26 May -1 CONDU T AND METHOD OF FORM NG BACKGROUND TO THE | NVENTION 5 1.
Field of the invention The present invention relates to conponents for
breathing circuits and in particular to conduits for use ig%§@° | i pbhs of
breathing circuits. The invention also relates to methods of® M ufact uring
such conduits. 2. Summary of the prior qﬁp_lo I n assisted breathing,
particularly in nedical applications, gases are supplied and returned

t hrough conduits. Such c i re. | i HiE@ﬂflLLﬁinble to achi eve
t he hi ghest possible |eve (ﬂs iﬁéié§ﬂ§%ﬁghﬁ¥ﬁﬁig’ VIING { he prior art,
thin wall ed conduits are known which include helical or annular
reinforcing ribs which act to give the conduit better resistance to

crushi ng and gRAKGROHIND 70O MEIEIINVENT@RWNG the conduit to be |ight and
flexible. A cross section of the wall of an exanple of such a conduit is
shown in Figure 1. It is advantageous to manufacture this type of conduit
as a conti nuous ?rocess In the prior art this is achieved by the spiral
wi ndi ng of a khFielgof ylmeeinvension (ri bbon or filnm) onto a former such that

t he edges of adjacent |ayers overlap 20 a snall A bead of Iten
pol ymer is then a QE‘HS%UéIFV‘?“&‘;S’Htfﬁ tes&@&PPH??BPHG%HE@é”%%&FH‘&th&

t oget her and SI |t apeous f.ar r-einfaorcin
di sadvant age Rk ﬂﬂ?ﬂ‘ac Qﬁﬁ@sgér h&ﬁﬂgnﬁ%ofﬁﬁmJanfnc iy qhen&l‘l‘l%ﬁmsneveral

adj acent | ayefjg, reT.J&le§t&&%ﬁicﬁf@dﬁnﬁﬁﬁ&&hﬁh%%uéﬂ@ﬁ&n%e” mJ' tiple layer
conduit walls are to be forned. Wiile conbining the application of a 25

nol t en bead vntguﬁﬁﬂﬁﬂpéfﬁﬁppmaaaytthernal wel di ng process or applying the
polymer to the forner ‘as still molten plastic does go sonme way to

al leviatil®dg this Idi as‘swcted toycathings gasiodulailvns mddicebrapplesitionst gasdseateube
Former and rms%pgﬁed %hzifrggu%éd ttl?roﬁglrlllc%\rllgulvtmst hSu\éﬁrc%ntdth a¥\§|1(lieally l?ght a};ld
flexible 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 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.

[t 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.



-2- SUWARY OF THE INVENTION It is an object of the present invention to
provide a conduit, with particular application to the |inbs of a breathing

circuit, which will at |east go sone way towards inprovingdﬁggéggﬁﬂgfve or
which will at |east provide the public and the 5 nedical pr th a

useful choice, and/or to provide a nethod of nmanufacturing conduit which
w il at |east go sonme way towards providing the public and manufacturers

with a useful j I i he invention nay broadly be said
to consist i @@mg 8@3%‘%@@%@@‘? orm ng conduit conprising: 10
conti nuously appl yi : I il ' : ' g i ng"
and “traitinge | b iSRRIl bARAN. o AR ORI q A8
advanci ng saidfbplie@isiid theihPs bhg bk &ARINBLiRAAE wHicIEREIN af 1t &F séhBRAY
overlapping the trailing edge of a previous turn of ribbon on the fornmer
and the trai ltongr@dggprofinganhthé ubave cmelkich lvaplpit ighst piovideaitie pgbkcged die a

succeeding turn, while, 15 in advance of said overlapping of said turns,
appl yi ng & benedical podieenion piveht 4 arsefngheihe exgiosecle praaiidé rig neethed off t he
nost recently applied turn on saig .@orger, such that a sa(i%d bg]ggqi

i nt er posed bePAEACHENG GONGPILHYCB FYHAtARPt 881 OV AY FAPBIFISTP Sna’eedges,
and said overlu%?-pi ng nqort' on.conf. e contour of said bead, so that

rne to;t
sai d overl aprﬁ nglceaélge Erlrrllauefus:w(r)‘?rssWu1 stflgrslfff?léf:??}cﬁbets said 20 underl apping

ribbon at an edge 1§f, gak gsd%t%gqrrg ihﬂcﬁ"ticlfd&'hhi?%‘fozﬁﬁ?ﬁ&tsaitdﬁ‘élc@ﬁtsigpﬂ Phethod

continuously form ng con y 1 nclude the additional step of applying

one or nore hgajonfiguwhdleFot@inth@nduRes risirfsga_i | ing edge of the ribbon prior
to applying the bead, such that the bea 25 encapsul ates the one or nore
heati ng WiOr es ont canheusslyapplsinigiat deastigres thimfibn fribbbherachdpenig Udveing”
invention may broadly be said to consist in a nethod of continuously

form ng conduind “Wrelitg raterd edgesrepirplhe pipyed adopngy rotating angkadvgneingsaid ods

spaced about an axi 5. a0l SELING Lo SHRRAL Sk ARNANESAhing n BT
edge of a previous tum of ribbon on the former and the trailing edge of each turn
under lapping the leading edge of a succeeding turn, while,

15 in advance of said overlapping of said turns, applying a bead of molten
plastic along the exposed trailing edge of the most recently applied tum on said
former, such that a said bead 1s interposed between said trailing edges and said
overlapping leading edges. and said overlapping portion conforms to the contour

of said bead, so that said overlapping edge meets or substantially meets said

20  underlapping ribbon at an edge of said bead.

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

25  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
method of continuously forming conduit wherein the former includes a plurality
of rotating rods spaced about an axis and acting to support and advance the

30  conduit during forming, further comprising:



26 May -3- first applying a sacrificial layer of thin plastic around said
former, before said conduit is fornmed on said fornmer over top of said

sacrificial |ayer, and subsequent to form ng said conduit, & Vi sai d
sacrificial layer from inside said thin walled conduit aftéi—gﬁﬁﬁﬁﬂé 51n

a further aspect the invention may broadly be said to consist in a conduit
formed in accordance with a nmethod according to any one of the preceding

hs. il f h [ i dl id
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apart fromat its @Besquchhf fRRGHESiIALIRIERH, BRIt Edld QhcrifiRRYdSrom
overlapping the trailing edge of a previous turn, and the trailing edge of

each turn ofinsikdbBanl thinoeallappomduit bited @adingg edge of a succeeding turn, a
pl astic reinforcing bead adjacent said trailing edge and i nterposed
bet ween ed&ch overl apping | eading and trailing edge, such that said
overl apping edge neets or substantially neets_ sai nder.| appi ng. ri bbon at
an edge of said 20 ddugher aspeesihq myephppdpayd ¥ thieSaifhuBrRanaitt AR
broadly be said tﬁe onsi,st in ﬁ ar at us fortcgntinu usu forninq) ﬁpduit
conpri si ng: & POF e TS Med&AUTHE al led P eBe 196CRIBR S 1 PPBBYN S ai d
former draw i ipon around and advancing said ribbon along to
procure a hellgg%ﬁnéﬁégﬁglneht of said ribbon, the pitch of said helica
arrangenent being sonewhat |ess than the width of said ribbon, nmeans for
delivering a ribbon to said former at a first position on said forner, and
10 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
axis, and, apart from at its ends, the leading edge of each turn of ribbon
15 overlapping the trailing edge of a previous turn, and the trailing edge of each turn
of ribbon underlapping the leading edge of a succeeding tum,
a plastic reinforcing bead adjacent said trailing edge and interposed
between each overlapping leading and trailing edge, such that said overlapping
edge meets or substantially meets said underlapping ribbon at an edge of said

20 bead.

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

25  said ribbon around and advancing said ribbon along to procure a helical

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
former, and

30 means for continuously delivering a molten bead to said former at a



30 neans for continuously delivering a nolten bead to said fornmer at a 26
May -4- second position |ess than one turn pitch fromthe position of

delivery of said ribbon, said second position correspondingaiggggaﬁgﬁected
position of the trailing edge of a ribbon delivered by sai

delivering a ribbon. 5 In still a further, aspect the invention nmay broadly
be said to consist in apparatus for continuously form ng conduit

conprising: a forpmer f.or .recegivin | astic ribhon, saidf r drawi hg said
Cbbon” " arourige i pagah P et e Bap sHeR g v soptet pleidR esvel Kb ng
helical arrar : i b DI | [.C ement
bei ng somewh gﬁ&%ﬁg E#Iggs:cc?@é%) S[t 021 %?Eftsh&%jf&% tzta(ls:%1 ?%%%géﬁfb %ﬁiénr@th%%ﬁs or
delivering a ddobif ol fibRANILIR P& Q%Eéﬂﬂriﬁéans%r delivdriig 4 AEBbAON a second
means for delivering a second ribbon to said fornmer, at a |ocation
subsequent to said first ribbon, a nmeans for continuously delivering a
nolten bead to said forner at a 15 position |ess than one turn pitch from
t he positifon of ddhisidry lefthegaaspesiehendventidbonay dupadlydsi saidno consielsmondi ng

to an expected position of. the trailing edqge of said second ribbon. In a
further aspecdPPRREUS HFe&niBRovHY [ymyagiConaRil saMPrsd%onsi st in a 20 met hod

for renmoving a rel easabl e.inner .| ay rtfr n%mﬁthkp a _congduit co rhi;ng:

ol aci ng sai d conddt LOTTRAPLATG L& RIS aPb oyl gtk AN g STl thar
havi | . . ) . s - ond of
sai d ahart. | opHR AR fhaheink RPN FORER) B0GRe CREERie Rl .

slot, from thgrapdemeninsll sAbribiapaiiie pitchrof sdkl Rflichharaigtgienehéln@bodantashaf t
applying suction to said slot, initiating release of said inner |ayer from

sai d cond@i t lessthor ithhgwsdthd{centubborf,r om sai d shaft after said inner |ayer
's released 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
15 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
20  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
25  at the other end of said shaft,
applying suction to said slot,
initiating release of said iner layer from said conduit,
removing said conduit from said shaft atter said inner layer 1s released
from said conduit.

30



fromsaid conduit. 30 26 May -5- In a further aspect the invention may
broadly be said to consist in an apparatus for assisting renoval of a

rel easabl e inner layer within a conduit conprising: an eloqggkﬁﬁéggig
having a longitudinal slot, 5 a effective sealing neans for

adequat e seal between said inner |ayer and said shaft, toward a first end
of said shaft, a neans to suck gases fromsaid slot, and rel ease said inner

| ayer from said ond 10 To thaose skilled jn to which.the
| oventi on 1 el at s 1oy eraApect e IhEuRe Ry et § cimredn g

enbodi ment s_apg, App) WW&& Oferh A g RLERD il or UGG R DAl
Fng rom e

W t hout depa o e of e inventron as eflne

appended cl aid¥mprififg dlsclosures and t he descriptions herein are purely
illustrative an&jare not intended to be in any sense limting. 15 BRIEF
DESCRI PTI ON OF THRnDRRANEANSShidt urmgla longhudinabslogecti onal side el evation of
a wall of a conduit according to an_enbodi nent of the prior art. Figure 2
is a cros§ secti oretiledtiovarilorg wiars leanaleig an adeqhale s beimdengaiddnnen one

enbodi nent of, the pre i nven ure 3 is a plan view of a conduit
form ng devi day§iomdsst qﬁﬁ‘éo“?%i%%éﬁ g‘é@ﬁﬂhﬂ¥1%ccordlng to a further
enbodi nent of the reseni i entio ondui.t @%ctured in

oo o e gur o AP TERET g WNCRLER Trom RGN0 hd TR Sl iR o oui ng

a rough 25 k%ﬂfﬁlﬁﬂ(iace resulting fromthe tape not conpletely follow ng
t he contour nmol t en bead.

10 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
defined in the appended claims. The disclosures and the descriptions herein are
purely illustrative and are not intended to be in any sense limiting.

15
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a cross sectional side elevation of a wall of a conduit
according to an embodiment of the prior art.
Figure 2 1s a cross sectional elevation of a wall of a conduit according to

20  one embodiment of the present invention.

Figure 3 1s a plan view of a conduit forming device for forming a
reinforced conduit according to a further embodiment of the present invention,
such as the conduit pictured in Figure 2.

Figure 4 1s a cross sectional elevation of a conduit wall showing a rough

25 mner surface resulting from the tape not completely following the contour of the
molten bead.

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 of a conduit forming device for forming a

30  reinforced conduit according to an embodiment of the present invention, such as



Figure 5 is a side elevation of a conduit according to a further
enbodi nent of the present invention including outer axial reinforcing

threads. Figure 6 is a plan view of a conduit form ng devicgiiﬁr ig%ning a
30 reinforced conduit according to an enbodi rent of the pre i on,

such as 26 May -6 the conduit pictured in Figure 5. Figure 7 is a cross
sectional side elevation of a conduit wall according to a further
enbodi ment of , t he R sent hnv ation including a pair of heater wres
within the c&hﬁﬁP?‘ﬂgpﬁmnﬁ S5 &?5e§'is a plan view of a conduit formng

wi thin the cdiaEPt” G i s a plan __ i
Section of a tape aris LAGHAN] PR 88 LR MHGLELs Fondli PHAR eloidcl P20

including a pafurtiRh ciftRldeheNd 6RHedReRNdiM&ntionanéMaies paiWIddhiB@tiraf the
present invention. 10 Figure 9b is a cross section view of the pre-fornmed

ri bbon of fi guitkeinQbe costhowwvablssenbl ed. Figure 10 is a cross section view of
a conduit wall including a pair of heater wires formed fromthe pre-forned
ri bbon shédwn in filggne gb.s aFplgareewlof ¢ eondungskoraeeg doniak lor dvamingnthsf a
conduit wall show ng a def%gt lﬁ caused by the bead fl ow ng between
over | appi ng #OP4BERCEREnSIgrG(ire 12 is a plan view of an apparatus for

renovi ng the sacrijf.ici |l ayer. Fi.qur 3.1is |l an view of the at us
of Figure 12, sholrelih 5 P Enasri b0t B of sBoPe Bt e B
present i nvent 00 L6l Lo REARE Y D CONIULE WHe9SREERinANG o Furt
particular to ?nprové%fE%Fhoégio?éfoﬁﬁyhg ?h?n f?Pﬁ1?%ape T ri%b%n?mépira
wound conduiuﬁnb&ﬂﬁﬁﬁquﬂkuyeyﬁgi@mﬁﬁﬁﬂt invention finds application in
breat hing conduits fabricated froma variety of materials which may include
10 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
15  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.

20 DETAILED DESCRIPTION
The present invention relates to breathing conduits in general and in
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
25  breathable and/or non-breathable materials (breathable materials being capable
of transmitting water vapour but not liquid water).
In assisted breathing, particularly in medical applications, gases having
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

30  conduit is a potential result of this high humidity. The purpose of including a



25 Dbreat habl e and/ or non-breathable materials (breathable materials being
capable of transmtting water vapour but not liquid water). In assisted

breathing, particularly in nedical applications, gases havi [ﬁil El %;I6evel s
of relative humdity are supplied and returned through cond

relatively restricted size. Build up of _(‘70_ndensati on on the inside wall of
the 30 conduit is a potential result of this high humdity. The purpose of

i ncluding a 26 -7 breat habl e r.egjon or regions in the. condui Il is
Lo al | ow d: f (ST IR Brregisers TR 1 SRt wE e o) fi b of pefer
breat hi ng cirgui t he. r . I : ' up of
condensat i on %&5’? hlr ﬁjogﬂglee%@g#rgr%ﬂ?ﬂﬁg{ebvel@l#@ %gaflkggﬂg%h%i}%hgﬁ%egges
during their fhpnedhrQmeb th8®ufYRiy 8F Qbidédsahen Wiisinthb Wiphafdrpriinb euces
the humdity of the gases arriving at ancillary equi pment, such as
filters, ventdrivaleahs handdified dakéedurimdibeiritow ieronps khoéxpienasriaabi dhis
accunul ation, thereby inprovi n%'ut heir operation, or alleviating potential
detriment &l duftbermoreTigdugrsahe huaddily edthebiss matienigat ansillarhpduipprent, c
pol yester forne inhg 10 a .hormggtg(fogs flat filmor rihbon. This material
S Helgr tt

has” been fourd<Bat Saryeptiladgrs e tdiken rvGNBrBaUets OhscMmLFnidion wal |
t hi ckness of | ess ﬁQan qﬁer‘%xi matel\y 50 m croréi., and tner.e]‘:.ore fti ngl
particul ar sdlfTABTTHTY-i Wothe AERITALE urHg “REFHGHs “Tof "t HEBE eBRATH
invention. Ity:ll eci ated that other breathable materials may al so
be suitable fdc?\rlc\{ll g?%?ﬁg%gséat habl e conduits. Such breathable materials 15

may be breat habl e TuepiefertéiEbreatRbROMiatdril is P RAySiophllicSpalvedier Brakedanto
conbi nation thereof. The foll ow ng enbodi ments will be described with

particul dO ref bommpgenedus fatddtrhabtibbomi A'his hatenml has best fowtd particnbmy

materials such as those referred to above. It will be appreciated however,
that in the foiedin hin dbsarpdrdionpheynsgivwhthickngss oleless than appregimdehor m

the conduit vglls ey beeitnery breathable on.nonibreathable and jmy also
of the present invention. It will be appreciated that other breathable materials
may also be suitable for forming breathable conduits. Such breathable materials
15 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

20  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
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 altematively

25  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
will also be appreciated by those skilled in the art that the materials supplied to
the former may require a number of guides tensioners and/or rollers in order to
position the materials accurately and provide the necessary tension.

30 As a corollary of material cost it 1s preferred that the conduit wall be



br eat habl e and non-breathable materials. It will be also appreciated for
the follow ng described enbodinents that the film(s) supplied to the

former may be supplied either as a preforned flat ribbon wo a reel
or may alternatively 25 be supplied directly to the forner fi&ﬁh@ﬁgﬁﬁf

extruder. Each of these options may hav% associ at ed advant ages and
di sadvant ages which will be discussed later. It wll also be appreC|ated
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the conduit wall menbrane may be insufficiently sturdy to be self
supporting. Spémblanerto phedide alppoei. rfloy kélivgl oesgiel supp@tih P areilore (haady) ded
as part of the tubular nenbrane to provide support. The helical or spiral
supporting m@é@mq%%amspolﬁmar aatatateand membsoifythe samamerendlgisaddh ey be
of the same nateri used.in the wall of the canduit or any other
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hel i x such that t e portions adjace ' ayers  over ormthe

wal | of a tubeall tRksesRASRds SiRviOWethaBRi An €daidde Rbll. aleakiaMimbmalsbaaf
ri bbon, is a bead of polynmer material bonded with the overlapping portions

of ribboriOseakiangngbe i @i spirdbet webn svchdhagtheantief portiong of adgeebi lyous
tube. The seamis forned between the edge of a first layer of film 15 and
the edge of @vsdepmnd fmdentwalbhpéra beefl [Heusisedh the qvgrlappineredasy @f t he
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sufficiently supp
a continuous tube. The seam is formed between the edge of a first layer of film

15  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
conduit wall. It 1s desirable for the ribbon to be sufficiently supple at least
laterally, to conform along its overlapping portion to the contour of the bead, so

20  that the overlapping ribbon may meet or substantially meet the underlapping
ribbon at the edge of the bead.

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

25  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 bubbles.

An example of continuous forming apparatus suitable for manufacturing
the breathing tube according to a first embodiment of the present invention

30  described in Figure 2 is shown in Figure 3. The apparatus includes a former 1



| aterally, to conformalong its overlapping portion to the contour of the
bead, so 20 that the overlapping ribbon may neet or substantially neet the

under | apping ribbon at the edge of the bead. The acconpanyi i &S show
smal | gaps or spaces between the reinforcing bead and the dﬂghL%§§I§5

portion of ribbon. It is to be understood, that these spaces are present
for illustration purposes only, in order to 25 differentiate the bead from
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described in Fngbkige2tdck BhAMbaksNinFhg Wilke rmlfe réRR iR #tatidlEtdidaslgws or mer
1 26 May -9- preferably of a known type including a plurality of rotating

rods arranged klahgathalhepitclabhngupp oid radedelaiibeta hdsuppdrenst Eamroladd ar e
rotated by a gearbox within a nmachine stock 2. At |east in the tube
form ng régi anichremgleoehtherigbe bemefiormedy An elemiptead! puhin mApleinpiis e kpianlgl e of

the rods relative to the support .rod ntrol s t pitch angle of the tube
bei ng for md.PIRﬁI@@#ﬁﬁ@léYal%%f@ $§L£I}§I§ﬂ5fy-a| pi pel i ne mandr el

avai l able from QL RL. of ltaly. . .Tube bein rmed on the forper .is

e hatod and aovanclibs el g iota th Pal s R Rl ARt A aiohy e
rotating rod Hﬁg@ f.et S | .LRL i to the
rotati onal sggg%ﬂggq?ﬁg?&f e p?#?ﬁoggﬂfﬁ%%'g i%gﬁ 1 %layiﬁg%gﬁ&%kgyg¥1ip or
tape on to thernher iteklckiddretatlvel tbliRe k@aGohdlapeédso Wattike piicH HetheHelichl SO
that adjacent turns narrowmy overlap. A first extruder 4 supplies a tape

or ribborl05 dhymgiot the kimppal tppe pn ratler faaher it b 16t plek eharethewviaditinobthe

approximately 10 mllinmetres. It wll be readily understood that variation
from this préfipsedentediasent Wingt rarspulsevaslapt Hfust eprydsr fogpphireaitdpeor der

to achi eve 1 reynforcing beads, or Gondui ts haying varying. bl ches, and or
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

15  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 disposition of ribbon 5 1s 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.

20 An extruder 7 extrudes a bead 8 of molten or semi-molten polymer
material. The molten bead 8 deposits between the overlapping portions of
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.

25  The conduit formed according to a preferred embodiment has an approximate
internal diameter of 19 millimetres, although it will be appreciated that the
methods of the present invention may be suitable for forming conduits having
thin walls, irrespective of diameter of the conduit or the dimensions of the
reinforcing bead.

30 For breathable wall conduits the thickness of the breathable film or ribbon



ri bbon 5 deposits on the fornmer 1 in a helical fashion by action of the
former. The pitch of the helical disposition of ribbon 5 is slightly |ess
than the width of ribbon 5 and results in preferred overlaeggil 2006
approximately 2.5 mllinetres. The helical deposition of ri ns
the wall 6 of the conduit. 20 An extruder,7 extrudes a bead 8 of nolten or
sem -nolten polyner material. The nolten bead 8 deposits between the

overl apping portians,of adjacent w nds of ribbon 5 and is.sufficiently
heat ed Lo wel Hhe g rriceh 55 Jhy he'eondit dorgnnthebeopidao DSy i Dokt ne
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present inverd inall thegknees duivtadl &5 faad Fontitmg s datbluilicse hegtirgnerdthi Mhwal | s,
irrespective of dianeter of the conduit or the dinensions of the
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breat hable filmor ribbon 26 May_ -10- 5 must .thick enough so that the
conduit does IA¥ENSWAS ARPROFHNRIC] RS NGOPS ¢f ‘B%lf thickniess af 26 TREORRAAS #¥ugh so

that the conduit Il s suffdgcientl reat habl,e, .{I.t has, ..been,found, t hat
wieh potyosr dbupg Kbrovide fHicih Ebdicabeh 68 BEaliibuleh, HaGoigE §ha e |

t hi ckness bet Sandg, ] N j [ i :
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invention is Appaety depedldyonthe Bp&di A0 tnatérisb@hl plbfdc KAekis r_@%ara%dﬁn@fdﬂi_@‘ﬁs_ has
been found to provide a useful bal ance between breathabilTity, flexibility

and st r er@t h.andTrefewat|dimbhaémesserfal topn dhd désegpaon eptillnstratoerad e set of

properties will ultimtely depend on the specific material enployed. In
this regard tihtendad & baisanpwandimiaRer red di mensions referred to in the
description are illustrative and are not intended to be in any way

limting. During the continuous manufacture of breathing conduits according

to the During the continuous manufacture of breathing conduits according to the

method described above it has been found that overheating problems may occur

15  when thin film (whether breathable or not) 1s used in the conduit walls. Further,
the action of the helical rods rotating and advancing the conduit, may wrinkle or
even damage the thin ribbon deposited on the former and may reduce the finish
quality of the conduit. The mandrel temperature 1s raised by the continuing
application of the molten bead which may also result in the thin film overheating

20 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
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.

25 In order to accomplish this task the sacrificial layer of tape 1s significantly
more rigid compared to the conduit wall and must not permanently stick to the
mandrel or to the inside of the conduit wall. It has been found that a material
such as bi-axially orientated polypropylene 1s ideally suited for the sacriticial
layer. It will be appreciated that many alternative materials having a different

30  base polymer to that of the conduit wall may also be suitable. The preferred



met hod descri bed above it has been found that overheating probl ens may
occur 15 when thin film (whether breathable or not) is used in the conduit

wal I's. Further, the action of the helical rods rotating anqggﬂﬁggﬁkgg t he
conduit, may winkle or even danage the thin ribbon deposit

former and may reduce the finish quality,of the conduit. The mandrel
tenperature is raised by the continuing gpplication of the nolten bead

which may al sp. result.in the thin filmoverheating 20 and sti cki to, the
mandr el o -t RSKRS HhE PO RIS G e OHT TS SO et BRI g 20 410

suf fer and/ or ﬁﬁ&gg%ing the formng process. In order to overcone these
potential problens I't has been found that a sacrificial |ayer, wound onto

the mandrel in arRQ¥a{dARABEre e histci@ihrafePEf RheindsrRREd CatdRn 1Rf the
filmreduces these problens and increases the quality of the conduit

produced. 25 former biord thedeeahmble shirtidedtapask Tireha@adront tlri flplicdyesitaaf t ape
is significantly nore rigid conpared to the conduit wall and nust not
per manent By steadimayowehikthe padappinglayess ehwcrfisial dayst te hachcathauibut degd . 1t

has been found that .a material uch as bi-axjally.orientate ol ypr opyl ene
is ideally smqté%ﬁlﬁtdp A &1 2 ffqniBem@ng%pw.th?tsawffqlalﬁ@fea&agéﬁ? a@r@{ﬂuft hat

many alternatj v eri.al havi ng,a different, ;30 base pol r tq that of
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16 onto the Jwi@@r habosRriliRel blaoat RaR pedsin udesl addRidnal Haeam@atodfy om
the applied nolten 5 bead may wel d the overl apping | ayers of sacrificial

| ayer to l8acHuottens suehtasdbes dwtribedbelow:n any signi fi cant bondi ng bet ween
the sacrificial layer and the conduit wall. Alternatively, a secondary

thermal wel di ng prloces sThﬁa@urﬁ@yelﬁmrdy@épcﬁ%thevb@ﬂlaalﬂm arr @ﬁﬁﬂﬁgrqdéy@r s of
sacrificial tape beforc the cond L o d TSR vgiion Jhe sscrificial
described below The sacrificial layer increases the stability of the process and may
help prevent the overlapping layers that form the conduit wall from
15 slipping and moving relative to each other.
3. The sacrificial layer provides a protective barrier between sharp
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

20 temperatures of the mandrel and reduces overheating of the film.

[t 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

25  wherein the helical reinforcing bead 1s interposed the overlapping layers.

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

30 provided to reduce overheating.



15 20 1. The dummy | ayer protects the helically arranged rotating rods on
the mandrel from being fouled by nolten plastic. 2. The sacrificial |ayer

i ncreases the stability of the process and may help preventgiﬂg 2006
overl apping |ayers that formthe conduit wall from slippin g
relative to each other. 3. The sacrificial |ayer provides a protective

barrier between sharp edges or snall proTrusi ons on the mandrel or
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limted only to material lay-up and construction 25 wherein the heli cal

rei nforcing Hdeaihd ssitntaitpts ddlioveyiivéritdaphapgol @leapth lofiper thah yipit opyieene
| ayer can be easily renoved fromthe inner wall of the finished conduit

product aft erdesued icpgdas predugdéengtlpt Thershali Iphhdy & dengitpdinal tshad 40cardits t .

Addi tional means, such as wate 0 of th ndr el al so, be 0

provi ded to r%'aﬂkeaemﬂe TREREIOR 452%‘%93“ abshakt A0k d )F/?@W%Rﬂtlﬁﬁ \altﬁa

rel easabl e |nne g 'ﬁﬁ% exang E sacrificial layer 17) fromwthin a
| engt h of coﬁﬁﬁ ?n§ vag gaﬁ%ﬁ ‘%aﬁ(F#i g the conduit, wll be described
with reference o FROULES dameRe oFineAnsNakiprdRrimy Rt At AN SOUR

substantially hollow cy rica hape o ength”l onger than that of the
5 desired Comdhltmo%ﬁépére@ghcﬁuld&hﬁﬁmI1 SprovagedaatltROdLilHEH a@l ofliRt 40

and is cantilevered fromstock 42. The slot of shaft 39 is in fluid

connect i dt wishhfta9 isucderdn eanbleanwifacsvases t38evomest laked? the inner layer
and the shoulder portion when suction is applied. Altematively, the seal may be
formed between the shaft and the outside of the conduit. The effect 1s to seal (so
far as necessary) at least the inside of the releasable inner layer from the
surroundings.

15 In use, and in order to remove the sacrificial layer 17 from the inner wall
of the conduit 37, without damaging the conduit wall, the conduit (including
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

20 conduit is contracted as shown in region 42, exposing and separating the end
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

25  along the length of the section of conduit, sucking the sacrificial layer from the
inner wall of the conduit 37. The portion of sacritficial layer 17 immediately
opposite slot 40 1s sucked so that it protrudes into the shaft interior. It may be
necessary to mnitiate this release process at the exposed end (free end of the shatt)
of the sacrificial layer 17 by hand (by bringing the separated end portion of the

30 1inner layer adjacent the slot. Helical reinforcing bead 43 prevents the conduit



The outer dianeter 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 10 shaft 39 in order to enable an effective seal to be cb&&?meen
the inner layer and the shoul der portion when suction is ap :
Alternatively, the seal may be forned pféween the shaft and the outside of
the conduit. The effect is to seal (so r as necessary) at |east the

inside of the r asabl.e i.nner. | ayer om.t he . surroundi ngs.. 15 I n.use, and
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form ng an adequate seal. The other end of the conduit is pulled back in
an axial direemadfingGadrifdtial heePfhocoaghilyt is contracted as shown in region
42, exposing and separating the end portion of sacrificial layer 17 from

t he conduidt. Vacuum source 38 applied to the inner space of the shaft,

| eads to a pressure differential between the inside .an t he_out side of the
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i mredi ately opposite slot 40 1s sucked so that it protrudes 1nto the shaft
interior. |t WhislagupiBeeaisanydice dvla'rﬁeiaﬁh% pkdilemk Bly@asering deesmpatati e
exposed end (free end of the shaft) of the sacrificial layer 17 by hand
(by bri ndiong iteeessagptar@tpetl ebongthetmolterobeddn éVion thengor aty/Ermad meéntd t he
slot. Helical reinforcing bead 43 prevents the conduit 26 May -13- itself
from bei ng drsaaivn intlogerot iwepploart de masudagerepgonduets Jem iverethan flmyesr from
the inner wall .of the condu
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removal of t nﬁlcrgfﬁ?&&ls?ﬁerﬁﬁ?ﬂgduglnagl a h@ﬁeﬁueﬂ}%{f Sufitéd Wthin the conduit has
been found to be problematic.

15 Figure 4 and Figure 11 illustrates some potential problems which may
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 mner surfaces may hinder gases flow and may cause
more condensation to build up in the conduit. A protruding or flapping portion

20 33 may result if the underlapping layer of film is not completely bonded to the
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

25 undulations, may result between adjacent strips of ribbon if the film does not
closely conform to the contour of the molten bead. This may occur if the thin
ribbon 1s not sufficiently supple. For this reason the construction technique of
the present invention 1s especially suited to conduits fabricated from thin supple
film. The thin film is highly flexible and able to conform closely to the shape of

30  the raised rib of the applied molten bead 8 during fabrication. By lapping very



5 Applying the nolten bead between the overl apping | ayers of tape instead
of over the top of the overlapping |layers may i nprove the weld quality, as
both layers of tape that are to be wel ded are in physical gi ct()'th t he
nolten bead. This |ay-up may al so reduce overheating probl ring
the tenperature 10 necessary to properly Egnd the nolten bead. \Wen the
prior art formng nmethod shown in Figuré 1 is enployed to manufacture
conduits fromvery thin filmor, ribbon, (fqr,exanple, having a.wall
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Throughout the diagrams, the helical reinforcing bead 1s shown as having

a substantially semi-circular cross section. It is however envisaged that the actual

15  cross sectional shape of the reinforcing bead may vary. For example the

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

20  accompanying drawings is purely illustrative and not intended to be in any way
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

25  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

30 axial stiffness of such breathing conduits, a further embodiment will now be



snooth i nner surface on the finished conduit product. A further defect 44,
is shown where the overlapping portion of the |ayer overlaps the bead too

much. The nolten bead will also flowto fill voids or undugﬁikggzgﬁﬁgmeen
the lay-up, 5 resulting in a snmooth conduit wall. It will b ed
that the conduit wall cross section shprg_in figure 2 and figure 11 is
illustrative and not neant to be interpreted strictly in regard to the
space shown between, the bead and the conduit wall |ayers. The application
of a sacrifiéﬁﬁ?ﬂﬁ er onto the forner before the conduit wall is forned,

is especially suited to the conduit form ng nmethod 10 wherein the nolten
bead is applied between overl apping | ayers. The presence of the

sacrificial layer 1gngigBer &abodincend8hbeal YFRuUFARILBIIALB! bNYein R8I the
former do not becone fouled with nolten polynmer. Throughout the diagrans,

the helical rthidatlon0) mgneatie lsgihoftheasalhavd si@iced agubdtthaped@nkter of the
sem -circular cross section. It is however envisaged that the actual 15
cross secti orfibe grmplegrsfd parelleleiordner miaterbwaldsubsianiially pardlel dx dlnp gy ethe

d thi f. the filmwhich ! he reinforcing bead,
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intended to be in any way imting. It has been foun hat br eat hi ng

condui ts for ne@gaasps tidguihbed)Rec iHasthe tRfeallSafcadiBetbodl sHNto Hesore Brd
above are extrenely light, flexible and provide good crush resistance.

However dénduiondutiaatihty weesist hicklingluhdemthy tlaamenhy 2sluceditedal pssstrance to
axi al deformation and/or stretching. Due to the thin tape used to formthe
wal I's of the thaneeild be gepecediiduring prtsat dreathingbe Usrevimingsl orgeessien
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wi Il now be o drawn or extruded mono filaments or other equivalent forms. Tensile

15  reinforcement may be provided by braided or spun fibres while compressive

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
20 1s described with reference to 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. In an analogous manner to that described previously for the first
preferred embodiment, a sacrificial layer of polypropylene 17, is wound in an
25  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 trom the mandrel and higher operating temperatures.
Tube being formed on the former 1s rotated and advanced in the direction
of arrow 3. The advance speed of the former is selected relative to the rotational

30 speed so that the pitch of the helical laying of the strip or tape on to the former



26 May -15 described. In a further enbodi ment shown in Figure 5 a plurality
of reinforcing threads 10, running the Iength of the wall and spaced

around the perinmeter of the 5 tube are aligned parallel to ﬁ%fhﬁﬁgggﬁf and
substantially parallel to the majjor axis of the conduit. T 10

are supported by the helical bead 11, m@ﬁ _the threads spanning the spaces
between turns of the helical bead. In thi enbodi nent it is may be

desirable t h th i,nf i hr.ead terial,. , t d
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conduit axial contraction and/or extension. The axial threads 10 may be
spun or brai dege fiBndds swificikmiynmotterxd mulkd b tdrnarips bétaet B3.oThehheten
equi val ent forms. Tensile 15 reinforcement nay be provided by braided or
spun fibrés wsaldecomsr dushelical smaicoeenerixior de ﬁeiSE@br:@Iedmht may be

provi ded by drawn or, extrude no  filaments, A nmethod of formng {he tube
according to the e%&?&bhﬁﬂﬂtagk&gr%@mg a2 isdeetrdoucrile PR bRisee 1 o

t he appar at us, sho i,n Figure 6. I.n particul ar in.the maghin f. El.gure 6
the tube 12-ib% PRl BE] Prciorsma iR =R LbiRintor thdl 2f e, o
polymer 13 oehiFofiA @b ST AORER] 204 rolAEHRIY B dRHRAbIGE ahB v R 15
I'n an anal ogous nanner to that described previrously for the Tirst _
preferred empmiangnt3 Rspa@diiely.ci Thel ByRY 20f iPQPryRisHIY| RAGed 7at laSspeadnd in
an 25 overl apping helix onto fornmer 14 from spool 16. The sacrificial |ayer
17, bet iden syhehmanside widndhe hepeednaiii ¢ffbeiveg rémtiond pof atheopwsodue EXt r enel y
thin filmto be shielded fromthe mandrel and hi gher operating

t enper at ur es . Adyansenentef whe panedhe foraar ddrspwp shieed 34 depma iy spopksntle@ i n
the direction of, arrow 3., The gdvance speed of therformer s sel ected
thread 25 1s 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
15 the former in a helical pattern such that the thread lies between the helical bead
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
20 of reinforcing threads 10 and directly on top of the first reinforcing bead 19 and
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,
25 allowing it to be removed. Thread 25, may be discarded or drawn from the
former 1n 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

30 by the axial threads 10 as well as providing a breathing conduit having all the



30 speed so that the pitch of the helical laying of the strip or tape on to
the former 26 May -16- 14, is a little less than the width of the strip so
that adjacent turns narromy overlap. An extruder 18 extruﬁﬁﬁ bﬁﬂ) 19 of
nol ten polymer material. The nolten bead 19 deposits betwe

over |l appi ng portions of adjacent w nds _cn‘l ‘tape 13 and is sufficiently
nolten to weld to the strips of tape 13. %’he nolten 5 bead becones the

hel i cal reinforcenent r t.he finpished conduit. freely rqgtatab hr ead
oyt ng. head SGRSERR 8t e S8R PmE ey Theibalid Bididolf o8 “The
rotating hea - carri - u i of; - di r el Cj
thread. The ﬂoéégl(%o%s&?dé 8 %b%@%&g%?n bé/ls g% rcifncg#ﬁp%lrt %dr%lgac&r?%/tgée%[él p{%g
and 23 respegiseyehVironiienthaaH (1#0suFady 6f BicaRing, iRirafRd rddudng RBE FiskOof
synchroni zed with the speed of effective rotation of the product 12.
Advancenent qfunicubes ahdnignidge. f'Dliicrdiredds elifestbyel hpeadd 4nfadalindiixe bapeal s 21
to be laid as parallel threads 10 on the outside of the reinforci nqmgead
19. Anot hér agamshgotestiplsdagmageraréwmshihepootdu vaiindt woll e apprasiated thiap theer
overtop of th | ongi tudi nal threads 10,  l.aid by thread |aying head 20. The
thread 25 is f%éﬁ%?l%mf%qdﬁgtj reEarang 4 cgndif isant lighisddproadins phgien e

thread |ies hetween.the .helical bead f lte ol r.extruded from

bt rader 16, THISTCRIMEREPeRR it Pes bRt ORI HETT Teanc of
securing the plurali f it udinal i i t1.on i m%jation
for permanent fi x?Aﬁéﬁﬁlﬁé}sbé%:%ﬁ%ge%?&%gﬁﬂ%%ggﬁ?r% 82@%%@2#\%%822 0

nol ten pol ynie applRid 8l cali@eteénhol@ROSAt sathétePWRIunt @BnhdRs Betv@dnl 4 YpaBbnof
reinforcing threads 10 and directly on top of the first reinforcing bead 19

and bond$. Therkeogncrbpaknofsuooht e mapuoh prere, sasadimashes endetrpthenbhiltey of
| ongi tudi nal threads hetween itself and the first reinforci ng_ri b forned by

pol ymer bead 2nd.thqppddimbsofibadiathing casuibet apesrtionasith heatupbbpbrgt the
ool 0, SRS STED BB PR b, A0Sty BRSSO
fromthe f OrJBg{g thill RaROP el SHRSGAHE e doRdihB G0 aRR! h&RbES ReRin LG SECONd

rei nforcing be
them particularly useful in a catheter mount component.

22

15 [t should be appreciated that with all of the forming methods described
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 tums of other ribbons,
edges overlapping and being bonded together by an interposed extruded helical

20 rib. For example a pair of ribbons may be laid as a double helix. This would
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

25 1t. Where the thin film layer is a breathable layer, the reinforcing layer is also

permeable and allows the passage of water vapour.

A further embodiment of the present invention is envisaged where thin
walled breathing conduits are manufactured in a similar manner as described

30  above but, where the conduit wall also preferably contains at least one thin



28 and wound onto a spool for re-use. This enbodi nent of the invention
provides a breathing circuit linb reinforced against crushing by the
hel i cal bead and agai nst |ongitudi nal extension 30 by the 'ﬁi t (ﬁ@ds 10
as well as providing a breathing conduit having all the 26

advant ages of the first preferred enbodjiggt. The spanning threads 10 al so
provi de an additional advantage by reducihg direct contact between the
user/environment, and the %#rfac of the Hybe refore reducinglthe risk

of  punct ur esCRHHCHARGE: ArRETH ELES TS 1 B I PEAT 48 PRRVIE i PPEal
barrier 5 aggi,pgL, HONGEDLLALPAPYE VPN Wedifiul Al b WRlrs o fraf¥dliberf®
L e ip i ol Fidk

appreciated t oregol ng metho rern cl'ng a con I'S not

limted to copdpiclTond@iiehly tdiRice AR bGR up 8f Andktiategn Beat dohduithal pesed
bet ween the overl apping | ayers. A further breathing circuit conponent to

whi ch the pregenbffenyendaneno mayntabengpip featherstusadhidmidifrodghses fowaighet er
nmount connects between a patient 10 interfacing conponent such as a nouth
pi ece, nasal themighdhe epuibtit. deaied condiatsane ntdveoembsdd imsmlpthetinepibrtent hi ng
circuit. Connection with the dyal linps of the breathing circuit is
general |y vi &8 Yhebreathuisceisuit bat san alspdgarsed Bythgienprrglopy amveflyatﬁﬁiwlkﬂm | ed

t ubes manuf act ur,ed according to. the t hods .her ei.n kes.. them .
Darercur At o Gty BRRONS B oot alE o B Rt M ERI iy, o e in
appreci ated tk ] o @f i t d i i j

o ht g of o aatediritiaBulcalont Bl A1 B TP AP diSy (6D SECIPECaiAY BOVOE ) o

to wind two aghéreriRe irdphansydimfinbh®les heatkt anrgUtleyc@fdsPoi difigfcdhi®¢tofo
that the turns created by each ribbon are interposed by turns of other

ri bbons, 10edgésat kasrdnepmnidnd the doratwi thyil bioohidd ah elptienl chynaition steatde fexd
extruded helical 20 rib., For exanple a pair of ribbons may be laid as a
doubl e hel i x.conppeliciowlth the Byaidiied gasastsopraedatardsr Pryupple’ shesibed] eoprdor ni ng

stat) ons assaclat et WL Ahe YoURd o8, compenn =, gl e, e ot condu 1
supplied to %I:l%ﬂ?gr a p&irf'%f HRRRr %P’esbﬁ, embedded in the helical reinforcing bead.
A method of forming a conduit according to this embodiment of the
15  present invention including a pair of heater wires will now be described with
reference to Figure 8. The method is similar to the method previously described
and 1llustrated 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
20 reels 29 and 30. The wires are laid on top of the first wind of film, towards the
edge, after it 1s 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 1s 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
25 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 1s similar to the previous
embodiment shown in Figure 2, but includes an additional pair of heater wires

30 embedded in the helical reinforcing bead of the conduit wall. In this



provided as a lam nate having a thin filmlayer and a reinforcing |ayer
bonded to 25 it. Wiere the thin filmlayer is a breathable |ayer, the

reinforcing layer is also perneable and allows the passage t

vapour. A further enbodi nent of the present invention is en\&%dﬁm%re
thin walled breathing conduits are many{lgm_:tured in a simlar manner as
descri bed 30 above but, where the conduit”wall also preferably contains at

I hin 26..May - 18 . i i ' f. wi . be included
o der to SR fene TR fvsdch HaY et bORauRS il SrrpBbeggR 1
I i cal si . ' d
electrioal ol gnali. kensPRRRt ol 1k HIRAERNSi LHERS POhRANNELE I LRCUCE

the build up of condensa n the con an neans to

mai ntai ni ng tiheert 8/REMRL Yiher HhatBHAT thak i @l 488 8%ell! @WMIRIcA T Qugh the
conduit. Heated conduits are nost often used in only the inspiratory arm

of a breat hi ngcgficialiayeblit baaremlitombedrabad the cohéuiekginp dbmmigd, allows Heat ed
wall conduits may al so be conmponents of coaxial (unilinb) circuits, or be

used in $i ngixérenmiakp thap dilictt heosueldad hroms theohigbeneparhiengpym pdratuseohthe

o r espond: nnEERLEIORL bR oV SR BaS O TG of e conduit w11 i nch ude
oD eLectrcal, comest R RukhAD) Sl SANTER AT AR ML g, 2o
noater wires ByRUL Lpaf PR AL AN LS, oad A method of

form ng a conduit Hecaidliengethodtdli foraimodcomniit 8fscldies ad onAhepesiess fyent i on
including a pair of heater wires will now be described with reference to

Fi gur e 8.10Thevmeidpal phs ofilwateawites mhethestdndditprali busleyvdeget thagd paand
illustrated in Figure 3, but an additional stage is required to |lay a pair

of parallel ofilcaterivirgsenapbs in¢leded vy 2 apdpraeditipsceichwiowdd than bs isad n t he
sdge area, of, the oL mANSt L1 ecee, L seam, A g ot u oS Shere
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being formed by laying a pair of parallel wires a distance x from one edge of the
15 tape. The length x of tape between the wires and the edge is then folded over and
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
20 be 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
25  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 1s

only one layer thick and therefore is able to conform to the contour of the

30 reinforcing bead. A tube formed according to this embodiment of the present



8 shows a pair of heater wires 31 in hidden detail under the nolten bead 8.
The nolten bead 8 is then laid over the wires on top of the first |ayer of
filmbefore the follow ng overlapping wind of filmwaps angiﬂﬁﬂéﬂﬁgiorner
and conpletes 25 the tube. It will be appreciated that each m
heating wre(s), and reinforcing bead mgy be applied in a different plane
in order to achieve the desired spatial“lay-up. The resulting conduit is
shown in Figure 7.ang is.siml o the previous , enpodi nent shown i

loure 5. barnybiguOeradueblolb e B G EahfiRersdT s BRbRUIBd i n
t he helical rgjnf j ] i -1-hi -19-
enbodi nment afégglggé(fk%?%?&fg?gr}dl %%3{)%?%%a%@é\%\%euéfghl{lﬁh%na%g\%@é%%iﬂﬁg
hel'ix onto tfaemfiy MFard9a% 98QIbelbn FTQ_@reSﬁﬁl%nye%rﬁﬂ)lo{y&Y% mhAufRYRQ a

pol ypropyl ene |ayer ‘or sonme other material that will hot weld to the
condui t wal | .cohldeit isdadinficnit@lddédiiested Wirbe twighent sutstamanbmeli favadoh ke tizondui t
being forned, allows the 5 extrenely thin filmto be shielded fromthe

hi gher opér ationgingepparaiver b sich heaserthagxidembisaiepyedivath avesl ldpréng of
the film A further, method of formng a conduit accordin 0 the. present
nvention i rermes fefdgd gnersugh ants oWp B TSP S&@pg@imhsefa.rmme
above nethod of formng a conduit discloses an online process for 10

wi ndi ng a paﬁ%mgﬁl Bater wires into the conduit wall. It is envi saged t hat
a pair of heater wires may be included in a prefornmed tape which woul d
then be used to formthe walls of the conduit in a simlar nmethod to that
descri bed above and illustrated in Figure 3. Figures 9a and 9b show cross
sections of such a tape being forned by laying a pair of parallel wires a
di stance x fromone edge of the 15 tape. The length x of tape between the
wires and the edge is then fol ded over and back onto the rest of the tape
so as to enclose the pair of parallel wires, as shown by arrow 32. A
secondary thernmal wel ding process nay then be enployed to bond the folded
portion of tape so as to permanently enbed the parallel wres.



It wll be appreciated however that a secondary thernmal wel ding process may
not 20 be necessary if the extruded tape is nolten or sem -nolten when the

folding occurs. In this case the two regions of nolten Iaygiilﬁggﬁ;%olded
and pressed together will bond. Such a pre-forned fol ded t ng
enbedded wires may then be wound on to g(_al s and supplied to a conduit
form ng process such as that 25 describ previously and illustrated in

Figure 3 to péﬁg%g/ﬁ%a breat hing conduit with a pair of integral heating
wres. Figure wWs the lay-up of a breathing conduit forned by this

enbodi ment of the_&qlg%ﬁga Ogﬁﬁﬁ{i‘%&‘gﬁj fg%i‘%’é%‘ﬁ“gﬁ&{lhﬂgiﬁgiﬂ I mthat wraps

over the reinforcing bead acen mer is only one

llayer thick and thenghes®ly 8pAhing dt ReaSPHR{OMM Fifn kibBok AR WavRs “IORIRS
reinforcing bead. A tube foormed according to this enbodi nent of the present

26 May -20- iandentailone tlaetrsifedes, ispiraldy erovad mdbanear attdtimf addwlvadviaptsagies of
the previously described preferred enbodi nents, while having the

addi ti onaP adwadudgeithhihe leadifigredie 9 spplatanust nbbetesteilipping theirging 3 may
be enpl oyed to rraoguf acture a gogguit inc%udi gg q%gddﬁd heat e i res

wi t hout substSI8EChR RIBYIPFT B4R PHHRDPEN PRSI %‘gt FaPRE 682C Pleasdiimy case
t he extruder u4 .e§lar %pl aﬁl%q e\{\(':ili%h e? éeg sﬁf Rres %cu%”v%ﬁih‘;o' ded tape such as
that shown in |gurp b End su%p ped 1o tHe 6T i g~ apparatus. 26 May -21

CLAIMS: 1. A net hadgQhn GOt LY QYSHYpiRE B RGdCARAYabp B ibeh@QF malten
continuously applying at |east one thin filmribbon, each having "l eadi ng"

and "trailingladtat A6 tledggBsed philRlg sdgaratuhenivst fcarily appladd fgn andaid
advancing said 5 conduit, with the |eading edge of each turn of ribbon
over | appilig tfleemer, aiith typt edgel béadaspntevpead betweenofaid idolorg alges hedfserdver
and the trailing edge of each turn _ _

overlapping leading edges, and said overlapping portion conforms to the contour

of said bead, so that said overlapping edge meets or substantially meets said

under lapping ribbon at an edge of said bead.

15 2. A method of continuously forming conduit as claimed m claim 1, wherein

said ribbon 1s a breathable plastic material.

3. A method of continuously forming conduit as claimed n any one of
claims 1 to 2, wherein said ribbon 1s a laminate where a layer of breathable
20  plastic maternial 1s laminated to a reinforcing layer which also allows the passage

of water vapour.

4. A method of continuously forming conduit as claimed in any one of
claims 1 to 3, wherein said thin film ribbon has a thickness of less than 50

25  microns.

5. A method of continuously forming conduit as claimed in any one of
claims 1 to 4, wherein said method further comprises the steps of,
applying one or more heating wires to the exposed trailing edge of the

30  ribbon prior to applying the bead, such that the bead encapsulates the said one or



under |apping the | eading edge of a succeeding turn, while, in advance of
sai d overlapping of said turns, applying a bead of nolten plastic along

the exposed trailing edge of the nost recently applied turn ﬁﬂlﬁaigﬂélo
former, such that a said bead is interposed between said tr s and
sai d overl appi ng | eadi ng edges, and said gyerlapping portion conforns to
the contour of said bead, so that said % erl appi ng edge neets or

substantially neets said under,|apping.ribbon at an edge of said bead. 15
2. A met hod JROEGHAIAGAHLFS G e RUILERUE E968 Cl ained in claim 1, vherein
said ribbon is a breathable plastic material. 3. A method of continuously

formng conduit as clained in any one of clains 1 to 2, wherein said

ribbon is a I@m nat en¥igteoRcdddiously RrRdhHbheuiddsRI1AMdLC il BAL Rl of S
lam nated to a reinforcing |ayer which also allows the passage ~ of water

vapour. 4. A dimihodtcof, wiasnt itlrutusiey ifehrdes agleatidusf rogding radsrephded aboyt one

of clainse 1 to 3, wherein said thin filmribbon has a thickness of |ess
than 50 25 rAncexomgnd Betipg heshprbroand edvimmgdbs lopndeit dunggdonduig fegher ai med
in any one of clainms 1 to 4, wherein said nethod further conprises the
steps of, apd¥ikigdhe or nore heating wires to the exposed trailing edge

encapsul ates the urbHERsR St 195 BERd pBiE sl o el T EREE hedowa o
Ly oneor SaTsPu AT TGl of S AP LY. ERTINAL LA SRR ed 1
rotating rods SDac‘saﬁsaﬁ@ui tPf B bfid *BFdRE e RV SHPRAFrifidadaggvange t he

conduit during formng, further <conprising: first applying a sacrificial
| ayer of 10hi nnpkasaidcthar valdd sandhif afterecqolingf ore said conduit is formed on
said fornmer over top of said sacrificial |ayer, and
7. A method of continuously forming conduit as claimed in claim 6, wherein
said sacrificial layer is a thin ribbon having “leading” and “trailing” lateral edges,
and said sacrificial layer is spirally wound around said former in a continuous
15 fashion, with the leading edge of each tum of said sacrificial layer overlapping

the trailing edge of a previous tum of said sacrificial layer on the former and the

trailing edge of each turn under lapping the leading edge of a succeeding turn.

8. A method of continuously forming conduit as claimed in claim 6 or claim
20 7, 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.

9. A conduit comprising:

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

30 a plastic reinforcing bead adjacent said trailing edge and interposed



subsequent to formng said conduit, renoving said sacrificial layer from 10
inside said thin walled conduit after cooling. 7. A nethod of continuously

formng conduit as clainmed in claim®6, wherein said sacrifig I ris a
thin ribbon having "leading" and "trailing" |ateral edges, éﬁéﬂ%&gﬁﬁé

sacrificial layer is spirally wound aroyg?_said former in a continuous 15
fashion, with the | eading edge of each tlitrn of said sacrificial |ayer
overlapping ,the trailin dge of previ ous turn of id sacrifjcial |ayer
ot he'For mereiiaet peet vk sadoorduiing e ok Pl 5 bRefeay ng
edge of a suc | s - M} ] it as
ol ai med | ol Gt e obsBberufTURTR oSO b ol O h RELE RS 23
mat eri al havigigga di fferent base polynmer than that of said conduit, such
that no substantial adhesion occurs when adjacent |ayers of said
sacrificial layer and said conduit are heated. 9. A conduit conprising: 25
at least one thin plastic ribbon having a |leading and a trailing |ateral
edge, said rli(bbon‘gézpnéwg@@ clremiedan Ifaimi 9 hwhersiif sad réhbiostiamdiadbtiegthghleal | el
with the heli axis, and, apart fromat its ends, the |eading edge of each
turn of ribb aﬂHV@ﬁ#%@bing the trailing edge of a previous turn, and the
trailing edge of each turn of ribbon under |apping the | eading edge of a
succeeding turn, 30 a plastic reinforcing bead adjacent said trailing edge

and i nt er posefy 26 My ap%iﬁﬁ%ae@gemv%@eamg16),6@\%?@11%% Laaild ng

edge, such that said overl apping e neets or substantially neets said

under | appi ng reilibRin@beahinellgRs Ohe BRintbredRabng Widdd-enbagumaldl in afidBeaiimed in
claim9, wherein said ribbon is of a breathable plastic material. 11. A

conduit d9 clainmed in claim9 or claim10, wherein said plastic
rei nforcing bead includes one or nore heating wires encapsul ated in said
bead. 10 12.  An 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
arrangement of said ribbon, the pitch of said helical arrangement being somewhat

15 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
second position less than one turn pitch from the first position of delivery of said

20 ribbon, said second position corresponding to an expected position of the trailing

edge of a ribbon delivered by said means for delivering a ribbon.

13.  An apparatus for continuously forming conduit comprising:
a former for receiving plastic ribbon, said former drawing said ribbon
25 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 tirst ribbon to said former, at a first location
a second means for delivering a second ribbon to said former, at a

30  location subsequent to said first ribbon,



12. An apparatus for continuously formng conduit conprising: a forner for
receiving at |east one thin plastic ribbon, said forner drawing said

ri bbon around and advanci ng said ribbon along to procure a ggiiﬁa@;;6
arrangenment of said ribbon, the pitch of said helical arran g
somewhat 15 less than the width of said,yibbon, neans for delivering a

ri bbon to said forner at a first positio% on said forner, and neans for
continuously deliverin nol ten bead,to said fornmer, at .a sgecond position
“ess than ome. tur i BEAh 7 SrtoveurldstivsBec BRIGR hear Gyl Btesy @ 20

ri bbon, said d Lt r ofd] t . e - pPasi,t i f. the
trailing eddggggﬁhkggg%%%gﬁeﬁﬁ@éﬁ§%”§§thF (ﬁggﬁg6?§§ﬁg%?f%§%é%gggﬂ¥%bbon.
13. An_appar gistson§ @fid $esHLRYBHRs Yol BAFHOEn €QPEUEd peSRBh TR trafidddé for
receiving plastic ribbon, said former drawi ng said ribbon 25 ardund and
advanci ng saidf saidosmiondlridbgn. t 0 procure an overl appi ng helical arrangenent
of said ribbon, the pitch of said helical arrangenent being sonewhat | ess
than the Wi dth of said ribbon, a first neans for delivering a first ribbon

to said forner, at _a first [ocation a second neans. for delivering second
ribbon to saildforfappPagals OSGOPB%‘N%%%%THH%&QBHW%C%W&dflprcéitlmr'-'Erbon,

26 May -24- a ans..for. conti nuopsl glivering a mlten bead to.sai

former at a pYRTENoMerEdRl MY shufing HE wote Bl Pk BubRf oh Bd s i very
of said seco [ ' L4l g to an expected position
of the trai|?ﬂﬁ“ﬁﬁ%§8ﬂ% @igY§9§§§gﬁgaﬁ?ﬁﬁﬁﬁaqggﬁﬁz An apparatus for
continuously formng conduit as clainmed in claim13, wherein there is no

means for applying any material to the outside of said first ribbon before
it is overlayed by said second ribbon.



