-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 aof the prior art 10 In assisted
breathing, particularly in medical applications, gases are supplied and

returned through cegNESUPTCR QENENES RO Fe3 ity Hight Ry fexible 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

reinfareingJi ' ve t it better resistance to crushing
angi %@Jﬁéﬁ%wwmf §|Iﬁpﬁgﬁlﬂyﬁ§ﬂﬁé\glt 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
5 cortinbrirle @hdoedBVENt@prior art this is achieved by the spiral winding

of a thin 2 (I I r .
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simultaneously forming the helical reinforcing ribs. A disadvantage with
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diffgests iPeae iRUP VERNEERYGIRG3 RS b 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
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.



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 method_0p manufacturing conduit
which will at least go some way towards providing the public and

magufifpturersyviEaTysefuhebaiser I first aspect the invention may be

broadly be said to consist in a method of continuously manufacturing _
conduit oltasrarrbiesiiafiheiueserdiingeanon1o mmdemg@wlulbdmhipartlcular
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subsequently removing said sacrificial layer from inside said conduit. 15
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advance of said overlapping of said turns, applying a bead of molten
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applying one or more heating wires to the exposed
sacrificial layer, and
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



-3- trailing edge of the ribbon prior to applying the bead, such that the
bead encapsulates the one or more heating wires onto the said trailing
edge. In a further aspect the invention may broadly be said to consist in a
5 method of continuously forming conduit wherein the former includes a
plurality of rotating rods spaced about an axig and acting to support and
advance the conduit during forming, further comprising: first applying a
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formed on said former over top of said sacrificial layer, and 10 subsequent
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thin walled conduit after cooling. In a further aspect the invention may

broadly be said to consist in a conduit formed in accordance with a

method a¢gogdfogiteraaspene kthevdmiprecaginbrvatigraphsith @ sidhsist in a
further a&ssggct the invention may broadlﬁ: be said to consist in a conduit
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10 forming cénbisgatientgadiagninfpsaidicndeaticfemg vnig astcsactiitcialkbkyer from

ribbon, said former drawjng -4- said ribbon.around and advancing said
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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

15  preceding paragraphs.

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,
20  said ribbon arranged helically with its face substantially parallel with the helix
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

25 and trailing edge.

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
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arrangement of said ribbon, the pitch of said helical arrangement being
somewhat less than the width of said ribbon, means for delivering a
ribbon to said former at a first position on said 5 former, and means for
continuously delivering a molten bead to said former at a second position
less than one turn pitch from the position of_dglivery of said ribbon, said
second position corresponding to an expected position of the trailing edge

of %aﬁabﬂﬂbiﬂiwﬁ*(ﬁ%ﬁyé;rﬂiddﬂ%‘ﬁﬁﬁ%r Qﬁ'ﬁ@iiﬁlﬁ)ﬁ rH?QﬁQ- i ﬂﬂo‘iﬂ“é‘ a helical
further aspect the invention may broadly be said to consist in apparatus

for ysanigeIvashofsatipbondthe qiteipasisaid hebankarrongenwig e saenewhat
ribhon, said former, drawin id.ripbon around and advancing said ribbon
alokl;lé)gg,sttg1 %rotcSr\éV'gﬁ oc\)/\fel?%?géﬁr%%%ﬁcal 15 arrangement of said ribbon,

the pitch gheaid fieticrl REANgeMepborRitY Satewhalr ss fhran ositimion said
of said ribbon, a first means for delivering a first ribbon to said former, at a
firsfOBEHoANG second means for delivering a second ribbon to said

former, atiadogatign SHSSIIRRY BN B HPBRAOARIGISINN former at a

continuously delivering a molten'b ormer at a position less
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within"a conduit comprising: placing said conduit, including said inner layer

around an elongate shaft having a longitudinal slot, 30 forming an

adequate %eg{ifp\év?ﬂ?tﬁ'g}rgtsggg geadehal, erﬁgﬁtiyr%aflawbee?éid to consist in
apparatus for continuously forming conduit comprising:

a former for receiving plastic ribbon, said former drawing said ribbon
around and 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,

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
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:

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, applying suction to said slot, initiating
release of said inner layer from said conduit, 5 removing said conduit from
said shaft after said inner layer is released from said conduit. In a further
aspect the invention may broadly be said to_cgnsist in an apparatus for
assisting removal of a releasable inner layer within a conduit 10
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means for making an adequate seal between said inner layer and said
shatt thevederenes o€ saldfsbald, shaft, a means to suck gases from said
slot, and release said inner. layer, fr 15 said conduit. To those skilled in
the art to Wﬁ@)ﬁ't S%@é%’ﬁ%%aér/%ﬁ%tse%?many changes in construction and

widely diffigritigtierpportiase v sandl iapeti¢ayiontroiteegithyendan, will
suggest themselves without departing from the scope of the invention as

5 20 defined@RM@YANgRRIAcN it EO M@ Wl haBalis Rl dHBRRsIaystidhdeleased
hergj ; fllustrative and are not intended to be in any sense
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limiting. CRIPTION OF THE DRAWINGS Figure 1 is a cross
sectional side elevation of a wall of a conduit according 25 to an
embodiment of th jgure 2 is.a cross %ectio?al elevaa]on of a

Qgé)rior art. F ' .
wall of a cShBUYAREP ARG BnIURBOM Y BFeRE!YroetIthiR Aadsist in an
F'%PBa?dﬁJ%‘ PR MGV RE &AM BRIRI SRYIGR RIS MiPerawithin a conduit
reinforced conduit according to a further embodiment of the’ present
10 inveoiig)SBgsuch as the conduit pictured in Figure 2.
an elongate shaft having a longitudinal slot,
a effective sealing means for making an adequate seal between said inner
layer and said shaft, toward a first end of said shaft,
a means to suck gases from said slot, and release said inner layer from

15 said conduit.

To those skilled in the art to which the invention relates, many changes in
construction and widely differing embodiments and applications of the invention
will suggest themselves without departing from the scope of the invention as

20 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
Figure 1 is a cross sectional side elevation of a wall of a conduit according
25 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

reinforced conduit according to a further embodiment of the present invention,
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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. 5 Figure 5 is a side elevation of a conduit according
to a further embodiment of the present invention including outer axial
reinforcing threads. Figure 6 is a plan view afg@ conduit forming device for
forming a reinforced conduit according to an embodiment of the present

InvengioRs $HER G iNeFaneett wigtigeebin Figure 5. 10 Figure 7 is a cross
sectional side elevation of a conduit wall according to a further

embodiméngaraide Hacioss ispasinm meuading af panopthianalbhehesving a rough
within the conduit wall. Figur is lan,view qf a co it forming device
for Hn U ek g FRATF R e COMEtefb BRI W RG SO of the

seqtiahta Baaipe or ribbon illustrating the assembly of a pre-formed tape
including a pair of heater wires according to a further embodiment of the

present inVEEM8P. ISRyBide Sileral R A SORGHL fes T6H BB HadHBRREEMbOdiment

rib ffi . ﬁﬁml@ iqure Q| r tion
viewg%ac%é%ﬁ%v\éﬁméﬁﬁg ap ?ﬁ’&gphg%gr%vﬂg%ﬁ%mr%&rﬁthe
pre-formeBighteb sisowplarfiguesyobf Rigrorduitifercioss decigenédr forming a
elevation of 5 conduit wall showin fect caused bé/PtFe bead flowin

d
e NURTSEE RGN SR AEHROIR AreERRMMBR OLE ATeReT Areention, such as

apl?ﬁé%b‘ﬁ(f@ftrﬁﬂﬂ\‘@?ﬂiH”Piéa%iﬁ‘?ia' layer. 25 Figure 13 is a plan view of
the apparatus of Figure 12, Shown with a conduit overtop. -7- DETAILED

DESCRIPHIGIKE THe pessssadntiendbside elrwtiobrebattogdedihealisncording to a
ge?SFﬁ%earngrri\%odiment of the present invention including a pair of heater wires
within the conduit wall.
Figure 8 is a plan view of a conduit forming device for forming the
conduit pictured in Figure 7.
Figure 9a is a cross section of a tape or ribbon illustrating the assembly of
a pre-formed tape including a pair of heater wires according to a further
embodiment of the present invention.
Figure 9b is a cross section view of the pre-formed ribbon of figure 9a,
shown assembled.
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.
Figure 13 is a plan view of the apparatus of Figure 12, shown with a

conduit overtop.
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particular to improved methods of forming thin film (tape or ribbon) spiral
wound conduits. Consequently the present invention finds application in 5
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_bwt not liquid water). In
assisted breathing, particularly in medical applications, gases having high

leve)g piaplative iy pig enpplied and returned through conduits of a

10 relatively restricted size. Build up of condensation on the inside wall of _
the condufthie @issesmtiiIveiarorehatesido hieatbiyg TeagUtsdgegsgneral and in

includin breathable region or reqi in the cpnduit wall is to_ allo .
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within the expiratory limb by 15 drying the humidified gases during their
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the educing the risk of condensation accumulation, thereby

imprangngithieg watratiapoor bllevetihguidtesntied).detrimental effects. 20

The preferred breatrabletﬁjaterial is a hydrophilic p‘%yest r formed into a
I

homogendBaSHeIeI BRANKPAF HIUAES ffa e (AP RRsigaRemy1aving
SUAGHISABIYPRANVCRORRAVRY 16 SupBlhdaaaRY PhiRPEnfaRh conduits of a

approximately 50 microns, and therefore find particular suitability in the
malraléiotelynce stiddtedi sizsf. thB td semtafcentiensatiwill die tispresideewall of the

that other breathable materials may .alsq be sujtahle for forming . . .

orc AL o BT e ht T He TR DR, TheUrRR b dng'iting
theﬂfr@_ﬁ’ﬂﬁméiﬁi@ gty _ i@fﬁ§qwtﬁ@b@\@@ﬁ“ﬂwi%ﬁd%r@@ﬁdﬁf@sion of water
following embodiments will be described with particular reference to

bre¢aRaBIEAIM HimaxairatiyHohonf fosdratB g yieu adomasee path thereof.
referrﬁ%j Bri%educe the build up of condensation within the expiratory limb by

drying the humidified gases during their flow through the expiratory limb. This
furthermore reduces the humidity of the gases arriving at ancillary equipment,
such as filters, ventilators and the like, reducing the risk of condensation
accumulation, thereby improving their operation, or alleviating potential
detrimental effects.

The preferred breathable material is a hydrophilic polyester formed into a
homogeneous flat film or ribbon. This material has been found particularly
suited to thin film productions having a wall thickness of less than approximately
50 microns, 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.

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
breathable and non-breathable materials. It will be also appreciated for the
5 following described embodiments that the_fign(s) supplied to the former
may be supplied either as a preformed flat ribbon wound onto a reel or

maypANRINaly el P&HEURBHRS RIfEFUIMAREVRTOMRAY HOMHan RIIBNARNG described

Each of these options may have associated advantages and

disaenastbpertsvilsh watedadisisessda 1foem Ithailcardube wpPee iy doey either

those skilled in the art that the materials supplied to 10 the former ma
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thepieaterble agelraialy@achayideateedlecersaltersilso Appresicabaryor the
of material cost it is preferred that the conduit wall be manufactured to
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helical reinforcing members are therefore provided as part o
meelswpye iedairectéySopperfoiertfetinabnrespita esudpanting thesslmgions may
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breathing 20 conduit known in the art is shown. Referring to Figure 2,
10 brethehfiogort gy uvet| crosB karcabguideh densiaitera anit oilroflexsbile order to

Il. The thin fil ibbon i in a.spiral or helix such that th
BRI AR ARy R BHTRATE e erah SHIaE:
Interposeghthg eyrslaRying edeenal cadiarant yitdrr&d ihRothdscarrad wall be

of polymer material bonded with the 25 overlapping portions of ribbon

seéﬂﬂgttf%i‘jbfﬂﬂ e fiave valadiMeky Ao mhh ﬁh@cgneaﬁﬁﬁaaughﬁgéhatﬁbe conduit
e e T R ST e A RS e o
15 whielibel besidfor ohodfeme itz cvare ppieg fase rprbiicedeagusarit of the tubular
membrane to provide support. The helical or spiral supporting members (beads)
are formed from polymer materials and may be of the same material used in the

wall of the conduit or any other compatible plastics material.
Referring to Figure 1, the lay-up arrangement of a flexible breathing
20  conduit known in the art is shown. Referring to Figure 2, a breathing circuit limb
wall cross section is shown with a thin film flexible wall. The thin film or ribbon
is arranged in a spiral or helix such that the edge portions of adjacent layers
overlap and form the wall of a tube. Interposed the overlapping edges of
adjacent winds of ribbon, is a bead of polymer material bonded with the
25 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

is so thin, closely follows the contour of the bead and results in a smooth inner



is so thin, closely follows the contour of the bead and results in a smooth
inner -9- 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. 5 The accompanying
figures show small gaps or spaces between the reinforcing bead and the
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present for illustration purposes only, in order to differentiate the bead
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form the be nd bond tho ar or. 10 .
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maﬂbmﬂamge mbr@mhmgeud)e according to a first embodiment of the
present invention described in Figure 2 is shown in Figure 3. The
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formed on the former is rotated and advanced in the direction of arrow 3
10 by kblphes.ement of the rotating rods. The advance speed of the former is
selected relative to the otatlonal sgged SO that the itch .of the helic
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pplies a tape or 25 ribbon 5 of thin film polymer materials wit
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15  acentral support rod. The rods extend from and are rotated by a gearbox within a
machine stock 2. At least in the tube 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 tube being formed. An example of such a machine is a spiral
pipeline mandrel available from OLMAS SRL of Italy.

20 Tube being formed on the former is rotated and advanced in the direction
of arrow 3 by the movement of the rotating rods. The advance speed of the
former is selected relative to the rotational speed so that the pitch of the helical
laying of the strip or tape on to the former 1 is a little less than the width of the
strip so that adjacent turns narrowly overlap. A first extruder 4 supplies a tape or

25  ribbon 5 of thin film 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
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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 -10- disposition of ribbon 5 is slightly less than the
width of ribbon 5 and results in preferred avggap of approximately 2.5
millimetres. The helical deposition of ribbon 5 forms the wall 6 of the

CoRfsHoMIP<EE ABh LB dAg R INeResG I MAKSRI QIS8 IHHBKER and results in

polymer 5 material. The molten béad 8 deposits between the overlapping
poiisiersgdayjatkent afi agproximat s 2hdnd Boratiesty hedrelica) wepgsition of
the sty faibb .In ferred embodiment of the present

invgﬁ?égrﬁ\ %gogﬁﬁgﬁgic\)’y%ﬁgg fﬁfgﬁﬁwg QHeLB lad 8 are approximately 2.5

millimetrep\widgtAnitd.? @ylineites biedt 3 hsf eaofteit formethirassitdimdolymer
to a preferred embodiment has an approximate 10 internal diameter of 19
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copolymers, such as those described above, a wall thickness between
andnés naldiasRif 0fed@ redllireetrestsatiimeughelfemall walbpiceekesedighat the
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thickness for providing an optimal compromise of properties will ultimately
depeidasaifieehgs€eific material employed. In this regard the materials

Z”d rﬁ’;tefeESPb‘i‘iéHﬁ%ifé%e{ﬁf%h%‘M& BRGNS R BP ribbon

re
5 must be thick enough so that the conduit does not become too flimsy in use, but

must also be thin enough so that the conduit wall is sufficiently breathable. It has
been found that with polyester block copolymers, such as those described above,
a wall thickness between 15 and 35 microns fulfil these requirements. The
preferred wall thickness for breathable conduits according to the present
invention is approximately 25 microns. A wall thickness of 25 microns has been
found to provide a useful balance between breathability, flexibility and strength.
The wall thickness for providing an optimal compromise of properties will
ultimately depend on the specific material employed. In this regard the materials
and preferred dimensions referred to in the description are illustrative and are not

intended to be in any way limiting.

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,
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25 intended to be in any way limiting. 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, -11- the action of
the helical rods rotating and advancing the cqnduit, may wrinkle or even
damage the thin ribbon deposited on the former and may reduce the finish

qURHB/LHBIPSTARE HE! TP BRIt TR IRRT ABFENS; lﬁ@%ﬁé’ CONHRICATEWAAKIe or

application of the molten bead which may also result in the thin film .
ovéNRindag Earibestiirintp by heeprait@porthadargeoard daggiregluse the finish

quality,of the condui Il to,suffer r disrupting the formi oc -
i O, S B LS S R B PR I Eining
sacipiptiehtiye bfriesintb Reicoel WisioH ek dsorestrppnite bisiivfiattevarheating
before the application of the film reduces these problems and increases

theAaIHoNEhEodBRdTRTIS Rl ekptatng EderGaustioshgiatAtiy elstogeonduit
wal e RS RS ORI IR CER M EFR tagetitithe these

corpditendiall prdidsrhedt fiesrimb¢hafcuntatheth sachifasibi-teyatlywound onto the
o S 5 R A SR S B
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thickness of the polypropylene sacrificial layer is between approximately
20 and ebnicterHs. ®RetunprhighdAsgask B)esseadfifididl &ypsof pewssigaificantly

from reel 16 pnto the former beforg the hreathable extruded tape 5. The
T R b e oS AR O A ot to the
sagfifiatpdpyetdaeapispibe)T e deesuncihvasuliinanieigfdigadthat a material
bonding between the sacrificial layer and the conduit wall. Alternatively, a

sedoibAy Brepmialivelariiaieg deaky e densnipisiaad Yosulied tae the sacrificial
OVRLARPING JAYPER ShRELlekd RRERST &ItBMERVE YR IPAD RAving a different

base polymer to that of the conduit wall may also be suitable. The preferred
thickness of the polypropylene sacrificial layer is between approximately 20 and
60 microns.

Referring to Figure 3, a sacrificial layer 17 is wound from reel 16 onto the
former before the breathable extruded tape 5. The heat from the applied molten
bead may weld the overlapping layers of sacrificial layer to each other, but does
not result in any significant bonding between the sacrificial layer and the conduit
wall. Alternatively, a secondary thermal welding process may be employed to
weld the overlapping layers of sacrificial tape before the conduit is formed
overtop. The sacrificial layer may perform many additional advantageous
functions such as those described below:

1. The dummy layer protects the helically arranged rotating rods on

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



overtop. The sacrificial layer may perform many additional advantageous
25 functions such as those described below: 1. The dummy layer protects
the helically arranged rotating rods on the mandrel from being fouled by
molten plastic. 2. The sacrificial layer increases the stability of the process
and may help prevent the overlapping layerg hat form the conduit wall
from -12- slipping and moving relative to each other. 3. The sacrificial

layer provides a Sligise Ve BakIsi ﬁg%p&wghgr@a@ggﬁe@r small

protrusions on the mandrel or rotating rods, and the film or ribbon. 5 4.
The sacrifiial layldtessasidbiaiad tayeriprovirasitetinipet hoptiieg between sharp

reaty approciataohy oLt NG B SH TTHG be g g i e

from the applicatffimadrargasiicial layer onto the mandrel before 10
forming a conduit, are not limited only to material lay-up and construction

5 wherein tHe helicBNeSafbidnigl g & iatdsibedaimidoEnapihingignrreperating
The polypropyle 1\VAS ved.f j ] of :
e e SRS SN SRR S AR e i
the 15 conduit. Additional means such as water cooling of the mandrel

Iso b ided d ting. A method of [ .
lensald LI HEERORY ERRFSIE b AL AUGE 11 BFL WA esbenefits
lengdhitGonerit the SPPRRAHBRAT &P QrearsriEraICPi i tots Yk BRandrel before

described with reference to Figures 12 and 13. A shaft 39 is provided _
10 hargnangubstantilit; lasdovotyimdiedabshage ofaiesiadtiajotgeantaomgituction

of the desired copdujt product length, The shaft 39 has a longitudinal slot
o Una B e e e e m e i S hifg e
connection with a suction or vacuum source 38 via stock 42.
The polypropylene layer can be easily removed from the inner wall of the
finished conduit product after cooling as it does not bond significantly to the

15 conduit. Additional means such as water cooling of the mandrel may also be

provided to reduce overheating.

A method of removing a releasable inner layer (for example the sacrificial
layer 17) from within a length of conduit 37, subsequent to forming the conduit,

20  will be described with reference to Figures 12 and 13. A shaft 39 is provided
having a substantially hollow cylindrical shape of a length longer than that of the
desired conduit product length. The shaft 39 has a longitudinal slot 40 and is
cantilevered from stock 42. The slot of shaft 39 is in fluid connection with a
suction or vacuum source 38 via stock 42.

25 The outer diameter of the shaft is preferably smaller than that of the
conduit 37. A tapered shoulder region 41 is provided at the built-in end of the
shaft 39 in order to enable an effective seal to be formed between the inner layer
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
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25 The outer diameter of the shaft is preferably smaller than that of the
conduit 37. A tapered shoulder region 41 is provided at the built-in end of
the shaft 39 in order to enable an effective seal to be formed between the
inner layer and the shoulder portion when suction is applied. Alternatively,
the seal may be formed between the shaft angl-the outside of the conduit.
The effect is to seal (so -13- far as necessary) at least the inside of the

releasaile, ket Ry alr A ehSUNSIHRABIO e reRGSADIR ITrPfleTdPer from the

remove the sacrifiCial layer 17 from the inner wall of the conduit
37 smitrindiagsaging the conduit wall, the conduit (including 5 sacrificial

e P R R S g e v

conduit is Slid houlder po 1oh ormi

adeduate condlit 137 slivioandahtiimpriaeitthaultledaihckhin esnaxil (including
direction so that the conduit is contracted as shown in region 42

ex3SMECARId A A aMheLaO¥RHOBIRfThBF SecivMA) 1B dgdreddmARend of the

condui i ?f}?@fﬁgﬁﬂ f
lea%gsﬂgul/t?ﬁ§§gj§%{@§$ﬁ\%ﬁ’@§%ﬁtj‘ﬁ@]é ?niﬂﬁ%rﬁ the outsi E@O%rtlhaedequate
innsgahy€hevbttrer s fsiparanedifr spthied badkiin Bhiaxiedesréntidniserthat the
layer onto the shaft, an into%the slot, and the separation g;%ﬁggates

i

alofi)f' Y IBnERATER TR e HORGR dBHBUILS G RYRAY WAL RANATAINg the end
fropbiiRBrsadY RIS EPRAYOAT B RAEN AlckRfF UBiAde g8 abplied to the

immediately opposite 157slot 40 is sucked so that it protrudes into the”
shaftietsfiace l0hiby hafideadsspatorasttisedsl iffieresléaidee procodbainside and the
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into slot 40). After release of the sacrificial layer from the 20 inner wa

thethe henathz of the sosldan ebaanselsayckingoe edktaid lawer trem the inner
f:&%hfﬁﬁﬁggﬂﬁ?@? %/72?% é@gg@Sﬁﬁ%ﬁ Al TSR Yahahifately opposite
slot 40 is sucked so that it protrudes into the shaft interior. 1t may be necessary to
initiate this release process at the exposed end (free end of the shaft) of the
sacrificial layer 17 by hand (by bringing the separated end portion of the inner
layer adjacent the slot. Helical reinforcing bead 43 prevents the conduit itself
from being drawn into slot 40). After release of the sacrificial layer from the
inner wall of the conduit 37, the conduit can be easily removed by sliding it off
the shaft. Removal of the vacuum from the shaft allows removal of the

remaining sacrificial layer more easily.

Applying the molten bead between the overlapping layers of tape instead
of over the top of the overlapping layers may improve the weld quality, as both
layers of tape that are to be welded are in physical contact with the molten bead.
This lay-up may also reduce overheating problems by lowering the temperature
necessary to properly bond the molten bead. When the prior art forming method

shown in Figure 1 is employed to manufacture conduits from very thin film or



Applying the molten bead between the overlapping layers of tape instead
25 of over the top of the overlapping layers may improve the weld quality,
as both layers of tape that are to be welded are in physical contact with
the molten bead. This lay-up may also reduce overheating problems by
lowering the temperature necessary to prapeyy bond the molten bead.
When the prior art forming method shown in Figure 1 is employed to
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having a WaII thickness less than approximately 50 microns), consistently
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prq[pl m t|c f% rSB F| ure 11 illustrates some potential problems

whith may cur ur|n production of conduit resulting in inferior

wall smootgess 4 Tarel Riglity of tHeustrdrsestighpotetittalnhebieriaaith may

a breathing conduit is important, because rough inner surfaces may
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voids 9 or undulations, may result between adjacent strips of ribbon if the
10 filmmidteniends Tloisgiyatdafamaoabelcshtbetiotigitapmng poeien wﬁfﬂm is too
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and able to conform closely to the shape of the raised rib of the applied
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15  closely conform to the contour of the molten bead. This may occur if the thin
ribbon is not sufficiently supple. For this reason the construction technique of
the present invention is especially suited to conduits fabricated from thin supple
film. The thin film is highly flexible and able to conform closely to the shape of
the raised rib of the applied molten bead 8 during fabrication. By lapping very

20 closely on to the bead and wrapping around the bead, the thin film maintains a
smooth inner surface on the finished conduit product. A further defect 44, is
shown where the overlapping portion of the layer overlaps the bead too much.
The molten bead will also flow to fill voids or undulations between the lay-up,
resulting in a smooth conduit wall. It will be appreciated that the conduit wall

25  cross section shown in figure 2 and figure 11 is illustrative and not meant to be
interpreted strictly in regard to the space shown between the bead and the conduit
wall layers. The application of a sacrificial layer onto the former before the
conduit wall is formed, is especially suited to the conduit forming method

wherein the molten bead is applied between overlapping layers. The presence of
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shown where the overlapping portion of the layer overlaps the bead too
much. The molten bead will also flow to fill voids or undulations between
the lay-up, resulting in a smooth conduit wall. It will be appreciated that
the conduit wall 25 cross section shown in figure 2 and figure 11 is
illustrative and not meant to be interpreted_simctly in regard to the space
shown between the bead and the conduit wall layers. The application of a

sagfificialiaKgaaRiRfandormentafr Adheampasil yealkindarg esdion the former

especially suited to the conduit forming method wherein the molten bead

is dfspnetihreovae Aasiled apdhaelien polyi@eiiesence of -15- the sacrificial

layer ens that th lically arra otafing rods.on the former do .
o becon NIOUO Ui e e RSN Al mtfes naving

helicalieitaitialng SaailisrebrwriRshgvitbra sibriatietyaeanviggydarthat the
cross section. It is however envisaged that the 5 actual cross sectional
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rouafdiect theshape cithane mfoecing deb byosttemingrthE bebey resliting in a less
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Nt dD?o'@f?dﬁéWb@ﬁﬂ?'”ﬁhété@ﬁi%%f@#‘?@‘ﬁ?&@ﬁ?%@ﬁwshown in the
conduits Tormed according to the first preferred embodiment described
abaveampaxyiamdipvingstiexibrelsit yrivatte godoarikrndsiktarksein any way
Ho¥veVﬁr conduits having very thin walls may have a 15 reduced

resisiHE8 10 axial deformation and/or stretching. Due to the thin tape

used to formiRepeeiiFaiibarsansheiiineresHiiRgsFOHEd mesoRAMIaDethe first
to expansion and/or contraction along the axis of the conduit. In use axial

foreeefesFRARITRON Meé AEEFERATRbaYe aepRKke Brhrdtaididdexitde and provide

fﬁ;&&&b"ﬂ(ﬁ?ﬂt@?@;{h%‘?”%Wﬁe‘@@ﬂﬂbﬁ&ﬁ?& RAOHY V" RTINS have a

reduced resistance to axial deformation and/or stretching. Due to the thin tape
used to form the walls of the conduit, the resulting product may be prone to
expansion and/or contraction along the axis of the conduit. In use axial forces
arising from patient breathing are capable of producing axial
extension/contraction along the length of the conduit. In order to improve the
axial stiffness of such breathing conduits, a further embodiment will now be

described.

In a further embodiment shown in Figure 5 a plurality of reinforcing
threads 10, running the length of the wall and spaced around the perimeter of the
tube are aligned parallel to one another and substantially parallel to the major
axis of the conduit. The threads 10 are supported by the helical bead 11, with the
threads spanning the spaces between turns of the helical bead. In this
embodiment it is may be desirable to choose the reinforcing threads (material,

gauge, type and number) such that the threads are sufficiently stiff to improve the
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20 axial stiffness of such breathing conduits, a further embodiment will
now be described. In a further embodiment shown in Figure 5 a plurality
of reinforcing threads 10, running the length of the wall and spaced
around the perimeter of the 25 tube are aligned parallel to one another
and substantially parallel to the major axis offe conduit. The threads 10
are supported by the helical bead 11, with the threads spanning the

spaeRRIbR MBARYUERSERRdGSgLRERFHA HhlssiemB¥MmRRYtiEFaYIessures

desirable to choose the reinforcing threads (material, “gauge, type and

nuithigéry uleh R agpectiert susinge RtiRGE hgathing irkprastraneed @r excessive

conduits. abilit resist buckling under the transiently requced internal , . )
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or expeseitienkiekbng abiitoirEadsua@iesits mounagteripbiedeledsdet! fibres
conduit axial contraction and/or extension. The axial threads 10 may be
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proandéct iyeckiarah reirdxirceradnnomnay filarpeoisddd Bynoesvad of fextninigd mono
the_tube according to the embodiment of Figure 5 is described with

ref {8 the apparatus shown in Figure 6. In particular in the 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. Infameiwid g6 fisrminmthettubreactssdimg thphedowng fmemiofifsgure 5 is

i S R ML LTS B P Sh s QP TP LS iR EYER in e
171m€hwaﬂ@g@@6f%@mdﬁquw%ﬂh@f[tg/fﬁém%llfl}ﬂ*elﬁpih@ a preformed

extremely thin film to be shielded from the mandrel and higher operating
tenhiRe AUSHIP Phibe lyaney Israietd ar ekt irgfrimerdthtdast il Anesalls from

N RATECUGN 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,
between the mandrel and the conduit being formed, allows the extremely thin
film to be shielded from the mandrel and higher operating temperatures.

Tube being formed on the former is rotated and advanced in the direction
of arrow 3. The advance speed of the former is selected relative to the rotational
speed so that the pitch of the helical laying of the strip or tape on to the former
14, is a little less than the width of the strip so that adjacent turns narrowly
overlap. An extruder 18 extrudes a bead 19 of molten polymer material. The
molten bead 19 deposits between the overlapping portions of adjacent winds of
tape 13 and is sufficiently molten to weld to the strips of tape 13. The molten
bead becomes the helical reinforcement for the finished conduit.

A freely rotatable thread laying head 20 is located over the former after
the bead extruder 18. The rotating head 20 carries a plurality of spools 21 holding

reinforcing thread. The head 20 is rotatable by an electric motor and drive belt
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20 of arrow 3. The advance speed of the former is selected relative to the
rotational speed so that the pitch of the helical laying of the strip or tape
on to the former 14, is a little less than the width of the strip so that
adjacent turns narrowly overlap. An extruder 18 extrudes a bead 19 of
molten polymer material. The molten bead 1f;deposits between the
overlapping portions of adjacent winds of 25 tape 13 and is sufficiently

mojtgndeawels tadpecetien of tane LReathemqiepraterthReoonesthg a speed

helical reinforcement for the finished conduit. A freely rotatable thread

lay®yelanizeds Wwithtethovepted i aftaetivendpatiarexatidhiel prodact 12,

e L B A Rl A e YR B 21 o
resipefiivedy. phingl lef etk &S 10r efethblyugidtedfahe iieRgtc RynbbsanBedAnother

with the speed of effective rotation of the product 12. Advancement of
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re
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PUIRIRRAC SERHAIS IReNO VSR IRMPURTVITIARED Of RESHATIARE threads in

plurality of longitudinal threads in 10 position in preparation for permanent
fixipgsiticie topeparaiden 2orparoesnt Hxbamd AsssaithextardpbRmextrudes a
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between itself and the first reinforcing rib formed by 15 polymer bead 19.
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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
former in a position subsequent to the application of the second reinforcing bead
28 and wound onto a spool for re-use.

This embodiment of the invention provides a breathing circuit limb
reinforced against crushing by the helical bead and against longitudinal extension
by the axial threads 10 as well as providing a breathing conduit having all the
advantages of the first preferred embodiment. The spanning threads 10 also
provide an additional advantage by reducing direct contact between the
user/environment and the surface of the tube, therefore reducing the risk of
punctures and damage. The threads effectively provide an additional barrier
against potential damage around the conduit wall. It will be appreciated that the
foregoing method of reinforcing a conduit is not limited to conduits wherein the

helical reinforcing bead is interposed between the overlapping layers.



former in a position subsequent to the application of the second
reinforcing bead 28 and wound onto a spool for re-use. 20 This
embodiment of the invention provides a breathing circuit limb reinforced
against crushing by the helical bead and against longitudinal extension by
the axial threads 10 as well as providing a bregithing conduit having all the
advantages of the first preferred embodiment. The spanning threads 10

also prOVN@@méﬂsiiﬂaﬂﬁh@%vﬁﬂm%r%ﬁ@ﬁpt'aaMvﬁﬁt@ﬁ'@ﬁrﬁwa%n may
the 25 user/environment and the surface of the tube, therefore reducing
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between the overlapping layers. -18- A further breathing circuit component
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appreciated that with all of the forming methods described involving
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interposed extruded helical rib. For example a pair of ribbons may be laid

as Htlolile GNP RAURT HEHOIRE EAYRR Ikian anieiediufflis. ofhis would
for%@% fle{ f il Bﬂﬁﬁqﬂviﬂzﬁﬁgﬁrﬁeﬁ%?grﬂﬂ 5 QRABRYSSE PR Fith the

or co IS envisage
15 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
permeable and allows the passage of water vapour.
20
A further embodiment of the present invention is envisaged where thin
walled breathing conduits are manufactured in a similar manner as described
above but, where the conduit wall also preferably contains at least one thin
conductive wire. A pair of wires may be included in order to provide a means for
25 heating the conduit and or to carry electrical signals to sensors or transducers.
Heated conduits 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 most often used in only the inspiratory

arm of a breathing circuit but can also be used in the expiratory arm. Heated wall
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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 permeable and allows the passage of water
vapour. 20 A further embodiment of the preseptinvention is envisaged
where thin walled breathing conduits are manufactured in a similar

magnenAR dRagTISS RPeymBLhenRese taaaanquitinmbRieRsuieiesbhe used in

contains at least one thin conductive wire. A pair of wires may be

inchibigts ikrobop b gatdenssuomeadeférPAhewiapythdreanelubraathrgsonduits

carry electrical signals to sensors or transducers. . Heated conduits m
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through the conduit. Heated conduits are most often used in only the
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coaxi cuits, or single’ limb applications such as
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includes heater wires, the corresponding.connectors at at least one end
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energy to the conduit heater'wires. Referring to Figure 7, a breathing _
corfafatenchionr gine ddingarpaihod kit haikest3a matiastires iously described
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the method previouslg described and illustrated in Figure 3, but an

ad@fibiafibadeats v Oreents the seplir o priFOMRe SinaneaveeHaddrom two
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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
reinforcing bead may be applied in a different plane in order to achieve the
desired spatial lay-up.

The resulting conduit is shown in Figure 7 and is similar to the previous
embodiment shown in Figure 2, but includes an additional pair of heater wires
embedded in the helical reinforcing bead of the conduit wall. In this
embodiment, a sacrificial layer 17 may also be wound in an overlapping helix
onto the former from spool 16. The sacrificial layer 17 may be a polypropylene
layer or some other material that will not weld to the conduit wall. The
sacrificial layer 17 between the mandrel and the conduit being formed, allows the

extremely thin film to be shielded from the higher operating temperature of the



reels 29 and 30. The wires are laid on top of the first wind of film, towards
the 15 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 ovepgpping wind of film wraps
around the former and completes the tube. It will be appreciated that
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15  Dbe necessary if the extruded tape is molten or semi-molten when the folding
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

20  described previously and illustrated in Figure 3 to produce a breathing conduit
with a pair of integral heating wires. Figure 10 shows the lay-up of a breathing
conduit formed by this embodiment of the present invention. The portion of thin
film that wraps over the reinforcing bead and the adjacent wind on the former is
only one layer thick and therefore is able to conform to the contour of the

25 reinforcing bead. A tube formed according to this embodiment of the present
invention therefore is able to retain all of the advantages of the previously

described preferred embodiments, while having the additional advantage that a



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 15 be necessary if the extruded tape is molten or
semi-molten when the folding occurs. In thispgase the two regions of

molten layer, when folded and pressed together will bond. Such a
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to reels and supplied to a conduit forming process such as that 20
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conduit with a pair. of integral heating.wires, Figure 10 shows the. lay-up of
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adjacent wind on the former is only one layer thick and therefore is able

5 to éRRAIAHISo the contour of the 25 reinforcing bead. A tube formed
according to this embodiment of the present invention therefore is able to
retain all of the advantages of the previously described preferred
embodiments, while having the additional advantage that a -21- 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- formed folded tape such as that shown in Figure 9b and
supplied to the forming 5 apparatus. -22- CLAIMS: 1. A method of
continuously manufacturing conduit on a former comprising: said former
rotating and advancing said conduit during forming, applying a sacrificial
layer of thin plastic around said former in an 5 overlapping pattern,



forming a conduit of a thin plastic material on said former overtop said
sacrificial layer, welding said overlapping layers of said sacrificial layer,
and subsequently removing said sacrificial layer from inside said conduit.
10 2. A method of continuously manufacturing conduit as claimed in claim
1, wherein said sacrificial layer is a thin ribbon having "leading" and
"trailing” lateral edges, and said ribbon is spirally wound around said
forgeradn g gontinuous fashion, with the leading edge of each turn of
ribbon overlapping the 15 trailing edge of a previous turn of ribbon on the
forther ané thethaflinfesugis b ushemantfagide ngepiay it le ferimg feelyaprising:
of a succeedl turn 3. t%methr(g contlnuous y. me¢p é turln condwt
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tape is spirally wound around said former in a continuous fashion, with

5 the leadin@el§ORINGARM I of tape overlapping the trailing edge of a
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4. A methsatofiwiatitayensly manufacturing conduit as claimed in claim 3,
wherein said method urth(ar comprises the _step of: applyln a bead of
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method of contlnuou sly manufacCturing conduit as claimed in any one of
10 claims 1 to 4, wherein said sacrificial layer is of a material having a

difgrent & hasg poper than gl of saitcandkdl such L0 e i claim 1

wherein said sacrificial layer is a thin ribbon having “leading” and “trailing”

lateral edges, and said ribbon is spirally wound around said former in a
continuous fashion, with the leading edge of each turn of ribbon overlapping the
15  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.

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
20 trailing” lateral edges, and
said tape is spirally wound around said former in a continuous fashion,
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.
25
4, A method of continuously manufacturing conduit as claimed in claim 3,
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
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when adjacent layers of said sacrificial layer and said conduit are heated.
6. A method of continuously manufacturing conduit as claimed in claim 4,
wherein said application of said molten bead to, or between, said
overlapping 10 layers of tape, welds said overlapping leading and trailing
edges of said sacrificial layer of spirally waupg ribbon. 7. A method of
continuously manufacturing conduit as claimed in any one of claims 1 to
6, WhgHe, said conduit has a wall thickness of less than 400 microns. 15
8. A conduit formed by a method according to any one of claims 1 to 7.

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

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.

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.



