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ABSTRACT

A method of forming a double film layered continuous conduit is disclosed. The method includes
applying at least one film of ribbon spirally around a former where at least half of each turn of

ribbon overlaps the next turn of the ribbon, such that the leading and trailing edges overlap. A

bead of molten plastic is then applied between the overlap.




10

15

20

235

30

CA 02488523 2004-11-25

~1-

“CONDUIT AND METHOD OF FORMING”

BACKGROUND TO THE INVENTION
Field of the Invention

The present invention relates to components for breathing circuits and in particular to
conduits for use in the limbs of breathing circuits. The invention also relates to methods of
manufacturing such conduits.

Summary of the Prior Art

In assisted breathing, particularly in medical applications, gases are supplied and returned
through conduits. Such conduits are ideally light and flexible to ensure the greatest level of
comfort for the patient. In the prior art, thin walled conduits are known which include helical or
annular reinforcing ribs which act to give the conduit better resistance to crushing and pinching,
while still allowing the conduit to be light and flexible. An example of one such conduit is shown
in Figure 1.

It is advantageous to manufacture this type of conduit as a continuous process. In the
prior art this is achieved by spiral winding of a thin polymer tape onto a former such that the
edges of adjacent layers overlap a small amount. A bead of molten polymer is then applied over
the top of the overlapping edges welding them together and simultaneously forming the helical
reinforcing ribs. A disadvantage with this forming technique is the difficulty welding several
adjacent layers. This problem is especially severe when multiple layer conduit walls are to be
formed. While combining the application of a molten bead with another secondary thermal
welding process or applying the polymer to the former as a still molten plastic does go some way
to alleviating this difficulty, these solutions add complexity to the tube former and may be
difficult to achieve with very thin walls.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a conduit, with particular application to
the limbs of a breathing circuit, which will at least go some way towards improving on the above
or which will at least provide the public and the medical profession with a useful choice, and/or to
provide a method of manufacturing a conduit which will at least go some way towards providing
the public and manufacturers with a useful choice.

In a first aspect the invention consists in a method of forming a continuous conduit

comprising the steps of:
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applying at least one preformed film of ribbon, each having leading and trailing lateral
edges, spirally around a former, with at least half of each turn of said ribbon overlapping the
next turn of said ribbon such that the trailing edge of the ribbon overlaps with each successive
leading edge of the successive turn of said ribbon, and applying a bead of molten plastic along
between the overlap of said ribbon.

Preferably at least one conductive element 1s applied and encapsulated between said
trailing and said leading edges.

Preferably said bead is positioned and feed onto said ribbon and said former between at
substantially the centre of said ribbon and said leading edge of said next turn of said ribbon.

Alternatively said bead is positioned and feed over said trailing edge of said ribbon in
order to bind said trailing edge to the centre of said next turn of said ribbon.

In yet still a further aspect the invention consists in a conduit comprising:

at least one thin plastic ribbon having a leading and a trailing lateral edge, said ribbon
arranged helically with its face substantially parallel with the helix axis, and, apart from at 1ts
ends, the trailing edge of each turn of ribbon overlapping the leading edge of a previous turn,
and the trailing edge of each turn of ribbon under lapping the leading edge of a succeeding turn,

a plastic reinforcing bead disposed between each overlapping trailing and leading edge.

Preferably said at least one conductive element encapsulated between said training and
leading edges.

Preferably said ribbon is at least twice the width of the pitch of the said conduit.

Preferably an air gap is formed between the overlapping turns of said ribbon.

Preferably said bead is substantially semi-circular in shape.

In one embodiment said ribbon may be a non-breathable plastic material.

In another embodiment said ribbon may be a breathable plastic material.

In a further aspect, the present invention provides a method of forming a continuous
conduit comprising the steps of:

applying at least one preformed film of ribbon, each having leading and trailing lateral
edges, spirally around a mandrel, with at least half of each turn of said ribbon overlapping the

next turn of said ribbon such that said trailing edge of said ribbon overlaps the successive leading

edge of the successive turn of said ribbon, and
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bonding the trailing edge of a first turn, the centre of a second turn and the leading edge
of a third turn together, by

applying a bead of molten plastic between the overlap of said ribbon between the centre
of the second turn of said ribbon and the leading edge of the third turn of said ribbon.

In yet a further aspect, the present invention provides a method of forming a contmuous
conduit comprising the steps of:

applying at least one preformed film of ribbon, having leading and trailing lateral edges,
spirally around a mandrel, with at least half of each turn of said ribbon overlapping the next turn
of said ribbon such that said trailing edge of said ribbon overlaps with the leading edge of the
successive turn of said ribbon, and

bonding the trailing edge of a first turn, the centre of a second turn, and the leading
edge of a third turn together by applying a bead of molten plastic between the overlap of
said ribbon, between the trailing edge of the first turn of said ribbon and the centre of the
second turn of said ribbon.

In still yet a further aspect, the present invention provides a conduit comprising:

at least one thin plastic ribbon having a leading and a trailing lateral edge, said ribbon
arranged helically with its face substantially parallel with the helix axis, the trailing edge of each
turn of said ribbon overlapping the leading edge of a previous turn, and

a plastic reinforcing bead disposed between the overlap of said ribbon between the
centre of a second turn of said ribbon and the leading edge of a third turn of said ribbon, thereby
bonding the trailing edge of the first turn, centre of a second turn, and leading edge of a third
turn together.

In still yet a further aspect, the present invention provides a conduit comprising:

at least one thin plastic ribbon having a leading and a trailing lateral edge, said ribbon
arranged helically with its face substantially parallel with the helix axis, the trailing edge of each

turn of said ribbon overlapping the leading edge of a previous turn, and

a plastic reinforcing bead disposed between the overlap of said ribbon between the
trailing edge of a first turn of said ribbon and the centre of the second turn of said ribbon,

thereby bonding the trailing edge of the first turn, centre of second turn, and leading edge of a

third turn together.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a cross sectional side elevation of a conduit according to an embodiment of
the prior art.

Figure 2 is a side view of a section of a conduit according to a first embodiment of the
present mnvention.

Figure 3 is a cross sectional view of a section of the first embodiment of the conduit of
Figure 2 through AA.

Figure 4 is a cross sectional view of detail B of the conduit of Figure 3.
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Figure § is a cross section of an alternative bead that may be used in the manufacture of a
conduit according to the present invention.

Figure 6 is a cross section of a second embodiment of the conduit of the present
Invention.

Figure 7 is a close up view of detail D of the conduit of Figure 6.

Figure 8 is a side view of a second embodiment of the present invention where the
conduit is made of multiple layers.

Figure 9 is a cross section of the conduit of Figure 8 through EE.

Figure 10 is a close up view of detail F of the conduit of Figure 9.

Figure 11 is a plan view of a conduit forming device for forming any of the embodiments
of the conduit of the present invention described herein.

DETAILED DESCRIPTION OF THE PRIOR ART

The present invention relates to breathing conduits in general and in particular to
improved methods of forming thin film spiral wound conduits. Consequently the present
invention finds application in breathing conduits fabricated from a variety of materials which may
include breathable and/or non-breathable materials (breathable materials being capable of
transmitting water vapour). In particular, the present invention targeted at a double layer conduit
and the method of forming such a conduit.

Continuous Positive Airway Pressure (CPAP) systems or positive pressure ventilation
systems that provide patients suffering from obstructive sleep apnoea (OSA) with positive
pressure gases often use conduits similar to the prior art described. Often in these applications
and in other medical applications, such as with assisted breathing, gases having high levels of
relative humidity are supplied to patients and sometimes returned through conduits of a relatively
restricted size. The aim of the present invention is to provide an alternative conduit that will
withstand the stresses of high use, which is flexible, yet not prone to breakage under axial
stretching or movement.

The preferred conduits of the present invention are formed from a non-breathable material,

such as a polymer plastic block formed into a homogeneous flat film. Anexample of such a film

is sold under the brand EVOLUE.

In alternative forms of the conduit of the present invention a conduit may be formed from

a breathable material, such as a hydrophilic polyester block copolymer formed into a

homogeneous flat film. An example of such a film is sold under the brand SYMPATEX.

Pl = = B e
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The following embodiments will be described with particular reference to non-breathable
thin film wall construction from materials such as EVOLUE. It will be appreciated however, that
in the following described embodiments the material used to form the conduit walls may be either
breathable or non-breathable and may also include combinations of both breathable and non-
breathable materials. It will also be appreciated by those skilled in the art that the materials
supplied to a former used in the manufacture of the conduit may require guides and/or rollers in
order to position the film accurately and provide the necessary tension.

It is preferred that the conduit is manufactured from a plastic film of ribbon having a
relatively low thickness, so much so that the conduit wall may be insufficiently sturdy to be self
supporting. Spiral or helical reinforcing members are therefore provided as part ot the tubular
wall membrane to provide support. The helical or spiral supporting members are formed from
polymer plastic materials and may be of the same material used in the wall of the conduit or any
other compatible plastics material.

Conduit Forming

A conduit that is formed using the preformed film of ribbon as described above will now
be described. To manufacture a heated conduit a preformed film is preferably used and an
electrical wire may be threaded onto the film, such that it is encapsulated in the tube once wound
to allow for heating of the tube in use.

Figures 2 to 4 illustrate a conduit 1 formed from a film as described above and using the
conduit forming method as described below. The conduit may be used as a transport path
supplying gases to a patient and has a thin film flexible wall. The film 4, such as the preformed
film described above, is arranged in a spiral or helix such that each turn of the film overlaps to
form a double wall 2 of the conduit or tube 1. A bead 3 of polymer material is preferably
extruded between the overlapping portions of adjacent winds of film to bond the overlapping
portions of film to form a continuous conduit or tube 1. The film is preferably at least twice the
width of the pitch of the final conduit thus formed, and so a double layer conduit is formed. With
the addition of a bead 3, an air gap is formed between consecutive layers, in which various forms
of wiring can be wound. This wiring could be a heating element, a sensor element or data wiring.

Furthermore, Positive Temperature Coefficient (PTC) material could be used in the place of
heating wire.

The overlapping of the film can best be seen in Figure 4. Figure 4 shows a cross section
of a conduit or tube 1 in detail. A film is threaded onto a rotating mandrel (not shown in Figures

2 to 4, but see Figure 10; mandrel 24). A molten bead 3 is extruded over the edge 5 of the first
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wind 5 of the film 4 and on the next rotation of the mandrel the centre 6 (or near to centre) of
the film 4 is laid over the molten bead 3 as the bead 3 is laid onto the edge 7 of the second wind
of film 4. Then on the next rotation the bead 3 is laid onto the next edge 8 of the film 4 and the
centre 9 of the second wind 10 of the film 1s laid over the bead 3. At this point the trailing edge
11 of the first wind 4 of film meets with the centre 9 of the second wind 10 of film and welded
to the centre 9 of the second wind 10 of film. Therefore, the molten bead 3 bonds the centre 9
of the second wind 10 of film to the trailing edge 11 of the first wind 4 of film and as the edge 3
of the third wind 12 of the film 1s beneath the bead 3, these are all bonded to gether. As the bead
dries a continuous conduit 1s formed. With consecutive turns of the rotating mandrel 24 and film
2 a tube is formed along it that has smooth inner walls.

Additionally a heated roller 27 may be used with the mandrel to assist in the centre of the
film to bond with the bead and leading edge of the next turn of film, for example, see Figure 4.
Further, using such a roller 27 would assist in flattening the film layers against the mandrel,
resulting in the inner wall of the conduit being smooth.

Further additional heat, in the form of a heated stream of air, heat gun or the like, may be
applied to the centre area of the film as 1t 1s laid over the molten bead to assist welding of the
trailing edge of the film to the centre of the film. Adding additional heat to the process would
also assist in the inner wall of the conduit being smooth.

Ideally the bead is positioned and feed onto the film and mandrel as described above as
the conduit is formed, that 1s, between the centre of the film and leading edge of the previous
turn of film. Alternatively, the bead could be easily laid over the trailing edge of the film to bind
the trailing edge of the first turn of film to the centre of the second third of film and leading edge
of the third turn of film. Furthermore, as shown in Figures 6 and 7, in yet other forms the bead
could be laid in the centre 6 of the first wind 4 of the film, not on the leading edge of the film.
Therefore, on the next rotation of the mandrel 24 the heat from the molten bead 3 would bond
the trailing edge 11; centre 9 of the next wind 10 of the film and leading edge 8 of the third wind
12 of film.

Preferably the bead is circular in cross section as shown in the appended figures but in
other forms the bead could be of a shape that is a specific cross-section that controls the vertical
position of the film. For example, in Figure 5 the bead 13 has an irregular shape having an

elongated protrusion 14 extending out from lower side 15 of the main substantially rectangular

body 16 of the bead 13.
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Figures 8 to 10 show a multiple layer conduit 17. In this form the apparatus producing the
conduit would be similar to that shown in Figure 10, but would comprise several extruders and
spools of film being fed consecutively onto a rotating mandrel. The conduit 17 shown in Figures
7 to 9 has three layers 18, 19, 20.

An example of the forming apparatus suitable for manufacturing the conduits of Figures 2,
6 or 8 is shown in Figure 11. A spool 21 of preformed film as described above is mounted onto a
frame (not shown) of the conduit forming apparatus. The film 22 is drawn from the spool 21 and
fed onto a mandrel 24.

The mandrel 24 includes a former, preterably of a known type, including a plurality of
rotating rods or cables arranged around a central support rod. The rods or cables extend from and
are rotated by a gearbox within a machine stock 26. At least in the conduit forming region the
rotating rods follow a helical path. The pitch angle of the rods relative to the support rod controls
the pitch angle of the conduit being formed. An example of such a mandrel is a spiral pipeline
mandrel available from OLMAS SRL of Italy.

The conduit being formed on the former is rotated and advanced in the direction of arrow
25 by the movement of the rotating cables. The advance speed of the former is selected relative
to the rotational speed of the cables and is dependent on the pitch of the helical laying of the film
on to the former, such that adjacent turns of the film narrowly overlap. The spool 21 of
preformed film 22 as described above is fed onto the former (mandrel 24) in a helical fashion by
action of the former. The helical deposition of film 22 forms the wall 26 of the conduit. An
extruder 28 extrudes the bead 3 of polymer material onto the overlap of the film 20 winds. The
rotating mandrel 24 draws the molten bead 3 over the overlapping portions of adjacent winds of
film 20 and is sufficiently heated to weld to the layers of film 20. In the preferred embodiment of
the present invention the bead 3 is extruded at a temperature higher than the melting point of the
film being used so as to provide enough heat to thermally bond the layers of film together.

In the preferred form the mandrel 24 has air or water cooling to cool the conduit as it is
formed on the mandrel 24 and to ensure that the bead 3 does not melt through both the turns of
film 20. As the bead 3 is extremely hot when it is extruded onto the film 20, air cooling 1s
required, both internal and external to the conduit being formed, to prevent the film from being
melted and/or damaged. The internal air cooling is provided by having hypodermic stainless steel
tubing on the mandrel, which sprays several fine jets of air onto the inside of the tube. The

external air-cooling is provided by a series of air knives that spray a blade of air onto the outside

of the tubing.
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The mandrel 24 will now be described in more detail. The mandrel 24 has six stainless
steel speedometer cables, all of which are rotated at the same speed. The speedometer cables are
located in the mandrel 24 within undercut grooves, which have been machined into the stainless
steel mandrel in a helix with a specified angle. The mandrel 24, preferably made of stainless
steel, has scallops machined into it between the speedometer cable grooves to provide a clearance
so that the film 20 rests on the speedometer cables, rather than the mandrel 24. A groove is also
machined into the centre of these scallops to provide a space to place tubing for internal air
cooling. The stainless steel mandrel may also be water cooled with monitoring of the water flow
rate, to ensure that there is sufficient cooling.

The speedometer cables provide the drive to pull the film 20 onto the mandrel 24 as
described above. The helical angle of these cables is important to create the correct amount of
overlap of the film 20. The angle of the cables is set at a particular angle to the horizontal such
that the film 20 is drawn onto the mandrel 24 and is wrapped around it in a helix as described
above. The amount of overlap of the turns of film is critical, because if the overlap is too much
or too little then the trailing or leading edges of the film will not be bonded creating loose edges
inside or outside the formed conduit wall 26, which can result in non-continuous walls and is
likely to cause a reduction in the performance of the conduit.

In other forms of the method of forming a conduit of the present invention more than one
film or a thicker film could be used in the formation of the conduit in order to increase the
thickness of the conduit wall and thus the walls strength, yet still providing a conduit that is
flexible.

If a conduit is produced including a heating wire threaded into one of the gaps produced
between the film turns, by feeding the wire onto the film and mandrel during manufacture of the
conduit, then such a conduit may reduce the build up of condensation in the conduit and may also
offer a means to maintaining the temperature of humidified gases flowing through the conduit.
Heated conduits are used as gases transportation pathways in applications such as for Continuous
Positive Airway Pressure (CPAP) therapy. In such conduits where the pathway includes
conductive wires to heat gases flowing through the pathway, the corresponding connectors, at
least at one end of the conduit, will include an electrical connection suitable for connection with

the humidified gases source in order to supply electrical energy to the conduit heater wires.
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WE CLAIM:

1. A method of forming a continuous conduit comprising the steps of:

applying at least one preformed film of ribbon, each having leading and trailing lateral
edges, spirally around a mandrel, with at least half of each turn of said ribbon overlapping the
next turn of said ribbon such that said trailing edge of said ribbon overlaps the successive leading
edge of the successive turn of said ribbon, and

bonding the trailing edge of a first turn, the centre of a second turn and the leading edge
of a third turn together, by

applying a bead of molten plastic between the overlap of said ribbon between the centre

of the second turn of said ribbon and the leading edge of the third turn of said ribbon.

2. A method of forming a continuous conduit comprising the steps of:

applying at least one preformed film of ribbon, having leading and trailing lateral edges,
spirally around a mandrel, with at least half of each turn of said ribbon overlapping the next turn
of said ribbon such that said trailing edge of said ribbon overlaps with the leading edge of the
successive turn of said ribbon, and

bonding the trailing edge of a first turn, the centre of a second turn, and the leading edge
of a third turn together by applying a bead of molten plastic between the overlap of said ribbon,

between the trailing edge of the first turn of said ribbon and the centre of the second turn of said

ribbon.

3. A method of forming a continuous conduit as claimed in claim 1 or 2 wherein at least

one conductive element is applied and encapsulated between said leading and said trailing edges.

4. A method of forming a continuous conduit as claimed in any one of claims 1 to 3

wherein an air gap is formed between said overlapping turns of said ribbon.

S. A conduit comprising:

at least one thin plastic ribbon having a leading and a trailing lateral edge, said ribbon
arranged helically with its face substantially parallel with the helix axis, the trailing edge of each

turn of said ribbon overlapping the leading edge of a previous turn, and

a plastic reinforcing bead disposed between the overlap of said ribbon between the centre

of a second turn of said ribbon and the leading edge of a third turn of said ribbon, thereby
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bonding the trailing edge of the first turn, centre of a second turn, and leading edge of a third

turn together.

6. A conduit comprising:
at least one thin plastic ribbon having a leading and a trailing lateral edge, said ribbon
arrémged helically with its face substantially parallel with the helix axis, the trailing edge of each
turn of said ribbon overlapping the leading edge of a previous turn, and
a plastic reinforcing bead disposed between the overlap of said ribbon between the
trailing edge of a first turn of said ribbon and the centre of the second turn of said ribbon,

thereby bonding the trailing edge of the first turn, centre of second turn, and leading edge of a

third turn together.

7. A conduit as claimed in claim 5 or 6 wherein at least one conductive element 1s

encapsulated between said trailing and said leading edges.

8. A conduit as claimed in any one of claims 5 to 7 wherein said bead is substantially semi-

circular in shape.

9. A conduit as claimed in any one of claims 5 to 8 wherein said ribbon is a thin strip of a

non-breathable plastic material.

10. A conduit as claimed in any one of claims 5 to 8 wherein said ribbon is a thin strip of a

breathable plastic material.
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