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(67)  The invention relates to an apparatus (100) for
the washing of fabrics in a continuous and open mode,
said apparatus (100) comprising at least one processing
unit (10) that extends in a longitudinal direction (L) of the
apparatus (100), said processing unit (10) comprising a
plurality of cylinders that define a washing path extending
from an inlet (11) to an outlet (12) thereof. Said at least
one processing unit (10) further comprises a first and a
second perforated moving surfaces (20, 21) configured
to receive a fabric (F) to be treated between them, said
moving surfaces (20, 21) being supported by sets of cyl-
inders comprising both cylinders (40; 50, 60) of said
washing path and further cylinders (41; 61), each moving
surface forming a closed loop path with said cylinders
and at least one of said cylinders (40, 41, 60, 61) being
a driven cylinders, wherein said closed loop paths share
the same cylinders (40; 50, 60) which define said washing
path. The processing unit (10) further comprises a plu-
rality of first and second nozzles (30, 31) arranged along
the entire washing path and facing the perforated moving
surfaces (20, 21), said nozzles (30, 31) being connected
to sources of washing fluids and being configured for
dispensing said fluids at pressures comprised between
5 and 50 bar, preferably between 8 and 15 bar, and at
flow rates comprised between 10.000 and 50.000, pref-
erably between 20.000 and 40.000, liters/hour per linear
meter of fabric in the direction of its width. The invention
also relates to a washing method carried out by said
washing apparatus.
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Description

[0001] The presentinvention relates toindustrial wash-
ing of fabrics subsequently to their weaving processes
and more particularly to an apparatus and a method for
the washing of fabrics in the so called "continuous and
open mode", which indicates that fabrics pass through a
washing apparatus from an inlet to an outlet and are kept
fully extended in the direction of their width.

[0002] Washing of fabrics manufactured through in-
dustrial weaving processes is necessary to eliminate im-
purities therefrom such as, for example, residues of spin-
ning or weaving, as well as chemicals such as caustic
soda and bleaching agents.

[0003] Known washing systems for fabrics comprise
one or more processing units consisting of tanks contain-
ing a plurality of cylinders that define a washing path.
Washing is carried out by way of washing fluids such as
water or mixtures of water and detergents at tempera-
tures comprised between 20°C and 99°C. A fabric is
mainly washed by immersion in the washing fluids, typ-
ically first in tanks containing mixtures of water and de-
tergents and then in tanks containing water only, wherein
rinsing operations are carried out. Itis also known to carry
out washing by spraying water at pressures comprised
between 2 and 4 bar directly on a fabric. Water is sprayed
from perforated or slotted conduits arranged along the
washing paths in the different tanks.

[0004] Inwashing apparatuses comprising small diam-
eter cylinders or rollers, each processing unit includes a
tank and a plurality of rollers having a diameter generally
equal to or lower than 20 cm. The rollers are arranged
along a longitudinal direction between an inlet and an
outlet of the processing unit and grouped in parallel rows
that are spaced apart vertically. The parallel rows formed
by the groups of rollers define a zig-zag washing path for
the fabrics to be treated. This configuration allows to
achieve long washing paths within the processing units.
However, the washing paths are rather tortuous and re-
quire to tension a fabric longitudinally, which results in
the risk of undesirable elongations and formation of folds.
[0005] Washing apparatuses comprising large diame-
ter cylinders or drums are also known. In these appara-
tuses each processing unit comprises at least one drum
having a diameter e.g. in the order of 1 m on which a
fabric to be washed is wound. The drum is partially im-
mersed in a tank, thus allowing to soak the fabric to be
cleaned in the washing fluids. Similarly to washing ap-
paratuses comprising rollers, those comprising drums
may additionally employ washing fluids sprayed from per-
forated or slotted conduits arranged above and/or around
the drums. The processing units also comprise cylinders
or rollers having a diameter that is smaller than the di-
ameter of the respective drums and serve to guide a fab-
ric to and from the drums.

[0006] An example of a similar washing apparatus is
disclosed in the European patent application EP 280068
A1,
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[0007] The drums may have wavy shaped mantles or
mantles made up of a plurality of slats, which allow wash-
ing water to cross the fabric wrapped around the drum,
thus washing it simultaneously on the two opposite faces.
[0008] Compared to apparatuses comprising groups
of rollers, washing apparatuses comprising large drums
have shorter and less tortuous washing paths, whereby
the elongation problems of the treated fabrics and the
risks of formation of folds are reduced. The shorter wash-
ing paths notwithstanding, tensioning of the fabrics is still
necessary due to their remarkable weight when wet.
Moreover, in order to achieve an adequate washing ac-
tion, it is necessary to provide a washing apparatus with
a number of processing units, whereby the overall size
of a washing apparatus comprising large drums is gen-
erally larger than the overall size of an apparatus provid-
ed with groups of rollers, particularly in the longitudinal
direction.

[0009] Also known are combined washing apparatus-
es comprising processing units with groups of rollers, as
well as processing units provided with drums of a larger
diameter.

[0010] Further washing apparatuses for fabrics com-
prise a washing path defined by a plurality of cylinders
or rolls and comprising a bath designed to hold a fabric-
processing liquor inside which suction and jet units are
arranged. The suction and jet units receive a fabric be-
tween them and the bath liquor is caused to flow there-
through from one face to the opposite one. An example
of such anapparatus is disclosed in the international pub-
lication WO 96/05350 A1.

[0011] Still further washing apparatuses for fabrics in-
clude a washing path defined by a conveyor belt above
which hollow or slotted conduits configured to dispense
washing fluids are arranged. A fabric to be washed is
arranged folded on the conveyor belt and moved along
the washing path. The fabric can be made to pass several
times through the washing path by way of cylinders and
rollers.

[0012] Despite the availability of washing apparatuses
of different types and sizes, there is still the need to im-
prove apparatuses and methods for the washing of fab-
rics, which is an object of the present invention.

[0013] Said objectis achieved with a washing appara-
tus and a washing method, whose main features are
specified in the independentclaims 1 and 9, respectively,
while other features are specified in the remaining claims.
[0014] An idea of solution underlying the present in-
vention is to convey a fabric along a washing path not
directly in contact with the cylinders as in known washing
systems, either small diameter rollers or drums, but sand-
wiched between two perforated moving surfaces that
convey it from an inlet to an outlet of a processing unit.
The use of perforated moving surfaces to convey a fabric
along the washing path allows to carry out washing of
the fabric while minimizing its elongation problems. In
fact, the tensile stresses generated by the drawing cyl-
inders arranged along the washing path only indirectly
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stress the fabric, because they are mainly absorbed by
the moving surfaces conveying it.

[0015] Furthermore, the perforated moving surfaces
allow to ensure maintenance of an open configuration of
the fabric along the whole washing path, thus avoiding
the risk of formation of folds independently of the confor-
mation of the latter.

[0016] It is also an idea of solution underlying the in-
vention to perform washing of a fabric with washing fluids
that are exclusively fed at high pressures and high flow
rates by nozzles arranged along the washing path. Dif-
ferently from prior art apparatuses as those disclosed by
EP 280068 A1 and WO 96/05350 A1, in the apparatus
of the invention a fabric is not partly or fully immersed in
tanks containing washing fluids. The washing apparatus
and method of the invention instead exploit the dynamic
action of washing fluids sprayed at high pressures and
flow rates, which generate on the fabrics high impact forc-
es that allow them to completely cross the latter, thus
removing impurities therefrom much more effectively
than it happens in known washing apparatuses.

[0017] Consequently, itis possible to reduce the length
of the washing paths, for example by using a smaller
number of tanks, and the overall size of a washing ap-
paratus, as well as its manufacturing costs. Compared
to washing apparatuses known in the field, processing
times and operation costs are also remarkably reduced.
[0018] The perforated moving surfaces used to convey
a fabric along the washing path comprise a plurality of
apertures configured to facilitate passage of the washing
fluids from one face of the fabric to the opposite one,
while at the same time spreading the pressures exerted
by the washing fluids over the entire surface of the fabric
so as to prevent them from being damaged, such as
scratched, worn and torn.

[0019] The perforated moving surfaces may for exam-
ple be in the form of meshes made of metal or synthetic
materials.

[0020] According to an embodiment of the invention,
the washing apparatus comprises at least one process-
ing unit, wherein the perforated surfaces sandwiching a
fabric to be cleaned are conveyors belts respectively
moved by sets of rollers, and wherein some of the rollers
are arranged along the washing path. The nozzles that
spray jets of water and mixtures of water and detergents
toward the fabric are arranged in the portions of the wash-
ing path between subsequent rollers.

[0021] According to an alternative embodiment of the
invention, the washing apparatus comprises at least one
processing unit wherein one of the perforated moving
surfaces is wound on a drum of the processing unit and
coats or directly forms its mantle, while the other perfo-
rated moving surface is a conveyor belt moved by a plu-
rality of rollers of a smaller diameter than the diameter
of the drum. In this case the nozzles that deliver the jets
of water and mixtures of water and detergents toward
the fabric are arranged circumferentially around the
drum.
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[0022] According to afurther embodiment of the inven-
tion, the washing apparatus may include both processing
units comprising pairs of conveyor belts and processing
units comprising a single conveyor beltand adrum whose
mantle is coated or formed by a perforated surface.
[0023] Furtheradvantages and features of the washing
apparatus and method according to the presentinvention
will become clear to those skilled in the art from the fol-
lowing detailed and non-limiting description of embodi-
ments thereof with reference to the attached drawings
wherein:

- Figure 1 schematically shows a washing apparatus
according to an embodiment of the present inven-
tion;

- Figure 2 shows a detail Il of Figure 1;

- Figure 3 schematically shows a washing apparatus
according to an alternative embodiment of the
present invention;

- Figure 4 shows a detail IV of figure 3.

[0024] Referring to the drawings, a washing apparatus
for fabrics according to the invention is generally indicat-
ed by reference numeral 100 and comprises at least one
processing unit 10 that extends in a longitudinal direction
L. The processing unit 10 comprises a plurality of cylin-
ders defining a washing path that extends between an
inlet 11 and an outlet 12 of the processing unit 10. The
type and arrangement of the cylinders will be described
below with reference to specific embodiments of the in-
vention.

[0025] During operation of the washing apparatus 100
a fabric F is received in the processing unit 10 in the
direction of its length and maintained flat in the direction
of its width along the washing path, thus allowing to carry
out washing in open and continuous mode.

[0026] To this aim, according to the invention the
processing unit 10 comprises a first and a second perfo-
rated moving surfaces 20, 21 supported by sets of cylin-
ders comprising both cylinders of the washing path and
idler cylinders. Each perforated moving surface forms a
closed ring path with the set of cylinders. Each closed
ring path comprises at least one motorized cylinder that
causes the perforated moving surfaces to circulate
around the respective sets of cylinders.

[0027] Thering or closed loop paths formed by the per-
forated moving surfaces 20, 21 share the same cylinders
defining the washing path. Hence, the perforated moving
surfaces are completely overlapped along the washing
path from the inlet 11 to the outlet 12 of the processing
unit 10, whereas they respectively move close to each
other at the inlet 11 and away from each other at the
outlet 12 driven by their respective idler cylinders.
[0028] During operation, the moving surfaces 20, 21
driven by respective sets of cylinders receive the fabric
F to be washed between them atthe inlet 11, thus forming
asandwich structure therewith. The fabric so sandwiched
between the moving surfaces proceeds along the wash-
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ing path to the outlet 12. Therefore, during washing the
fabric F proceeds along the washing path dragged by the
perforated moving surfaces 20, 21.

[0029] The mixtures of water and detergents needed
to wash the fabric F are dispensed by a plurality of first
nozzles 30 arranged along the entire washing path and
facing the perforated moving surfaces 20, 21. Hence,
during operation the nozzles face the sandwich structure
formed by the moving surfaces and the fabric F arranged
therebetween. Fresh water for the rinsing of the fabric F
is instead supplied by a plurality of second nozzles 31
e.g. arranged in the portion of the washing path located
near the outlet 12 of the processing unit 10.

[0030] The nozzles 30, 31 are also arranged over the
entire width of the washing path, thus allowing to wash
of the fabric F not only along its length but also along its
width, so as to process its whole surface.

[0031] It will be understood that the rinsing nozzles 31
might also be arranged among the washing nozzles 30
configured to deliver the mixtures of water and deter-
gents, so as to carry out intermediate rinsing steps during
a washing cycle.

[0032] The apertures formed in the surfaces of han-
dling 20, 21 allow cleaning fluids sprayed at high pres-
sures and flow rates to cross the fabric F from one face
to the opposite and to exert thereon and among its mesh-
es friction forces that allow to effectively remove the im-
purities.

[0033] Accordingtothe presentinvention, the washing
fluids dispensed by the nozzles 30, 31 are fed at high
pressures, in particular comprised between 5 and 50 bar,
preferably between 8 and 15 bar. In addition to this, the
nozzles 30, 31 are configured to feed the washing fluids
at flow rates comprised between 10000 and 50000, pref-
erably between 20000 and 40000, liters/hour per linear
meter of fabric in the direction of the width. Nozzles out-
lets suitable to ensure such flow rates are for example
larger than or equal to 0.8 mm?2.

[0034] The above pressures and flow rates allow to
achieve a high penetration of the washing fluids into the
treated fabric F, which results in a more rapid and effec-
tive cleaning action with respect to known washing ap-
paratuses that employ hollow or slotted conduits operat-
ed at lower pressures, e.g. comprised between 2 and 4
bars, combined with tanks containing washing fluids
wherein the fabric is made to pass. In other words, dif-
ferently from known washing apparatuses, the washing
apparatus of the invention exploits the dynamic action of
the washing fluids on the fabrics.

[0035] Thanks to these features, the washing path of
a washing apparatus according to the invention is gen-
erally shorter than the washing path of a known washing
apparatus.

[0036] The processing unit 10 also comprises a tank
13 which collects by gravity the mixtures of water and
detergents dispensed by the nozzles 30, 31 for washing
the fabric F. Referring to a vertical direction V, perpen-
dicular to the longitudinal direction L, the tank 13 is ar-
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ranged below the cylinders defining the washing path.
[0037] The sole function of the tank is to collect wash-
ing fluids falling from the fabric. Differently from prior art
washing apparatuses, the apparatus of the invention
does not require any passage of the fabric into the tank,
washing being carried out exclusively through the dy-
namic cleaning action of the washing fluid sprayed at
high pressures and flow rates by the nozzles.

[0038] Preferably, the mixtures of water and deter-
gents collected in the tank 13 of each processing unit 10
are recirculated after filtration during a whole washing
cycle by way of a respective pump 14 connected to the
tank 13 through a suitable conduit 15. A pump allowing
to supply clean water to the second nozzles 31 is instead
indicated in the figures by reference number 16.

[0039] Now referring to Figures 1 and 2, according to
an embodiment of the invention both the first and the
second perforated moving surfaces 20, 21 are conveyor
belts provided with a plurality of through apertures, for
example, meshes made of plastic or metal.

[0040] The perforated moving surfaces 20, 21 are re-
spectively supported by a plurality of cylinders in the form
of rollers 40 having a small diameter, for example equal
to 20 cm, which define the washing path from the inlet
11 to the outlet 12 of the processing unit 10. The perfo-
rated moving surfaces 20, 21 are also supported by ad-
ditional rollers 41, which do not belong to the washing
path and e.g. have the same diameter of the rollers 40
of the washing path.

[0041] In the frame of the present invention it is com-
pletely irrelevantwhether the perforated moving surfaces
20, 21 are driven by a roller 40 of the washing path or by
any one of the additional rollers 41.

[0042] AsshowninFigures 1 and 2, along the washing
path the rollers 40 are aligned longitudinally and divided
into two groups that are spaced apart vertically. Moreo-
ver, the rollers 40 of the two groups are offset from each
other in the longitudinal direction L, so that the washing
path they define has a zig-zag pattern, whose total length
varies depending on the number of rollers 40 and their
relative distances in the longitudinal and vertical direc-
tions L, V of the apparatus 100.

[0043] The movement direction of the perforated mov-
ing surfaces 20, 21 and the rotation direction of the rollers
40 are shown in Figures 1 and 2 by way of arrows.
[0044] The nozzles 30 which provide the mixtures of
water and detergents can be advantageously arranged
between subsequent rollers 40 of the washing path in
the vertical direction V. All the nozzles may be oriented
in the same direction, so that during operation they alter-
nately face the inner and outer faces of the sandwich
structure formed by the perforated moving surfaces 20,
21 and the fabric F.

[0045] In order to prevent deformations of the fabric F
duringits passage along the washing path, itis necessary
to synchronize the velocities of the two perforated moving
surfaces 20, 21. To this aim, the apparatus 100 may ad-
vantageously comprise a control system (not shown) op-
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erated by an appropriate control program, for example,
in closed loop mode, which receives as inputs values
indicative of the movement velocity of the moving sur-
faces 20, 21 and provides as outputs values for control-
ling the rotation speed of the motorized rollers.

[0046] Now referring to Figures 3 and 4, according to
an alternative embodiment of the invention, the process-
ing unit 10 comprises a cylinder in the form of a drum 50
of large diameter, for example equal to 1 m, on whose
mantle the first perforated moving surface 20 is applied
or integrally formed.

[0047] Similarly to the embodiment described above,
the second perforated moving surface 21 is a conveyor
belt supported by a plurality of rollers 60 of a smaller
diameter than the drum 50, for example equal to 20 cm.
The drum 50 and the rollers 60 form the washing path of
the processing unit 10.

[0048] The second perforated moving surface 21 is al-
so supported by additional rollers 61 that do not belong
to the washing path and form a closed ring or loop path
that is superimposed to the mantle of the drum 50, i.e.
to the first moving surface 20 substantially over its whole
circumference.

[0049] The inlet and outlet 11, 12 for the fabric F are
adjacent to one another and arranged proximate to the
mantle of the drum 50, while the nozzles 30, 31 intended
to carry out washing and rinsing of the fabric F are ar-
ranged along the circumference of the drum 50.

[0050] The operation ofthe washing apparatus 100 ac-
cording to this embodiment is the same as that of the
embodiment described above, the fabric F being fed into
the processing unit 10 from the inlet 11 to the outlet 12
and proceeding along the washing path sandwiched be-
tween the perforated moving surfaces 20, 21.

[0051] Alsointhis case, in order to avoid deformations
of the fabric F during its passage along the washing path
it is necessary to synchronize the speeds of the two per-
forated moving surfaces 20, 21. To this aim, the appara-
tus 100 may advantageously comprise a control system
(not shown), e.g. operated in a closed loop mode, man-
aged by a suitable control program that receives as input
values indicative of the movement velocity of the moving
surfaces 20, 21 and provides output values for controlling
the rotation speed of the motorized rollers.

[0052] In Figures 3 and 4 the movement direction of
the perforated moving surfaces 20, 21 and the rotation
direction of the drum 50 and the rollers 60 are shown by
way of arrows.

[0053] The present invention has herein been dis-
closed with reference to preferred embodiments of the
washing apparatus and method. It is to be understood
thatthere may be other embodiments relating to the same
inventive idea, as defined by the scope of protection of
the claims set forth below.
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Claims

1. An apparatus (100) for the washing of fabrics in a
continuous and open mode, said apparatus (100)
comprising at least one processing unit (10) that ex-
tends in a longitudinal direction (L) of the apparatus
(100), said processing unit (10) comprising a plurality
of cylinders that define a washing path extending
from an inlet (11) to an outlet (12) thereof, charac-
terized in that
said at least one processing unit (10) further com-
prises a first and a second perforated moving sur-
faces (20, 21) configured to receive a fabric (F) to
be treated between them, said moving surfaces (20,
21) being supported by sets of cylinders comprising
both cylinders (40; 50, 60) of said washing path and
further cylinders (41; 61), each moving surface form-
ing a closed loop path with said cylinders and at least
one of said cylinders (40, 41, 60, 61) being a driven
cylinders, wherein said closed loop paths share the
same cylinders (40; 50, 60) which define said wash-
ing path, and in that
said processing unit (10) further comprises a plurality
of first and second nozzles (30, 31) arranged along
the entire washing path and facing the perforated
moving surfaces (20, 21), said nozzles (30, 31) being
connected to sources of washing fluids and being
configured for dispensing said fluids at pressures
comprised between 5 and 50 bar, preferably be-
tween 8 and 15 bar, and at flow rates comprised
between 10.000 and 50.000, preferably between
20.000 and 40.000, liters/hour per linear meter of
fabric in the direction of its width.

2. A washing apparatus (100) according to claim 1,
wherein said processing unit (10) further comprises
a tank (13) suitable for collecting by gravity water
and detergent mixtures dispensed by the first noz-
zles (30), said tank (13) being arranged below the
cylinders (40; 50, 60) that define the washing path
with respect to a vertical direction (V) of the appara-
tus (100), perpendicular to the longitudinal direction

(L).

3. A washing apparatus (100) according to claim 2,
wherein the processing unit (10) further comprises
a pump (14) connected to the tank (13) through a
duct (15), said pump (14) being configured to suck
the mixtures of water and detergents collected in the
tank (13) and to supply them to the first nozzles (30).

4. A washing apparatus (100) according to any one of
claims 1 to 3, wherein both the first and the second
perforated moving surfaces (20, 21) are conveyor
belts comprising a plurality of apertures, said con-
veyor belts being supported by a plurality of cylinders
(40) that define the washing path from the inlet (11)
to the outlet (12) of the processing unit (10) and by
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additional idler cylinders (41) external to the washing
path.

A washing apparatus (100) according to claim 4,
wherein the cylinders or rollers (40) of the washing
path are longitudinally aligned and divided into two
vertically spaced groups, the cylinders or rollers (40)
of the two groups being mutually shifted in the lon-
gitudinal direction (L).

A washing apparatus (100) according to claim 5,
wherein the nozzles (30, 31) of the processing unit
(10) are arranged between consecutive cylinders
(40) of the washing path in the vertical direction (V).

A washing apparatus (100) according to any one of
claims 1 to 3, wherein the processing unit (10) com-
prises a drum (50) on whose mantle the first perfo-
rated moving surface (20) is applied or integrally
formed, and wherein the second perforated moving
surface (21) is a conveyor belt supported by a plu-
rality of cylinders (60) forming a washing path with
said drum (50) and by further cylinders (61) external
to the washing path with which the conveyor belt
forms a closed loop path which overlaps the mantle
of the drum (50).

A washing apparatus (100) according to claim 7,
wherein the nozzles (30, 31) for dispensing the
washing fluids are arranged along the circumference
of the drum (50).

A method for the washing of fabrics in a continuous
and open mode, wherein a fabric (F) to be treated
passes through a washing path comprising a plurality
of cylinders of at least one processing unit (10) of a
washing apparatus (100), said method comprising
the steps of:

i) receiving said fabric (F) at an inlet (11) of said
processing unit (10) between a first and a sec-
ond perforated moving surfaces (20, 21) thus
forming a sandwich structure, said first and a
second perforated moving surfaces (20, 21) be-
ing supported by said cylinders of the washing
path and by further idler cylinders with which
they form respective closed loop paths;

ii) moving said sandwich structure along the
washing path from said inlet (11) to an outlet
(12) of the processing unit (10) by driving at least
one of the cylinders of the respective closed loop
paths;

iii) washing said fabric (F) exclusively by dis-
pensing washing fluid jets towards said sand-
wich structure, said jets being supplied at pres-
sures comprised between 5 and 50 bar, prefer-
ably between 8 and 15 bar, and at flow rates
comprised between 10.000 and 50.000, and
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preferably between 20.000 and 40.000, lit-
ers/hour per linear meter of fabric in the direction
of its width.

10. Awashing method according to claim 9, further com-

prising a step of synchronizing the velocities of the
perforated moving surfaces (20, 21) along the wash-
ing path.
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