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Description

[0001] The present application claims the benefit of
United Kingdom Patent Application No. GB2002942.7,
filed March 1, 2020, and claims the benefit of United King-
dom Patent Application No. GB2101993.0, filed February
12, 2021.

Field

[0002] The presentinventionrelates to a contactclean-
ing apparatus for a sheet substrate having a curved lead-
ing edge. In particular, but not exclusively, the invention
relates to a contact cleaning apparatus for a sheet sub-
strate having a curved leading edge wherein the appa-
ratus comprises flattening means operably engage the
curved leading edge of the sheet substrate. An air supply
manifold directing air onto the surface of the sheet sub-
strate at a curved leading edge of the sheet and/or onto
the elastomeric cleaning roller prior to the arrival of the
leading edge of the sheet substrate as described below
is however out of the scope of the appended claims.

Background

[0003] Contact cleaning is used to clean the surface
of substrates or sheets. Once the substrate is cleaned,
they are used in a variety of sophisticated processes such
as in the manufacture of electronics, photovoltaics and
flat panel displays. Typically, a contact cleaning appara-
tus consists of a rubber or elastomeric cleaning roller
used to remove contaminating particles from a substrate
surface, and an adhesive roll which is used to remove
the contaminating particles from the cleaning roller.
[0004] In operation, a contact cleaning roller contacts
at least an upper surface of the substrate, removing de-
bris by means of adhesion removal mechanisms such
asvander Waals force and adhesion forces. The inherent
properties of the material used to form the contact clean-
ing roller attracts the debris and causes the debris to stick
to the surface of the contact cleaning roller. The contact
cleaning roller pulls the contaminating particles away
from the substrate surface in this manner due to attractive
van der Waals forces between the contaminating parti-
cles and the roller. Consequently, existing contact clean-
ing rollers may ensure effectiveness in removing the con-
taminating particles by maximising contact with the sub-
strate surface.

[0005] Contact cleaning apparatus for thin film sheet
technology such as for example copper foil, or thin film
polymer requires an elastomeric cleaningroller to be driv-
en at speed and subsequently cleaned by an adhesive
roll located adjacent to the elastomeric cleaning roller.
As used herein, such thin film sheet technology is known
as a sheet substrate.

[0006] As a new thin sheet substrate leading edge ar-
rives at the elastomeric cleaning roller, it is typical for the
sheet substrate to have a curved leading edge. The
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curved leading edge risks colliding with the elastomeric
cleaning roller causing crumpling of the sheet substrate,
damaging a portion of the sheet substrate, thereby ren-
dering part of the sheet substrate unusable. Damage to
the leading edge reduces process efficiency and risks
failure of or damage to the machine.

[0007] In other scenarios, the sheet substrate wraps
around the elastomeric cleaning roller and the machine
must be stopped in order to cleanse the roller of sheet
substrate and restart the machinery. Again, the efficiency
of the cleaning process is significantly impaired.

[0008] In certain situations, a sheet substrate is stiff
due to its relative thickness or its inherent material prop-
erties. Additionally, or alternatively, a sheet substrate has
curvature, for example in multiple directions, which rein-
forces the curved leading edge. In these ways, a curved
leading edge of a sheet substrate will resist deformation,
increasing the risk of failure or of damage to the machine.
[0009] US 5913345 A discusses a system for convey-
ing sheets of thin substrate having low sheet stiffness
while controlling and limiting the angle of wrap of the sub-
strate on the roller. This document shows the features of
a cleaning apparatus as described in the preamble of
independent appended claim 1.

[0010] Itis an aim of the present invention to mitigate
some of the aforementioned disadvantages.

Summary of the Invention

[0011] In accordance with the present invention there
is provided a contact cleaning apparatus according to
the appended claims.

[0012] Inafirstaspectoftheinvention, a contact clean-
ing apparatus for a sheet substrate has a curved leading
edge including:

an elastomeric cleaning roller and a first conveyor
for carrying the sheet substrate to be cleaned to-
wards said elastomeric cleaning roller, wherein said
elastomeric cleaning roller includes a contact zone
arranged to receivingly engage the sheet substrate
from said first conveyor, and

aflattening means disposed proximate said first con-
veyor, wherein said flattening means is configured
to operably engage the curved leading edge of the
sheet substrate such that the curved leading edge
of the sheet substrate is flattened at a point of contact
with the elastomeric cleaning roller.

[0013] Said flattening means includes a guide, oppos-
ingly arranged with said first conveyor, and configured
to contactingly engage the curved leading edge of the
sheet substrate such that the curved leading edge of the
sheet substrate is flattened at said point of contact with
said elastomeric cleaning roller.

[0014] In this way, the guide is arranged to abut a
curved leading edge of a sheet substrate as it is carried
towards an elastomeric cleaning roller. That is, the guide
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is able to flatten the curved leading edge by deflecting or
deforming it prior to being received in a contact zone of
the elastomeric cleaning roller. The outlet region of the
guide is preferably provided in close proximity to the elas-
tomeric cleaning roller so that it operably precedes the
contact zone by only a shortdistance. However, the outlet
region of the guide may be positioned at any suitable
point along the first conveyor.

[0015] Advantageously, the contact cleaning appara-
tus is able to flatten a wide range of sheet substrates. In
particular, the apparatus has been found by the inventors
to be effective to flatten curved leading edges for sheet
substrates which are stiff or which otherwise resist de-
formation. Thatis, the apparatusis able toflatten a curved
leading edge of sheet substrates with a thickness of up
to 6 millimetres or more.

[0016] Said guide is provided at an angle relative to
said first conveyor, wherein said guide and said first con-
veyor are configured so as to provide a channelling of
the curved leading edge as the curved leading edge ap-
proaches said contact zone. Said guide includes a sec-
ond conveyor, wherein said second conveyor is arranged
at an angle relative to said first conveyor so as to provide
said channelling of the curved leading edge.

[0017] Inthese ways, the guide abuts the curved lead-
ing edge so that the leading edge is directed or chan-
nelled towards the first conveyor. The second conveyor
is arranged at any suitable angle to the first conveyor so
as to provide an appropriate channelling. In this way, an
angle may be chosen based upon a sheet substrate and
the contact cleaning operating conditions. For example,
an angle may be chosen based on one or more of the
material properties of the sheet substrate, the operating
speed of the contact cleaning apparatus, or the space
within the apparatus in which to position the second con-
veyor.

[0018] Incertainembodiments, the guide orthe second
conveyor may be angled relative to the first conveyor at
any suitable angle, from substantially perpendicular to
substantially parallel. That is, said angle relative to said
first conveyor of said guide or said second conveyor is
selectably adjustable between perpendicular and paral-
lel. In this way, the orientation of the guide, for example
the second conveyor, can be adjusted to optimise
processing of sheet substrates having curved leading
edges with a range of deformation.

[0019] In certain embodiments, said second conveyor
contactingly engages said first conveyor. In this way, the
second conveyor channels the curved leading edge onto
the first conveyor. In certain embodiments, the second
conveyor may apply pressure to the curved leading edge.
That is, the second conveyor may provide a nip effect
with the first conveyor.

[0020] In certain embodiments, said second conveyor
is driven. In this way, the second conveyor may actively
engage the curved leading edge so as to direct it towards
the elastomeric cleaning roller as well as providing a
channelling effect. In certain embodiments, the second
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conveyor is driven due to contacting engagement with
the first conveyor. In certain embodiments, the second
conveyor is provided with an independent drive.

[0021] Saidflattening means may include an air supply
manifold, however out of the scope of the claims, wherein
said air supply manifold is operable to direct a stream of
air onto the curved leading edge of the sheet substrate
and/or onto said contact zone such that the curved lead-
ing edge of the sheet substrate is flattened at said point
of contact with said elastomeric cleaning roller. According
to a further aspect of the present invention, there is pro-
vided a contact cleaning apparatus for a sheet substrate
having a curved leading edge. The contact cleaning ap-
paratus, out of the scope of the claims, comprises an
elastomeric cleaning roller and an air supply manifold
configured and arranged to direct air onto a contact zone
on the elastomeric cleaning roller. The contact cleaning
apparatus also comprises a conveyor for carrying the
sheet substrate to be cleaned towards the elastomeric
cleaning roller. The air supply manifold, out of the scope
of the claims, is operable to direct a stream of air onto
the curved leading edge of the sheet substrate and/or
onto the contact zone such that the curved leading edge
of the sheet substrate is flattened at the point of contact
with the elastomeric cleaning roller.

[0022] In certain embodiments, the contact zone com-
prises a boundary layer of air around the surface of the
elastomeric cleaning roller. In certain embodiments, the
contact zone extends at least partly around the elasto-
meric cleaning roller. Thus, when the stream of air, how-
ever out of the scope of the claims, from the air supply
manifold is directed to the contact zone, it forms an aug-
mented boundary layer.

[0023] When referred to herein the "contact zone" is
the portion of the contact cleaning apparatus at which
the leading edge of the sheet substrate engages with the
elastomeric cleaning roller. More specifically, it is the re-
gion including the position at which the leading edge of
the sheet substrate contacts the elastomeric cleaning
roller or the boundary layer of air around it. As will be
understood, this position may refer to one or more points
or regions along the surface of the elastomeric cleaning
roller or its boundary layer of air depending on the cross-
machine shape of the leading edge.

[0024] When referred to herein, "boundary layer" is a
layer of air formed on the surface of the elastomeric
cleaning roller.

[0025] Asreferred to herein, "flattened" means that the
sheet substrate leading edge is oriented to be suitably
received by the elastomeric cleaning roller for cleaning.
Thatis, approaching the contact zone the sheet substrate
leading edge is flat or substantially flat so that it is re-
ceived by the elastomeric cleaning roller in a manner
which provides effective cleaning.

[0026] When referred to herein, "augmented boundary
layer" is one having a temporary increase in thickness
when measured on a radius from the centre of the elas-
tomeric cleaning roller.
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[0027] Thus, in use of the apparatus, the leading edge
of the sheet substrate is deflected by the airflow into the
contact zone, this is however out of the scope of the
claims. In this way, the sheet substrate leading edge is
oriented to be received by the elastomeric cleaning roller
for cleaning. The sheet substrate is flattened into the
plane of the trailing sheet substrate portion allowing the
airflow and / or the boundary layer to carry the sheet
substrate round into the nip of the elastomeric roller with-
out damage to the sheet substrate or incorrect engage-
ment with the elastomeric cleaning roller, such as the
sheet substrate sticking to the rollers.

[0028] Incertain embodiments, the augmented bound-
ary layer extends around the elastomeric cleaning roller
until a nip gap. In this way, the leading edge of the sheet
substrate may further be deflected by the augmented
boundary layer to flatten the sheet and enter the nip gap
between elastomeric cleaning rollers.

[0029] The airflow may be activated just before the
leading edge reaches the elastomer roller so there is a
temporary increase in the boundary layer.

[0030] Thus, airmay be directed by the air supply man-
ifold towards the contact zone of the elastomeric cleaning
roller, this is however out of the scope of the claims.
[0031] In certain embodiments the air supply manifold
is operable to direct air directly onto the leading edge of
the curved sheet in order to flatten the sheet as it ap-
proaches the elastomeric cleaning roller, this is however
out of the scope of the claims. The flattening of the sheet
ensures that it enters the contact zone rather than en-
gaging another part of the contact cleaning apparatus,
such as a process roller or a further elastomeric cleaning
roller. Inthis way, the flattening of the leading edge avoids
crumpling of the sheet substrate because it does not en-
gage correctly with the elastomeric cleaning roller. The
contact cleaning apparatus therefore need not be
stopped during the cleaning process. Furthermore, the
apparatus does not require additional set up time to en-
sure that the leading edge is correctly engaged with or
received by the elastomeric cleaning roller.

[0032] Alternatively, or in addition, the air supply man-
ifold is operable to direct air onto the elastomeric cleaning
roller, this is however out of the scope of the claims. More
specifically, the air supply manifold is operable to direct
air onto the contact zone of the elastomeric cleaning roll-
er. An augmented boundary layer is formed at the surface
of the elastomeric cleaning roller. As the leading edge of
the sheet substrate contacts the augmented boundary
layer, the curvature at the leading edge is removed, or
significantly reduced thereby flattening the sheet sub-
strate in the contact zone.

[0033] Out of the scope of the claims, the airflow from
the air supply manifold is selectively activated. In this
way, the airflow is provided only as the leading edge of
the sheet substrate reaches the elastomeric cleaning roll-
er. In this way, the airflow provides a temporary increase
in the boundary layer thickness forming the augmented
boundary layer, thereby improving efficiency of the ap-
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paratus.

[0034] The air supply manifold is operable to direct air
towards the contact zone at an adjustable angle relative
to a reference plane extending vertically through the ro-
tational axis of the elastomeric cleaning roller. More spe-
cifically, the adjustable angle is selectable between par-
allel and perpendicular to the reference plane.

[0035] The adjustable angle is selected and fixed rel-
ative to a reference plane extending vertically from the
rotational axis of the elastomeric cleaning roller prior to
operation of the apparatus. Any angle is selectable within
the range of from parallel to the plane extending vertically
from the rotational axis of the elastomeric cleaning roller
and perpendicular to the same plane. The angle is se-
lected based on any one or more of: the velocity of the
conveyor; the material of the sheet substrate or the like.
[0036] The air supply is directed tangentially onto the
elastomeric cleaning roller in the contact zone.

[0037] The air supply manifold is operable to direct air
towards the contact zone at an adjustable angle relative
to the conveyor surface. More specifically, the adjustable
angle is selectable between perpendicular to the convey-
or surface and parallel to the conveyor surface.

[0038] In certain embodiments, the elastomeric clean-
ing roller comprises a pair of elastomeric cleaning rollers.
The pair of elastomeric cleaning rollers may be oppos-
ingly arranged to form a nip gap through which a sheet
substrate is conveyed.

[0039] In certain embodiments, the contact cleaning
apparatus comprises multiple pairs of elastomeric clean-
ing rollers configured and arranged to provide one or
more cleaning surfaces for the sheet substrate between
each pair of rollers.

[0040] In certain embodiments, each elastomeric
cleaning roller is cleaned by an adjacent adhesive roll.
[0041] Out of the scope of the claims, the air supply
manifold comprises a manifold comprising spaced apart
apertures. More specifically, the manifold comprises
spaced apart air delivery apertures for the output of air
from the manifold.

[0042] The manifold is tubular.

[0043] The manifold comprises a plurality of spaced
apart pin holes.

[0044] The manifold is formed of a metal or plastic ma-
terial. Other suitable materials will be known to the skilled
person.

[0045] The air supply manifold is operably coupled to

an air supply. The air supply is operable to deliver air to
the air supply manifold.

[0046] In certain embodiments, the contact cleaning
apparatus comprises a sensor configured and arranged
to detect the leading edge of the sheet substrate.
[0047] In certain embodiments, the sensor is operably
coupled to the air supply, this is however out of the scope
of the claims. In use of the apparatus, the sensor detects
the leading edge of the sheet substrate and causes the
air supply to deliver air to the air supply manifold. The air
supply manifold in turn directs air onto the leading edge
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of the sheet substrate and/or onto the contact zone of
the elastomeric cleaning roller.

[0048] The air supply directed at the curved leading
edge of the sheet substrate unbends the sheet before
the contact zone of the elastomeric cleaning roller. Thus,
incorrect engagement of the sheet substrate with the
elastomeric cleaning roller is prevented. Creasing of the
sheet or wrapping of the sheet substrate around the elas-
tomeric cleaning roller is also prevented. Furthermore,
the air serves to facilitate transfer of the sheet substrate
through the cleaning apparatus.

[0049] The air directed onto the elastomeric cleaning
roller contact zone creates an augmented boundary layer
over the surface of the elastomeric cleaning roller. In this
way, the air ensures that the sheet substrate is cleaned
by the elastomeric cleaning roller surface without making
contact.

[0050] Air is supplied from the air supply manifold in
pulses. More specifically, the pulses are generated when
the sensor detects the leading edge of the sheet sub-
strate adjacent to the elastomeric cleaning roller. Each
pulse of air flattens the leading surface as it approaches
the contact zone.

[0051] Airflow through the air flow manifold is activated
by a sensor detecting the curved leading edge of a sheet
substrate a predetermined distance from the contact
zone. Additionally, or alternatively, air flow through the
air flow manifold is deactivated as the leading edge en-
gages the contact zone. In these ways, the air flow is
used to flatten the curved leading edge only when it ap-
proaches the contact zone. Air flow only provided when
the curved leading edge is within the operable range of
the air flow manifold. The air flow provided by the air
supply is thereby utilised efficiently.

[0052] In certain embodiments, the conveyor is config-
ured and arranged to deliver the sheet substrate to the
contact zone.

[0053] In certain embodiments, the sheet substrate is
a film. More specifically, the film is a thin film. Yet more
specifically, the film is a copper foil or a thin film polymer.

Brief Description of the Drawings

[0054] Embodiments of the invention are now de-
scribed, by way of example only, hereinafter with refer-
ence to the accompanying drawings, in which:

Figure 1 illustrates a schematic representation of a
contact cleaning apparatus with the air supply to the
air flow manifold turned off, in a configuration out of
the scope of the claims;

Figure 2 illustrates a schematic representation of
the contact cleaning apparatus of Figure 1, in a sec-
ond configuration;

Figure 3 illustrates a schematic representation of
the contact cleaning apparatus of Figure 1, in a third
configuration;

Figure 4 illustrates a schematic representation the
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contact cleaning apparatus of Figure 1, in a fourth
configuration;

Figure 5 illustrates a schematic representation of a
contact cleaning apparatus with the air supply to the
air flow manifold turned on, in a configuration out of
the scope of the claims;

Figure 6 illustrates a schematic representation of
the contact cleaning apparatus of Figure 5, in a sec-
ond configuration;

Figure 7 illustrates a schematic representation of
the contact cleaning apparatus of Figure 5, in a third
configuration; and

Figure 8 illustrates a schematic representation of a
contact cleaning apparatus according to the inven-
tion.

Detailed Description

[0055] Certain terminology is used in the following de-
scription for convenience only and is not limiting. The
words right’, ’left’, "lower’, ‘'upper’, 'front’, 'rear’, 'upward’,
’down’ and ‘downward’ designate directions in the draw-
ings to which reference is made and are with respect to
the described component when assembled and mount-
ed. The words ’inner’, ’inwardly’ and "outer’, 'outwardly’
refer to directions toward and away from, respectively, a
designated centreline or a geometric centre of an ele-
ment being described (e.g. central axis), the particular
meaning being readily apparent from the context of the
description.

[0056] Further, as used herein, the terms 'connected’,
‘attached’, ‘coupled’, ‘'mounted’ are intended to include
direct connections between two members without any
other members interposed therebetween, as well as, in-
direct connections between members in which one or
more other members are interposed therebetween. The
terminology includes the words specifically mentioned
above, derivatives thereof, and words of similar import.
[0057] Further, unless otherwise specified, the use of
ordinal adjectives, such as, "first", "second", "third" etc.
merely indicate that different instances of like objects are
being referred to and are not intended to imply that the
objects so described must be in a given sequence, either
temporally, spatially, in ranking or in any other manner.
[0058] Like reference numerals are used to depict like
features throughout.

[0059] Referring firstly to Figure 1, there is shown a
contact cleaning apparatus 1. The contact cleaning ap-
paratus comprises a first pair of elastomeric cleaning roll-
ers and a second pair of elastomeric cleaning rollers. The
first pair of elastomeric cleaning rollers comprises a first
elastomeric cleaning roller 24 and a second elastomeric
cleaning roller 26 mounted in the path of a conveyor 16.
The conveyor 16 is driven by two transport rollers 12,14
in order to transport a substrate 80 (i.e. a sheet 80) along
the conveyor 16. The first elastomeric cleaning roller 24
is elongate and generally cylindrical in shape, and is
mounted on a holder (not shown) having a rotational axis
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perpendicular to the plane of view about which the first
elastomeric cleaning roller 24 is free to rotate. The first
elastomeric cleaning roller 24 comprises a silicone elas-
tomer layer in this particular example, but other material
are also envisaged. The second elastomeric cleaning
roller 26 is generally cylindrical in shape, and comprises
a silicone elastomer layer. The second elastomeric
cleaning roller 26 is mounted on a holder (not shown)
having a rotational axis perpendicular to the plane of view
and parallel to that of the first elastomeric cleaning roller
24 about which the second elastomeric cleaning roller
26 is free to rotate. The first elastomeric cleaning roller
24 and the second elastomeric cleaning roller 26 are
mounted so as to be in contact with one another such
thatthe first elastomeric cleaning roller 24 and the second
elastomeric cleaning roller 26 rotate in opposite direc-
tions about theirrespective rotational axes. The firstelas-
tomeric cleaning roller 24 rotates anticlockwise while the
second elastomeric cleaning roller 26 rotates clockwise.
[0060] The first elastomeric cleaning roller 24 and the
second elastomeric cleaning roller 26 are mounted so as
to receive the substrate from the conveyor. Once the sub-
strate has been received, both the first elastomeric clean-
ing roller 24 and the second elastomeric cleaning roller
26 are arranged to be in contact with the surface of the
substrate 80. The first elastomeric cleaning roller 24 is
arranged to contact the upper surface of the substrate
80. The second elastomeric cleaning roller 26 is arranged
to contact the lower surface of the substrate 80. The sub-
strate 80 has a curved end 82 closest to the rollers.
[0061] The second pair of rollers comprises a third
elastomeric cleaning roller 34 and a fourth elastomeric
cleaning roller 36 mounted in the path of a conveyor 16
downstream from the first pair of rollers. The third elas-
tomeric cleaning roller 34 is elongate and generally cy-
lindrical in shape, and is mounted on a holder (not shown)
having a rotational axis perpendicular to the plane of view
about which the third elastomeric cleaning roller 34 is
free to rotate. The fourth elastomeric cleaning roller 36
is mounted on a holder (not shown) having a rotational
axis perpendicular to the plane of view and parallel to
that of the third elastomeric cleaning roller 34 about which
the fourth elastomeric cleaning roller 36 is free to rotate.
The third elastomeric cleaning roller 34 and the fourth
elastomeric cleaning roller 36 are mounted so as to be
in contact with one another such that the third elastomeric
cleaningroller 34 and the fourth elastomeric cleaning roll-
er 36 rotate in opposite directions about their respective
axes. The third elastomeric cleaning roller 34 rotates
clockwise while the fourth elastomeric cleaning roller 36
rotates anticlockwise.

[0062] The third elastomeric cleaning roller 34 and the
fourth elastomeric cleaning roller 36 are mounted so as
to receive the substrate from the first and second elas-
tomeric cleaning rollers 24, 26. Once the substrate has
been received, both the third elastomeric cleaning roller
34 and the fourth elastomeric cleaning roller are arranged
to be in contact with the surface of the substrate 80. The
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third elastomeric cleaning roller 34 is arranged to contact
the upper surface of the substrate 80. The fourth elasto-
meric cleaning roller 36 is arranged to contact the lower
surface of the substrate 80. The first pair of rollers 24,36
and the second pair of rollers 34,36 may each be provided
with a nip gap through which the substrate 80 is to be
conveyed.

[0063] The sheet substrate 80 to be cleaned is posi-
tioned on the surface of the conveyor 16 which, in Figure
1, conveys the sheet substrate 80 from left to right. The
substrate 80 passes between the first pair of elastomeric
cleaning rollers and second pair of elastomeric cleaning
rollers consecutively. That is, the substrate 80 firstly
passes between the first elastomeric cleaning roller 24
and the second elastomeric cleaning roller 26. The first
elastomeric cleaning roller 24 rotates anticlockwise while
the second elastomeric cleaning roller 26 rotates clock-
wise, moving the substrate 80 to the right.

[0064] The first elastomeric cleaning roller 24 contacts
the upper surface of the substrate 80, removing debris
therefrom. The inherent polarity of the material used to
form the first elastomeric cleaning roller 24 attracts the
debris from the upper surface of the substrate 80 and
causes the debris to stick to the surface of the first elas-
tomeric cleaning roller 24. The relative attractive force
between the surface of the first elastomeric cleaning roll-
er 24 and the debris is greater than that between the
debris and the surface of the substrate 80, allowing the
debris to be removed.

[0065] The second elastomeric cleaning roller 26 ro-
tates clockwise. The second elastomeric cleaning roller
26 contacts the lower surface of the substrate 80, remov-
ing debris therefrom. The inherent polarity of the material
used to form the second elastomeric cleaning roller 26
attracts the debris from the bottom surface of the sub-
strate 80 and causes the debris to stick to the surface of
the second elastomeric cleaning roller 26. The relative
attractive force between the surface of the second elas-
tomeric cleaning roller 26 and the debris is greater than
that between the debris and the surface of the substrate
80, allowing the debris to be removed.

[0066] The substrate 80 is then received by the second
pair of elastomeric cleaning rollers. The substrate 80
passes between the third elastomeric cleaning roller 34
and the fourth elastomeric cleaning roller 36. The third
elastomeric cleaning roller 34 rotates clockwise while the
fourth elastomeric cleaning roller 36 rotates anticlock-
wise, moving the substrate 80 to the right.

[0067] Thethird elastomeric cleaning roller 34 contacts
the lower surface of the substrate 80, removing debris
therefrom. The inherent polarity of the material used to
form the third elastomeric cleaning roller 34 attracts the
debris from the lower surface of the substrate 80 and
causes the debris to stick to the surface of the third elas-
tomeric cleaning roller 34. The relative attractive force
between the surface of the third elastomeric cleaning roll-
er 34 and the debris is greater than that between the
debris and the surface of the substrate 80, allowing the
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debris to be removed.

[0068] The fourth elastomeric cleaningroller 36 rotates
anticlockwise. The fourth elastomeric cleaning roller 36
contacts the upper surface of the substrate 80, removing
debris therefrom. The inherent polarity of the material
used to form the fourth elastomeric cleaning roller 36
attracts the debris from the upper surface of the substrate
80 and causes the debris to stick to the surface of the
fourth elastomeric cleaning roller 36. The relative attrac-
tive force between the surface of the fourth contact clean-
ing roller 36 and the debris is greater than that between
the debris and the surface of the substrate 80, allowing
the debris to be removed. The second pair of contact
cleaning rollers are implemented to remove any further
debris thatis not removed by the first pair of contact clean-
ing rollers.

[0069] A first adhesive roll 20 and a second adhesive
roll 22 are also provided. The adhesive rolls 20,22 are
generally cylindrical in shape comprising a body having
a surface on which adhesive having a rotational axis per-
pendicular to the plane of view and parallel to the axes
of the elastomeric cleaning rollers 24,26,34,36, about
which the adhesive rolls 20,22 are free to rotate. The first
adhesive roll 20 comprises a paper base and an adhesive
onthebaselayer. The second adhesive roll 22 comprises
a paper base and an adhesive on the base layer.
[0070] Thefirstadhesive roll 20 rotates against the first
elastomeric cleaning roller 24 and the fourth elastomeric
cleaning roller 36. In this way the respective surfaces of
the first and the fourth cleaning rollers 24,36 and the first
adhesive roll 20 are close enough such that debris re-
moved from the upper surface of the substrate 80 are
transferred to the first adhesive roll 20. The adhesive
force between the debris on the first and on the fourth
elastomeric cleaning rollers 24,36 and the first adhesive
roll 20 is greater than the adhesion force holding the de-
bris onto the surface of either the first or fourth elasto-
meric cleaning rollers 24,36, allowing the debris to be
transferred.

[0071] The second adhesive roll 22 rotates against the
second elastomeric cleaning roller 26 and the third elas-
tomeric cleaning roller 34. In this way, the respective sur-
faces of the second and third elastomeric cleaning rollers
26,34 and the second adhesive roll 22 are close enough
such that debris removed from the lower surface of the
substrate 80 are transferred to the second adhesive roll
22. The adhesive force between the debris on the second
and on the third elastomeric cleaning rollers 26, 34, and
the second adhesive roll 22 is greater than the adhesion
force holding the debris onto the surface of either the
second and third elastomeric cleaning rollers 26,34, al-
lowing the debris to be transferred.

[0072] The contact cleaning apparatus 1 is further pro-
vided with an air supply manifold 40, out of the scope of
the claims, fluidly coupled to an air supply (not shown).
The air supply manifold 40, shown in schematic cross
section, is provided in the form of a cylinder having holes
therein. One of the holes 42 is shown in the depicted
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embodiment. There may be provided a plurality of holes
42 in the form of pin holes spaced apart along the longi-
tudinal axis of the manifold 40.

[0073] Anairsupply (notshown)is configured to supply
air into the air manifold, such that air can be expelled
through the hole 42. The air manifold 40 is mounted at a
positionlocated upstream of the first pair of contact clean-
ing rollers 24,26 so as to direct a stream of air onto the
sheet substrate 80. More specifically, the air manifold 40
is designed to eject a stream of air onto the sheet sub-
strate 80 before the sheet substrate 80 engages a contact
zone at the surface of the first and second elastomeric
cleaning rollers 24, 26.. This operation will be described
in more detail with reference to Figures 5 to 7. Alterna-
tively, or in addition, the air supply manifold 40 is config-
ured and arranged to eject a stream of air onto the contact
zone at the surface of the elastomeric rollers 24, 26.
[0074] Referring now to Figures 2 and 3, the substrate
80 is transported along the conveyor 16 towards the first
pair of elastomeric cleaning rollers 24,26. The curved
leading edge 82 of the substrate 80 tends upwards away
from the conveyor 16 such that the substrate 80 is not
planar.

[0075] In the example shown in Figures 2 and 3, the
airsupply manifold is deactivated and so does not provide
any air. Elastomeric cleaning rollers are typically driven
to very high speeds in order to facilitate cleaning. Con-
sequently, and as shown in Figure 3, as the curved lead-
ing edge 82 of the substrate 80 collides with the first elas-
tomeric cleaning roller 24.

[0076] As shown in Figure 4, due to the high impact
speed, the substrate 80 crumples against the first elas-
tomeric cleaningroller 24. In the absence of an air supply,
the the curved edge of substrate 80 wraps around the
first elastomeric cleaning roller 24. Thus, instead of pass-
ing between the first and second elastomeric cleaning
rollers 24, 26, for cleaning, the substrate 80 causes the
apparatus to be jammed or fail. The apparatus 1 must
then be repaired and undergo maintenance.

[0077] With reference now to Figures 5 to 7, the oper-
ation of a contact cleaning apparatus 101 utilising the
aforementioned air manifold 140 will now be described.
The contact cleaning apparatus 101 is substantially the
same as contact cleaning apparatus 1 in Figures 1 to 4.
With reference firstly to Figure 5, the sheet substrate 180
is transported along the conveyor 116 driven by the trans-
port rollers 112,114. The free leading edge 182 of the
substrate 180 is approaches the first pair of contact clean-
ing rollers 124,126.

[0078] Referring now to Figures 6 and 7, airis expelled
from the air outlet 142 of the air supply manifold 140 along
a direction generally denoted by arrow 144. Thus, a
stream of air is directed towards a contact zone of the
first elastomeric cleaning roller 126. The stream of air is
directed onto a curved leading edge 182 of the substrate
sheet 180 as it approaches the contact zone. In this ex-
ample, the air is directed onto the curved leading edge
182 of the substrate 180 to flatten the substrate 180.
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[0079] Air may, in addition or alternatively be expelled
from the air outlet 142 onto a contact zone between the
first pair of elastomeric cleaning rollers 124,126 and the
curved leading edge 182 of the substrate 180. It is also
envisaged that the stream of air may be directed towards
alocation upstream of the contact zone. In thisway, when
the curved leading edge 182 of the sheet substrate 180
is conveyed towards the contact zone, the substrate 180
may be flattened before the sheet substrate 180 is
cleaned by the first and second pair of elastomeric clean-
ing rollers 124,126,134,136.

[0080] By directing air at the contact zone of the first
pair of elastomeric rollers 124, 126, the boundary layer
of air around the second elastomeric roller 126 is tem-
porarily augmented. In these examples, the augmented
boundary layer flattens the leading edge 182 of the sheet
substrate 180 in the contact zone. Consequently, as the
sheet substrate 180 is correctly oriented to be received
and cleaned by the first pair of elastomeric cleaning roll-
ers.

[0081] The substrate 180 may be flattened at any point
upstream from the elastomeric cleaning rollers
124,126,134,136.

[0082] In this particular embodiment, air is supplied at
an angle of 20 degrees relative to a reference plane ex-
tending vertically from the rotational axis of the second
elastomeric cleaning roller 126. The angle may be a fixed
angle.

[0083] The angle of the air supply directed from the air
outlet 142 of the air manifold 140 willdepend on the speed
of transfer of substrate 180 into the cleaning zone. The
angle may be changed to any number of fixed angles
between perpendicular and parallel to the reference
plane. It is envisaged that air may be supplied at a dif-
ferent angle, such as an angle between parallel to and
perpendicular to the reference plane.

[0084] In some examples, out of the scope of the
claims, the angle of the air manifold outlet may be varied
relative to a surface of the reference plane.

[0085] In some examples, out of the scope of the
claims, the stream of air of the cleaning contact apparatus
may be selectively activated. In this way, the stream of
air may be operable only when a leading edge is ap-
proaching the contact zone. Once the leading edge has
engaged with the contact zone, then the air supply is no
longer required in order to ensure correct operation of
the apparatus. The stream of air is thus deactivate as the
remainder of the sheet substrate is conveyed through
contact zone.

[0086] In some examples, out of the scope of the
claims, the cleaning contact apparatus is provided with
a detection sensor (not shown). The detection sensor
detects the leading edge of the substrate on the conveyor
as it approaches the contact zone to activate the stream
of air. For example, when the leading edge of the sub-
strate is detected by the sensor, a controller communi-
cates with the air supply to deliver air to the air supply
manifold which in turn delivers the air through the outlet.
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[0087] In some examples, out of the scope of the
claims, the stream of air may be expelled through the
outlet of the manifold in pulses. Optionally, the pulsed
stream of air may be selectively activated, for example
employing a detection sensor to detects the leading edge
of the substrate on the conveyor.

[0088] Referring now to Figure 8, there is shown a con-
tact cleaning apparatus 201 for a sheet substrate with a
curved leading edge according to the invention. Where
the features are the same as the previous examples, the
reference numbers are the same, other than the initial
digitis a "2".

[0089] Thus, the example of Fig. 8 shows a first pair
of elastomeric cleaning rollers provided, including first
and second elastomeric cleaning rollers 224, 226 mount-
ed to receive a sheet substrate 280 from a first conveyor
216. A flattening means is disposed proximate the first
conveyor 216, the flattening means configured to oper-
ably engage the curved leading edge 282 of the sheet
substrate 280 such that the curved leading edge 282 is
flattened at a point of contact with the first pair of elasto-
meric cleaning rollers 224, 226.

[0090] In the example shown in Figure 8 the flattening
means is a second conveyor 296. The second conveyor
296 is provided proximate said first conveyor 216. The
second conveyor 296 is configured to operably engage
the curved leading edge 282 of the sheet substrate 280
such that the curved leading edge 282 is flattened at a
point of contact with the second elastomeric cleaning roll-
er 226.

[0091] Thefirstpairof elastomeric cleaning rollers 224,
226 are substantially the same as the first pair of elasto-
meric cleaning rollers 24, 26 of the other examples de-
scribed herein. Each of the first pair of elastomeric clean-
ing rollers 224,226 is rotatably mounted on a holder (not
shown) so as to receive the substrate from the conveyor.
[0092] A second pair of elastomeric cleaning rollers
234, 236 is provided downstream from the first pair of
rollers. The second pairof rollers 234, 236 of the example
shown in Fig. 8 are substantially the same as the first
pair of elastomeric cleaning rollers 34, 36 of the other
examples described herein. Each roller of the second
pair is rotationally mounted on a holder (not shown). The
second pair of elastomeric cleaning rollers, 234, 236 are
arranged to receive the sheet substrate 280 from the first
pair of elastomeric cleaning rollers 224, 226.

[0093] The first conveyor 216 is driven by first and sec-
ond transport rollers 212, 214. In this way, the first con-
veyor 216 is adapted to transport a sheet substrate 280
thereon. The first and second transport rollers 212, 214
of the first conveyor 216 are arranged within opposing
end regions of the first conveyor 216.

[0094] The second conveyor 296 is driven by first and
second transportrollers 292, 294 arranged within oppos-
ing end regions of the second conveyor 296. The first
transport roller 294 is position proximate both the first
conveyor 216 and the first pair of elastomeric cleaning
rollers 224, 226. The second transport roller 292 is posi-
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tioned distal to the first pair of elastomeric cleaning rollers
224, 226.

[0095] Thefirst pair of elastomeric cleaning rollers 224,
226 and the second pair of rollers 234, 236 are each be
provided with a nip gap through which the substrate 280
is to be conveyed.

[0096] The contact cleaning apparatus 201 includes a
first adhesive roll 220 and a second adhesive roll 222.
The first and second adhesive rolls 220, 222 are mounted
and arranged to transfer debris from the first and second
pairs of elastomeric cleaning rollers 224, 226, 234, 236
in a similar manner to those other examples described
herein.

[0097] Inuse, the first conveyor 216 is driven by its first
and second transportrollers 212, 214. The first conveyor
216 is driven in a direction, D2, so the surface region
supporting the sheet substrate 280 is moved towards the
first pair of elastomeric cleaning rollers 224, 226. In this
way, when a sheet substrate 280 is carried on the first
conveyor 216, it moves in a direction, D1, towards the
first pair of elastomeric cleaning rollers 224, 226.
[0098] In use, the second conveyor 296 is driven by its
first and second transport rollers 292, 294. The second
conveyor 296 is driven in a direction, D3, such that the
surface of the second conveyor 296 which engages the
curved leading edge 282 moves towards the first trans-
port roller. In this way, surface engaging the curved lead-
ing edge 282 moves towards the first pair of elastomeric
cleaning rollers.

[0099] The second conveyor 296 is arranged at an an-
gle relative to the first conveyor 216. Due to their relative
positioning, the second conveyor 296 is provided in con-
tacting engagement with the first conveyor 216 proximate
the first pair of elastomeric cleaning rollers 224, 226. That
is, the first and second conveyors 216, 296 provide a nip
gap through which the substrate 280 is to be conveyed.
[0100] The relative angular orientation of the first and
second conveyors, 216, 296 enables the first and second
conveyors 216, 296 to channel the curved leading edge
282 as the curved leading edge 282 moves towards the
first pair of cleaning rollers 224, 226. That is, due to the
decreasing gap between the first and second conveyors,
216, 296, the curved leading edge is made flat as it ap-
proaches the nip gap of the first and second conveyors
216, 296. Consequently, the curved leading edge may
be conveniently and easily flattened prior to being re-
ceived by the elastomeric cleaning rollers.

[0101] In certain examples, the flattening means is any
guide operable to engage and flatten a curved leading
edge as it moves on a first conveyor. Suitable guides
may include a surface which is suitably angled, curved
or profiled so that it provides a flattening of the curved
leading edge as it moves on the first conveyor. Addition-
ally, or alternatively, a guide may include ridges, projec-
tions or ribs, optionally oriented in the direction of move-
ment of the curved leading edge.

[0102] In certain examples, a guide may be provided
with a surface treatment or coating. In this way, the guide
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may provide a channelling effect with low friction between
the guide and the curved leading edge.

[0103] In certain examples, the flattening means, such
as a guide or second conveyor may be selectively ad-
justable. In this way, the flattening means may positioned
at varying positions and angles relative to the first con-
veyor.

[0104] Through the description and claims of this spec-
ification, the words "comprise" and "contain" and varia-
tions of them mean "including but not limited to", and they
are not intended to (and do not) exclude other moieties,
additives, components, integers or steps. Throughout the
description and claims of this specification, the singular
encompasses the plural unless the context otherwise re-
quires. In particular, where the indefinite article is used,
the specification is to be understood as contemplating
plurality as well as singularity, unless the context requires
otherwise.

[0105] Features, integers, characteristics, com-
pounds, chemical moieties or groups described in con-
junction with a particular aspect, embodiment or example
of the invention are to be understood to be applicable to
any other aspect, embodiment or example described
herein unless incompatible therewith. All of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), and/or all of the
steps of any method or process so disclosed, may be
combined in any combination, except combinations
where at least some of such features and/or steps are
mutually exclusive. The invention is not restricted to the
details of any foregoing embodiments. The invention ex-
tends to any novel one, or any novel combination, of the
features disclosed in this specification (including any ac-
companying claims, abstractor drawings), orto any novel
one, or any novel combination, of the steps of any method
or process so disclosed, within the scope of the appended
claims.

[0106] It will be appreciated by persons skilled in the
art that the above embodiment(s) have been described
by way of example only and not in any limitative sense,
and that various alterations and modifications are possi-
ble without departing from the scope of the invention as
defined by the appended claims. Various modifications
to the detailed designs as described above are possible.

Claims

1. A contact cleaning apparatus (201) for a sheet sub-
strate (280) having a curved leading edge (282) com-
prising:

an elastomeric cleaning roller (224, 226) and a
first conveyor (216) for carrying the sheet sub-
strate (280) to be cleaned towards said elasto-
meric cleaning roller (224, 226), wherein said
elastomeric cleaning roller (224, 226) comprises
a contact zone arranged to receivingly engage
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the sheet substrate (280) from said first convey-
or (216), and

a guide disposed proximate and opposingly ar-
ranged with said first conveyor (216), wherein
said guide is configured to contactingly engage
the curved leading edge (282) of the sheet sub-
strate (280) as it moves on the first conveyor,
such that the curved leading edge (282) of the
sheet substrate (280) is flattened at a point of
contact with the elastomeric cleaning roller (224,
226),

characterised in that

said guide comprises a second conveyor (296),
wherein said second conveyor (296) is arranged
at an angle relative to said first conveyor (216),
and wherein said second conveyor (296) and
said first conveyor (216) are configured so as to
provide a channelling of the curved leading edge
(282) as the curved leading edge (282) ap-
proaches said contact zone.

A contact cleaning apparatus according to claim 1,
wherein said angle of said guide relative to said first
conveyor (216)is selectably adjustable between per-
pendicular and parallel.

A contact cleaning apparatus according to claim 1
or claim 2, wherein said second conveyor (296) con-
tactingly engages said first conveyor (216).

A contact cleaning apparatus according to any one
of the preceding claims, wherein said second con-
veyor (296) is driven.

A contact cleaning apparatus according to any one
of the preceding claims wherein said elastomeric
cleaning roller (224, 226) comprises a pair of elas-
tomeric cleaning rollers opposingly arranged to form
a nip gap through which the sheet substrate (280) is
conveyed.

A contact cleaning apparatus according to any pre-
ceding claim, wherein said elastomeric cleaning roll-
er (224, 226) comprises at least one pair of elasto-
meric cleaning rollers configured and arranged to
provide a cleaning surface for the sheet substrate
(280) between each pair of rollers.

A contact cleaning apparatus according to any one
of the preceding claims, wherein each elastomeric
cleaning roller (224, 226) is cleaned by an adjacent
adhesive roll (220, 222).

A contact cleaning apparatus according to any pre-
ceding claim, wherein said contact zone extends at
least partly around said elastomeric cleaning roller
(224, 226).
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10

Patentanspriiche

Kontaktreinigungsvorrichtung (201) fiir ein Blattsub-
strat (280) mit einer gekrimmten Vorderkante (282)
aufweisend:

eine elastomere Reinigungswalze (224, 226)
und einen ersten Forderer (216) zum Befordern
des zu reinigenden Blattsubstrats (280) in Rich-
tung der elastomeren Reinigungswalze (224,
226), wobei die elastomere Reinigungswalze
(224, 226) eine Kontaktzone aufweist, die an-
geordnetist, um das Blattsubstrat (280) von dem
ersten Forderer (216) aufzunehmen, und

eine Fihrung, die in der Nahe und gegenlber-
liegend zu dem ersten Forderer (216) angeord-
net ist, wobei die Flihrung zum Kontakteingriff
mit der gekrimmten Vorderkante (282) des
Blattsubstrats (280) konfiguriert ist, wahrend es
sich auf dem ersten Forderer bewegt, sodass
die gekrimmte Vorderkante (282) des Blattsub-
strats (280) an einem Kontaktpunkt mitder elas-
tomeren Reinigungsrolle (224, 226) abgeflacht
wird,

dadurch gekennzeichnet, dass

die Flhrung einen zweiten Forderer (296) auf-
weist, wobei der zweite Forderer (296) in einem
Winkel in Bezug auf den ersten Forderer (216)
angeordnet ist, und wobei der zweite Férderer
(296) und der erste Forderer (216) zum Vorse-
hen einer Kanalisierung der gekrimmten Vor-
derkante (282) konfiguriert sind, wenn sich die
gekriimmte Vorderkante (282) der Kontaktzone
nahert.

Kontaktreinigungsvorrichtung nach Anspruch 1, wo-
bei der Winkel der Fiihrung in Bezug auf den ersten
Forderer (216) wahlweise zwischen senkrecht und
parallel einstellbar ist.

Kontaktreinigungsvorrichtung nach Anspruch 1 oder
Anspruch 2, wobei derzweite Férderer (296) mitdem
ersten Forderer (216) in Kontakteingriff kommt.

Kontaktreinigungsvorrichtung nach einem der vor-
hergehenden Anspriiche, wobei der zweite Forderer
(296) angetrieben ist.

Kontaktreinigungsvorrichtung nach einem der vor-
hergehenden Anspriiche, wobei die elastomere Rei-
nigungswalze (224, 226) ein Paar elastomerer Rei-
nigungswalzen aufweist, die einander gegenuberlie-
gend angeordnet sind, um einen Walzenspalt zu bil-
den, durch den das Blattsubstrat (280) gefordert
wird.

Kontaktreinigungsvorrichtung nach einem der vor-
hergehenden Anspriiche, wobei die elastomere Rei-
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nigungswalze (224, 226) zumindest ein Paar von
elastomeren Reinigungswalzen aufweist, die konfi-
guriert und angeordnet sind, eine Reinigungsflache
fur das Blattsubstrat (280) zwischen jedem Paar von
Walzen vorzusehen.

Kontaktreinigungsvorrichtung nach einem der vor-
hergehenden Anspriiche, wobei jede elastomere
Reinigungswalze (224, 226) durch eine angrenzen-
de Klebewalze (220, 222) gereinigt wird.

Kontaktreinigungsvorrichtung nach einem der vor-
hergehenden Anspriiche, wobei sich die Kontaktzo-
ne zumindest teilweise um die elastomere Reini-
gungswalze (224, 226) erstreckt.

Revendications

Appareil de nettoyage par contact (201) pour un
substrat en feuille (280) ayant un bord d’attaque in-
curvé (282) comprenant :

un rouleau de nettoyage élastomeére (224, 226)
et un premier convoyeur (216) pour le transport
du substrat en feuille (280) a nettoyer vers ledit
rouleau de nettoyage élastomére (224, 226),
dans lequel ledit rouleau de nettoyage élasto-
meére (224, 226) comprend une zone de contact
agencée pour engager de maniére réceptrice le
substrat en feuille (280) a partir dudit premier
convoyeur (216), et

un guide disposé a proximité dudit premier con-
voyeur (216) et agencé de maniere opposée
avec celui-ci, dans lequel ledit guide est confi-
guré pour venir en prise par contact avec le bord
d’attaque incurvé (282) du substrat en feuille
(280) lorsqu'’il se déplace sur le premier con-
voyeur, de sorte que le bord d’attaque incurvé
(282) du substrat en feuille (280) est aplati a un
point de contact avec le rouleau de nettoyage
élastomere (224, 226),

caractérisé en ce que

ledit guide comprend un deuxiéme convoyeur
(296), dans lequel ledit deuxieme convoyeur
(296) est agencé a un angle par rapport audit
premier convoyeur (216), et dans lequel ledit
deuxiéme convoyeur (296) et ledit premier con-
voyeur (216) sont configurés de maniere a four-
nir une canalisation du bord d’attaque incurvé
(282) lorsque le bord d’attaque incurvé (282)
s’approche de ladite zone de contact.

Appareil de nettoyage par contact selon la revendi-
cation 1, dans lequel ledit angle dudit guide par rap-
port audit premier convoyeur (216) est réglable de
maniere sélective entre une position perpendiculaire
et une position paralléle.
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1"

3.

Appareil de nettoyage par contact selon la revendi-
cation 1 ou la revendication 2, dans lequel ledit
deuxieme convoyeur (296) vient en prise par contact
avec ledit premier convoyeur (216).

Appareil de nettoyage par contact selon I'une quel-
conque des revendications précédentes, dans le-
quel ledit deuxiéme convoyeur (296) est entrainé.

Appareil de nettoyage par contact selon I'une quel-
conque des revendications précédentes, dans le-
quel ledit rouleau de nettoyage élastomere (224,
226) comprend une paire de rouleaux de nettoyage
élastomeres agencés de maniére opposée pour for-
mer un espace de pincement atraverslequel le subs-
trat en feuille (280) est transporté.

Appareil de nettoyage par contact selon I'une quel-
conque des revendications précédentes, dans le-
quel ledit rouleau de nettoyage élastomere (224,
226) comprend au moins une paire de rouleaux de
nettoyage élastomeéres configurés et agencés pour
fournir une surface de nettoyage pour le substrat en
feuille (280) entre chaque paire de rouleaux.

Appareil de nettoyage par contact selon I'une quel-
conque des revendications précédentes, dans le-
quel chaque rouleau de nettoyage élastomeére (224,
226) est nettoyé par un rouleau adhésif adjacent
(220, 222).

Appareil de nettoyage par contact selon I'une quel-
conque des revendications précédentes, dans le-
quel ladite zone de contact s’étend au moins partiel-
lement autour dudit rouleau de nettoyage élastome-
re (224, 226).
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