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FOLDED WIPES

(57) The disclosure relates to a machine (100) con-
figured to produce stacks of folded pop-up wipes (192)
from material (110), wherein the material (110) is thread-
ed along a path (112) through the machine (100), the
machine comprising: a holder (111) of the section of ma-
terial (110), a first tension unit (160), a folding unit (180),
the folding unit (180) comprising: two or more folding roll-
ers (350, 360) configured to receive a section of the ma-
terial (110) and generate folded stacks of pop-up wipes
(192) having an adaptable format, wherein each folding
roller (350, 360) comprises: a hub (301, 302), wherein
the hub (301, 302) comprises one or more grippers (331,
332, 341, 342) configured to grip and release the material
(110), and one or more infeed plates (321, 322, 323, 324)
configured to feed the tissue (110) to respective grippers
(331, 332, 341, 342) of the other roller, wherein positions
of the one or more infeed plates (321, 322, 323, 324) are
configured to be adjustable in relation to positions of the
respective grippers (331, 332, 341, 342), wherein dis-
tances between the grippers and the respective infeed
plates adapts a width (w) of the produced stacks of wipes
(192), a control unit (CU) communicatively coupled to at
least the first tension unit (160) and the folding unit (180),
the control unit (CU) comprising a processor, and a mem-
ory, said memory containing instructions executable by
said processor, wherein the material (110) is threaded
along a path (112) through the machine (100) via at least
the first tension unit (160) and the folding unit (180),
wherein executing the instructions by the control unit
(CU) causes the control unit (CU) to control the machine

to perform the method herein.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a folding unit
and a machine configured to produce stacks of folded
wipes.

BACKGROUND

[0002] The term wipes generally refer to dispensable
articles used to clean objects. Typical applications are
human hygiene, household cleaning and medical appli-
cations, e.g., for disinfecting surfaces.
[0003] Wipes may be made from a variety of materials,
which can be dry or wet when used. Wipes are enclosed
by packaging, such as a container or similar, and the
wipes are typically stacked inside the container.
[0004] The stack may optionally be folded across/or-
thogonal to the length/path direction of the material or
folded both in the length direction of the material and
across/orthogonal to the length direction of the material.
Various folding patterns such as a V-folded, Z-folded, or
M-folded configuration is well known to those skilled in
the art.
[0005] Wipes intended for use when wet, referred to
as wet wipes, can be moistened with a variety of suitable
solutions.
[0006] Wipes may for various reasons be produced
with varying format and/or in a stack having varying for-
mats.
[0007] Stacks of wipes are typically produced by a ma-
chine that uses material, typically tissue/fabric, placed
on a roll and produces a stack of wipes in a desired for-
mat.
[0008] Some conventional solutions produce stacks of
wipes folded in one direction, interfolded, or not interfold-
ed, by subjecting the material to different operations in
separate material paths, one path for each wipe in a
stack. Examples of such operations are folding in the
length direction of the material, moisturizing the material
with a suitable solution, putting each lane on top of the
stack that is being made, if needed creating the interfold,
and finally cutting the complete stack in the required
length. An example of a machine having separate mate-
rial paths is shown in document US8097326B2.
[0009] Drawbacks of this type of conventional solu-
tions include a large footprint required to house the ma-
chine and that a large number of components need to be
replaced when reconfiguring the machine to produce dif-
ferent stack or wipe formats. In other words, changing
the desired specifications of the stacks/wipes are gener-
ally a complex procedure, and typically requires substan-
tial re-build and replacement of components in the ma-
chine. A further drawback is that producing stacks with
relatively narrow width may result in ply buildup. A further
drawback is that the number of wipes in a stack is limited
by the number of material holders, as each wipe in a

stack requires a separate material holder per material
path.
[0010] Other Conventional solutions produce stacks of
wipes folded in two directions (typically a direction in the
machine/path/length direction and a width direction/di-
rection orthogonal to the length direction) by subjecting
the material to different operations in a single path or
multiple single paths in parallel to increase capacity, the
single path of material is subjected to operations such
as: unrolling material, wetting material, longitudinal fold-
ing of material, cutting to individual wipes having a de-
sired length, held in place with a vacuum or tape and
folded in half with an inserter/infeed plate and gripper
and then stacked. The pile will therefore inevitably consist
of individual napkins that cannot be interfolded to provide
pop up functionality. An example is show in
US200317282A1.
[0011] Drawbacks of this type of conventional solu-
tions include inflexibility and restriction in supported for-
mats. In other words, changing the desired specifications
of the stacks/wipes are generally a complex procedure,
and typically requires substantial re-build and replace-
ment of components in the machine.
[0012] A further drawback with conventional solutions
is that different machines are used to produce wipes for
folding in a single or to produce wipes for folding in mul-
tiple directions.
[0013] Thus, there is a need for an improved folding
unit and machine to produce stacks of folded wipes.

OBJECTS OF THE INVENTION

[0014] An objective of embodiments of the present in-
vention is to provide a solution which mitigates or solves
the drawbacks described above.

SUMMARY

[0015] The above objective is achieved by the subject
matter described herein. Further advantageous imple-
mentation forms of the invention are described herein.
[0016] According to a first aspect of the invention, the
object of the invention is achieved by a machine config-
ured to produce stacks of folded wipes from material.
The material is threaded along a path through the ma-
chine. The machine comprises a holder of the section of
material, a first tension unit and a folding unit. The folding
unit comprises two or more folding rollers configured to
receive a section of the material and generate folded
stacks of wipes having an adaptable format. Each folding
roller comprises a hub. The hub comprises one or more
grippers configured to grip and release the material, and
one or more infeed plates configured to feed the tissue
to the respective grippers of the other roller. Positions of
the one or more infeed plates are configured to be ad-
justable in relation to positions of the one or more grip-
pers, wherein distances between the one or more grip-
pers and respective one or more infeed plates adapts a
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width of the generated stacks of wipes.
[0017] The machine further comprises a control unit
communicatively coupled to at least the first tension unit
and the folding unit. The control unit comprises a proc-
essor, and a memory, said memory containing instruc-
tions executable by said processor. The material is
threaded along a path through the machine via at least
the first tension unit and the folding unit. The control unit
is further configured to control the folding unit to generate
stacks of wipes having an adaptable format by controlling
angular velocity of rollers comprised in the folding unit
dependent on predetermined characteristics.
[0018] In one embodiment, each of the produced
stacks of folded pop-up wipes comprise a continuous
web.
[0019] In one embodiment, the one or more infeed
plates are mounted on a surface module, wherein the
surface module is configured to be releasably attached
to the hub.
[0020] In one embodiment, the one or more infeed
plates are arranged as parts of the hub and are arranged
movable in relation to the respective one or more grip-
pers.
[0021] In one embodiment, each of the one or more
infeed plates are provided with a respective locking ar-
rangement configured to lock the respective infeed plates
in a position on the hub.
[0022] The advantage of this first aspect includes at
least that complexity is reduced when changing produc-
tion to stacks or wipes having a different format. A further
advantage is that single direction folded wipes and mul-
tiple direction folded wipes can be produced in the same
machine A further advantage is that multiple wipe formats
can be combined in one stack, e.g., a care pack. This is
e.g., useful when producing a "care pack" with different
wipes used in a cleaning operation. Yet a further advan-
tage is that flexibility is increased, and complexity is re-
duced when producing wipes different formats and/or
with different number of folding directions.
[0023] According to a second aspect of the invention
the object of the invention is achieved by a method for
producing pop-up wipes performed by a machine accord-
ing to the first aspect configured to produce stacks of
folded pop-up wipes from material, wherein the material
is threaded along a path through the machine, the method
comprising obtaining predetermined characteristics,
controlling rollers comprised in the folding unit dependent
on the predetermined characteristics.
[0024] In one embodiment, each of the produced
stacks of folded pop-up wipes comprise a continuous
web.
[0025] In one embodiment, the predetermined charac-
teristics comprises a selection of one or more of charac-
teristics of the rollers, characteristics of desired wipes
and characteristics of desired stacks.
[0026] In one embodiment, the rollers are controlled
between a maximum angular velocity and a minimum
angular velocity dependent on the characteristics of the

rollers.
[0027] In one embodiment, the characteristics of the
rollers are indicative of distances between grippers and
respective infeed plates, and the angular velocity is con-
trolled in proportion to the predetermined characteristics.
[0028] In one embodiment, controlling the angular ve-
locity in proportion to the predetermined characteristics
comprises determining that the first roller is synchronized
to the second roller, determining a first distance between
a gripper and a respective infeed plate of the first roller,
and determining a second distance between an infeed
plate and a respective gripper of the second roller, and
if the first distance is greater than the second distance,
controlling angular velocity of rollers comprises control-
ling the first roller to a relatively high angular velocity and
controlling the second roller to a relatively low angular
velocity, or if the first distance is smaller/less than the
second distance, controlling angular velocity of rollers
comprises controlling the first roller to a relatively low
angular velocity and controlling the second roller to a
relatively high angular velocity.
[0029] In one embodiment, controlling angular velocity
of rollers comprises controlling in a ramp-up phase and
a stationary phase, or controlling in a ramp-down and
stationary phase.
[0030] According to a third aspect of the invention, the
object of the invention is achieved by a stack of folded
pop-up wipes comprising continuous material in a length
direction of the material and using perforations, wherein
the stack of folded pop-up wipes uses the perforations
to delimit the wipes in the length direction, wherein the
material is folded in a direction orthogonal to the length
direction in alternating directions at a distance to form a
stack with a width (w) and a length (I).
[0031] In one embodiment, the distance between per-
forations seen in the length direction of the material is
uniform to produce wipes having a uniform format.
[0032] In one embodiment, the distance between per-
forations seen in the length direction of the material is
varying to produce wipes having varying formats, such
as in a care pack.
[0033] The scope of the invention is defined by the
claims, which are incorporated into this section by refer-
ence. Reference will be made to the appended sheets
of drawings that will first be described briefly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034]

Fig. 1 shows a machine according to one or more
embodiments of the present disclosure.

Fig. 2 shows the control unit communicatively cou-
pled to other units according to one or more embod-
iments of the present disclosure.

Fig. 3 illustrates details of a folding unit according to
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one or more embodiments of the present disclosure.

Fig. 4 illustrates further details of a folding unit pro-
vided with surface modules according to one or more
embodiments of the present disclosure.

Fig. 5 illustrates further details of a folding unit pro-
vided with movable infeed plates according to one
or more embodiments of the present disclosure.

Fig. 6A shows a side view of a stack of folded wipes
according to one or more embodiments of the
present disclosure.

Fig. 6B shows a top view of a stack of folded wipes
according to one or more embodiments of the
present disclosure.

Fig. 7 shows a control unit according to one or more
embodiments of the present disclosure.

Fig. 8A-D shows control of rollers in a folding unit
according to one or more embodiments of the
present disclosure.

Fig. 9 schematically illustrates control of rollers ac-
cording to one or more embodiments of the present
disclosure.

Fig. 10A illustrates a V-folding pattern.

Fig. 10B illustrates a Z-folding pattern.

Fig. 10C illustrates a M-folding pattern.

Fig. 11 illustrates a stack comprising wipes having
multiple formats.

Fig 12 shows a flowchart for a method according to
one or more embodiments of the present disclosure.

[0035] A more complete understanding of embodi-
ments of the invention will be afforded to those skilled in
the art, as well as a realization of additional advantages
thereof, by a consideration of the following detailed de-
scription of one or more embodiments. It should be ap-
preciated that like reference numerals are used to identify
like elements illustrated in one or more of the figures.

DETAILED DESCRIPTION

[0036] The present disclosure relates to wipes, in par-
ticular wipes configured for single handed, one at a time
dispensing, often referred to as "pop-up" dispensing. In
other words, when a user pulls one wipe from its pack-
aging or container, the next wipe pops up and is readily
available to grab when the user so desires.
[0037] Generally, all terms used herein are to be inter-

preted according to their ordinary meaning in the relevant
technical field, unless a different meaning is clearly given
and/or is implied from the context in which it is used. All
references to a/an/the element, apparatus, component,
means, step, etc. are to be interpreted openly as referring
to at least one instance of the element, apparatus, com-
ponent, means, step, etc., unless explicitly stated other-
wise. The steps of any methods disclosed herein do not
have to be performed in the exact order disclosed, unless
a step is explicitly described as following or preceding
another step and/or where it is implicit that a step must
follow or precede another step. Any feature of any of the
embodiments disclosed herein may be applied to any
other embodiment, wherever appropriate. Likewise, any
advantage of any of the embodiments may apply to any
other embodiments, and vice versa. Other objectives,
features and advantages of the enclosed embodiments
will be apparent from the following description.
[0038] An "or" in this description and the corresponding
claims is to be understood as a mathematical OR which
covers "and" and "or", and is not to be understand as an
XOR (exclusive OR). The indefinite article "a" in this dis-
closure and claims is not limited to "one" and can also
be understood as "one or more," i.e., plural.
[0039] In the present disclosure the term "wipe" de-
notes dispensable articles used to clean objects. More
specifically a dispensable cloth for use in dry or wet con-
dition. The wipe is made from a suitable material, such
as a fabric, web, weave, tissue, material, or woof depend-
ing on the application. Typical applications are human
hygiene, household cleaning and medical applications,
e.g., for disinfecting surfaces. Wipes are enclosed by
packaging, such as a container or similar, and the wipes
are typically stacked inside the container.
[0040] Wipes may further be configured for single
handed, one at a time dispensing, often referred to as
"pop-up" dispensing. In other words, when a user pulls
one wipe from its packaging or container, the next wipe
pops up and is readily available to grab when the user
so desires, hence referred to as a pop-up wipe. This form
of stacking is particularly desirable for applications where
a first hand of the user is typically required to be simul-
taneously used for other functions. Some conventional
solutions use interfolded configuration to get pop-up
functionality, with the wipes interfolded with other wipes
in the stack immediately above and immediately below.
In other words, separate wipes are stacked on top of
each other, and interfolded to pull the next wipe out when
the wipe is dispensed.
[0041] Alternatively, wipes are placed in the container
in the form of a continuous web of material, such as folded
wipes or a roll with perforations in the material.
[0042] Such a continuous web of material using perfo-
rations to define the wipes may be placed in a container
and form folded pop-up wipes. Wipes provided with pop-
up functionality is referred to as pop-up wipes or simply
wipes herein.
[0043] In the present disclosure the term "stack of fold-
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ed wipes" denotes a plurality of wipes placed on top of
each other in an aligned manner. Adjacent wipes are
separated with perforations in the material.
[0044] In particular, the present disclosure relates to
stacks of folded wipes comprising continuous material,
such as a continuous web. The continuous material is
separated into wipes by perforations, as further de-
scribed in relation to Fig. 6A-B and Fig .10A-C.
[0045] The stack may optionally be folded across/or-
thogonal to the length direction of the material or folded
both in the length direction of the material and across/or-
thogonal to the length direction of the material. Various
folding patterns such as a V-folded, Z-folded configura-
tion are well known to those skilled in the art.
[0046] Fig .11A-C illustrates stacks of folded wipes
comprising continuous material, such as a continuous
web using perforations to delimit/define wipes in the
stack. The continuous material can later be separated
into wipes by a user by breaking the perforations, E.g.,
using a quick pulling motion.
[0047] In the present disclosure the term "folding unit"
denotes a unit or arrangement configured to fold material,
in particular fabric or tissue. In other words, a unit or ar-
rangement configured to receive material and fold the
material in a folding pattern in the length direction of the
material and/or in a direction across the length direc-
tion/orthogonal to the length direction. Various folding
patterns such as V-folded, Z-folded, or M-folded config-
uration are well known to those skilled in the art.
[0048] The present disclosure relates to a folding unit
and a machine for producing wipes, in particular pop-up
wipes. In particular, a folding unit and a machine provid-
ing increased flexibility and reduced complexity when
producing wipes or stacks of different formats and/or with
different folding directions.
[0049] Some conventional machines available today
configured to produce pop-up wipes typically require a
separate path of material through the machine for each
wipe in a stack, and each path needs to be re-built to
support production of stacks/wipes having a different for-
mat and/or a different folding direction. This typically re-
lates to machines producing wipes with a single folding
direction and having capability to produce wipes in inter-
fold configuration.
[0050] Alternatively, conventional solutions achieve a
popup effect for the wipes by applying a single direction
fold/interfold technique. However, this solution has the
disadvantage that configurations of wipes having multi-
ple folding directions are excluded.
[0051] The present disclosure overcomes the disad-
vantages above by providing a folding unit and a machine
that can produce wipes, such as pop-up wipes, with dif-
ferent formats and/or folding directions using a single
path of material and produce the stack or wipes in the
same machine.
[0052] The present disclosure achieves this by provid-
ing a folding unit having adaptable distance, along an
outer surface of a respective roller, between grippers and

infeed plates.
[0053] A further advantage is that stacks of wipes using
different formats can be produced.
[0054] The disclosed machine is further capable of
adapting the format of a stack of produced wipes by
adapting distances between grippers and infeed plates.
This is achieved by providing adjustable distances be-
tween grippers and infeed plates together with adaptable
control of the folding unit. This has the advantage of pro-
viding increased flexibility and reduced complexity when
producing wipes or stacks of different formats and/or with
different number of folding directions.
[0055] In one example, the width w of the stack may
be adapted by fitting different surface modules to rollers
of the folding unit and adapting control of the actuators
depending on the fitted surface module.
[0056] In a further example, the length of wipes is
adapted by adapting distances between perforations in
the length direction of the material.
[0057] Fig. 1 shows a machine 100 according to one
or more embodiments of the present disclosure. The ma-
chine 100 is configured to produce stacks of folded wipes
192 from material, e.g., fabric.
[0058] The machine optionally comprises a holder 111
configured to hold the material. In one example, the ma-
terial is rolled up on a roll, and the holder 111 is configured
to hold the roll of material and rotate the roll of material
at a target material velocity and/or target angular velocity.
The material 110 typically has a rectangular form having
a length, and an associated length direction from one
end, along the length of the rectangular form to a second
end e.g., in the form of a sheet of fabric rolled onto the
roll. The material 110 further has a width and a width
direction across/orthogonal to the length direction of the
material. The material 110 further has a thickness sub-
stantially smaller than the length and the width of the
material 110.
[0059] The machine comprises at least a first tension
unit 160, an optional perforation unit 170 and a folding
unit 180.
[0060] The material or at least a section of the material
110 is threaded along a path 112 through the machine
100. The path e.g., runs via at least the first tension unit
160 and the folding unit 180.
[0061] The first tension unit 160 is configured to adapt
tension of the material 110 in a section of the path 712.
In other words, as the path or material path 112 runs
through the first tension unit 160 the tension of the ma-
terial along a section 712 the path 112 may be adapted
to a desired target tension of the material.
[0062] In one example, the first tension unit 160 com-
prises two rollers between which the path of material pass
between. The material may optionally be subjected to a
particular force by the two rollers, resulting in a friction
between the rollers and the material. At least one of the
rollers is provided with controllable actuators, such as
servo motors, by which rotational position and/or angular
velocity and/or material velocity and/or force between
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rollers may be controlled.
[0063] The folding unit 180 is configured to receive the
material 110, e.g., via an inlet, and to fold the material
and to form the folded wipes 191. The wipes are folded
in a direction across/orthogonal to the length direction of
the material. In other words, the folding unit 180 folds the
material in the width direction of the material. After folding
of the material 110 by the folding unit 180, folded wipes
191 are formed, e.g., at an outlet. The material is folded
in alternating directions effectively forming a zig-zag pat-
tern, when seen from the side of the stack or in a direction
orthogonal to the length direction of the material. This
zig-zag pattern is further described in Fig. 6 AB and Fig.
10A-C. Optionally, the folded wipes 191 are separated
every number N wipes and forms stacks of folded wipes
192.
[0064] In other words, the continuous material, e.g., a
continuous web, in the formed folded wipes 191 is sep-
arated at a perforation to form a stack comprising a
number N wipes, where the N wipes are connected by
perforations.
[0065] In one example, the folding unit 180 comprises
two rollers between which the path of material passes
between. Each roller alternatively grips and folds the ma-
terial and form the folded wipes 191. The folding unit 180
is further described in relation to Fig. 3. As mentioned,
the material is folded in alternating directions effectively
forming a zig-zag pattern as further described in Fig. 6AB
and Fig. 11A-C. Each of the rollers in the folding unit 180
are provided with controllable actuators, such as servo
motors, by which any of gripping of material, rotational
position, angular velocity, and material velocity may be
controlled. Rotational position, angular velocity and dis-
tance between rollers are typically defined in relation to
a length/center axis (not shown) of a respective roller.
Rotational position defines rotational positions around
the length/center axis. Angular velocity defines velocity
of a rotation around the axis.
[0066] The machine 100 further comprises a control
unit CU communicatively coupled to at least the first ten-
sion unit 160, optionally the perforation unit 170 and the
folding unit 180. The control unit CU is further described
in relation to Fig. 2. and Fig. 7. The control unit CU is
configured to control the machine 100 to produce folded
wipes 191 and/or stacked folded wipes 192 by individu-
ally controlling tension of material 110 along one or more
sections of the path.
[0067] In one example, the first tension unit 160and
the folding unit 180 are provided with actuators, and the
actuators are individually controlled by the control unit
CU, e.g., controlling rotational position and/or material
velocity, and angular velocity of rollers along one or more
sections of the path.
[0068] The machine 100 further optionally comprises
a moisturizing unit 150 configured to moisturize or wet
the material 110 with a suitable solution depending on
the application. The solution may be any solution which
can be absorbed into the wipes, thus making them "wet

wipes." The wipes can in principle be moistened at any
time before the wipes are actually used by the consumer.
They can be moistened sometime during the manufac-
turing process before or contemporaneous with the plu-
rality of wipes being sealed in a container, dispenser, or
other packaging for next use by a user. The solution con-
tained within the wet wipes can include any suitable com-
ponents which provide the desired wiping properties. For
example, the components can include water, disinfect-
ants, emollients, surfactants, preservatives, chelating
agents, pH buffers, fragrances, or combinations thereof.
The solution can also contain lotions, ointments and/or
medicaments.
[0069] The machine 100 further optionally comprises
a second folding unit 140 configured to receive the ma-
terial 110 and fold the material in the length direction of
the material. After folding of the material 110 by the sec-
ond folding unit 140, the material is folded once or more
times along the length direction of the material. This may
include V-folded, Z-folded, or M-folded configuration in
the length direction of the material, as is well known to
those skilled in the art. Any suitable folding format may
be considered.
[0070] As mentioned, the material is folded in alternat-
ing directions effectively forming a zig-zag pattern as fur-
ther described in Fig. 6AB and Fig. 11A-C.
[0071] The machine 100 further optionally comprises
a second tension unit 130 which is configured to adapt
tension of the material. In other words, as the path or
material path 112 runs through the second tension unit
130 the tension of the material along the path 112 or
sections of the path 712 may be adapted to a desired
target tension of the material. In one example, the second
tension unit 130 comprises two rollers between which
the path of material pass between. At least one of the
rollers are provided with controllable actuators, such as
servo motors, by which rotational position and/or angular
velocity may be controlled. By controlling the angular ve-
locity and/or the material velocity, the tension in a section
of the path 712 located before the second tension unit
130 may be adapted.
[0072] The machine 100 further optionally comprises
a feed control unit 120 which is configured to measure
tension of the material along a section of the path be-
tween the holder 111 and the feed control unit 120. The
feed control unit 120 then sends a control signal to the
control unit CU and/or the holder 111 indicating the ten-
sion. The control unit CU typically then sends a control
signal to the holder 111 indicative of a feed rate resulting
in a desired tension of the material along the path be-
tween the holder 111 and the feed control unit 120. In
other words, as the path or material path 112 runs through
the feed control unit 120 the tension of the material along
the path 112 is measured and used to control the material
feed rate of the holder 111 in proportion to the measured
tension.
[0073] The machine 100 further optionally comprises
a wipe stacking unit 190 configured to produce stacked
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folded wipes 192 from folded wipes 191. In other words,
the wipe stacking unit 190 is configured to receive the
folded wipes 191.
[0074] In one example, the path or material path is pro-
vided with multiple perforations, where sections of the
material between the perforations form wipes. In other
words, the wipes are coupled with perforations or strings
of material remaining after perforation by the perforation
unit 170 and then fed to the folding unit 180. The wipe
stacking unit 190 receives the folded wipes still coupled
with perforations and generates one or more stacks of
folded wipes 192.
[0075] The wipe stacking unit 190 is further optionally
configured to separate the folded wipes 191 every
number N of wipes and forms stacks of folded wipes 192.
[0076] In one example, this may be performed by a
mechanical arrangement capable of separating the ma-
terial at a perforation. E.g., a plate pushing on top of a
wipe in the folded wipes 191 to separate a generated
perforation and form a stack of folded wipes 192. Option-
ally, the stacks of folded wipes 192 are transported to a
packing unit configured to place each stack of folded
wipes in a desired container or packaging.
[0077] In one further example, this may further be per-
formed by controlling the relative speed of the material
through any of the units 110-170 located before the fold-
ing unit 180 and the relative speed of the material through
the folding unit 180. The number N wipes can then be
separated by breaking the perforation and separating the
folded wipes 191 to forms stacks of folded wipes 192.
This is further described in relation to Fig. 4A and 4B.
[0078] Optionally, the stacks of folded wipes 192 are
further transported to a packing unit configured to place
each stack of folded wipes in a desired container or pack-
aging.
[0079] In one embodiment, the CU is further commu-
nicatively coupled to the second tension unit 130 and/or
the second folding unit 140 and/or the moisturizing unit
150 and/or the stacking unit 190.
[0080] It is understood that the order of units 120-180
may vary without diverting from the present disclosure.
[0081] Fig. 2 shows the control unit CU communica-
tively coupled to other units according to one or more
embodiments of the present disclosure. The control unit
CU is configured to send or receive control signals S1-
S8 to/from the units 120-190 described in relation to Fig.
1. In other words, the units 120-190 may send information
to the control unit CU and receive information or com-
mands from the control unit CU.
[0082] In one example, the control unit CU controls roll-
ers comprised in the folding unit 180 by individually con-
trolling rotational position and/or material velocity and/or
angular velocity of rollers in the folding unit 180. Control
of rollers over time is further described in relation to Fig. 9.
[0083] The control unit CU is further described in rela-
tion to fig. 7.
[0084] In some aspects of the present disclosure, an
adaptable folding unit 180 is provided. Distances be-

tween grippers and respective infeed plates may be ad-
justed.
[0085] Fig. 3 illustrates details of a folding unit 180 ac-
cording to one or more embodiments of the present dis-
closure. Fig. 3 shows a side view of the folding unit 180,
without supports or frame holding the rollers for illustra-
tive purposes.
[0086] The folding unit 180 is configured to produce
wipes, or more precise stacks of folded wipes 192 from
the material 110. In one embodiment, the folding unit
comprises two or more folding rollers 350, 360 configured
to receive the material 110 and generate wipes or stacks
of wipes 192. Each folding roller 350, 360 comprises a
hub 301, 302, wherein the hub 301, 302 comprises one
or more grippers 331, 332, 341, 342 configured to grip
and release the material 110. Each hub 301, 302 rotates
around a respective center axis or longitudinal axis (not
shown) in a rotational direction RD1, RD2 illustrated by
the curved arrows. The folding unit further comprises one
or more infeed plates 321, 322, 323, 324 configured to
feed the material 110 to the one or more grippers 331,
332, 341, 342. In other words, the infeed plates of the
first roller 350 feeds the material 110 to respective grip-
pers on the second roller 360. E.g., infeed plate 321 of
the first roller 350 feeds material to a respective gripper
342 on the second roller 360. In a similar manner infeed
plate 323 of the second roller 360 feeds material to a
respective gripper 332 of the first roller 350. The respec-
tive gripper 331, 332, 341, 342 then typically holds the
material 110 during a certain rotation of the roller 350,
360, and then releases the material 110 at a determined
point or rotation of the respective roller 350, 360, e.g.,
before or at the time when the material is gripped by the
other roller. The gripper typically holds the material for
long enough to draw material corresponding to a desired
width w, as further described in relation to Fig. 6A and
Fig. 6B. Fig. 3 illustrates how a gripper 331 has released
the material 110.
[0087] As mentioned, the material is folded in alternat-
ing directions effectively forming a zig-zag pattern as fur-
ther described in Fig. 6A-B and Fig. 11A-C.
[0088] Optionally, each roller further comprises inter-
mediate elements 311-318 forming the outer surface on
which the material rests during rotation of the folding roll-
ers 350, 360.
[0089] In one example, a first infeed plate 322 on a first
roller 350 protrudes from the outer surface of the respec-
tive roller 350, and as the roller/s rotate, in a respective
rotational direction RD1, RD2. The first infeed plate 322
feeds/pushes the material 110 to a respective first gripper
341, which is controlled to grip the material 110. The roller
360 is then controlled to rotate a certain amount, corre-
sponding to or in proportion to the width w of the stack,
shown in relation to Fig. 6 and Fig. 6B. A second infeed
plate 323 on the second roller 360 protrudes from the
outer surface of the second roller, and as the roller/s ro-
tate the second infeed plate 323 feeds/pushes the ma-
terial 110 to a respective second gripper 332.
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[0090] In one embodiment, the rollers 350, 360 of the
folding unit 180 are provided with controllable actuators,
such as servo motors, by which rotational position and/or
angular velocity and/or material velocity and/or force be-
tween rollers may be controlled. The actuators may be
integrated with the supports or frame which holds the
rollers 350, 360, e.g., as a direct drive coupled to the
rollers 350, 360. Control of the actuators is further de-
scribed in relation to Fig. 8 and Fig. 9. Control of rollers
using actuators are well known in the art, an any suitable
drive system may be used, for example direct drive, belt
drive or chain drive.
[0091] In one preferred embodiment, an adaptable
folding unit 180 is provided and is configured to produce
folded wipes 191 and/or stacks of folded wipes 192 from
material 110. The folding unit 180 comprises:
two or more folding rollers 350, 360 configured to receive
a section of the material 110 and generate stacks of fold-
ed wipes 192 having an adaptable format. Each folding
roller 350, 360 comprises a hub 301, 302, wherein the
hub 301, 302 comprises one or more grippers 331, 332,
341, 342 configured to grip and release the material 110,
and one or more infeed plates 321, 322, 323, 324 con-
figured to feed the material 110 to the one or more grip-
pers 331, 332, 341, 342. Positions of the one or more
infeed plates 321, 322, 323, 324 are configured to be
adjustable in relation to positions of the one or more grip-
pers 331, 332, 341, 342, on the same roller 350, 360.
Distances D1, D2 between the one or more grippers 331,
332, 341, 342 and a respective one or more infeed plates
321, 322, 323, 324, adapts a width w of the generated
folded wipes 191 and/or stacks of wipes 192. In this con-
text the distance is calculated from a gripper to a respec-
tive infeed plate in the machine direction and/or path di-
rection.
[0092] By providing adaptable distances D1, D2 be-
tween the one or more grippers 331, 332, 341, 342 and
a respective one or more infeed plates 321, 322, 323,
324, the complexity of re-configuring the machine 100 to
different format of wipes is greatly reduced.
[0093] In other words, the present disclosure can ad-
just the distances D1, D2 between the one or more grip-
pers 331, 332, 341, 342 and a respective one or more
infeed plates 321, 322, 323, 324 to produce different for-
mats of stacks and/or the wipes comprised by the stack.
[0094] In one embodiment of the present disclosure
the machine is adapted to produce stacks of a different
format by attaching surface modules to the rollers 350,
360 and by adjusting the movement of the rollers 350,
360 depending on the configuration of the surface mod-
ules. The configuration of the surface modules may be
indicated by a user or detected by sensors, e.g., by de-
tecting a Radio-frequency identification, RFID, tag. This
effectively makes reconfiguration of the machine easier,
quicker, and cheaper than replacing entire rollers, there-
fore resulting in a smaller and more flexible machine.
[0095] In one embodiment of the present disclosure,
the distance between the one or more grippers 331, 332,

341, 342 and a respective one or more infeed plates 321,
322, 323, 324 are adapted by mounting selected surface
modules, where different surface modules have different
distances between the infeed plate and a respective grip-
per. The surface module can then be identified by the
control unit as described in the previous paragraph. The
control unit CU can then adapt control of the rollers 350,
360 based on and associated distance between the in-
feed plate and a respective gripper, e.g., derived from
the identity of the surface module.
[0096] In one embodiment, the distances D1, D2 be-
tween the one or more grippers 331, 332, 341, 342 and
a respective one or more infeed plates 321, 322, 323,
324 is adapted by switching or swapping between differ-
ent surface modules. Each surface module has a discrete
or fixed distance between the one or more infeed plates
321, 322, 323, 324 and a respective one or more grippers
331, 332, 341, 342.
[0097] Fig. 4 illustrates further details of a folding unit
180 provided with surface modules 410, 420 according
to one or more embodiments of the present disclosure.
In this embodiment, the one or more infeed plates 321,
322, 323, 324 and optionally the intermediate elements
311-318 are integrated into surface modules releasably
attached to a respective hub 301, 302.
[0098] Each hub 301, 302 of the folding unit 180 com-
prises one or more grippers 331, 332, 341, 342. The one
or more grippers 331, 332, 341, 342 are controlled by
actuators, e.g., mechanical actuators, electrical actua-
tors or pneumatical actuators. The actuators control the
one or more grippers 331, 332, 341, 342 between open
positions where the material is released, and closed po-
sitions where the material 110 is gripped.
[0099] Each hub 301, 302 of the folding unit 180 is
releasably attached to the one or more surface modules
410, 420 or vice versa. Each surface module 410, 420
comprises one or more one or more infeed plates 321,
322, 323, 324 and optionally also the intermediate ele-
ments 311-318 forming the outer surface of the rollers.
[0100] In one embodiment, the one or more infeed
plates 321, 322, 323, 324 are mounted on a surface mod-
ule 410, 420, wherein the surface module is configured
to be releasably attached to the hub 301, 302.
[0101] In other words, when the machine needs to be
reconfigured to produce stacks of a new format, the sur-
face modules 410, 420 are replaced and control of the
actuators is changed by which rotational position and/or
angular velocity of the rollers 350, 360 is adapted to the
new configuration of the machine. Control of the actua-
tors is further described in relation to Fig. 8 and Fig. 9.
[0102] In one embodiment of the present disclosure,
the machine is adapted by attaching different surface
modules or surface modules to the rollers 350, 360 and
by adjusting control of the movement of the rollers 350,
360 depending on the configuration of the surface mod-
ules. The configuration of the surface modules may be
indicated by a user or detected by sensors, e.g., by de-
tecting a Radio-frequency identification, RFID, tag. This
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effectively makes reconfiguration of the machine easier,
quicker, and cheaper than replacing entire rollers, there-
fore resulting a smaller and more flexible machine. The
configuration of the surface modules effectively adapts
the distance along the outer surface/along the path be-
tween infeed plates and grippers on the respective roller
350/360.
[0103] In one embodiment of the present disclosure,
the distance between the one or more grippers 331, 332,
341, 342 and a respective one or more infeed plates 321,
322, 323, 324 are adapted moving and/or locking infeed
plates and respective grippers to a desired position. In
other words, the distance between the one or more grip-
pers 331, 332, 341, 342 and a respective one or more
infeed plates 321, 322, 323, 324 can be adjusted contin-
uously.
[0104] Fig. 5 illustrates further details of a folding unit
180 provided with movable infeed plates 321, 322, 323,
324 according to one or more embodiments of the
present disclosure. In this embodiment, the one or more
infeed plates 321, 322, 323, 324 are arranged as parts
of the hub 301, 302 and are arranged movable in relation
to the respective one or more grippers 331, 332. In one
example, the infeed plates 321, 322, 323, 324 are mov-
able along the outer surface of the rollers 350, 360 and
around the center axis of the roller to allow the distance,
along the outer surface, between the infeed plates 321,
322, 323, 324 and respective grippers 331, 332, 341, 342
to match a desired width w of the wipes.
[0105] In one embodiment, each of the one or more
infeed plates 321, 322, 323, 324 are provided with a re-
spective locking arrangement configured to lock the re-
spective infeed plates in a position on the hub 301, 302.
The locking arrangement may e.g., be locking screws or
nuts locking the infeed plates 321, 322, 323, 324 to a
position. Any other suitable locking arrangement may be
used.
[0106] Each hub 301, 302 of the folding unit 180 com-
prises one or more grippers 331, 332, 341, 342. The one
or more grippers 331, 332, 341, 342 are controlled by
actuators, e.g., mechanical actuators, electrical actua-
tors or pneumatical actuators. The actuators control the
one or more grippers 331, 332, 341, 342 between open
positions and closed positions where the material is
gripped or released.
[0107] In Fig. 5 the bidirectional arrows illustrate how
the one or more infeed plates 321, 322, 323, 324 are
arranged movable along the outer surface in relation to
the respective one or more grippers 331, 332.
[0108] In other words, when the machine needs to be
reconfigured to produce wipes of a new format, the infeed
plates 321, 322, 323, 324 are moved to a desired position,
and control of the actuators is changed by which rota-
tional position and/or angular velocity of the rollers 350,
360 is adapted to the new configuration of the machine.
Control of the actuators is further described in relation to
Fig. 8 and Fig. 9.
[0109] The configuration of the surface modules may

be indicated by a user or detected by sensors. This ef-
fectively makes reconfiguration of the machine easier,
quicker, and cheaper than replacing entire rollers, there-
fore resulting in a smaller and more flexible machine.
[0110] Fig. 6A shows a side view of a stack of folded
wipes 192 according to one or more embodiments of the
present disclosure.
[0111] As can be seen from Fig. 6A, the stack of folded
wipes 192 comprises continuous material/web provided
with or using perforations. The stack 192 comprises per-
forations illustrated by the thicker vertical lines on the
right-hand side of the stack 192.
[0112] As can be seen in Fig. 6A, the material 110 is
folded across/orthogonal to the length direction of the
material with a particular width or distance between folds
w. The material is folded in alternating directions and
forms a zig-zag pattern of folded wipes. It is understood
that any suitable folding pattern may be used as such as
a V-folded, Z-folded, or M-folded configuration or any oth-
er folding pattern well known to those skilled in the art.
Folding patterns are further described in relation to Fig.
10A-C.
[0113] Each stack of folded wipes 192 typically com-
prises a selected number N of wipes that forms the stack
of folded wipes 192. The number N for pop-up wipes is
typically 2 wipes or more, where adjacent wipes can be
separated by breaking then perforation between them.
[0114] Fig. 6B shows a top view of a stack of folded
wipes 192 according to one or more embodiments of the
present disclosure. The width of the stack w as well as
the length of the stack I is shown. The selected number
N of wipes that forms the stack of folded wipes 192 is
also shown.
[0115] As can be seen in Fig. 6A, the material 110 is
folded across/orthogonal to the length direction of the
material with a particular width or distance between folds
w.
[0116] A perforation is positioned between each wipe
at a distance d from the outer edge of the stack/from the
fold. Depending on the container used, this distance may
differ, although the perforation is typically arranged along
a center w/2 of each wipe, or in the middle of folds, at
least for the wipe on the top of the pile. The distance d
may vary for each wipe without departing from the
present disclosure. The positioning of perforations is fur-
ther described in relation to Fig. 10A-C.
[0117] Fig. 7 shows the control unit 700 according to
one or more embodiments of the present disclosure. The
control unit 700 may be in the form of e.g., an Electronic
Control unit, a server, an on-board computer, a stationary
computing device, a laptop computer, a tablet computer,
a handheld computer, a wrist-worn computer, a smart
watch, a smartphone, or a smart TV. The control unit 700
may comprise a processor/processing circuitry 712, op-
tionally communicatively coupled to a communications
interface 704, e.g., a transceiver configured for wired or
wireless communication.
[0118] In one example, the processing circuitry 712
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may be any of a selection of processing circuitry and/or
a central processing unit and/or processor modules
and/or multiple processors configured to cooperate with
each-other.
[0119] Further, the unit 700 may further comprise a
memory 715. The memory 715 may e.g., comprise a se-
lection of a hard RAM, disk drive, a floppy disk drive, a
flash drive or other removable or fixed media drive or any
other suitable memory known in the art. The memory 715
may contain instructions executable by the processing
circuitry to perform any of the steps or methods described
herein.
[0120] The processing circuitry 712 may optionally be
communicatively coupled to a selection of any of the com-
munications interface 704, the memory 715, one or more
sensors, such as sensors measuring rotational position
and/or angular velocity of the rollers 350, 360 and/or sen-
sors measuring distance between grippers and infeed
plates.
[0121] The control unit 700 may be configured to
send/receive control signals directly to any of the above-
mentioned units or to external nodes. E.g., to send control
signals to the holder 111 of the material.
[0122] The communications interface 704, such as a
wired network adapter and/or a wireless network adaptor,
may be configured to send and/or receive data values or
parameters as a signal to or from the processing circuitry
712 to or from other external nodes. E.g., rotational po-
sition of rollers. In an embodiment, the communications
interface 704 communicates directly to external nodes.
[0123] In one or more embodiments the control unit
700 may further comprise an input device 717, configured
to receive input or indications from a user and send a
user input signal indicative of the user input or indications
to the processing circuitry 712.
[0124] In one or more embodiments the control unit
700 may further comprise a display 718 configured to
receive a display signal indicative of rendered objects,
such as text or graphical user input objects, from the
processing circuitry 712 and to display the received sig-
nal as objects, such as text or graphical user input ob-
jects.
[0125] In one embodiment the display 718 is integrated
with the user input device 717 and is configured to receive
a display signal indicative of rendered objects, such as
text or graphical user input objects, from the processing
circuitry 712 and to display the received signal as objects,
such as text or graphical user input objects, and/or con-
figured to receive input or indications from a user and
send a user-input signal indicative of the user input or
indications to the processing circuitry 712.
[0126] In a further embodiment, the control unit 700
may further comprise and/or be coupled to one or more
additional sensors (not shown in the figure) configured
to receive and/or obtain and/or measure physical prop-
erties pertaining to the machine 100 and send one or
more sensor signals indicative of the physical properties
of the machine 100 to the processing circuitry 712.

[0127] In one or more embodiments, the processing
circuitry 712 is further communicatively coupled to the
communications interface 704 and/or the input device
717 and/or the display 718 and/or the sensors and/or the
additional sensors and/or any of the units described here-
in.
[0128] Moreover, it is realized by the skilled person that
the control unit 700 may comprise the necessary com-
munication capabilities in the form of e.g., functions,
means, units, elements, etc., for performing the present
solution. Examples of other such means, units, elements
and functions are: processors, memory, buffers, control
logic, encoders, decoders, rate matchers, de-rate match-
ers, mapping units, multipliers, decision units, selecting
units, switches, modulators, demodulators, inputs, out-
puts, antennas, amplifiers, receiver units, transmitter
units, DSPs, MSDs, TCM encoder, TCM decoder, power
supply units, power feeders, communication interfaces,
communication protocols, etc. which are suitably ar-
ranged together for performing the present solution.
[0129] Especially, the processing circuitry and/or
processing means of the present disclosure may com-
prise one or more instances of processing circuitry, proc-
essor modules and multiple processors configured to co-
operate with each-other, Central Processing Unit (CPU),
a processing unit, a processing circuit, a processor, an
Application Specific Integrated Circuit (ASIC), a micro-
processor, a Field-Programmable Gate Array (FPGA) or
other processing logic that may interpret and execute
instructions. The expression "processing circuitry" and/or
"processing means" may thus represent a processing cir-
cuitry comprising a plurality of processing circuits, such
as, e.g., any, some or all of the ones mentioned above.
The processing means may further perform data
processing functions for inputting, outputting, and
processing of data comprising data buffering and device
control functions, such as user interface control, or the
like.
[0130] When the distance between infeed plates and
respective grippers are adjusted, the control of the rollers
mut be adapted accordingly. This is due to the fact that
the rollers sometimes need to move at different angular
velocities to synchronize infeed plates with grippers. This
is further illustrated in figures 8A-8D.
[0131] Fig. 8A shows control of rollers in a folding unit
according to one or more embodiments of the present
disclosure. The rollers 350, 360 of the folding unit 180
are shown in a side view, with the material passing
through the folding unit 180 from the left to the right in
Fig. 8A. As mentioned in relation to Fig. 4 and Fig. 5, the
configuration of the rollers 350, 360 is associated with
distances D1. D2 between the infeed plates and grippers
on each roller 350, 360, e.g., derived from the identity of
the surface module. This association may e.g., be stored
in and retrieved from a database, entered by a user via
an input device/interface of the control unit CU or other-
wise retrieved/received from a node via a communication
network. In Fig. 8A-D the configuration of the rollers 350,
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360 is two grippers and two infeed plates on each of the
rollers 350, 360. Any number of grippers and infeed
plates may be considered. The diameter of the outer sur-
face of the rollers is 200 millimeters. The angular sepa-
ration between grippers and infeed plates is alternating
between 60 degrees and 120 degrees. The width of the
stack can then be derived as further explained in relation
to Fig. 9.
[0132] As can be seen in Fig. 8A, a first distance D1
along the outer surface of the first roller 350 from a first
gripper 331 to a first infeed plate 321 is different from a
second distance D2 along the outer surface of the second
roller 360 from a first infeed plate 323 to the first infeed
plate 341. This means that the rollers 350, 360 some-
times needs to move at different angular velocity to syn-
chronize positions of an infeed plate of the first roller 350
to a position of a gripper of the second roller 360 and vice
versa.
[0133] The control unit CU determines characteristics
of the rollers 350, 360, the desired characteristics of
wipes and/or stack and/or the positions of grippers and
infeed plates, and can then control the rollers 350, 360,
accordingly, as further described in relation to Fig. 9. An
example of characteristics of the rollers 350, 360 may be
circumference of the outer surface and distances be-
tween the infeed plates and grippers, either as angular
separation or as absolute distance along the outer sur-
face of the respective roller 350, 360. An example of char-
acteristics of stacks is desired stack width w, as further
described in relation to Fig. 6A-B. An example of char-
acteristics of wipes is length of the wipe, e.g., distance
between perforations in the length direction of the mate-
rial.
[0134] The rollers 350, 360 of the folding unit 180 are
provided with controllable actuators, such as servo mo-
tors, by which rotational position and/or material velocity
and/or angular velocity and/or force between rollers may
be determined and/or controlled. The actuators may be
integrated with the supports or frame which holds the
rollers 350, 360, e.g., as a direct drive coupled to the
rollers 350, 360.
[0135] In Fig. 8A, at a point in time TA, the first roller
350 of the folding unit 180 is rotating at a first angular
velocity of ω-350 in a counterclockwise direction, as in-
dicated by the arrow. The second roller 350 of the folding
unit 180 is rotating at a second angular velocity of ω-360
in a clockwise direction, as indicated by the arrow. The
first angular velocity of ω-350 and the second angular
velocity of ω-360 are controlled to vary over time or de-
pendent on time, as further illustrated in relation to figure
9.
[0136] In Fig. 8A, at the point in time TA, the first an-
gular velocity of ω-350 and/or the second angular velocity
of ω-360 are stabilizing to the same angular velocity. In
other words, the first and second roller 350, 360 are mov-
ing almost at the same angular velocity, but in opposite
directions.
[0137] The first roller 350 and second roller 360 each

have a rotational position corresponding to a moment
before an infeed plate of the second roller 360 starts
pushing the material 110 into a gripper in the first roller
350. A gripper 342 in the second roller 360 is still holding
the material 110.
[0138] Fig. 8B shows control of rollers in a folding unit
according to one or more embodiments of the present
disclosure.
[0139] In Fig. 8B, at a point in time TB, the first roller
350 of the folding unit 180 is rotating at a first angular
velocity of ω-350 in a counterclockwise direction, as in-
dicated by the arrow. The second roller 350 of the folding
unit 180 is rotating at a second angular velocity of ω-360
in a clockwise direction, as indicated by the arrow. The
first angular velocity of ω-350 and the second angular
velocity of ω-360 are controlled to vary over time or de-
pendent on time, as further illustrated in relation to figure
9.
[0140] In Fig. 8B, at the point in time TB, the first an-
gular velocity of ω-350 and the second angular velocity
of ω-360 are equal. In other words, the first and second
roller 350, 360 are moving at the same angular velocity,
but in opposite directions.
[0141] The first roller 350 and second roller 360 each
have a rotational position corresponding to a moment
when an infeed plate of the second roller 360 pushes the
material 110 into the gripper in the first roller 350. The
gripper in the first roller 350 is then controlled to grip the
material 110, either at the point in time TB or adjacent to
the point in time TB.
[0142] Also, at the point in time TB, the rotational po-
sition of the first roller 350 and first gripper 331 is syn-
chronized to a rotational position of the second roller 360
and the first infeed plate 323.
[0143] Fig. 8C shows control of rollers in a folding unit
according to one or more embodiments of the present
disclosure.
[0144] In Fig. 8C, at a point in time TC, the first roller
350 of the folding unit 180 is rotating at a first angular
velocity of ω-350 in a counterclockwise direction, as in-
dicated by the arrow. The second roller 350 of the folding
unit 180 is rotating at a second angular velocity of ω-360
in a clockwise direction, as indicated by the arrow. The
first angular velocity of ω-350 and the second angular
velocity of ω-360 are controlled to vary over time or de-
pendent on time, as further illustrated in relation to figure
9.
[0145] In Fig. 8C, at the point in time TC, the first an-
gular velocity of ω-350 and the second angular velocity
of ω-360 are equal. In other words, the first and second
roller 350, 360 are moving at the same angular velocity,
but in opposite directions.
[0146] The first roller 350 and second roller 360 each
have a rotational position corresponding to a moment
when an infeed plate of the first roller 350 pushes the
material 110 into the gripper in the second roller 360. The
gripper 341 is then controlled to grip the material 110
either at the point in time TC or adjacent to the point in
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time TC.
[0147] Also, at the point in time TC, the rotational po-
sition of the first roller 350 and second infeed plate 321
is synchronized to a rotational position of the second roll-
er 360 and the second gripper 341.
[0148] As can be seen when comparing Fig. 8B and
Fig. 8C, the second roller 360 has rotated more than the
first roller 350 to synchronize infeed plate 321 and gripper
341.
[0149] Fig. 8D shows control of rollers in a folding unit
according to one or more embodiments of the present
disclosure.
[0150] In Fig. 8D, at a point in time TD, the first roller
350 of the folding unit 180 is rotating at a first angular
velocity of ω-350 in a counterclockwise direction, as in-
dicated by the arrow. The second roller 350 of the folding
unit 180 is rotating at a second angular velocity of ω-360
in a clockwise direction, as indicated by the arrow. The
first angular velocity of ω-350 and the second angular
velocity of ω-360 are controlled to vary over time or de-
pendent on time, as further illustrated in relation to figure
9.
[0151] In Fig. 8D, at the point in time TD, the first an-
gular velocity of ω-350 and the second angular velocity
of ω-360 are equal. In other words, the first and second
roller 350, 360 are moving at the same angular velocity,
but in opposite directions.
[0152] The first roller 350 and second roller 360 each
have a rotational position corresponding to a moment
when an infeed plate 324 of the second roller 360 pushes
the material 110 into the gripper 332 in the first roller 350.
The gripper 332 in the first roller 350 is then controlled
to grip the material 110 either at the point in time TD or
adjacent to the point in time TD.
[0153] Also, at the point in time TD, the rotational po-
sition of the first roller 350 and gripper 332 is synchro-
nized to a rotational position of the second roller 360 and
infeed plate 324.
[0154] The points in time TA, TB, TC and TD are sub-
sequent in time and are repeated dependent on the de-
sired number N of wipes and/or number of folds that forms
a stack of folded wipes 192.
[0155] When the distance between grippers and re-
spective infeed plates have been adjusted/configured,
the control unit CU adapts control of the actuators con-
trolling the rollers 350, 360. As the distances between
grippers and respective infeed plates differ on the rollers,
and the material 110 moves at a relatively constant ve-
locity, the movement of the rollers 350, 360 must vary
over time to synchronize positions of grippers and re-
spective infeed plates.
[0156] In one example, the variation of rotation over
time is illustrated. Initially, the first roller 350 is controlled
to a higher angular velocity ω-350 in relation to the an-
gular velocity ω-360 of the second roller 360. At the po-
sitions shown in Fig. 8A, the angular velocity of both the
rollers 350, 360 are controlled to be almost the same.
I.e., both the rollers 350, 360 move at similar angular

velocity around respective center axis. This continues
until the gripper 331 grips the material 110. The second
roller 360 is controlled to a higher angular velocity ω-360
in relation to the angular velocity ω-350 of the first roller
350. Just before or at the positions shown in Fig. 8C, the
angular velocity of both the rollers 350, 360 are controlled
to be the same. I.e., both the rollers 350, 360 move at
the same angular velocity around respective center axis.
This continues until the gripper 341 grips the material
110. This control of rollers 350, 360 is then repeated for
any number of desired folds.
[0157] As mentioned, the material is folded in alternat-
ing directions effectively forming a zig-zag pattern as fur-
ther described in Fig. 6AB and Fig. 11A-C.
[0158] Fig. 9 schematically illustrates control of angu-
lar velocity ω-350, ω-360 of rollers over time according
to one or more embodiments of the present disclosure.
Fig. 9 illustrates one example of a relation between an-
gular velocity ω and time T in a diagram 900 used by the
control unit CU. The diagram 900 may e.g., be represent-
ed as data in a look-up table LUT.
[0159] As illustrated in relation to Fig. 8A- Fig. 8D, the
rollers of the folding unit 180 are controlled at least some-
times to different angular velocities 910/ω-350, 920/ω-
360 as a function of time T to ensure synchronization in
rotational positions of feeder plates and respective grip-
pers.
[0160] The different angular velocities may in one em-
bodiment be derived using knowledge of distance be-
tween infeed plates and respective grippers along the
outer surface of on which the material 110 rest upon dur-
ing rotation of the folding roller 350, 360.
[0161] In Fig. 9 this control to different angular velocity
varies between a relatively high angular velocity ω-max
and relatively low angular velocity ω-min. The low angular
velocity ω-min is substantially the same as the material
velocity of material being fed to the machine. As the an-
gular velocity of rollers cannot be changed instantane-
ously, e.g., due to inertia effects, the angular velocity
needs to be ramped up/down according to some suitable
method.
[0162] The present disclosure is not limited to the ram-
ping method illustrated in Fig. 9, and any suitable ramping
method that achieves synchronization in rotational posi-
tions of feeder plates and grippers may be used.
[0163] In a non-limiting example, the control unit de-
termines characteristics of the rollers 350, 360 such as
diameter of the outer surface of the rollers, e.g., 200 mil-
limeters. Further each roller is provided with two grippers
and two feeder plates.
[0164] The distance between a gripper and a feeder
plate along the outer surface of roller may be approxi-
mated using an arc length formula: 
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[0165] Where L is the distance between a gripper and
a feeder plate along the outer surface of roller, ø is an-
gular separation in degrees between a gripper and a
feeder plate around the center axis of the roller and r is
the radius of the roller.
[0166] Assuming angular separation of 60 degrees be-
tween a first gripper 331 and a first infeed plate 321, 120
degrees between the first infeed plate 321 and a second
gripper 332, 60 degrees between the second gripper 332
and a second infeed plate 322 and finally 120 degrees
between the second infeed plate 322 and the first gripper
331.
[0167] A shorter distance L1 and a longer distance L2
may then be calculated as: 

[0168] In other words, the longer distance L2 is double
the shorter distance L1.
[0169] With reference to Fig. 8B and 8C, if there were
no inertia effects, the second roller 360 could just rotate
at double the speed compared to the first roller 350, in
reality the angular velocity must be ramped up/down as
illustrated in Fig. 9.
[0170] Fig. 10A-C shows side views from the side of
the stack 192 or from a direction orthogonal to the length
direction of the material.
[0171] Fig. 10A illustrates a V-folding pattern. The
stack 192 comprises perforations illustrated by the thick-
er lines on the left-hand side of the stack 192. I.e., dis-
tance d is = 0 or w.
[0172] As can be seen in Fig. 10A, the material is folded
in alternating directions and the perforation is located at
the fold on the left hand of the stack shown in the figure.
Each wipe in the stack, defined by the perforations, is
provided with a single fold, and forms a v-folded wipe.
[0173] Fig. 10B illustrates a Z-folding pattern. The
stack 192 comprises perforations illustrated by the thick-
er lines on the center of the stack 192. I.e., distance d is
= w/2.
[0174] As can be seen in Fig. 10B, the material is folded
in alternating directions and the perforation is located at
the center of the stack shown in the figure. Each wipe in
the stack, defined by the perforations, is provided with
two folds in alternating directions and forms a z-folded
wipe.
[0175] Fig. 10C illustrates an M-folding pattern. The
stack 192 comprises perforations illustrated by the thick-
er lines on the left-hand side of the stack 192 every four
wipes. I.e., distance d is = 0 or w.
[0176] As can be seen in Fig. 10C, the material is folded
in alternating directions and the perforation is located at

every second fold on the left hand of the stack shown in
the figure. Each wipe in the stack, defined by the perfo-
rations, is provided with three folds in alternating direc-
tions, and forms an M-folded wipe.
[0177] Fig. 11 illustrates a stack comprising wipes hav-
ing multiple formats. As can be seen, the produced stack
192 comprises a first wipe of length 4 x w, two shorter
wipes of length 2 x w and a wipe of length 6 x w. This
may also be referred to as a care pack, where wipes
forming part of the continuous material are arranged in
an order foreseen by a workflow of the user.
[0178] Fig 12 shows a flowchart for a method 1200
according to one or more embodiments of the present
disclosure. The method is performed by the control unit
CU described herein. The method is provided for produc-
ing wipes, in particular pop-up wipes or wipes with pop-
up functionality, performed by a machine 100 configured
to produce stacks of folded wipes 192 from material 110.
The material 110 is threaded along a path 112 through
the machine 100. The method comprises:
Step 1210: obtaining predetermined characteristics. The
predetermined characteristics may e.g., be obtained by
retrieving the predetermined characteristics by the con-
trol unit CU from a database, from retrieving input by a
user via an input device/interface or any other suitable
means.
[0179] In one embodiment, the predetermined charac-
teristics comprises a selection of characteristics of the
rollers 350, 360, characteristics of desired wipes and
characteristics of desired stacks 192.
[0180] In one example, the characteristics of the rollers
350, 360 are indicative of distances between grippers
331, 332, 341, 342 and respective infeed plates 321, 322,
323, 324, as described in relation to fig. 8A-D. The char-
acteristics of desired wipes may be indicative of the com-
bination of formats of wipes shown in relation to Fig. 11.
The characteristics of desired stacks may be indicative
of the width w, as further described in relation to Fig. 6A-B.
[0181] Step 1220: controlling angular velocity ω-350,
ω-360 of rollers 350, 360 comprised in the folding unit
180 dependent on the predetermined characteristics. An
example of controlling the angular velocity of rollers 350,
360 is further described in relation to Fig. 9.
[0182] In one embodiment, the angular velocity is con-
trolled between a maximum angular velocity ω-max and
a minimum angular velocity ω-min dependent on the
characteristics of the rollers 350, 360.
[0183] In one embodiment, the characteristics of the
rollers 350, 360 are indicative of distances between grip-
pers 331, 332, 341, 342 and respective infeed plates 321,
322, 323, 324, and the angular velocity is controlled in
proportion to the predetermined characteristics.
[0184] Additionally, or alternatively, controlling the an-
gular velocity is controlled in proportion to or dependent
on the predetermined characteristics comprises:

- determining that the first roller 350 is synchronized
to the second roller 360. In one example, determining
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that the first roller 350 is synchronized to the second
roller 360 correspond to determining rotational posi-
tions of the rollers 350, 360 to be just before when
a first infeed plate 323 of the second roller 360 push-
es the material 110 into the first gripper of the first
roller 350. In one further example, determining that
the first roller 350 is synchronized to the second roller
360 correspond to determining rotational positions
of the rollers 350, 360 to be just before when a sec-
ond infeed plate 321 of the first roller 350 pushes the
material 110 into a second gripper 341 of the second
roller 360.

- determining a first distance D1, e.g., between the
first gripper 331 and a respective second infeed plate
321 of the first roller 350, and determining a second
distance D2, e.g., between the first infeed plate 323
and a respective second gripper 341 of the second
roller 360.

[0185] If the first distance D1 is greater than the second
distance D2, controlling angular velocity ω-350, ω-360 of
rollers 350, 360 comprises controlling the first roller 350
to a relatively high angular velocity ω-max and controlling
the second roller 360 to a relatively low angular velocity
ω-min,
or
If the first distance D1 is smaller/less than the second
distance D2, controlling angular velocity ω-350, ω-360 of
rollers 350, 360 comprises controlling the first roller 350
to a relatively low angular velocity ω-min and controlling
the second roller 360 to a relatively high angular velocity
ω-max.
[0186] As mentioned previously, the synchronized
gripper is then controlled to grip the material 110 for a
period of time allowing the material to advance a distance
w before releasing the material again.
[0187] In one embodiment, controlling angular velocity
ω-350, ω-360 of rollers 350, 360 comprises controlling in
a ramp-up phase and a stationary phase, or controlling
in a ramp-down phase and stationary phase.
[0188] In one example, a roller being controlled from
the relatively low angular velocity ω-min to the relatively
high angular velocity ω-max will typically be controlled in
a ramp-up phase in which the angular velocity is in-
creased and a stationary phase where the relatively high
angular velocity ω-max is maintained.
[0189] In one further example, a roller being controlled
from the relatively high angular velocity ω-max to the rel-
atively low angular velocity ω-min will typically be con-
trolled in a ramp-down phase in which the angular velocity
is increased and a stationary phase where the relatively
low angular velocity ω-max is maintained.
[0190] Control of angular velocity is further described
in relation to Fig. 8A-D and Fig. 9.
[0191] This has the advantage that the control of the
rollers can immediately be dynamically adapted when
positions of the one or more infeed plates 321, 322 are

adjusted in relation to positions of the respective grippers
331, 332. This is in contrast to conventional solutions
where rollers move with the same angular velocity and
are typically rotated by systems of pulleys and belts.
[0192] The advantage is that complexity is reduced
when changing production to stacks or wipes having a
different format by easily adjustable positions of the one
or more infeed plates 321, 322 in relation to respective
grippers 331, 332 and dynamic adaption of the control
of rollers.
[0193] A further advantage is that single direction fold-
ed wipes and multiple direction folded wipes can be pro-
duced in the same machine, e.g., wipes only folded
across/orthogonal to the length/path direction of the ma-
terial or wipes folded both in the length direction of the
material and across/orthogonal to the length direction of
the material.
[0194] A further advantage is that multiple wipe formats
can be combined in one stack, e.g., a care pack as illus-
trated in Fig. 11. This is e.g., useful when producing a
"care pack" with different wipes used in a cleaning oper-
ation. Yet a further advantage is that flexibility is in-
creased, and complexity is reduced when producing
wipes different formats and/or with different number of
folding directions.
[0195] Finally, it should be understood that the inven-
tion is not limited to the embodiments described above,
but also relates to and incorporates all embodiments
within the scope of the appended independent claims.

Claims

1. A machine (100) configured to produce stacks of
folded pop-up wipes (192) from material (110),
wherein the material (110) is threaded along a path
(112) through the machine (100), the machine com-
prising:

a holder (111) of the section of material (110),
a first tension unit (160),
a folding unit (180), the folding unit (180) com-
prising:

two or more folding rollers (350, 360) con-
figured to receive a section of the material
(110) and generate folded stacks of pop-up
wipes (192) having an adaptable format,
wherein each folding roller (350, 360) com-
prises:

a hub (301, 302), wherein the hub (301,
302) comprises one or more grippers
(331, 332, 341, 342) configured to grip
and release the material (110), and
one or more infeed plates (321, 322,
323, 324) configured to feed the tissue
(110) to respective grippers (331, 332)
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of the other roller,
wherein positions of the one or more
infeed plates (321, 322) are configured
to be adjustable in relation to positions
of the respective grippers (331, 332),
wherein the distances between the
grippers and the more infeed plates
adapts a width (w) of the produced
stacks of wipes (192),

a control unit (CU) communicatively coupled to
at least the first tension unit (160) and the folding
unit (180), the control unit (CU) comprising a
processor, and a memory, said memory contain-
ing instructions executable by said processor,
wherein the material (110) is threaded along a
path (112) through the machine (100) via at least
the first tension unit (160) and the folding unit
(180),
wherein executing the instructions by the control
unit (CU) causes the control unit (CU) to control
the machine to perform the method according
to any of claims 6-12.

2. The machine according to claim 1, wherein each of
the produced stacks of folded pop-up wipes (192)
comprise a continuous web.

3. The machine according to claim 1, wherein the one
or more infeed plates (321, 322) are mounted on a
surface module (410, 420), wherein the surface mod-
ule is configured to be releasably attached to the hub
(301, 302).

4. The machine according to claim 1, wherein the one
or more infeed plates (321, 322) are arranged as
parts of the hub (301, 302) and are arranged movable
in relation to the respective one or more grippers
(331, 332).

5. The machine according to claim 4, wherein each of
the one or more infeed plates (321, 322) are provided
with a respective locking arrangement configured to
lock the respective infeed plates in a position on the
hub (301, 302).

6. A method for producing pop-up wipes performed by
a machine (100), according to any of claims 1-5, the
machine configured to produce stacks of folded pop-
up wipes (192) from material (110), wherein the ma-
terial (110) is threaded along a path (112) through
the machine (100), the method comprising:

obtaining predetermined characteristics,
controlling angular velocity (ω-350, ω-360) of
rollers (350, 360) comprised in the folding unit
(180) dependent on the predetermined charac-
teristics.

7. The method according to claim 6, wherein each of
the produced stacks of folded pop-up wipes (192)
comprise a continuous web.

8. The method according to any of claim 6 or claim 7,
wherein the predetermined characteristics compris-
es a selection of one or more of characteristics of
the rollers (350, 360), characteristics of desired pop-
up wipes and characteristics of desired stacks.

9. The method according any of the preceding claims,
wherein the angular velocity is controlled between a
maximum angular velocity (ω-max) and a minimum
angular velocity (ω-min) dependent on the charac-
teristics of the rollers (350, 360).

10. The method according to any of claim 8 or claim 9,
wherein the characteristics of the rollers (350, 360)
are indicative of distances (D1, D2) between grippers
(331, 332, 341, 342) and respective infeed plates
(321, 322, 323, 324), and the angular velocity is con-
trolled in proportion to the predetermined distances
(D1, D2).

11. The method according claim 9, wherein controlling
the angular velocity in proportion to the predeter-
mined characteristics comprises:

determining that the first roller (350) is synchro-
nized to the second roller (360),
determining a first distance (D1) between a grip-
per (331) and a respective infeed plate (321) of
the first roller (350),
determining a second distance (D2) between an
infeed plate (323) and a respective gripper (341)
of the second roller (360), and
if the first distance (D1) is greater than the sec-
ond distance (D2), controlling angular velocity
(ω-350, ω-360) of rollers (350, 360) comprises
controlling the first roller (350) to a relatively high
angular velocity (ω-max) and controlling the sec-
ond roller (360) to a relatively low angular veloc-
ity (ω-min), or
if the first distance (D1) is smaller/less than the
second distance (D2), controlling angular veloc-
ity (ω-350, ω-360) of rollers (350, 360) compris-
es controlling the first roller (350) to a relatively
low angular velocity (ω-min) and controlling the
second roller (360) to a relatively high angular
velocity (ω-max).

12. The method according to any of the preceding
claims, wherein controlling angular velocity (ω-350,
ω-360) of rollers (350, 360) comprises controlling in
a ramp-up phase and a stationary phase and/or con-
trolling in a ramp-down and stationary phase.

13. A stack of folded pop-up wipes (192) comprising con-
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tinuous material in a length direction of the material
and using perforations, wherein the stack of folded
pop-up wipes (192) uses the perforations to delimit
the wipes in the length direction, wherein the material
is folded in a direction orthogonal to the length direc-
tion in alternating directions at a distance (w) to form
a stack with a width (w) and a length (I).

14. The stack according to claim 13, where the distance
between perforations seen in the length direction of
the material is uniform to produce wipes having a
uniform format, or, the distance between perfora-
tions seen in the length direction of the material is
varied to produce wipes having varying formats,
such as in a care pack.
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