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ABSTRACT

The flexible hose comprises a first tubular element (2) of corrugated shape
having in longitudinal cross-section a series of outer crests (4) and a
second tubular element (3) of lightweight polymeric material externally
associated with said first tubular element (2) so as to fill at least partially a

corresponding series of troughs (5) alternately shaped-by said outer crests

(4).
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DESCRIPTION
FLEXIBLE HOSE

Technical field

The present invention concerns a flexible hose. More in particular, the
present invention concerns a flexible hose preferably, but not exclusively,

for use in activities such as gardening and the like.

Background art

In various fields, and more specifically in the gardening and the like, it is
widespread the use of flexible hoses which combine a good performance
with a relatively low cost. Over time, this type of hoses has gradually
evolved to get the best performances under different conditions of use. In

particular, to obtain a better quality, hoses comprising more layers have

been devised, each of which is intended to have a specific function, for

example the function of outer coating, or of direct contacting with the fluid
or of barrier against the growth of algae or other similar organisms.

To improve in particular the mechanical properties, such as resistance to
the fluid pressure, torsion, crushing, perforation by external bodies and
others, different reinforced flexible hoses have been devised, in which at
least one of the layers specifically has such function of mechanical
resistance, while maintaining a good flexibility.

The reinforcement layer can be constituted for example by a net or a fabric
of polymeric material that wraps an underlying layer of the hose, and on
which an additional external protective layer is optionally applied.

In fields different from gardening, such as for example plant engineering, it
is known the use of multi-layer flexible hoses capable of withstanding very
high pressures. Patent application GB 1506776 describes, for example, a
flexible hose comprising an inner layer of corrugated thermoplastic
material; a layer of deformable material that covers the inner corrugated

layer; and an outer reinforcement layer of textile knitting or metal net
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placed in contact with the coating layer. The inner corrugated layer
externally defines annular cavities with a substantially trapezoidal profile,
which are filled by said layer of deformable material.

Flexible hoses of substantially the same type are illustrated in patent
applications EP 0793045 and WO 2004/039574.

The presence of a plurality of layers generally results in an increase of the
weight per linear meter of the known flexible hoses. This fact can be
particularly disadvantageous both from the point of view of the use of the
product, and from the point of view of the transport or storage. As a matter
of facts, it should be noted that hoses of this type can also reach some
tens of meters in length; consequently, the weight of a single hose can be
high and thus difficult for the user to move easily.

The high weight of the hose obviously significantly affects also on
transportation costs.

It is also complained that reinforced hoses of this kind can have a

relatively high cost.

Disclosure
The task of the present invention is to solve the aforementioned problems,
devising a flexible hose having great lightness.
Within such technical task, it is a further scope of the present invention to
provide a hose with great flexibility.
Another scope of the invention is to provide a flexible hose of simple
constructive and functional conception, provided with surely reliable
functioning, versatile use and relatively economic cost.
The cited scopes are reached by the flexible hose according to claim 1.
According to the invention, the flexible hose comprises a fist tubular
element of corrugated shape having in longitudinal cross-section a series
of outer crests having triangular profile, so as to be axially flexible, and a
second tubular element of lightweight material externally associated with
said first tubular element so as to fill at least partially a corresponding
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series of troughs alternately shaped by said outer crests.

Said first tubular element of corrugated shape shapes a sort of bellow.
Advantageously, said outer crests of said first tubular element have a
scalene triangle shape.

Preferably, the pitch of said outer crests is equal to about one-third of the
internal diameter of the hose.

Advantageously, said lightweight polymeric material of said second tubular
element partially fills said series of troughs alternately shaped between
said outer crests, so as to define on the bottom of said troughs a
corresponding series of chambers of annular shape.

Preferably, said chambers of annular shape are obtained in sealing
between said first tubular element and said second tubular element.
Preferably, said first tubular element is made of substantially rigid
polymeric material.

According to an embodiment of the invention, said first tubular element is
made of a material of the type of PVC, PU, PET and the like, or by a
mixture of the aforementioned materials.

Preferably, said second tubular element is made of a lightweight material
selected among a polymeric material, a foam material, a vulcanized and/or
low-density rubber, or a mixture of the aforementioned materials.
Advantageously, said second tubular element is externally associated with
said first tubular element through co-extrusion.

Preferably, said outer crests of said first tubular element have, in extended
configuration, a pitch of approximately one-third of the internal diameter of
the same first tubular element.

According to an embodiment of the invention, said outer crests of said first
tubular element have respective cavities aligned so as to define at least
one groove longitudinal to said first tubular element.

Preferably, in said longitudinal groove is housed a filiform reinforcement
element predisposed to be embedded in said lightweight polymeric
material of said second tubular element.
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According to an embodiment of the invention, the flexible hose comprises
an external coating layer overlapped to said second tubular element.
According to an embodiment of the invention, the flexible hose comprises
a third tubular element of flexible material internally associated to said first
tubular element so as to fill at least partially a corresponding series of
troughs alternately shaped by the inner crests of said first tubular element.
According to an embodiment of the invention, the flexible hose comprises
an internal coating layer inserted inside said third tubular element.

The present invention concerns as well a method for manufacturing a
flexible hose which provides to form, through extrusion and subsequent
corrugation, a first tubular element of corrugated shape having in
longitudinal cross-section a series of outer crests with triangular profile;
arranging, through a compacting device, said first tubular element in a

compacted configuration; associating a second tubular element of

- lightweight material externally to said first compacted tubutar element,

through co-extrusion, so as to fill at least partially a corresponding series
of troughs alternately shaped by said outer crests.

Advantageously, said co-extrusion step of the second tubular element on
the first compacted tubular element occurs in absence of air through the
depression created by a vacuum pump working at the extrusion head.
Advantageously, said depression created by the vacuum pump is
predisposed to modulate the thickness of the coating of said second
tubular element of lightweight material on said first tubular element.
Advantageously, said depression created by the vacuum pump is
predisposed to modulate the filling of said troughs with said second tubular
element of lightweight material.

Advantageously, the method provides to cool the hose obtained from said
co-extrusion step.

Advantageously, the method provides to perform the drawing of said hose
at one end thereof so as to obtain the calibrated releasing of said

compacted first tubular element.
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Preferably, said compacting device performs a reduction of the line
feeding speed of said first tubular element to a value equal to about one-
third of the speed of entry inside the same compacting device, so as to
cause a reduction of the pitch of said outer crests.

Description of drawings

Details of the invention shall be more apparent from the detailed
description of a preferred embodiment of the flexile hose according to the
invention, illustrated for indicative purpose in the attached drawings,
wherein:

figure 1 shows a longitudinal cross-sectional view of a portion of the
flexible hose according to the invention;

figures 2, 3, 4, 5 and 6 respectively show an equivalent cross-sectional
view of other embodiments of the flexible hose according to the invention;
figures 7 and 8 respectively show the longitudinal cross-section of the
flexible hose illustrated in figures 1 and 2 in a curved configuration;

figures 7a and 8a show a magnified detail respectively of figures 7 and 8,;
figure 9 shows a longitudinal cross-sectional view of a further embodiment
of the flexible hose according to the invention;

figure 10 shows a schematic view of a production line of the flexible hose

according to the invention.

Best mode

With particular reference to such figures, the flexible hose according to the
present invention is indicated in its entirety with 1. Advantageously, the
flexible hose according to the invention is intended for use in the
gardening field and the like. However, it is possible to intend its use also
for other fields.

The flexible hose 1 comprises a first flexible tubular element 2 of a
corrugated type. The first tubular element 2 can be manufactured through
a polymeric material of suitable mechanical properties, for example PVC,
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PU, PET and the like, or a mixture of the same materials. The first tubular
element 2 can also be manufactured by co-extrusion, in more layers and
with different materials.

Moreover, the flexible hose 1 comprises a second flexible tubular element
3. The second tubular element 3 is associated externally with the first
tubular element 2. Preferably, the second tubular element 3 is
manufactured with a lightweight material selected among a polymeric
material, a foam material, a vulcanized and/or low-density rubber, or a
mixture of the same materials. For example, the second tubular element 3
is made of thermoplastic polymeric material with low density, with a
foaming agent, or vulcanized and/or low-density rubber with foaming
agent. The foaming agent con be of any type, and for example in liquid or
paste form, or with grains, powder and so on.

The foaming agent, during the expansion step, generates gases that
spread- within the polymeric matrix, forming a cell structure within the
polymeric material. Such cell structure allows to obtain, for equal volume,
a considerable lightening of the material. Furthermore, the formation of
such a cell structure gives the material of the second tubular element 3 a
substantially spongy or however widely porous consistency, characterized
by a certain elasticity.

The first corrugated tubular element 2 has in longitudinal cross-section a
series of outer crests 4, having triangular profile, and a corresponding
series of troughs 5 alternately shaped by said outer crests 4. The crests 4
and the troughs 5 give rise, at the inner side of the first corrugated tubular
element 2, to a plurality of specular crests 6 and troughs 7. In substance,
the outer crests 4 and the outer troughs 5 respectively correspond to the
inner crests 6 and the inner troughs 7 of the first tubular element 2, so as
to define a sort of bellows.

Advantageously, according to the present invention, the crests 4 and 6 of
the first tubular element 2, respectively outer and inner, have a scalene

triangle profile.
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According to an aspect of the invention, the second tubular element 3 is
associated with the first tubular element 2 so that the lightweight material
fills at least partially the outer troughs 5 of the first tubular element 2.
According to an embodiment of the invention, the second tubular element
3 is associated with the first tubular element 2 so that the lightweight
material fills completely, and in uniform manner, the outer troughs 5 of the
first tubular element 2. This allows to obtain an extended superficial
adhesion between the two components that eliminates any detachments
risk during use.

According to a different embodiment of the invention, the second tubular
element 3 is associated with the first tubular element 2 so as to partially fill
the troughs 5 alternately shaped by said outer crests 4, so as to define at
the bottom of the same troughs 5 a corresponding series of chambers 15
of annular shape. The chambers 15 of annular shape are obtained in
sealing between the first tubular -element 2 and the second tubular
element 3. ’

According to a further aspect of the invention, the second tubuiar element
3 has a smooth or substantially smooth external surface 8. Therefore, the
second tubular element 3 has a non-uniform outer thickness, and then
does not follow the shape of the inner corrugated tubular element 2. The
smooth or substantially smooth outer surface 8 of the second tubular
element 3 prevents the hose 1 to collect dirt during use. However, it is not
excluded that the outer surface 8 of the second tubular element 3 may
have non-smooth shape.

As it can be seen in figure 7, in use, the flexible hose 1 can assume a
curved configuration with respect of the longitudinal axis of the same hose.
In such configuration, the second tubular element 3 shortens, that is, is
compressed, from the inner side 9 of the hose with respect to the centre of
curvature, while it extends, that is, is stretched at the outer side 10 with
respect to the above-mentioned centre of curvature. In particular, the
portions of material which fill the outer troughs 5 are compressed by the
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same outer crests 4 of the fist tubular element 2 which approach each
other, as it is schematically indicated with arrows F in the detail of figure
7A. Such portions of material which fill the outer troughs 5, due to their
spongy or porous consistency having a certain elasticity, locally exert a
damping action during the folding of the hose.

In addition to that, the material of the second tubular element 3 exerts an
effective protective action of the first tubular element 2, which is the
bearing core of the flexible hose 1, and thus also a protective action of the
fluid flowing therein. Such protective action exerted by the second tubular
element 3 is firstly evident with regard to mechanical stresses, such as
impacts, compressions, perforations by external bodies and the like.
Furthermore, the second tubular element 3 exerts a protective action on
the first tubular element 2, and thus on the fluid flowing therein, against
external agents such as sunlight and the like.

The 'second tubular element 3, when- made of a material of suitable
characteristics, can also be predisposed to ensure a certain thermal
insulation of the fluid flowing inside the first tubular element 2.

The flexible hose 1, in use, may be longer than the length that it has at
rest. In particular, the flexible hose 1, due to the pressure of the fluid that
flows therein, can expand both axially and radially, thanks to the
geometrical and mechanical characteristics of the first tubular element 2
and of the second tubular element 3. A suitable choice of the corrugated
profile of the first tubular element 2, as well as the specific materials for
manufacturing the first tubular element 2 and the second tubular element
3, may allow to obtain different percentages of stretching of the hose when
traversed by the fluid. In practice, this stretching can reach about 20-30%.
The method for manufacturing the described flexible hose provides, first,
to form through an extrusion device 20 and a subsequent corrugation
device 21, known per se, the first tubular element of corrugated shape
having in longitudinal cross-section a series of outer crests 4 having

triangular profile (see figure 10).
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Then, said first tubular element 2 is arranged in a compacted configuration
through a compacting device 22. This is obtained in particular by reducing
the feeding speed of the first tubular element 2 along the feeding line, for
example from a 20m/min speed at the entry zone of the compactor 22 to a
7m/min speed at the exit. In the compacted configuration, the cusps of the
crests 4 are obviously close, that is the pitch between one another is
reduced. More generally, the exit speed of the first tubular element 2 of the
compactor 22 is suitably equal to about one-third of the exit speed from
the corrugation device 21.

Subsequently, the second tubular element 3 of lightweight material is
externally associated with the first compacted tubular element 2, through a
co-extrusion device 23, so as to fill at least partially a corresponding series
of troughs 5 aiternately shaped by the above mentioned outer crests 4.
Advantageously, the co-extrusion step of the second tubular element 3 on
the first compacted tubular element 2 occurs in the absence of air through
the depression created by a vacuum pump 24 acting at the extrusion head
of said co-extrusion device 23. Such depression created by the vacuum
pump is predisposed to modulate the thickness of the coating of said
second tubular element 3 of lightweight material on said first tubular
element 2.

In the co-extrusion step of the second tubular element 3 on the first tubular
element 2, it is possible to also perform the expansion step of the foaming
agent possibly present. In relation to the type of the used foaming agent, if
for example of the exothermic or endothermic type, it is possible to
optimize the co-extrusion step of the second tubular element 3 compatibly
with the type of expansion reaction which must take place within the
material that composes it. For example, in the case in which an
endothermic foaming agent is used, an adequate transfer of thermal
energy from the extrusion device to the material to be extruded is required.
At the exit from the co-extrusion device 23, the hose 1, obtained through
the co-extrusion step, is cooled inside a cooling device 25.
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Finally, the drawing of the hose 1 at one end thereof, by the drawing
device 26, is performed so as to obtain the calibrated releasing of the first
compacted tubular element 2. This is obtained, in particular, by increasing
the line feeding speed in line of the hose, for example from the previous
7m/min speed to a 15m/min speed.

Suitably, the cited working steps are performed in sequence with the help
of a calibrated rod longitudinally inserted inside the first tubular element 2.
In figure 2 a different embodiment of the flexible hose according to the
invention is shown, comprising a third flexible tubular element 1 2,
associated internally with the first tubular element 2.

The third tubular element 1 2 is made of a lightweight material selected
among a polymeric material, a vulcanized and/or low-density rubber, a
foam material, or a mixture of the aforesaid materials. In particular, the

material composing the third tubular element 1 2 can be the same of the

-second tubular element 3 or a different material, for example a different

combination of a polymeric material and a foaming agent.

Like the second outer tubular element 3, the third inner tubular element 12
is associated with the first tubular element 2 so that the lightweight
material fills at least partially the inner troughs 7 of the first tubular
elements 2. Preferably, the inner surface 13 of the third tubular element 12
is substantially smooth. In this way, it is possible to prevent any
entrapments of liquid at the inner troughs 7 of the first tubular element 2.

In this case the mutual approaching of the crests 4 and 6, respectively
outer and inner, of the first tubular element 2 determines the compression
of the corresponding portions of material of the second tubular element 3
and of the third tubular element 12, that respectively fill the outer troughs 5
and the inner troughs 7, as it is schematically indicated with arrows F (see
figure 8 and 8a).

In the manufacturing step, the extrusion of the third tubular element 12 can
be performed simultaneously to the extrusion of the second tubular
element 3, for example, by using the same extrusion device. It can be
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useful, additionally, to use the same materials for manufacturing the
second tubular element 3 and the third tubular element 12.

In figure 3 a further embodiment of the flexible hose according to the
invention is shown, comprising at least one external coating layer 11
overlapped to the second tubular element 3. The external coating layer 11
can be preferably cylindrical and smooth, in particular when the outer
surface 8 of the second tubular element 3 is smooth.

The external coating layer 11 of the second tubular element 3 has mainly
protective function of the underlying lightweight material composing the
second tubular element 3, for example to increase its resistance to
abrasion or to perforation by external bodies, as well as to function as a
barrier against the external agents such as sunlight or as heat insulator.
The external coating layer 11 can be made of any material having suitable
properties, for example a polymeric material, or layers of different
materials.

In figure 4 a further embodiment of the flexible hose according to the
invention is shown, comprising, in addition to the first tubular element 2
and to the second tubular element 3, also a third inner tubuiar element 12
and an external coating layer 11, according to the preceding description.

In figure 5, a further embodiment of the flexible hose according to the
invention is shown, being different from the previous one for the presence
of an additional internal coating layer 14, inserted inside the third tubular
element 12 intended for the direct contact with the fluid which traverses
the flexible hose. Obviously, also the internal coating layer 14 can be
made of any material having suitable properties, for example a polymeric
material, or layers of different materials.

In figure 6 a further embodiment of the flexible hose according to the
invention is shown being different from the previous one for the absence of
an external coating layer 11. Therefore, this is, in substance, a simplified
version compared to the previous one.

In figure 9 a further embodiment of the flexible hose according to the
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invention in shown, in which the cusps of the crests 4 and 6, outer and
inner, of the first tubular element 2 are rounded so as to give the
corrugated profile a substantially sinusoidal shape. This allows to improve
the adhesion between the first tubular element 2 and the second tubular
element 3, because any concentrations of tension in the coupling between
the respective materials are eliminated. Obviously, such a conformation of
the corrugated of this type can be provided also for the embodiments of
the flexible hose illustrated in figures 2 to 8.

The flexible hose according to the invention therefore reaches the scope
of combining the features of great lightness and flexibility. This result is
achieved thanks to the inventive idea of associating, preferably by co-
extrusion, a first tubular element having a corrugated shape having in
longitudinal cross-section a series of outer crests with a triangular profile
and a second tubular element of polymeric lightweight material
predisposed to fill at least partially the corresponding series of troughs
defined by the outer crests. "

A prerogative of the flexible hose according to the present invention is that
the conformation of the outer crests of the tubular corrugated element with
triangular profile, in particular of scalene triangle, allows to obtain a very
high fiexibility of the hose, that is, a very small radius of curvature, without
the occurrence of occlusions of the hose. In practice, the hose folding
angle can reach an amplitude of 360°, that is, the folding of the tube is
possible on itself by ensuring the flow of the fluid in its interior. In
particular, the continuity of the flow is also ensured in the case of hose
knotting.

Another advantage offered by the hose according to the invention is given
by the fact of avoiding the closure of the fluid passage even in the
presence of lateral torsion and the like, which are frequent in the use of
this type of hoses.

The flexible hose described by way of example is susceptible of numerous
modifications and variants according to the different needs. For example, it
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is possible to provide that the outer crests 4 of the first tubular element 2
have respective radial recesses, for example in diametrically opposite
positions, aligned so as to define at least one groove iongitudinal to the
same first tubular element. Usefully, in such longitudinal groove is housed
a reinforcement thread-like element predisposed to be embedded in the
lightweight polymeric material of the second tubular element 3.
Furthermore, the second tubular element 3 and/or the third tubular
element 12, if made at least partially of a foam material, can be
manufactured so as to have a cell structure having different characteristics
in relation to the different areas of the flexible hose. For example, the
porous or spongy consistency of the second tubular element 3 and/or of
the third tubular element 12 could be more accentuated near the surface
of the first tubular element 2 and less accentuated towards the outside, or
vice versa. In this way, it is possible to obtain different mechanical
behaviors of the flexible hose in relation to the different- areas of its-
thickness, for example greater or lesser yielding in the folded
configuration, greater or lesser resistance to external agents and the like.
In practice, the used materials as well as the size and shape may vary
according to the

Should the technical characteristics mentioned in the claims be followed

by reference signs, such reference signs were included for the sole
purpose of increasing the understanding of the claims and thus they shall
not be deemed limiting the scope of the element identified by such

reference signs by way of example.
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CLAIMS

1. Aflexible hose for gardening comprising:

a first tubular element of rigid polymeric material having
corrugated shape and having in longitudinal cross-section a series of
outer crests having a triangular profile, to be axially flexible, , the first tubular
element including a radially exterior surface and a radially interior surface, the
radially interior surface defining a flow path for fluid through the flexible hose,
a second tubular element of lightweight polymeric material
externally associated with said first tubular element to fill at
least partially a corresponding series of troughs on the radially exterior surface
alternately shaped by said outer crests,

wherein the lightweight polymeric material partially fills the series of troughs to
define a corresponding series of hollow chambers of annular shape at radially
inward bottoms of the series of troughs;

wherein the second tubular element has a cell structure having different
characteristics in relation to different areas of the flexible hose;

wherein the outer crests of the first tubular element have respective troughs
aligned to define a groove longitudinal to the first tubular element;

a reinforcing thread element housed in the groove, predisposed to be
embedded in the lightweight polymeric material of the second tubular element.

2. The flexible hose according to claim 1, wherein said outer crests of said first
tubular element have a scalene triangle profile.

3. The flexible hose according to claim 1, wherein said chambers of annular
shape are formed by sealing between said first tubular element and said
second tubular element.

4. The flexible hose according to any one of claims 1 to 3, wherein said second
tubular element is externally connected with said first tubular element by
coextrusion.

5. The flexible hose according to any one of claims 1 to 4, wherein said outer
crests of said first tubular element have, in an extended configuration, a pitch
of a length of an order of one-third of an internal diameter of the first tubular
element.

Date Recue/Date Received 2023-02-03



Application No. 2,999,667 Our Ref: 38194-5
CA National Phase of PCT/IB2016/056528 (61.E3430.12.CA.1W)
15

6. The flexible hose according to any one of claims 1 to 5, further comprising an

external coating layer overlapped to said second tubular element.

7. A method for manufacturing a flexible hose comprising the steps of:
providing:
a first tubular element of rigid polymeric material having corrugated shape and
having in longitudinal cross-section a series of outer crests having a triangular
profile, to be axially flexible, the first tubular element including a radially exterior
surface and a radially interior surface, the radially interior surface defining a
flow path for fluid through the flexible hose,
a second tubular element of lightweight polymeric material externally
associated with said first tubular element to fill at least partially a corresponding
series of troughs on the radially exterior surface alternately shaped by said
outer crests,
wherein the lightweight polymeric material partially fills the series of troughs to
define a corresponding series of hollow chambers of annular shape at radially
inward bottoms of the series of troughs;
that the second tubular element has a cell structure having different
characteristics in relation to different areas of the fiexible hose;
that the outer crests of the said first tubular element have respective troughs
aligned to define a groove longitudinal to the first tubular element;
a reinforcing thread element housed in the groove, predisposed to be
embedded in the lightweight polymeric material of the second tubular element;

a. forming, by an extrusion device and a subsequent corrugation
device, the first tubular element ;

b. arranging, by a compacting device, said first tubular element in a
compacted configuration;

c. associating externally with said compacted first tubular element,
by a coextrusion device, the second tubular element of
lightweight polymeric material so as to fill at least partially the
corresponding series of troughs alternately shaped by said outer
crests;

d. cooling the hose obtained by said step of co-extrusion;

Date Recue/Date Received 2023-02-03
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e. operating a drawing of said hose at one end thereof to

obtain a calibrated release of said compacted first tubular element.

8. The method according to claim 7, further comprising performing the
coextrusion of said second tubular element on
said compacted first tubular element in an absence of air.

9. The method according to claim 7 or 8, further comprising operating steps a to
e in sequence with aid of a calibrated rod
longitudinally inserted inside said first tubular element.

Date Recue/Date Received 2023-02-03
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