern are registered or phased, respectively, with respect
to each other such that they have the same repetitive
spatial relationship relative to each other along the en-
tire longitudinal extension of the continuous web.
[0040] Preferably, the hygiene paper product com-
prises a plurality of sheets detachably formed by perfo-
rations repetitively extending transverse to the longitu-
dinal extension of the web, the perforations being reg-
istered or phased with respect to the first pattern and/or
the second pattern so as to have the same repetitive
spatial relationship relative to the first and/or the second
pattern along the entire longitudinal extension of the
continuous web.

[0041] For example, the first and the second patterns
may be stripes transverse to the longitudinal extension
of the web, wherein the first pattern and the second pat-
tern do not overlap.

[0042] Alternatively, the first pattern may surround the
second pattern and vice versa. For example, the first
pattern is substantially uniformly distributed over sub-
stantially all the surface of the hygiene paper product
and leaves a free space occupied by the second pattern.
[0043] Advantageously, the perforations do not inter-
sect the first pattern and/or the second pattern. If the
perforations are also in register with the first and second
patterns, itis possible to obtain a hygiene paper product
in which each sheet of a plurality of sheets, being sep-
arable by perforations, have the same visual appear-
ance.

[0044] In a preferred embodiment, the first pattern is
a printed pattern and the second pattern is an embossed
pattern.

[0045] The presentinvention provides a great flexibil-
ity with respect to the visual design of hygiene paper
products. With the present invention, it is possible to
match different treatments or patterns, so that at the
same time a hygiene paper product can be obtained
which has an improved visual appearance, still provides
the typical desired product characteristics and proper-
ties and which can easily be manufactured.
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Brief Description of the Drawings

[0046] The presentinvention is described and exem-
plified with reference to the accompanying drawings of
preferred embodiments, in which the same parts bear
the same reference numerals.

Fig. 1 shows one sheet of a hygiene paper product
according to the prior art.

Fig. 2 shows the occurrence of "walking off" pat-
terns in a continuous web of the prior art.

Fig. 3 is schematic view of a preferred embodiment
of an apparatus according to the present invention,
having a printing and an embossing unit.

Fig. 4 is a schematic view of a unit of the inventive
apparatus and having an in-feed nip and an out-
feed nip, wherein the speed/tension profile is also
shown.

Fig. 5 is an exemplary embodiment of one sheet of
a hygiene paper product according to the present
invention.

Fig. 6 shows an embodiment of a hygiene paper
product according to the present invention in the
form of a continuous web comprising a plurality of
sheets being separable by means of perforations.

Detail Description of the Invention

[0047] Fig. 3 is a schematic view of an apparatus ac-
cording to the present invention. The apparatus com-
prises an unwinder unit 10 for feeding a continuous pa-
per web to the respective step of manufacture. In the
unwinder unit 10 a parentroll 11 is unwound and fed into
the respective unitin the form of a continuous paper web
12. The parentrollis a large roll of paper to be converted
to multiple individual hygiene paper products in the form
of sheets or rolls. Different parent rolls have different
properties which effect the transport of the sheet
through the apparatus. For example, the amount of
stretch in the sheet as it travels through the apparatus
frequently varies greatly between parent rolls. As these
properties vary, so does the registration of the first pat-
tern with the second pattern and/or the perforation.
However, with the apparatus according to the present
invention, this problem can be avoided.

[0048] Inthe shown example, a continuous web is first
transported to a printing unit 13. Ahead of the printing
unit, i.e. upstream of the printing unit as seen in the di-
rection of movement of the web through the apparatus,
an in-feed nip 14 in the form of a S-wrap is located and
constituted by two rolls 14a, 14b. Beyond the printing
unit 13, i.e., downstream of the printing unit, an out-feed
nip 15 in the form of an S-wrap is located and also has
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two rolls 15a and 15b. The printing unit is located be-
tween the in-feed nip 14 and the out-feed nip 15 and
comprises four printing cylinders 16, 17, 18 and 19 and
one backing roll 20 for all four printing cylinders. As will
be apparent, the printing unit 13 is a four colour printing
unit and, thus, comprises the four printing cylinders.
However, other conventional printing unit arrangements
and with a different number of colors are also possible,
as is evident to the skilled person. In the drawing, the
continuous web is transported from the unwinder unit
10 to the printing unit 13, that is, the continuous web 12
moves from the left to the right as seen in the drawing.
Consequently, as seen in the direction of movement of
the continuous web 12, the in-feed nip 14 is located up-
stream of the printing unit and the out-feed nip 15 is lo-
cated downstream of the printing unit.

[0049] After leaving the out-feed nip 15, the web is
transported to the embossing unit 21. The embossing
unit 21 comprises an embossing roll 22 and a respective
backing roll 23. A sensor 24, which is part of a feedback
control (not shown) is located above one surface of the
web. The sensor 24 is located upstream of the emboss-
ing cylinder 22 as seen in the direction of movement of
the web 12. The sensor 24 is capable of detecting a ref-
erence mark printed on the paper web, preferably by the
printing unit 13 and, more preferably, on a scrap part of
the web 12, which is cut to form in a later step. The feed-
back control calculates the difference between the tar-
get distance and the sensed distance between two ref-
erence marks on the paper web 12. Based on this signal,
the speed ratio of the drive of the printing cylinders 16,
17, 18, 19 and the embossing cylinder 22 is adjusted, if
required, to correct any deviations. Furthermore, the
drives of the embossing cylinder 22 and the printing cyl-
inder 16, 17, 18, 19 are connected via a gearbox or a
master-slave servo drive.

[0050] As becomes apparent, the embossing unit 21
comprises a second embossing roll 25 and a second
backing roll 26. For example, a second continuous web
27 may be fed to the embossing unit to be embossed
and then laminated to the first continuous web 12 so as
to enable the manufacture of a multi-ply paper product.
Naturally, alternative arrangements of the embossing
unit may be used and are well-known to the skilled per-
son.

[0051] After embossing, the paper web is transported
to a perforating unit 28 comprising a perforating roll 29
and a backing roll 30. An additional nip point 31, com-
prising two rolls 31a and 31b may be located upstream
of the perforating unit 28. After perforation has been per-
formed, the continuous web 12, or if two webs are lam-
inated, the multi-ply web 27 is rewound by a rewinder
unit 32. Thus, the end product can be provided in roll
form such as for toilet paper rolls or a kitchen towel rolls.
Alternatively, instead of the perforation unit, a cutting
unit could be provided. In this case, the end product has
the form of a single sheet such as, for example, napkins.
[0052] Referring now to Fig. 4, this schematically
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shows the arrangement of an in-feed nip 14 and an out-
feed nip 15 enclosing only one printing nip 33. The print-
ing nip 33 is defined by a printing roll 33a and a backing
roll 33b. The drive of all three nips 14, 15 and 33 are
coupled and the web speed in these nip points is iden-
tical so that the web passes the process without a
change in its tension or elongation. After leaving the out-
feed nip 15, the web is relaxed.

[0053] As may be taken from the corresponding
speed/tension profile shown in Fig. 4, a print design hav-
ing, for example, 200 mm repeat lengths on the printing
cylinders can be printed on an elongated web. The web
is elongated between the in-feed nip and the out-feed
nip and, after leaving the out-feed nip, itis again relaxed.
With an elongation of 5%, the 200 mm print design,
which is printed onto the so elongated web, will shrink
to about 190 mm on the web after leaving the out-feed
nip 15. Thus, within the context of elastic elongation, the
system can also be used to correct a basic mismatch
between printing repeat lengths and any other repeat
lengths, such as in the preferred embodiment with em-
bossing and/or perforating. A typical range of adjust-
ment for a tissue product will be between 0% and 20%.
As an example, a range of 0% to 5% for a typical house-
hold towel will allow the adjustment of a repeat length
by between 0 mm and 12 mm. The elongation of the
web 12 is adjusted by the drives of the respective nip
points. The arrow 34 indicates the direction of move-
ment of the web 12.

[0054] In Fig. 5, one sheet of either a hygiene paper
product in the form of a continuous web in roll form, or
of a hygiene paper product being constituted by the
sheet as such, is shown. The sheet 1 comprises a func-
tional embossed pattern 2 and decorative printed pat-
tern 3. As becomes apparent from Fig. 5, the pattern 2
and the pattern 3 are in register, that is both patterns
match each other or are phased relative to each other.
Further, the sheet is separated by cutting at the separa-
tion line 4 to provide perforations. Consequently, the
presentinvention enables to repetitively produce sheets
that have an embossed pattern 2 and a printed pattern
3 which are phased relative to each other such that it is
possible to produce a plurality of sheets having repeti-
tively the same spatial relationship of patterns relative
to each other. In particular, the present invention ena-
bles to produce hygiene paper products in the form of a
roll comprising a plurality of sheets being separated by
perforations 4 transverse to the longitudinal extension
of the web constituting the roll, wherein each sheet has
the same spatial relationship between the embossed
pattern 2 and the printed pattern 3 and wherein the per-
forations are made such that those patterns 2 and 3 re-
petitively have the same spatial relationship on the sur-
face of a single sheet.

[0055] The aforementioned explanation becomes
even more apparent from Fig. 6.

[0056] The operation of the apparatus according to
the present invention will be described in more detail in
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the following. As becomes apparent from Fig. 3, the
printing and embossing processes are positioned close
to each other. As mentioned above, the drives of the
printing unit, as well as the embossing unit, are connect-
ed by means of a phase shifting gearbox or electroni-
cally via master/slave servo drives. The embossing
process is set-up with a fixed over-speed of, for exam-
ple, 2%. That is, the surface speed of the embossing roll
and the backing roll 23 and 22 is set-up with fixed over-
speed. Further, the equipment repeat pattern of the two
processes, that is, the repeat length of the printing proc-
ess and the repeat length of the embossing process, dif-
fer by a fixed ratio adapted to the aforementioned over-
speed. That is, the print repeat does not match the em-
bossing repeat but both rates are adjusted with respect
to the surface over-speed of the respective rolls. Fur-
ther, the adjustment of the printing to the embossing pat-
tern is performed by phase shifting via the gearbox or
the servo drive.

[0057] The fixed speed ratio goes along with a fixed
web tension, the latter of which is not adjustable. How-
ever, different product specifications and raw materials,
which are incorporated by means of the parent roll 11,
require different web tensions for optimum product qual-
ity and trouble-free operation. Further, the fixed ratio al-
so defines the repeat length difference between the
printing and the embossing, as mentioned above. Nev-
ertheless, any mistake in the repeat length will lead to
"walking off"-patterns shown in Fig. 2. As it is difficult to
exactly define the repeat lengths of a typical steel to rub-
ber embossing unit, further adjustment is achieved ac-
cording to the present invention by two additional nip
points 14 and 15 arranged before and after the printing
process. As become apparent from Fig. 3, the continu-
ous paper web is fed to the printing unit 13 and enters
an in-feed nip 14, runs through printing nips defined by
the printing cylinders 16, 17, 18 and 19 and the backing
roll 20, and then leaves the printing unit 13 via the out-
feed nip 15. Between both the nips 14 and 15, the web
elongations can be controlled so as to adjust the repeat
length of the printing and the embossing processes. In
fact, as mentioned above, by elongating the web 12
within the printing process, the repeat length of printing
can be adjusted without adjusting the actual repeat
length predetermined by the equipment, namely, the cir-
cumference of the printing rolls and the respective se-
lection of the repeat lengths. For example, the print de-
sign with 200 mm lengths on the printing chlichés, that
is the repeat lengths predetermined by the equipment,
can be printed on an elongated web with an elongation
of 5% of the web compared to its un-extended state such
that the print design will shrink to about 190 mm on the
web after relaxation, that is after the web 12 leaves the
out-feed nip 15. The web elongation is adjusted by the
drives of the nip points 14, 15 and 33, which are coupled.
[0058] Furthermore, during the printing process, aref-
erence marks are printed at a predetermined spacing
on the paper web. A sensor 24 detects the reference
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marks and the feedback control compares a target spac-
ing to a sensed distance between two reference marks.
Based on this signal, the speed ratios of the drives of
the printing unit and the embossing unit are automati-
cally corrected to ensure the desired phasing between
the two patterns. By means of this feedback control, the
correct elongation of the web in printing and embossing
as well as phasing between the printing and the em-
bossing can be automatically corrected and controlled.
[0059] Also the perforation of the tissue web is phase-
controlled by the aforementioned sensor signal. Perfo-
rating and cutting processes are rather uncritical in
terms of speed, wherein typical systems operate at an
over-speed of 2% to 20% to achieve better sheer
processing. Due to this speed flexibility, an automatical-
ly controlled phasing is sufficient to achieve a match of
the perforation to the printing and/or embossing. That
is, due to the signal received from the sensor and the
feedback control, the speed of the perforating unit is
merely adjusted so as to match the printing and/or the
embossing.

[0060] Although the present invention has been de-
scribed with reference to preferred embodiments, it is
apparent to the skilled person that various modifications
can be conducted without leaving the scope of the
present invention defined in the appended claims.

Claims

1. Method of manufacturing a hygiene paper product,

the method comprising the steps of

providing a continuous paper web,

moving the continuous web in a direction of
its longitudinal extension

applying a repetitive decorative structure rel-
ative to the longitudinal extension of the web as a
first pattern to the web by means of a first roll

applying a repetitive functional structure rela-
tive to the longitudinal extension of the web as a
second pattern to the web by means of a second roll
characterized by

concurrently controlling the repetitive surface
speed of the continuous web and the phasing be-
tween the firstroll and the second roll so as to phase
the first pattern and the second pattern with respect
to each other to have the same repetitive spatial re-
lationship relative to each other along the entire lon-
gitudinal extension of the continuous web.

2. Method according to claim 1, characterized by
conducting either the step of applying the decora-
tive structure or the step of applying the functional
structure downstream the other step as seen in the
direction of movement of the web, performing the
downstream step at a fixed surface overspeed of
the respective roll, a repeat rate of the upstream
step relative to a repeat rate of the downstream step
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differing by a fixed ratio depending on the over-
speed, and phasing the first pattern and the second
pattern relative to each other along the entire longi-
tudinal extension of the continuous web by phase
shifting.

Method according to claim 1 or 2, characterized by
controlling web elongation by an infeed nip and an
outfeed nip before and after the step of applying the
first pattern and/or the step of applying the second
pattern and relaxing the web after it leaves the out-
feed nip.

Method according to claim 3, characterized by
elongating the web within a range of between 0%
and 20% of the longitudinal extension of the web in
its un-tensioned state.

Method according to any one of the preceding
claims, characterized by controlling the speed ra-
tio between the step of applying the first pattern and
the step of applying the second pattern and the
phasing between the step of applying the first pat-
tern and the step of applying the second pattern by
a feedback control of the position of the continuous
web relative to a reference point.

Method according to any one of the preceding
claims, characterized by repetitively perforating
the continuous web transverse to its longitudinal ex-
tension and controlling the phasing between the
perforating step and the step upstream of the per-
forating step as seen in the direction of movement
of the web by means of a sensor, so as to phase
the perforations with the first pattern and/or the sec-
ond pattern such as to have the same repetitive
spatial relationship of the perforations relative to the
first and/or the second pattern along the entire lon-
gitudinal extension of the continuous web.

Method according to any one of the preceding
claims, characterized by printing the web in the
step of applying the first pattern and embossing the
web step of applying the second pattern.

Method according to any one of the preceding
claims, characterized by applying a functional
coating to the web during the step of applying the
first pattern.

Apparatus for manufacturing a hygiene paper prod-
uct, comprising

means for feeding a continuous paper web,

means for moving the continuous web in a di-
rection along its longitudinal extension;

a first unit for applying a first pattern in a re-
petitive decorative structure to the paper web, the
first unit having a first roll;
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10.

1.

12.

13.

14.

15.

a second unit for applying a second pattern in
a repetitive functional structure to the paper web,
the second unit having a second roll;
characterized by

means for concurrently controlling the surface
speed of the continuous web and phasing between
the first roll and the second roll so as to phase the
first pattern with respect to the second pattern such
that they have the same repetitive spatial relation-
ship relative to each other along the entire longitu-
dinal extension of the continuous web.

Apparatus according to claim 9, wherein either the
first unit or the second unit is located downstream
of the other as seen in the direction of movement of
the continuous web, and the downstream unit has
a fixed surface overspeed, a repeat rate of the up-
stream unit to a repeat rate of the downstream unit
differing by a fixed ratio depending on the fixed sur-
face overspeed, and wherein the apparatus further
comprises a means for phase shifting the first pat-
tern and the second pattern relative to each other,
the means for phase shifting connecting drives of
the upstream and the downstream unit.

Apparatus according to claim 9 or 10, character-
ized in that for controlling web elongation the ap-
paratus further comprises by an infeed nip and an
outfeed nip upstream and downstream of one of the
first unit or the second unit as seen in the direction
of movement of the continuous web, wherein the
web is relaxed after leaving the outfeed nip.

Apparatus according to any one of claims 9 to 11,
characterized in that the apparatus further com-
prises a feedback control of the position of the con-
tinuous web relative to a reference point for control-
ling the speed ratio between the first unit and the
second unit and/or the phasing therebetween.

Apparatus according to any one of claims 9 to 12,
characterized in that the apparatus further com-
prises a perforation unit for repetitively perforating
the continuous web transverse to its longitudinal ex-
tension, the perforating unit being provided down-
stream of the first and/or second unit as seen in the
direction of movement of the continuous web and a
sensor for controlling the phasing between the per-
forating unit and the first and/or second unit up-
stream the perforating unit.

Apparatus according to any one of claims 9 to 13,
wherein the first unit comprises a printing unit hav-
ing a printing roll and the second unit comprises an
embossing unit having an embossing roll.

Product obtained by a method according to any one
of claims 1 to 8.
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Hygiene paper product having the form of a contin-
uous web comprising a first pattern having a deco-
rative structure and/or a second pattern having a
functional structure relative to the longitudinal ex-
tension of the web, characterized in that the dec-
orative and/or functional structure are positioned in
a repetitive and adjustable position along the longi-
tudinal extension of the web.

Hygiene paper product according to claim 16,
wherein the first pattern and the second pattern are
phased with respect to each other such that they
have the same repetitive spatial relationship rela-
tive to each other along the entire longitudinal ex-
tension of the continuous web.

Hygiene paper product according to claim 16 or 17,
wherein the web comprises a plurality of sheets de-
tachably formed by repetitive perforations trans-
verse to the longitudinal extension of the web, the
perforations being phased with respect to the first
pattern and/or the second pattern such as to have
the same repetitive spatial relationship relative to
the first and/or second pattern along the entire lon-
gitudinal extension of the continuous web.

Hygiene paper product according to any one of
claims 15 to 18, wherein the first pattern and the
second pattern do not overlap.

Hygiene paper product according to claim 19,
wherein the first pattern is surrounded by the sec-
ond pattern.

Hygiene paper product according to claim 19,
wherein the second pattern is surrounded by the
first pattern.

Hygiene paper product according to any one of
claims 16 to 21 being dependent on claim 18,
wherein the perforations do not intersect the first
pattern and/or the second pattern.

Hygiene paper product according to any one of
claims 16 to 22, wherein the first pattern is a printed
pattern and the second pattern is an embossed pat-
tern.
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