-1- "CONDUIT AND METHOD OF FORMING" BACKGROUND TO THE
INVENTION 5 1. 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. 2. Summary of the prior art 10 In assisted
breathing, particularly in medical applications, gases are supplied and

returned through coR@NOSUENbEA Mk &1 & HIRMHEIGHexible to

achieve the highest possible level of comfort for the patient. In the prior art,
thin walled conduits are known which include helical or annular reinforcing
ribs viBieB IRGROYIND I T ditfait ¥t Fd§idlance to crushing and 15
pinching, while still allowing the conduit to be light and flexible. A cross
section of the wall of an example of such a conduit is shown in Figure 1. It is
atlvadtagerddofdmanuéatione this type of conduit as a continuous process.

In the prior art this is achieved by the spiral winding Qf a thin polymer .tape . .
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overlapping edges welding them tqogether and simultaneously forming the
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diffictySweisiagyssverapaiipegnt layers. This problem is especially severe
when multiple I%Sr conduit walls are to be formed. While combining the
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go some way to alleviating this difficulty, these solutions add complexity to

the tuibRXBleTErAEAIE VR DHRICHRRERSEILAR MG ATRATIER fointhpapatie . dn 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

15  pinching, while still allowing the conduit to be light and flexible. A cross section
of the wall of an example of such a 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 the spiral winding of a thin polymer
tape (ribbon or film) onto a former such that the edges of adjacent layers overlap

20 a small amount. A bead of molten polymer is then applied over top 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

25 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.
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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 5 medical profession with a
useful choice, and/or to provide a methodof manufacturing conduit which
will at Ieas}M?o some way towards providing the public and manufacturers
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or more he%@@gﬂ@rgqggeﬂjgr@(posed 30 trailing edge of the ribbon prior to

applying the bead, such that the bead o ) ]
subsequently removing said sacrificial layer from inside said conduit.

15
In a second aspect the invention may broadly be said to consist in a
method of continuously forming conduit comprising:
continuously applying at least one thin film ribbon, each having “leading”
and “trailing” lateral edges, spirally around a former rotating and advancing said
20  conduit, with the leading edge of each turn of ribbon overlapping the trailing
edge of a previous turn of ribbon on the former and the trailing edge of each turn
under lapping the leading edge of a succeeding turn, while,
in advance of said overlapping of said turns, applying a bead of molten
plastic along the exposed trailing edge of the most recently applied turn on said
25 former, such that a said bead is interposed between said trailing edges and said

overlapping leading edges.

In a further aspect the method of continuously forming conduit may
include the additional step of applying one or more heating wires to the exposed

30 trailing edge of the ribbon prior to applying the bead, such that the bead



-3- encapsulates the one or more beating wires onto the said trailing edge. In
a further aspect the invention may broadly be said to consist in a method of
continuously forming conduit wherein the former includes a plurality 5 of
rotating rods spaced about an axis and acting to support and advance the
conduit during forming, further comprising first applying a sacrificial layer of
thin plastic around said former, before said conduit is formed on said former
over RASAISEEAES NG iARRPIADEre ARaling MAERSURRP thesat {EREEE edBfiuit,
removing said sacrificial layer from 10 inside said thin walled conduit after
cooling. In a further aspect the invention may broadly be said to consist in a

conduit formBcRif&esraenese WRHRYARE0TbaYcoTRAAL theapdidiie eprpist in a
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be said to consistin a co prising: at least one thin plastic ribbon
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with i 3 ' ' ix 20 axis, and, apart from at its
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continuaysly forming conduit comprising: a.former for receiving at least one
{fin p'I%@H(e, %lﬂjaéh' %é(ﬁﬁ%iﬁ?&d%%ﬁﬁﬁbggﬁwgibbon around and advancing
said ribbon along to procure a helical 30 arrangement of said ribbon, the

pitch of said helical arrangement heing somewhat . o
In a further aspect the invention may broadly be said to consist in a

conduit formed in accordance with a method according to any one of the
preceding paragraphs.
15
In a still further aspect the invention may broadly be said to consist 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
20 axis, and, apart from at its ends, the leading edge of each turn of ribbon
overlapping the trailing edge of a previous turn, and the trailing edge of each turn
of ribbon underlapping the leading edge of a succeeding turn,
a plastic reinforcing bead interposed between each overlapping leading
and trailing edge.
25
In a still further aspect the invention may broadly be said to consist in
apparatus for continuously forming conduit comprising:
a former for receiving at least one thin plastic ribbon, said former drawing
said ribbon around and advancing said ribbon along to procure a helical

30 arrangement of said ribbon, the pitch of said helical arrangement being somewhat



-4- less than the width of said ribbon, means for delivering a ribbon to said
former at a first position on said former, and means for continuously
delivering a molten bead to said former at a 5 second position less than one
turn pitch from the position of delivery of said ribbon, said second position
corresponding to an expected position of4he trailing edge of a ribbon
delivered by said means for delivering a ribbon. In still a further aspect the
inventfsh thi e oudih 96 afhrtB@dnsist in 10 apparatus for continuously
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drawing said ribbon around and advancing said ribbon along, to procure an
overl&@ihes BBflcal arrangement of said ribbon, the pitch of said helical
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means for delivering a to sai mer, at a first location a second
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position of the trailing edge of said second ribbon. In a further aspect the
invention may broadly be said to consist in a method for removing a
releasable instillayefuftioem agibon thedmebuntioonmakisiingad Rbhelasidgsawhsist in
condulit, includil{g)% said inner I?er around $n elongate shaft having a

?gngiﬁ%qﬁﬁﬂtgfo 8%‘%%‘?% 8&%&8 SV FRRPE$IY end of said shatft,
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surroundings, apart from at the qther end of said shaft, 30 applying suction
to said AHd an advancing said ribbon along, to procure an overlapping helical
arrangement of said ribbon, the pitch of said helical arrangement being somewhat
less than the width of said ribbon,
15 a first means for delivering a first ribbon to said former, at a first location
a second means for delivering a second ribbon to said former, at a location
subsequent to said first ribbon,
a means for continuously delivering a molten bead to said former at a
position less than one turn pitch from the position of delivery of said second
20  ribbon said position corresponding to an expected position of the trailing edge of

said second ribbon.

In a further aspect the invention may broadly be said to consist in a
method for removing a releasable inner layer from within a conduit comprising:
25 placing said conduit, including said inner layer around an elongate shaft
having a longitudinal slot,
forming an adequate seal toward a first end of said shaft, effective for the
conduit to at least substantially seal said slot, from the surroundings, apart from
at the other end of said shaft,

30 applying suction to said slot,



-5- initiating release of said inner layer from said conduit, removing said
conduit from said shaft after said inner layer is released from said conduit. 5
In a further aspect the invention may broadly be said to consist in an
apparatus for assisting removal of a releasable inner layer within a conduit
comprising: an elongate shaft having a fohgitudinal slot, a effective sealing

means for making an adequate seal between said inner 10 layer and said
shaft, towarth Bi#is0dRledTeigadfafNed IREEa sakkcgagdel.from said slot,
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which the inventionrelates, many changes in 15 construction and widely
differiigresshdannewis and applications of the invention will suggest
themselves without departing from the scope of the invention as defined in
the appended claims. The disclosures and the descriptions herein are purely
ilfustrative akidaaferifiet inspeciciiad uetiemynaynsachting SBIR IBFCoNsist in an
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Figureaigrsiogss sectional elevation of a wall of a conduit according to one

embodiment of fgﬁgg{?engﬁéﬁ w%éﬂr%%]r}glﬁéi%r%ﬁﬁﬁﬁ@olan view of a conduit

forming devide” ing a according to a further
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2. Figure 4 is a crpss sectional elevation of a condyit wall showing a rough
mneﬁéMWa%d&énlﬁﬁ?d%frW%Latfgg ﬁB@ 8&%@%R§tfollowing the contour of
the molten HeatndAd-dgtkeyasiss droifiesgie hsionnef @ leaswlsiidpamidingetofiom

further embodiment
said conduit.

To those skilled in the art to which the invention relates, many changes in
15  construction and widely differing embodiments and applications of the invention
will suggest themselves without departing from the scope of the invention as
defined in the appended claims. The disclosures and the descriptions herein are
purely illustrative and are not intended to be in any sense limiting.
BRIEF DESCRIPTION OF THE DRAWINGS
20 Figure 1 is a cross sectional side elevation of a wall of a conduit according
to an embodiment of the prior art.
Figure 2 is a cross sectional elevation of a wall of a conduit according to
one embodiment of the present invention.
Figure 3 is a plan view of a conduit forming device for forming a
25 reinforced conduit according to a further embodiment of the present invention,
such as the conduit pictured in Figure 2.
Figure 4 is a cross sectional elevation of a conduit wall showing a rough
inner surface resulting from the tape not completely following the contour of the
molten bead.

30 Figure 5 is a side elevation of a conduit according to a further embodiment



-6- of the present invention including outer axial reinforcing threads. Figure 6
is a plan view of a conduit forming device for forming a reinforced conduit
according to an embodiment of the present invention, such as the conduit
pictured in Figure 5. 5 Figure 7 is a cross sectional side elevation of a conduit
wall according to a further embodimentdi the present invention including a
pair of heater wires within the conduit wall. Figure 8 is a plan view of a
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cond@ﬂ@#rﬁiﬁ@?m%ﬁﬁ{%%é%ﬂ fﬁﬂﬂfﬁ@&ﬂﬁ thigas 7. 10 Figure
9a is a crosgiRARIoN f 2 3RS lPRP. IsHIRHNEHRAERSRMEY R forming a
pre-formed tape including a pair of heater wires according to a further
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pre-fqﬁyg&lagpgﬁc%%QHHBF?@Meegpwn assembled. 15 Figure 10 is a cross

section view of a conduit walf including a pair of heater wires formed from
the pre-forntaduribBdnashiossisdntiinateide erivaiienf dcanchotwaketiopraling to a

elevayipof asanaibmall e ngAalashiGR RE AN DRSRR0 wires
etween overlapping adjacent fayers. Figure 12 isa plan view of an
appansitisrfoneeorakingwlé sacrificial layer. 20 Figure 13 is a plan view of the

apparatus of Figure 12, shown with @ conduyit.oyertop. DETAILED .
DESCRIPTIGAE b 2ceR e 4 anel R oL danonnmelg
and isoR8upapittutad tio Piguryed methods of forming thin film (tape or ribbon)
spiral wou con%uits. Consequently the present invention finds application
oreathing UOREN A ABHES R P 4 AR, AP NI GH G b of
incluce phygrathaldlergidiat nAimbreaaabiss rmedesialgi tbseasbemiagnatedidsther
being cakPabIe of transmitting water vapour but not liquid water).
embodiment of the present invention.
Figure 9b is a cross section view of the pre-formed ribbon of figure 9a,
shown assembled.
15 Figure 10 is a cross section view of a conduit wall including a pair of
heater wires formed from the pre-formed ribbon shown in figure 9b.
Figure 11 is a cross sectional elevation of a conduit wall showing a defect
caused by the bead flowing between overlapping adjacent layers.
Figure 12 is a plan view of an apparatus for removing the sacrificial layer.
20 Figure 13 is a plan view of the apparatus of Figure 12, shown with a

conduit overtop.

DETAILED DESCRIPTION
The present invention relates to breathing conduits in general and in
25 particular to improved methods of forming thin film (tape or ribbon) 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 but not liquid water).

30 In assisted breathing, particularly in medical applications, gases having



30 In assisted breathing, particularly in medical applications, gases having -7-
high levels of relative humidity are supplied and returned through conduits of
a relatively restricted size. Build up of condensation on the inside wall of the
conduit is a potential result of this high humidity. The purpose of including a
breathable region or regions in the conduft-wall is to allow diffusion of water 5
vapour from the expiratory limb of the breathing circuit along the path thereof.
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following described embodiments that the film(s) supplied to the former may

be s IR RAqshertpRTRRYIRO B tuskReFoRtessBaN gpprayimately

adternaiiv@bons, and therefore find particular suitability in the manufacturing methods
of the present invention. It will be appreciated that other breathable materials
may also be suitable for forming breathable conduits. Such breathable materials
may be breathable due to their composition, physical structure or a combination
thereof.

20 The following embodiments will be described with particular reference to
breathable thin film wall construction from materials such as those referred to
above. 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

25 Dbreathable and non-breathable materials. It will be also appreciated for the
following described embodiments that the film(s) supplied to the former may be
supplied either as a preformed flat ribbon wound onto a reel or may alternatively
be supplied directly to the former from an extruder. Each of these options may
have associated advantages and disadvantages which will be discussed later. It

30 will also be appreciated by those skilled in the art that the materials supplied to



be supplied directly to the former from an extruder. Each of these options
may have associated advantages and disadvantages which will be
discussed later. It 30 will also be appreciated by those skilled in the art that
the materials supplied to -8- the former may require a number of guides
tensioners and/or rollers in order to positfon the materials accurately and

provide the necessary tension. As a corollary of material cost it is preferred
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molten. The overlapping layer of film because it 20 is sg thin, closely follows
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along its overlapping portion to the contour of the bead, so that the
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spaces between the
overlapping portions of ribbon sealing the joint between windings and forming a
continuous tube. The seam is formed between the edge of a first layer of film
and the edge of a second, adjacent layer of film which is laid over top of the
polymer bead while the bead is molten. The overlapping layer of film because it

20 is so thin, closely follows the contour of the bead and results in a smooth inner
conduit wall. It is desirable for the ribbon to be sufficiently supple at least
laterally, to conform along its overlapping portion to the contour of the bead, so
that the overlapping ribbon may meet or substantially meet the underlapping
ribbon at the edge of the bead.

25 The accompanying figures show small gaps or spaces between the
reinforcing bead and the overlapping portion of ribbon. It is to be understood
that these spaces are present for illustration purposes only, in order to
differentiate the bead from the overlapping layer in the diagrams. In practice the
overlapping layer conforms to the bead and bonds, without forming large gaps or

30 bubbles.



reinforcing bead and the overlapping portion of ribbon. It is to be understood
that these spaces are present for illustration purposes only, in order to
differentiate the bead from the overlapping layer in the diagrams. In practice
the overlapping layer conforms to the bead and bonds, without forming large
gaps or 30 bubbles. -9- An example of c@ntinuous forming apparatus

suitable for manufacturing the breathing tube according to a first embodiment
of the preseNitNERRKOTRSEHINOYSAETE NS 3P PSSl faltedioramanyfsturing
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of rotating rods arranged around 5 a central support rod. The rods extend
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overlap of approximately 2.5 millimetres. The helical deposition of ribbon 5

formsStHB 04113 astiasent Srasinai AR RIEERD- e tflisfeaxHusiend BiBplise RéaPB LT
$6MiTHIER RAATERIM polymer materials with a preferred width of approximately

10 millimetres. It will be readily understood that variation from this preferred

ribbon width and size of overlap is possible in order to achieve reinforcing beads

or conduits having varying pitches and/or dimensions. The ribbon 5 deposits on

the former 1 in a helical fashion by action of the former. The pitch of the helical

20  disposition of ribbon 5 is slightly less than the width of ribbon 5 and results in

preferred overlap of approximately 2.5 millimetres. The helical deposition of
ribbon 5 forms the wall 6 of the conduit.

An extruder 7 extrudes a bead 8 of molten or semi-molten polymer

material. The molten bead 8 deposits between the overlapping portions of

25 adjacent winds of ribbon 5 and is sufficiently heated to weld the strips of ribbon

5. In the preferred embodiment of the present invention the dimensions of the

molten bead 8 are approximately 2.5 millimetres wide and 1.5 millimetres high.

The conduit formed according to a preferred embodiment has an approximate

internal diameter of 19 millimetres, although it will be appreciated that the

30 methods of the present invention may be suitable for forming conduits having



material. The molten bead 8 deposits between the overlapping portions of 25
adjacent winds of ribbon 5 and is sufficiently heated to weld the strips of
ribbon 5. In the preferred embodiment of the present invention the
dimensions of the molten bead 8 are approximately 2.5 millimetres wide and
1.5 millimetres high. The conduit formedliccording to a preferred
embodiment has an approximate internal diameter of 19 millimetres,
althotyR WRMBLETAERREEVSIE] tHametersef ifaand ot e thredBRemsiRsIstioh the
may lp&ﬂéi}@p,@ggéd_orming conduits having -10- thin walls, irrespective of
diameter of the conduit or the dimensions of the reinforcing bead. For
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the conduit, may wrinkle or 20 even damage the thin ribbon deposited on the
formdPieREesh 58 hedn B\ igHtiglality of the conduit. The mandrel

{gmperature is raised by the continuing

During the continuous manufacture of breathing conduits according to the
method described above it has been found that overheating problems may occur
when thin film (whether breathable or not) is used in the conduit walls. Further,
the action of the helical rods rotating and advancing the conduit, may wrinkle or

20  even damage the thin ribbon deposited on the former and may reduce the finish
quality of the conduit. The mandrel temperature is raised by the continuing
application of the molten bead which may also result in the thin film overheating
and sticking to the mandrel or rotating rods, causing the quality of the conduit
wall to suffer and/or disrupting the forming process. In order to overcome these

25 potential problems it has been found that a sacrificial layer, wound onto the
mandrel in an overlapping helix pattern before the application of the film reduces
these problems and increases the quality of the conduit produced.

In order to accomplish this task the sacrificial layer of tape is significantly
more rigid compared to the conduit wall and must not permanently stick to the

30 mandrel or to the inside of the conduit wall. It has been found that a material



application of the molten bead which may also result in the thin film
overheating and sticking to the mandrel or rotating rods, causing the quality
of the conduit wall to suffer and/or disrupting the forming process. In order to
overcome these 25 potential problems it has been found that a sacrificial
layer, wound onto the mandrel in an ovelfapping helix pattern before the
application of the film reduces these problems and increases the quality of
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permanently stick to the 30 mandrel or fo the inside of the conduit'wall. It has
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procegmaishinahRethpse Rt inePradapping layers that form the conduit
wall from slipping_ and movir;gérelative to each other. 3. The sacrificial layer

provides a protectiVREMMENLIBYEE RIS he helically arranged rotating rods on
15 the mandrel from being fouled by molten plastic.
2. The sacrificial layer increases the stability of the process and may

help prevent the overlapping layers that form the conduit wall from
slipping and moving relative to each other.
3. The sacrificial layer provides a protective barrier between sharp
20 edges or small protrusions on the mandrel or rotating rods, and the
film or ribbon.
4. The sacrificial layer shields the thin film from the higher operating

temperatures of the mandrel and reduces overheating of the film.

25 It will be readily appreciated by those skilled in the art that the benefits
derived from the application of a sacrificial layer onto the mandrel before
forming a conduit, are not limited only to material lay-up and construction

wherein the helical reinforcing bead is interposed the overlapping layers.

30 The polypropylene layer can be easily removed from the inner wall of the



20 edges or small protrusions on the mandrel or rotating rods, and the film or
ribbon. 4. The sacrificial layer shields the thin film from the higher operating
temperatures of the mandrel and reduces overheating of the film. 25 It will be
readily appreciated by those skilled in the art that the benefits derived from
the application of a sacrificial layer onto-th&-mandrel before forming a
conduit, are not limited only to material lay-up and construction wherein the
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finished conduit product after cooling as it does not bond significantly to the
cond BtV dertionarHtemsEigaing water cooling of the mandrel may also be
provided to reduce overheating. 5 A method of removing a releasable inner
layer (for example the sacrificial layer 17) from within a length of conduit 37,
sbtibsequentAdfelitihof tieeouinduitie el abdedeserloyer (fnhaxsiepladeetsacrificial
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stock,42. The s|ot of.s 39 is in fluid connection with uction,or vacu
ot QT S e B A G
than teairetitbendiingrotidat Brigherdtisbioafidsd regianohlitsigiraliced 40 tnel is
built-in end of the, shaft 39 in order tq engble an_effective seal to be forme
o b e e eyt R
Alterngtiely othec@ahreaykesdormetienrzeen the shaft and the outside of
the conduit._The effect js to seal (so far as, necessari/))éat least the inside of

the releasadiBSeeTAaMeish ehde shatiisipiglerrhssmatgnidarydiagor the
removgrifgtsecrifciapkrygsAdulamruroinae b ifealdh@ cB0AHhZAd of the

without damaging the conduit wall, the conduit includindg )
shaft 39 in order to enable an effective seal to be formed between the inner layer

15 and the shoulder portion when suction is applied. Alternatively, the seal may be
formed between the shaft and the outside of the conduit. The effect is to seal (so
far as necessary) at least the inside of the releasable inner layer from the
surroundings.

In use, and in order to remove the sacrificial layer 17 from the inner wall

20  of the conduit 37,without damaging the conduit wall, the conduit (including
sacrificial layer) is placed overtop the shaft as shown in Figure 13. Anend of the
conduit is slid over the shoulder portion 41 of the shaft 39 forming an adequate
seal. The other end of the conduit is pulled back in an axial direction so that the
conduit is contracted as shown in region 42, exposing and separating the end

25  portion of sacrificial layer 17 from the conduit. Vacuum source 38 applied to the
inner space of the shaft, leads to a pressure differential between the inside and the
outside of the inner layer where it has separated from the conduit. This urges the
inner layer onto the shaft, and into the slot, and the separation propagates along
the length of the section of conduit, sucking the sacrificial layer from the inner

30 wall of the conduit 37. The portion of sacrificial layer 17 immediately opposite



sacrificial layer) is placed overtop the shaft as shown in Figure 13. An end of
the conduit is slid over the shoulder portion 41 of the shaft 39 forming an
adequate seal. The other end of the conduit is pulled back in an axial
direction so that the conduit is contracted as shown in region 42, exposing
and separating the end 25 portion of sactificial layer 17 from the conduit.
Vacuum source 38 applied to the inner space of the shaft, leads to a
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from very thin film or ribbon, (for example, having a wall thickness less than
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illustrates some potential problems which maﬁ
ribbon, (for example, having a wall thickness less than approximately 50

microns), consistently producing a high quality surface within the conduit has

been found to be problematic.
Figure 4 and Figure 11 illustrates some potential problems which may
20  occur during the production of conduit resulting in inferior wall smoothness. The
quality of the surface finish for the inner surface of a breathing conduit is
important, because rough inner surfaces may hinder gases flow and may cause
more condensation to build up in the conduit. A protruding or flapping portion
33 may result if the underlapping layer of film is not completely bonded to the
25 molten bead. This problem may occur if the underlapping portion of film is too
wide or positioned on the former incorrectly. Similarly, overflow of molten bead
35, may result in a protrusion or defect 34, if the underlapping portion 36 of the
underlapping layer does not extend far enough under the bead. Small voids 9 or
undulations, may result between adjacent strips of ribbon if the film does not

30 closely conform to the contour of the molten bead. This may occur if the thin



20 occur during the production of conduit resulting in inferior wall
smoothness. The quality of the surface finish for the inner surface of a
breathing conduit is important, because rough inner surfaces may hinder
gases flow and may cause more condensation to build up in the conduit. A
protruding or flapping portion 33 may reddit-if the underlapping layer of film is
not completely bonded to the 25 molten bead. This problem may occur if the
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especially suited to the conduit forming method wherein the molten bead is

applid¥N B eR I pRAA doiaRRNE-PRRVERBQUREIRAING NS isadritioRipIanes of
ensuras shaiflomhalerli-arRISRdHORIRI FPAS ARANRAAEMEFodOdhe former

become fouled with"molten polymer. Throughout the diagrams, the helical

reinfot@iRBHeaRMS Sptrm \uEMmaEakgn polymer.

Throughout the diagrams, the helical reinforcing bead is shown as having
a substantially semi-circular cross section. It is however envisaged that the
actual cross sectional shape of the reinforcing bead may vary. For example the
20 presence and thickness of the film which overlaps the reinforcing bead, may
affect the shape of the reinforcing bead by flattening the bead, resulting in a less
rounded and more square or rectangular cross section. Further, rollers may be
employed to shape the bead. The semi-circular reinforcing bead shown in the
accompanying drawings is purely illustrative and not intended to be in any way

25  limiting.
It has been found that breathing conduits formed according to the first
preferred embodiment described above are extremely light, flexible and provide
good crush resistance. However conduits having very thin walls may have a
reduced resistance to axial deformation and/or stretching. Due to the thin tape

30 used to form the walls of the conduit, the resulting product may be prone to



a substantially semi-circular cross section. It is however envisaged that the
actual cross sectional shape of the reinforcing bead may vary. For example
the 20 presence and thickness of the film which overlaps the reinforcing
bead, may affect the shape of the reinforcing bead by flattening the bead,
resulting in a less rounded and more sgdére or rectangular cross section.
Further, rollers may be employed to shape the bead. The semi-circular
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resistance to axial deformation and/or stretching. Due

used destsihedhe walls of the conduit, the resulting product may be prone to
-15- expansion and/or contraction along the axis of the conduit. In use axial
forces arising from patient breathing are capable of producing axial
extension/cémtzaietitreamodienmgioofrthe Eogaeits la phaeatity phpeovierttiag
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iesuliipiunanaepiadipdenalaafingnstitibAceathing.  Unrestrained or excessive
buckling of the threads may result in unacceptable levels of conduit axial
contraction and/or extension. The axial threads 10 may be spun or braided fibres
or drawn or extruded mono filaments or other equivalent forms. Tensile
reinforcement may be provided by braided or spun fibres while compressive
20 and/or flexural reinforcement may be provided by drawn or extruded mono

filaments.

A method of forming the tube according to the embodiment of Figure 5 is

described with reference to the apparatus shown in Figure 6. In particular in the

25 machine of Figure 6 the tube 12 is formed by helically wrapping a preformed
tape or strip of polymer 13 on to a rotating former 14. The strip 13 unrolls from

reel 15. In an analogous manner to that described previously for the first
preferred embodiment, a sacrificial layer of polypropylene 17, is wound in an
overlapping helix onto former 14 from spool 16. The sacrificial layer 17,

30 between the mandrel and the conduit being formed, allows the extremely thin



contraction and/or extension. The axial threads 10 may be spun or braided
fibres or drawn or extruded mono filaments or other equivalent forms.
Tensile reinforcement may be provided by braided or spun fibres while
compressive 20 and/or flexural reinforcement may be provided by drawn or
extruded mono filaments. A method offdfiming the tube according to the
embodiment of Figure 5 is described with reference to the apparatus shown
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be laid as parallel threads 10 on the outside of the reinforcing bead 19. Another

thread 25 is drawn from spool 26 and wound onto the former overtop of the
longitudinal threads 10, laid by thread laying head 20. The thread 25 is laid on
the former in a helical pattern such that the thread lies between the helical bead
20  of molten polymer extruded from extruder 18. The purpose of thread 25 is to
provide a temporary means of securing the plurality of longitudinal threads in
position in preparation for permanent fixing. A second extruder 27 extrudes a
second bead of molten polymer material 28 and deposits it over top the plurality
of reinforcing threads 10 and directly on top of the first reinforcing bead 19 and
25 bonds. The second bead of molten polymer sandwiches the plurality of
longitudinal threads between itself and the first reinforcing rib formed by
polymer bead 19. Thread 25 however, lies between these overlapping
reinforcing beads and does not become permanently bonded to the conduit wall,
allowing it to be removed. Thread 25, may be discarded or drawn from the

30 former in a position subsequent to the application of the second reinforcing bead



be laid as parallel threads 10 on the outside of the reinforcing bead 19.
Another thread 25 is drawn from spool 26 and wound onto the former
overtop of the longitudinal threads 10, laid by thread laying head 20. The
thread 25 is laid on the former in a helical pattern such that the thread lies
between the helical bead 20 of molten pdlymer extruded from extruder 18.
The purpose of thread 25 is to provide a temporary means of securing the
plural§ BT OMIRHATES thePRALTer [§odsfon in preparation for permanent
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material 28 and deposits it over top the plurality of reinforcing threads 10 and
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a conduit is not limited to conduits wherein the helical reinforcing bead is
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mounts. A catheter mount connects between a patient
breathing circuit is generally via a wye connector. The extreme flexibility of
very thin walled tubes manufactured according to the methods herein, makes
them particularly useful in a catheter mount component.
It should be appreciated that with all of the forming methods described
20 involving winding of a narrow ribbon or strip to create a tube, it would be
possible to wind two or more ribbons or films simultaneously onto the former so
that the turns created by each ribbon are interposed by turns of other ribbons,
edges overlapping and being bonded together by an interposed extruded helical
rib. For example a pair of ribbons may be laid as a double helix. This would
25 require a multiplication in the number of forming stations associated with the
wound on components of the tube or conduit. Further it is envisaged that for
methods where a preformed tape is supplied to a former, the tape may be
provided as a laminate having a thin film layer and a reinforcing layer bonded to
it. Where the thin film layer is a breathable layer, the reinforcing layer is also

30 permeable and allows the passage of water vapour.



interfacing component such as a mouth piece, nasal mask or endotracheal
tube 15 and the dual limbs of the breathing circuit. Connection with the dual
limbs of the breathing circuit is generally via a wye connector. The extreme
flexibility of very thin walled tubes manufactured according to the methods
herein, makes them particularly usefulint&catheter mount component. It
should be appreciated that with all of the forming methods described 20
involving winding of a narrow ribbon or strip to create a tube, it would be
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conduits are most often used in only the inspiratory 10 arm of a breathinl%?af)p
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applications such as for CPAP therapy. In such breathing conduits
to the conduit heater wires. Referring to Figure 7, a breathing conduit is shown
including a pair of heater wires 31, embedded in the helical reinforcing bead.
A method of forming a conduit according to this embodiment of the
present invention including a pair of heater wires will now be described with
20  reference to Figure 8. The method is similar to the method previously described
and illustrated in Figure 3, but an additional stage is required to lay a pair of
parallel wires in between the overlapping adjacent winds of film in the edge area
of the film that will become the seam. A pair of wires 31 are supplied from two
reels 29 and 30. The wires are laid on top of the first wind of film, towards the
25 edge, after it is laid on the former but before the molten bead is applied. Figure 8
shows a pair of heater wires 31 in hidden detail under the molten bead 8. The
molten bead 8 is then laid over the wires on top of the first layer of film before
the following overlapping wind of film wraps around the former and completes
the tube. It will be appreciated that each of the film, heating wire(s), and

30 reinforcing bead may be applied in a different plane in order to achieve the



where the inspiratory arm includes heater wires, the corresponding
connectors at at least one end of the conduit will include an electrical
connection suitable for 15 connection with the humidified gases source in
order to supply electrical energy to the conduit heater wires. Referring to
Figure 7, a breathing conduit is shown idduding a pair of heater wires 31,
embedded in the helical reinforcing bead. A method of forming a conduit
accor@piied P dModiment of the present invention including a pair of
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the conduit wall. In this 5 embaodiment, a sacrificial _Ite}ger 17 may also be

wounti§HaN e G pBIHE Heliv g Y HE R Re PE5SHool 16. The sacrificial

layer 17 mayHeeapdvelyRsgadeitolayiag & @ag odnei svaiarialihiné pibdees for
weld to the conduit wall. The sacrificial layer 17 between the mandrel and

the cSHBAIPBAIRY FOFMRAISENGES HHE tesaerdullwath lids BisageR iakAmaiof
18e highesapREating, BeReIatetriPhipRféMERRIRElMIhalBYIa®RN be used to

overheating of the film. o o _
form the walls of the conduit in a similar method to that described above and

illustrated in Figure 3. Figures 9a and 9b show cross sections of such a tape

being formed by laying a pair of parallel wires a distance x from one edge of the

tape. The length x of tape between the wires and the edge is then folded over and

20  back onto the rest of the tape so as to enclose the pair of parallel wires, as shown

by arrow 32. A secondary thermal welding process may then be employed to

bond the folded portion of tape so as to permanently embed the parallel wires. It

will be appreciated however that a secondary thermal welding process may not

be necessary if the extruded tape is molten or semi-molten when the folding

25 occurs. In this case the two regions of molten layer, when folded and pressed
together will bond.

Such a pre-formed folded tape including embedded wires may then be

wound on to reels and supplied to a conduit forming process such as that

described previously and illustrated in Figure 3 to produce a breathing conduit

30 with a pair of integral heating wires. Figure 10 shows the lay-up of a breathing



A further method of forming a conduit according to the present invention
including a pair of heater wires will now be described. The above method of
forming a conduit discloses an online process for winding a pair of heater
wires into the conduit wall. It is envisaged that a pair of 15 heater wires may
be included in a preformed tape which wabild then be used to form the walls
of the conduit in a similar method to that described above and illustrated in

Figureoadpibipaedduifiiuminsinerssd teomssensinestienapee BefHgn of thin
formeg) RYAEYIDE: 55 BRI T RRIB S BAPHIANRE X RO MR FII O fer is

tape. The length X of tape between the wires and the edge is then folded over
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thin fispdratyvraps over the relnforcmg bead and the adjacent wind on the
former is only one layer thick and therefore is able to conform to the contour
of the reinforcing bead. A tube formed according to this embodiment of the
present 5 invention therefore is able to retain all of the advantages of the
previously described preferred embodiments, while having the additional
advantage that a forming apparatus as described in Figure 3 may be
employed to manufacture a conduit including embedded heater wires without
substantial modification to the



forming apparatus. In such a case the extruder 4 is replaced with a reel of pre
10 formed folded tape such as that shown in Figure 9b and supplied to the
forming apparatus. -21- CLAIMS: 1. A method of continuously manufacturing
conduit on a former comprising: rotating and advancing said conduit during
forming, applying a sacrificial layer of thibtastic around said former, 5
forming a conduit of a thin plastic material on said former overtop said
sacriftelafMEiY, and subsequently removing said sacrificial layer from inside
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in claim 1, 10 wherein said sacrificial layer is a thin ribbon having "leadin

and "trailingrotiiegadrdigdanahadsaid aphdw g wpneuligrvdighd around said
former in a tinuo Aan, 1\Wi I ng: f ribbon
overlapping gﬁe) E@ilﬁ%‘%@?ﬂflyﬁé\?ﬁu@ u%}nggfgr%egrgé] go%:a{-fk-uée orf’ner and
the trailing ddyeio§ achduitrofindbimgbasitig nhaiddaldimgsaidgiemner sietepdinig
turn. 15 3. 2 ntinuously manufacturing conduit as claimed in
claim 1 or Aj’%@@f%ﬁ é@riljduit is formed from a thin polymer tape having
"leading" arsdibsegliegt!jatemai\adg esicesad rshaialdpgeisfeminaligideosaid crodund
said former in a continuous fashion, 20 with the leading edge of each turn of
tape overlapping the trailing edge of a previous turn of tape on said former

and t@e traillgnethge of eastinuwosty sainltaptrimiedpipEoctbredttingaim 1,
o L P A e L S Bk e ctingy
complagaalthelgaep £id anidyinbbakaaceirangl e pirisiedver taRl dolrivesm
said overlapping turns of tape and said bead welding said spirally wound
tape @%W%%ashlon, with the leading edge of each turn of ribbon overlapping the
trailing edge of a previous turn of ribbon on the former and the trailing edge of
each turn under lapping the leading edge of a succeeding turn.
15
3. A method of continuously manufacturing conduit as claimed in claim 1 or
2, wherein said conduit is formed from a thin polymer tape having “leading” and
trailing” lateral edges, and
said tape is spirally wound around said former in a continuous fashion,
20 with the leading edge of each turn of tape overlapping the trailing edge of a
previous turn of tape on said former and the trailing edge of each turn of said tape

under lapping the leading edge of a succeeding turn of tape.

4. A method of continuously manufacturing conduit as claimed in claim 3,

25  wherein said method further comprises the step of:
applying a bead of molten plastic over top, or between, said overlapping
turns of tape and said bead welding said spirally wound tape to form said

conduit.

30 5. A method of continuously manufacturing conduit as claimed in any one of



conduit. 30 5. A method of continuously manufacturing conduit as claimed in
any one of -22- claims 1 to 4, wherein said sacrificial layer is of a material
having a different base polymer than that of said conduit, such that no
substantial adhesion occurs when adjacent layers of said sacrificial layer and
said conduit are heated. 5 6. A method-ofZontinuously manufacturing conduit
as claimed in claim 4, wherein said application of said molten bead to, or

betwEEHMSaldt® de AR SRigerstfigipklanelas ebarevieriabbming adiiesnt
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method of continuously manufacturing conduit as claimed in any one of
claim¢hetbagjaopel tapesaief calicracmtieial laxRtARtkerRISontbEsaredIPatod.
microns. 8. A conduit formed by a method according to any one of claims 1

to 7.
5 6. A method of continuously manufacturing conduit as claimed in claim 4,

wherein said application of said molten bead to, or between, said overlapping
layers of tape, welds said overlapping leading and trailing edges of said

sacrificial layer of spirally wound ribbon.

10 7. A method of continuously manufacturing conduit as claimed in any one of

claims 1 to 6, wherein said conduit has a wall thickness of less than 400 microns.

8. A conduit formed by a method according to any one of claims 1 to 7.



