-1 LIMB FOR BREATHING CIRCUIT BACKGROUND TO THE INVENTION The present invention relates
to components for breathing circuits 5 and in particular to limbs for breathing circuits. SUMMARY OF
THE PRIOR ART In assisted breathing, particularly in medical applications, gases are supplied and
returned through conduits. Such conduits are ideally light and 10 flexible to ensure the greatest level of
comfort for the patient. As taught in our prior patent applitation AU 43823/01 thin membrane walls are
particularly used in breathable membrane applications where the passage of water vapour through the
membrane but not the passage of liquidhte R T IiN( (R duits may include helical or
annular reinforcing ribs which improve resistance to crushing and pinching, while still allowing the
conduit to be flexible in order to maintain patient comfort. A disadvantage of these types of flexible
conduits is their ladB ACHIBRSUNID O ety INVENITY OiNhese types of conduits provide very little
resistance to tensile, 20 compressive or torsional forces. While annular or helical ribs, whether inside,

outside or between layers! OEHEESRILVENLR FRIAIRR o rRIMRRERISIHAY sRERRIBINGHEUE WEh duits are
still prone to lagge axigl i mlefgsﬁﬁ%g ﬁﬂ“?ﬁé%ﬁsriﬁg and aasile. This can lead to substantial

internal volume changes under fluctuating breathing pressures, potentially 25 significant enough to disrupt
automated ventilation. Our prior art patent application taught provision of external longitudinal reinforcing

in the form of a se jal S d e radial support bead. However these have the
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In assisted breathing, particularly in medical applications, gases are

supplied and returned through conduits. Such conduits are ideally light and

10 flexible to ensure the greatest level of comfort for the patient.

As taught in our prior patent application AU 43823/01 thin
membrane walls are particularly used in breathable membrane applications
where the passage of water vapour through the membrane but not the
passage of liquid water is desired.

15 Thin walled conduits may include helical or annular reinforcing ribs
which improve resistance to crushing and pinching, while still allowing the
conduit to be flexible in order to maintain patient comfort. A disadvantage
of these types of flexible conduits is their lack of stiffness. The extremely
thin walls of these types of conduits provide very little resistance to tensile,

20 compressive or torsional forces. While annular or helical ribs, whether
inside, outside or between layers of the conduit wall, do provide some
longitudinal stiffness, these conduits are still prone to large axial
displacements both compressive and tensile. This can lead to substantial
internal volume changes under fluctuating breathing pressures, potentially

25 significant enough to disrupt automated ventilation. Our prior art patent
application taught provision of external longitudinal reinforcing in the form
of a set of axial polymer threads bonded to the radial support bead.

However these have the disadvantage of being easily caught or snagged.



-2 A further disadvantage of very thin walled conduits is a reduced durability of the very thin membrane
making up the walls of the conduit. The very thin membrane may be more susceptible to piercing from
sharp objects and/or plastic deformation from tensile forces. 5 SUMMARY OF THE INVENTION It is an
object of the present invention to provide a limb for a breathing circuit, which will at least go some way
towards improving on the above or which will at least p‘r8\7ide the public and the medical profession 10
with a useful choice. Throughout this specification the term very thin walled conduit means a conduit

where under the intendedﬁg)rfé’lféhﬁfg @éﬂ@ﬁﬁfﬁégﬂe@oﬁ@m BWBUIWH&%ISMW%Q%%W%@QI _
compression, e.g. zaﬁﬂm“&ﬁmﬁge@%@@?ﬁ&mgﬂp%gmﬂgi eﬂbﬁ{él %LE %qt?ﬁl%‘%&:l@uﬁi@S using a

15 SYMPATEX film having microns. aspect the invention consists in a
limb for a breathingT¢iecvérgatiprisiogiEameyntiay balrdreosubdepbiga fitsteing fruha sierpnd end and
a breathing gases pathway therebetween, 20 a first connector fixed to said first end of said conduit, a

second connector fARIAGS 8AR Yekasti & AaTor Rt UL HaMm, 1aRei I RIGRR ate reinforcing member lying

freely within said very thin walled conduit along a non-tortuous path from one end of said conduit to the
other end of said conduit, and connected with said first connector and 25 said second connector.
Preferably said coriddvtixd AR @ krdttd Bdl NINENETTHO Making

It is an object of the present invention to provide a limb for a
breathing circuit, which will at least go some way towards improving on the
above or which will at least provide the public and the medical profession

10  with a useful choice.

Throughout this specification the term very thin walled conduit
means a conduit where under the intended prevailing conditions the conduit
would be subject to excessive axial compression, e.g. a conduit formed
according to a method as described in US patent 3,910,808 using a

15 SYMPATEX film having a thickness less than 50 microns.

In one aspect the invention consists in a limb for a breathing circuit
comprising:

a very thin walled conduit having a first end and a second end and a
breathing gases pathway therebetween,

20 a first connector fixed to said first end of said conduit,

a second connector fixed to said second end of said conduit, and

an elongate reinforcing member lying freely within said very thin
walled conduit along a non-tortuous path from one end of said conduit to
the other end of said conduit, and connected with said first connector and

25 said second connector.

Preferably said connectors have a first end suitable for making

connection with auxiliary equipment and a second end for making

connection with a breathing conduit, and



connection with auxiliary equipment and a second end for making connection with a breathing conduit,
and -3 an annular shoulder between said first end and said second end, said second end extending along
an axis and having a substantially circular cross section, and said second end having at least one
protrusion on an outer surface for 5 interlocking engagement with a helical rib of a breathing conduit. In a
further aspect the invention consists in a method for maduafacturing a limb for a breathing circuit
comprising: providing a very thin walled breathing conduit having a first end and a second end, 10

locating an elongate reinfoRciid whainsher kigriRgvaes said bk @herrchaaidingCrBEIPNGthin said conduit
| -tort th. fr f sai ' t j it fixi first end
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and 15 fixing a secoirdudadarossieettionjthrshid second end of said conduit and said second end of said
elongate reinforcing member, In a further aspect the invention may broadly be said to consist in a limb for

a breathing circuit compriéMg:SaGRIY BNA AYIES A5ABRTE ARGIRCAHAIPR Y MO EE ERERAO0 a first
tor fi t id fi ' ' ' d end of said duit,
connector fixed O?ﬁtgri%k%%@grﬁﬁﬁfjw&@as Eﬂeglmg?a%t%wgﬁ %)?Eﬁf?ﬂ end ot sald conaut

and a braided sheath surrou d conduit and being fi nd one end to said first
connector and at and arolmd és fuhéeendspechidisecomeentioneceonsists in a method for

manufacturing a limb for a breathing circuit comprising:
providing a very thin walled breathing conduit having a first end and
a second end,

10 locating an elongate reinforcing member having a first and a second
end, lying freely within said conduit along a non-tortuous path from one
end of said conduit to the other end of said conduit,

fixing a first end connector with a first end of said breathing conduit,
and a first end of said elongate reinforcing member, and

15 fixing a second end connector with said second end of said conduit
and said second end of said elongate reinforcing member.

In a further aspect the invention may broadly be said to consist in a
limb for a breathing circuit comprising:

a very thin walled conduit having a first end and a second end,

20 a first connector fixed to said first end of said conduit,

a second connector fixed to a second end of said conduit, and

a braided sheath surrounding said conduit and being fixed at and
around one end to said first connector and at and around its other end to
said second connector.

25 In a further aspect the invention consists in a method for
manufacturing a limb for a breathing circuit comprising:

providing a very thin walled breathing conduit having a first end and

a second end,



25 In a further aspect the invention consists in a method for manufacturing a limb for a breathing circuit
comprising: providing a very thin walled breathing conduit having a first end and a second end, -4
locating a reinforcing mesh having a first and a second end, over the outside of said breathing conduit,
fixing a first end connector with a first end of said breathing conduit, and a first end of said reinforcing
mesh, and 5 fixing a second end connector with said sec¢bnd end of said conduit and said second end of

said reinforcing mesh. To those skilled in the art to which the invention relates, many changes in
construction and widely difieafiadetntiafiorshng Aneshppictib A et thed i setRMAVANSLRYRIstRRemselves

without departing flr&J IHSBF?BFd Joq%tﬁiﬁg[r;qmp as defined in the appended claims. The disclosures

and the descriptions herein are pure ive and are not intended to be in any sense limiting. BRIEF

DESCRIPTION OF THE BIRWgVENGS ehd-mpmeettisrandthss fiesttiondlofidei ¢l bvedibingf cosidgie walled
breathing conduit formed by applying a molten reinforcing bead on top of overlapping spirally wound thin

film layers. Figure @@ééi&@geﬁﬁ)ﬁﬂsﬁa@@émmﬁ . aﬂqblg walled breathing conduit formed in a
dovice or orming the. col L dbe S S s singie
walled and said second end of said reinforcing mesh.
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
10 of the invention as defined in the appended claims. The disclosures and the
descriptions herein are purely illustrative and are not intended to be in any

sense limiting.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 is a cross sectional side elevation of a single walled
breathing conduit formed by applying a molten reinforcing bead on top of
overlapping spirally wound thin film layers.
Figure 2 is a cross sectional side elevation of a double walled
breathing conduit formed in a manner analogous to the conduit shown in
20 Figure 1.
Figure 3 is a plan view of a conduit forming device for forming the
conduit depicted in Figure 2.
Figure 4 is a cross sectional side elevation of a single walled
breathing conduit formed by applying a molten reinforcing bead so that it
25  resides between the overlapping spirally wound thin film layers.
Figure 5 is a plan view of a conduit forming device for forming the
conduit depicted in Figure 4.

Figure 6 is an assembly perspective view of one end of a breathing



breathing conduit formed by applying a molten reinforcing bead so that it 25 resides between the
overlapping spirally wound thin film layers. Figure 5 is a plan view of a conduit forming device for forming
the conduit depicted in Figure 4. Figure 6 is an assembly perspective view of one end of a breathing -5
limb according to a preferred embodiment of the present invention. Figure 7 is a partially assembled
perspective view of the end of a breathing limb shown irPFigure 6. Figure 8 is a cross-sectional elevation
of the ends of the breathing 5 limb according to Figure 6 and 7. Figure 9 is an assembly perspective view

of one end of a breﬁfﬁhwgcﬁﬂ‘iﬂiﬁ@c@(éiﬁﬁe@ﬁqd&ﬁ&%m%@ﬁmﬁ&ﬂﬁ%tiﬁﬂﬂﬁiﬁfbsent invention.
Figure 10 is a cross-secti @F‘Jejﬁgg Eéﬁ@r@?tggg%qlegga QL wi%a\,ﬁ{éW?fqrr%eé%d odiment of

the present invention. 10 re asse erspective view of one end of a breathing

limb according to alfrgaltieingsiperts siidlendreségure\gntion including an outer reinforcing mesh. Figure 12
is cutaway view of the breathing limb of Figure 11 showing the outer reinforcing mesh fixed at and

around the end connectofd EDE TR EFP$5es8EtARah OIQVAHO D RELRE ISR i8h TReaRIsat HMathing
conduits in general ﬁﬂg(}{b&mﬁylﬁg fﬂgp%@gﬁd}&providing reinforcement for very thin walled conduits
or deli

used to provide a closed pathwa vering gases to a patient. 20 Consequently the present invention

finds application in breatHiguren@ugsarfedssembty/fperspecinietywedwiidérone raatbofla dneathangifactured

bya limb according to a further preferred embodiment of the present invention.
Figure 10 is a cross-sectional elevation of a breathing limb according
to a further preferred embodiment of the present invention.

10 Figure 11 is a partially assembled perspective view of one end of a
breathing limb according to a further aspect of the present invention
including an outer reinforcing mesh.

Figure 12 is cutaway view of the breathing limb of Figure 11
showing the outer reinforcing mesh fixed at and around the end connectors.

15
DETAILED DESCRIPTION

The present invention relates to breathing conduits in general and in
particular to methods of providing reinforcement for very thin walled
conduits used to provide a closed pathway for delivering gases to a patient.

20 Consequently the present invention finds application in breathing conduits
fabricated from a variety of different materials and manufactured by a
variety of different methods. The conduits may be single or multiple walled

and may include breathable walls or portions of breathable wall.

25 As a corollary of material cost and/or breathability of the material it
is preferred that the conduit wall be manufactured to have a very thin wall,
so much so that the conduit wall membrane may be insufficiently sturdy to

be self supporting. Spiral or helical or annular reinforcing members may be



variety of different methods. The conduits may be single or multiple walled and may include breathable
walls or portions of breathable wall. 25 As a corollary of material cost and/or breathability of the material it
is preferred that the conduit wall be manufactured to have a very thin wall, so much so that the conduit
wall membrane may be insufficiently sturdy to be self supporting. Spiral or helical or annular reinforcing
members may be -6 provided on the tubular membrane o provide support against crushing and pinching.

The helical, spiral or annular supporting members may for example be formed from polymer plastic
materials, such as H{Q\Hﬂﬁgrm {hsctlbiiBE Wambfftlﬁé &@MQN'Q?WHQVR@MEQ{%Q@GIWr It has 5

been found that br ?ﬁml t c tr and
provide good crush'res |sta dﬁ%%vi*\geﬁrh%F cg)n ui s?‘ n%gﬁglﬁpa\g\)/@{ﬁu(ﬁéc F:gergr{s}slé nce la?é?al
deformation. Due texampleryp¢hfiopnbimfrofimpiolynieg thlestiallsmatehialsprdoh, tsethesuititeribreathing
circuit limb may have reduced axial stiffness and may be prone to 10 expansion, and contraction along

the axis of the cond$Rdalik el Pf e SR 8L hﬁ\(JQS Hlﬁa??ﬁ?@e@aéﬁsﬁw palidlbreathing
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invention provides a breathing circuit improved axia ess. Ina fur er aspect the present
invention provides elﬁrarbedeytthlgllgtplﬂnmmmmmﬂtkpmpm:e/ejbuﬂsmuam stiffigiancyehothiaveratiegl breathing

duits such as those described ab btd f different methods. Th
Tolowing describeE GHIAI U8 4o HAYRCH RO SHIPASEA0 AR AEILEE 6730 P LFaltiring very

thin walled conduitge)iHeh %W’fﬁl%ﬂﬁ?ﬁﬂn@“%ﬁ@%ﬂ’@“%@- the conduit, the resulting
breathing circuit limb may have reduced axial stiffness and may be prone to

10 expansion, and contraction along the axis of the conduit, due to axial or

torsional forces. In use, axial forces arising from patient breathing may

produce expansion and/or contraction along the length of the limb. In one

aspect the present invention provides a breathing circuit limb with

improved axial stiffness. In a further aspect the present invention provides

15  a breathing circuit limb with improved torsional stiffness.

Very thin walled breathing conduits such as those described above
can be fabricated by a number of different methods. The following
describes several very thin walled conduits and associated methods of

20 manufacturing very thin walled conduits to which the present invention

may be applied.

Referring to Figure 1 a cross section of the wall of a breathing circuit

limb is shown in which the flexible wall of the conduit is formed from a

25 very thin film plastic membrane, and wound helically with edges of
adjacent turns welded together by a reinforcing bead. Supplied as tape,
either pre-formed or extruded online, the very thin film 40 is wound

helically onto a former with adjacent edges 41 and 42 of tape overlapping.



Referring to Figure 1 a cross section of the wall of a breathing circuit limb is shown in which the flexible
wall of the conduit is formed from a 25 very thin film plastic membrane, and wound helically with edges of
adjacent turns welded together by a reinforcing bead. Supplied as tape, either pre-formed or extruded
online, the very thin film 40 is wound helically onto a former with adjacent edges 41 and 42 of tape
overlapping. -7 A helical supporting rib 43, provided in a frfolten state is then laid on top of the overlap

between adjacent turns. The helical supporting rib thermally and mechanically bonds the two adjacent
strips with the rib fatnhiglca| SeRpRtesiiEn o mioKigadd t adneltemstrie daitie pradd @ndepstigle 5

walled breathing ¢ ' ich s li ihle th i i such a
process, such as rﬁﬁ%ﬁ@vﬂ:ﬁ%@ (ﬂ&%ﬁ%ﬁ lﬁg%é@%em@@ﬁﬁ%ﬁg@@@a eﬁ%{ﬁégﬁi OI%
described forming pratenrecRateralty tooRigsirthe avelo lddfavaitedtcipsdwitmayderforfiagching 10 adding an
additional thin film layer 44 and supporting rib 45. An example of forming apparatus suitable for
manufacturing the dXBIE Wﬁﬂ@@'ﬁ?&ﬁﬂﬁ%ﬂtuﬂf@%r%ﬁ@daccgmn@QHmﬂgeﬁ{ﬂgHﬁ;ﬁéﬁtad%@EHBed in
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plurality of rotating rods arrange around a central stpport rod. The rods extend from and are rotated
by a gearbox withiofecoratthisgfatowdhyAsleasa iprdoedsibstbrasmyubigide wel led tedinduids) chrilow a

helical path. The pifch_angle of the rods relative to the support rod gontrgls the pitch angle of the tube
being formed. An e36 aEIDSEH Rl EHAIN AL R SRGE 0 TTRaY  AHAPYARLBITH SPERMAS SRL 20
of Italy. 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
Referring to Figure 2 a double walled conduit may be formed by

10 adding an additional thin film layer 44 and supporting rib 45.

An example of forming apparatus suitable for manufacturing the
double walled breathing tube product according to the embodiment
described in Figure 2 is shown in Figure 3. The apparatus includes a former
1 preferably of a known type including a plurality of rotating rods arranged

15 around a central 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

20 of Italy. 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

25  first extruder 4 extrudes a very thin tape 5 of breathable polymer materials.
The tape 5 deposits on the former 1 in a helical fashion by action of the
former. The pitch of the helical deposition of tape 5 is slightly less than the

width of tape 5. The helical deposition of tape 5 forms the inner breathable



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 25 first extruder 4 extrudes a very thin tape 5 of breathable polymer materials. The tape 5
deposits on the former 1 in a helical fashion by action of the former. The pitch of the helical deposition of
tape 5 is slightly less than the width of tape 5. The helic§|‘deposition of tape 5 forms the inner breathable
-8 wall 6 of the conduit. A second extruder 7 extrudes a bead 8 of polymer material. The bead 8 deposits

on the former over W li§in®bihs 6ABPUBeti: SAGRE R ualeTs EpEds SR RRRY Brak B IYERT 9 along
his joi d Idi [ . ' 11 of
s o o SR GRS P RBETIB RS fesee 11

breathable polymer. The second tape olymer is depaosite 0 span

between adjacent thenwadrbadiac8ntnljacseof tapes Dfoaperigleorades bigacdglontetHisgainadie sheath 12.
A fourth extruder 13 extrudes a second molten polymer bead 14. The bead 14 is helically deposited

along the overlap BNRAUIAY 0/ QNS PRES: THES P daBSapels thivh SrTHdehd BVRrERdRS Bumns of
11 1n addit i ) Pe .
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fusing techniques may . The resulting product is a double orce Ing conduit
15 with a space bepodgmehésidepositeticanehe/ftisniehd iboesptiimipetaednibdjdeigniréupns ofideathctured by

thod anal to { thod d factpre the conduit of Figyre 1. The formi
Coparatus shown 1 FBHIRET SHEETUBIARRG G O ho PLRAa ALt cl R AHRUR A eL2 20 The frst
stage of the formerglpyRHEkialier31S08IAIRIES HIScBRaURIERABINARE BESHCES. 7 THEbéal$ wound

around former 1 while
14 is helically deposited along the overlap between adjacent turns of the

10 second tape 11 and welds the overlapping turns of tape 11. In addition to
the bonding of the film overlap by application of the molten bead other

active fusing techniques may be applied.

The resulting product is a double walled reinforced breathing conduit

15  with a space between the inner and outer walls. The breathing conduit of
Figure 2 is manufactured by a method analogous to the method employed to
manufacture the conduit of Figure 1. The forming apparatus shown in

Figure 3 is effectively made up of two identical stages arranged in series.

20 The first stage of the former shown in Figure 3 consists of film
extruder 4 and bead extruder 7. Film 4 is wound around former 1 while
extruder 7 extrudes a molten bead on top of the overlapping layers of film
5, resulting in a conduit such as that shown in Figure 1. The second stage
consists of film extruder 10 and bead extruder 13. This second stage

25  effectively repeats the first stage over top of the conduit formed by the first

stage and results in the double walled breathing conduit of Figure 2.

Referring to Figure 4, a conduit is shown according to another



extruder 7 extrudes a molten bead on top of the overlapping layers of film 5, resulting in a conduit such
as that shown in Figure 1. The second stage consists of film extruder 10 and bead extruder 13. This
second stage 25 effectively repeats the first stage over top of the conduit formed by the first stage and
results in the double walled breathing conduit of Figure 2. Referring to Figure 4, a conduit is shown
according to another -9 preferred method of manufacturé of single walled breathing conduits. This
method is particularly suited to very thin walled conduits and is the subject of a co pending patent

application. The vePfafar ethimsthed Rfcttanfapivie of s evedl ipddreataing SIREBUHS of ftifacent
I I d be,. lappi i ' ffilm i
ers oot s AR e e B VPR Eal ppetg of i

windings and formiofjacmptndimgsgatenit e isadionis Tdreneepehireéirthis adeagédifiratdpiral of film 48
and the edge of a second, adjacent layer of film 46 which is laid over top of the 10 polymer bead while

the bead is molten OF e Byeishingt R peetIRPTHons kAt IachtHRY s5IoXR AR 2BAHRIM ThSe bead
very closely and reW‘éﬂEdf‘ ﬁﬁf“@&o%{@ﬂ%wﬂ@tmt‘@@g@@i&@&%ﬁ%ﬁ@%%ﬂ{a&ﬁf |fgble for

manufacturing the 15 breathing tube according to an e ent of the present invention described in
Figure 4 is shown irs Richeadsof pe lypperanatarialudéhardaedewittd theloderdepmiogaporobnstadng rods

d d tral t rod. T ds extend f tated b b ithi
machine stock 16.{NTe3RR WS F.H8 e BrRFEG MO GRa G (NEYOHDE SORHURLE KU The pitch

angle of the rods ref@iivedantng SPRRIY BErRRBIORe BEJUIET ANHIR OT4DEr leperitRingg AP then

example of such a machine is
edge of a second, adjacent layer of film 46 which is laid over top of the

10 polymer bead while the bead is molten. The overlapping layer of film
because it is so thin, follows the contour of the bead very closely and results

in a smooth inner conduit wall.

An example of forming apparatus suitable for manufacturing the

15 breathing tube according to an embodiment of the present invention
described in Figure 4 is shown in Figure 5. The apparatus includes a former

15 including a plurality of rotating rods arranged around a central support

rod. The rods extend from and are rotated by a gearbox within a machine
stock 16. At least in the tube forming region the rotating rods follow a

20 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.

Tube being formed on the former is rotated and advanced in the

25 direction of arrow 17 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 15 is a little

less than the width of the strip so that adjacent turns narrowly overlap. A



a spiral pipeline mandrel available from OLMAS SRL of Italy. Tube being formed on the former is rotated
and advanced in the 25 direction of arrow 17 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 15 is a little less than the width of the strip so that adjacent turns narrowly
overlap. A -10 first extruder 18 extrudes a tape 19 of ver%pthin film polymer materials. The tape 19

deposits on the former 15 in a helical fashion by action of the former. The pitch of the helical disposition
of tape 19 is slightifiletSxiEHlahd Qieniroeesoa 1anerdd rfivarydhirifbimopelyened foatesieds wall 20 of

5 the conduit. A semdtg Frq@gagﬂogﬁg%%ea]@ I?gﬁﬂ Zl%f ﬁo&lﬁgéﬁ?gﬁl [I];I'B;Z #&ﬂﬁfﬁgﬁ 22

deposits between the overlapping portions of adjacent winds 0 icientl ed to weld

to the strips of tapefdfmehppihegitechnoditts hekldaetispositivh afetiquepi® ikghshtif/tdess tan improve
the weld quality as both layers of tape that are to be welded are in 10 puésical contact with the molten

bead. The quality JNhWTIRREWRREsASor Thie hRHERLHRRRR! PR Bk darRids EBRMSIthe iWalb#ART as a rough
inner surface gay piRdaHEARES AWM %%TFUBHFGZEPéﬁﬂr&jEQ Sé‘ﬁﬁ‘t?‘_df’ %%l#il)ﬁl'igg BtiHikye conduit.

The above described construction technique 1s especially suited to conduits cated from very thin film.
The thin film is 15 difie tmckiefobeath 2Redeipasd Ohe e eaisderibvertppapg iz tiaviteafbadjdc@t during

fabrication. By lapping yery.closely onto the bead.and wrapping aroynd the bead, the very thip film
maintains a smootl’(\llﬁ}%’r gb%&@ﬂg 'ﬁrﬁgﬁiﬁ'% MJ?FE%%%&‘%(@L@h‘&AIEWH@ﬁrBfA ﬂw addition to
the bonding of the lEO e MRItPROIRAC ey aRinRAIRCETR QR IARNIAG IRXRTS eheasetivRjusing
techniques may be applied.
improve the weld quality as both layers of tape that are to be welded are in
10  physical contact with the molten bead. The quality of the surface finish for
the inner surface of a breathing conduit is important, as a rough inner
surface may hinder gases flow and contribute to more condensation to
building up in the conduit. The above described construction technique is
especially suited to conduits fabricated from very thin film. The thin film is
15 able to conform to the shape of the raised rib of the applied molten bead 22
during fabrication. By lapping very closely onto the bead and wrapping
around the bead, the very thin film maintains a smooth inner surface on the

finished conduit product as shown in Figure 4.

20 In addition to the bonding of the film to the molten bead between
adjacent over lapping layers, other active fusing techniques may be applied.
Active methods may include hot air welding, hot rollers or radio frequency

welding.

25 It will be appreciated that the above described breathing conduits and
methods of manufacture are provided as examples of the type of very thin
walled conduits to which the present invention may be applied. The

examples have been chosen to illustrate the many possible variations and



Active methods may include hot air welding, hot rollers or radio frequency welding. 25 It will be
appreciated that the above described breathing conduits and methods of manufacture are provided as
examples of the type of very thin walled conduits to which the present invention may be applied. The
examples have been chosen to illustrate the many possible variations and - 11 are not meant to be in
any way limiting. Many further variations will present théthselves to those skilled in the art. While some

embodiments of the present invention have been described as preferred and convey particular
advantages over ofi€r BRADGWRMHQ PRI) RR¥r wedndimiities sMaRYpfovdeonmanadens watlul. Such

variations may include. lisati I ia]fon ondui I the walls;
10 (b) single W&”G(? %‘%ﬁ%ﬁtﬁﬁ%@ﬁ@g %%r?égﬁg%ﬁmgr[ﬁvm%ﬁ tsf'pz}lkcygﬁ @e%gnw{ﬁg% V@;@éﬁ%& ({)e formed
by adding extra stages torébenfoimiegtivacdsssdchemnylalessibadmaliphrdfareeavadisd (Qorargythin tape
may be extruded at the time of forming, or pre-formed 15 and supplied to former on reels; (e) very thin

tape may be provid&d t&%@%mﬁ&tmnavﬂl&ghﬁﬁfWP%%dWMn%P&B&WQ?%HQﬂSiS also
permeable to vgateh&z?gggéf&éﬂqmmi%y%é@ay include a secondary thermal welding process; 20

(9) molten bead may Interpose layers or be applied on top of two or more layers;

Such variations may include:

(@) the utilisation of breathable material for the conduit walls or parts of
the walls;

10 (b) single walled or multiple walled conduits, with or without space
between the walls may be formed by adding extra stages to the
forming process;

(c) single layer or multiple layer walls;

(d) very thin tape may be extruded at the time of forming, or pre-formed

15 and supplied to former on reels;

(e) very thin tape may be provided as a laminate having a very thin film
layer and a reinforcing layer which is also permeable to water
vapour;

(f)  forming process may include a secondary thermal welding process;

20 (g) molten bead may interpose layers or be applied on top of two or more
layers;

(h)  direct extrusion or drawing or blowing of a conduit;

(i)  forming a conduit from a very thin film with a longitudinal seam;

(j))  providing a series of annular radial support beads rather than a helical

25 radial support bead.

The present invention may be broadly described as relating to

methods of reinforcing breathing circuit limbs so as to provide increased



(h) direct extrusion or drawing or blowing of a conduit; (i) forming a conduit from a very thin film with a
longitudinal seam; (j) providing a series of annular radial support beads rather than a helical 25 radial
support bead. The present invention may be broadly described as relating to methods of reinforcing
breathing circuit limbs so as to provide increased -12 axial or torsional stiffness, or both. While the
present invention is particularly suited to conduits hav'rnbzvery thin walls, it will be readily appreciated

that application may also be found in more traditional conduits if further reinforcement is desirable. The
first preferred emb@didler@loftssienale StHifesenttin Betribed/HiEpiheisRE M IAXRIMERMeaInd end

d embe iBgples ol Al RS ]
orefarred embocimeN THAL Breuant e B P A e I B e B e an

end connector for ggpretiatedcthzeimbpiioag om arargatsmpeifourdinmomidre Iddetiicitiognaheith is bonded
to the limb at only the ends of the limb where the conduit wall inserts into the end connector. It will be

appreciated from tHefHSHRGYiHeI AEUCAPIRIY 8 Hapicalift cORRdirst Pirfsrraskembodimariiciheise with
either one, or %Othgﬁfeg'@ﬁtpr éfﬁﬂ)ﬁm@@éyﬂ}f&tst%ﬂﬁ?ra{ﬁ%ﬁt Wqﬁio&i\g{h% ckhﬁgwrt;%?gjment of the

present invention is discussed in 15 turn, it is in no sense meant to be limiting as the pre
embodiments maycbareoitoywt csep pravedy\orftowsiber i tfirsippetrecthe naiealirstiffiness bfeathing limb

according the present invention will be descgibed in detail with reference to Figur to 20 8. The
oreathing b has SECHTNON SHSAEor 35RO AR 5 CEMAETEL b OF oS et with
device, for examplg#,g3§68 describes an external reinforcing sheath or mesh and an end
connector for use with such reinforcing in a breathing circuit limb. The
10  reinforcing mesh is bonded to the limb at only the ends of the limb where
the conduit wall inserts into the end connector. It will be appreciated from
the following description that the end connectors described are suitable for
use with either one, or both, of the preferred embodiments of the present
invention. While each embodiment of the present invention is discussed in
15 turn, it is in no sense meant to be limiting as the preferred embodiments

may be employed separately or together.

A first preferred embodiment of a breathing limb according the

present invention will be described in detail with reference to Figures 6 to

20 8. The breathing limb has a conduit end connector 23 (or 49), suitable for
connecting a breathing conduit with a device, for example a gases
humidification device or ventilator or mask. A first end of end connector

23 is configured to mate with auxiliary equipment such as a ventilator or
mask, while the second end is configured to extend into a breathing conduit.

25 The end view cross section of each end portion of the connector is
substantially circular. Between the two ends of the end connector 23 is a
shoulder region which makes the transition between the respective

diameters of the connector ends. Preferably the shoulder portion has an



humidification device or ventilator or mask. A first end of end connector 23 is configured to mate with
auxiliary equipment such as a ventilator or mask, while the second end is configured to extend into a
breathing conduit. 25 The end view cross section of each end portion of the connector is substantially
circular. Between the two ends of the end connector 23 is a shoulder region which makes the transition
between the respective diameters of the connector endl$3 Preferably the shoulder portion has an - 13

annular recess 32, for receiving a securing collar or retaining sleeve 29. The limb includes an elongate
reinforcing membePBRGIFHECORSE 37y FRESREQIMING eoiedyiting cobataft tesatiegshepMe Rsuch as those

described above. The secﬁ%j it.en C to receive an
elongate reinforcing spine or rlc?ﬁ] %A(?&E e s%%ﬁe gzﬁ,ﬁ{r{ms {Egﬁgﬁ%@%%%?g%nsgﬁ@g?np%ﬁgﬁ)ﬁector 23
at one end of the tufipeslylowittihre cwidieief #%: coGdnitiudn @ ocuesdnmpeotisesecisl esntiesser 49 at the
other end of the conduit. Preferably the spine is substantially the same length as the conduit and follows

a non-tortuous pattfeRaIReMh MR chhnSerRRd BBt SR W iRRM SORMSEIPIHE BAR AcBrES3s
preferably slightly lnggs lﬂ@d‘t@?eﬁel £ nibpsigaRe q%”ﬂ%ﬂ:m?%i%ter?ﬂ raner il hRpdinto a

shallow wavy and/or spiral form. It will also be appreciated that a spine slightly shorter than thé conduit
will also result in a rdagribe dérpdhlotithie camdart fivhethe cormedtdr 23desended dhel 1Bectubbjnation of

fking Some of the AR TEcLS i QA TOTGH g oSG RAE VTR e BB Whdbed

disadvantages thatarig@ iR ehbSefOfHY @ AHAICOMHES ARy NGeeiHRRay SDistHRtmIstHe this
embodiment it is preferable to choose the
same length as the conduit and follows a non-tortuous path between the
10 connectors. Because the spine (between the connectors) is preferably
slightly longer than the conduit, it will not follow a linear path, but rather
will bend into a shallow wavy and/or spiral form. It will also be
appreciated that a spine slightly shorter than the conduit will also result in a
degree of axial reinforcement. When assembled as described the
15 combination of end connector and spine will provide the breathing conduit
with additional axial stiffness, by potentially taking some of the axial forces
and will therefore go some way to overcoming the above described
disadvantages that arise from the use of breathing conduits having
extremely thin film walls. In this embodiment it is preferable to choose the
20 reinforcing spine (material, gauge and number) to be sufficiently stiff to
resist buckling under the transiently reduced internal pressures that could be
expected during patient breathing and sufficiently stiff to provide improved
axial stiffness to the conduit. Preferably the elongate reinforcing member is
manufactured from high density polyethylene having a Young’s modulus
25 (E), of approximately 0.88GPa. Preferably the elongate reinforcing
member has a cross sectional are between 3 mm? and 12.5 mm? Preferably
the elongate reinforcing member has a minimum bending stiffness

(EI=Young’s Modulus*Second Moment of Area) for its cross section



20 reinforcing spine (material, gauge and number) to be sufficiently stiff to resist buckling under the
transiently reduced internal pressures that could be expected during patient breathing and sufficiently stiff
to provide improved axial stiffness to the conduit. Preferably the elongate reinforcing member is
manufactured from high density polyethylene having a Young's modulus 25 (E), of approximately
0.88GPa. Preferably the elongate reinforcing membertis a cross sectional are between 3 mm2 and
12.5 mm2. Preferably the elongate reipforcin member h(z-lS a minimum bending stiffness (El=Young's
Modulus*Second MHVERRMHPAPEN) THN i8Nt dss QMM between 693 N.mm2 and 11,096 N.mm2.

Although embodiments ¢ ining.o a ' in i r ﬁﬂ% ity reciated

by those skilled in the art%\llt}ail?[]l{t)]huégher?clj}ﬁ (@%@g@% eﬁ%@@c&?ﬁe&@% %ee m dﬁl?iedg\iﬁfgg%%ﬁ)modate 5
multiple reinforcingspiieeardrshoaimmitliviibibe emhediatedtdycaiedacsidsicd e tiakemttohanshee that the
gases flow is not disrupted too detrimental_lf\;%@A further important consideration when choosing the

material, gauge an@nﬂum%ﬁ?éﬁwfgﬁ?@ n%flsdis%sélb(.s@@ tﬁﬁ?%@%gﬂhiﬁ@cﬁ%mp remains
laterally flexiblg an 'i'ﬂ‘t'?)f@%‘i‘ﬁ'farem @Bﬁ?é’g.forltn %Jﬁ“ﬁf@‘ﬁfg I'ngesrﬂ FrRE R from a

suitable approved plastic material, suth as high density polyethylene, or the same material as the end
connectors if weldibg ¢ ttadapitoe ensd renthabtivee gases il ealastadtfoli sroptedaon de tinten ialéferred

embodiment the reipforcing spine has a circular cross section to minimise any potential stress raisers.
The spine 15 may §é gttfgrfr QrWEWB?'M@%Y‘ﬁ@ nQnQQCP?AOS éh?a Uﬁfr&?é’gfe@ﬁgns being

either solid or hollowwilae WdRRATBAG AP MRfHERIisOloid sareserat ithe BieahRT§ elrRit inmpllow spine
embodiments the spine is
remains laterally flexible and thus maintain patient comfort.

10 The reinforcing spine is preferably made from a suitable approved
plastic material, such as high density polyethylene, or the same material as
the end connectors if welding of the spine and end connectors is selected for
manufacture. In the preferred embodiment the reinforcing spine has a
circular cross section to minimise any potential stress raisers. The spine

15 may be made from a variety of materials, and may have a variety of cross
sections being either solid or hollow without departing from the spirit of the
present invention. Preferably in hollow spine embodiments the spine is
blind terminated at each end by the end connectors. If the spine is hollow
and has a narrow bore, the size of the bore will be insufficient for general

20 gases flow or gases delivery. The cross sectional area of the spine
(measured from the outer perimeter of the cross section of the spine) is
preferably less than 10% of the cross sectional area of the bore of the
conduit so that gases flow is not significantly disrupted. While the spine
diameter is not large enough to facilitate significant gases flow (to a patient

25 for example) it may be used for other purposes such as pressure
measurement, or pressure feedback. The spine may also include a heater
element such as a PTC (Positive Temperature Coefficient) heater or a

resistance heating element.



blind terminated at each end by the end connectors. If the spine is hollow and has a narrow bore, the
size of the bore will be insufficient for general 20 gases flow or gases delivery. The cross sectional area of
the spine (measured from the outer perimeter of the cross section of the spine) is preferably less than
10% of the cross sectional area of the bore of the conduit so that gases flow is not significantly disrupted.
While the spine diameter is not large enough to facilitatéXignificant gases flow (to a patient 25 for
example) it may be used for other purposes such as pressure measurement, or pressure feedback. The

spine may also include a Hesten\dfagfehiRuiciaEcArerse yediassiblapaHais obdeiciaal Reater or a

resistance heating 8@%@2& %E.é'e&?é“(ir‘eai?@ﬂfé}gﬁn%‘?éﬁiﬁ[ee /SFaﬁle‘?HfoT?lﬁF};m?gﬁjﬁﬁ’%Qc ay be

employed to secure t Inforcing spine and/o ng mesh into eac connectors of the
breathing circuit lingf. The gemkraonequterments the thereattiognreietais diends folPhes. jbeceald
connectors 5 must provide a means for securely fastening the spine and/or reinforcing mesh so as to

prevent pull out quﬁ?@-’ﬂfé’éﬁﬁ@é@b@‘%@%GWQEr§r§r@50m£@N§§edT§$cﬁ'ﬂi‘Fla?%@%%Qﬂ§/ of the
omemer el BRI SRS AR ARG IR
preferably appealingashtise ayd¢opeavenidpudbauT ldefoilpwieg Rieferididy the ek ouathesioksfared
Wil be. approciated TS JPHICASTE LB SR h Lo DL BBt such s
31 \e/er?rtélsézrt ?rcvfgsﬁgf‘@h%w&simaﬂ i dRet TER ERIHTIBHS HPRCANBREPESHIRYS AGRRIENG from
fastened to a breathing conduit to form the finished product should be neat,
10 tidy and preferably appealing to the eye of an end user. The following
describes two alternative preferred embodiments of the present invention
which attempt to satisfy the abovementioned design objectives. It will be
appreciated that the portion of the end connector described which connects
to equipment such as a ventilator or mask may be male, female or an
15 androgynous type connector without departing from the present invention.
Further, each end of a conduit may have the same or a different type of
connector according to what type of connection is required. If a heater wire
is included in the breathing circuit limb (whether associated with the
reinforcing spine or not) the end connector at at least one end will
20 preferably be adapted to make an electrical connection together with the

gases pathway connection.

Referring to Figures 6 to 8, a connector according to a preferred
embodiment of the present invention is shown. In order to provide a strong

25 bond between the conduit and the connector, a portion of the connector
which receives the conduit is provided with outer raised protrusions 28 to
cooperate with the helical reinforcing bead of the conduit. The protrusions

28 are arranged to cooperate with the pitch of the conduits helical



Further, each end of a conduit may have the same or a different type of connector according to what type
of connection is required. If a heater wire is included in the breathing circuit limb (whether associated with
the reinforcing spine or not) the end connector at at least one end will 20 preferably be adapted to make
an electrical connection together with the gases pathway connection. Referring to Figures 6 to 8, a
connector according to a preferred embodiment of the‘p#ésent invention is shown. In order to provide a
strong 25 bond between the conduit and the connector, a portion of the connector which receives the

conduit is provided@iﬂf@@i@ﬂrgﬁé}'éﬂj @thr@'éﬁfﬁ@@'gttﬁlﬁ%_ﬁﬁ%rﬁ}@wwﬁ ﬁfl@%ﬂi@éptﬁrﬁdﬁ%ﬁ’g bdad of the
conduit. The promﬂﬂp‘i‘i}&ﬁ@{@r Zrisaggfe@a%ﬁpﬂﬁt?%'éﬂ JRGRsOR ﬁ%ngHyesrrEﬁé%@r'%?.

reinforcing bead a reterably t orm of a continudus thread. It will howe appreciated that

the protrusions magigeratey bumpsrapfariatete oo ate aniied tirecoopeudtergiitfioiivdncpadad reinforcing
bead. The raised thread 28 takes up a position between the adjacent turns of the 5 helical reinforcing

bead 35 of the condie. feethithigal SBHakesreri PeRlim BebwerndhsrAicsmidume &f deform it
necessary to agcorﬁm%@t?ei%ggfﬁg%%@rg?l drraad Q5406 igndﬂ%@ﬁm%ﬂf@?%@ﬁﬁ{geﬂ”ems

together. These features provide a miechanical connection and resistance to the con Ing pulled
from the connectorbétsveleovheimefinfarei 6gHeead isatilentofdéks nonfiesoessdrgoeoeivesnbdatenduit is

I ided with 26 f iving th inforcj ine 24, Preferably th 26
s substantially parJ1E1 A& URRRINSAL il GG RMNaELPTa LoeKiEg) e FO0RREEisrovides
locating means for fgeipiorFiRgseSRIRRI A BIBYIRELRREWAIT AR OFPRUEE P YRRt RE RTipRl Gaised

thread on
the conduit being pulled from the connector. As shown in Figure 6 the

10  portion of the connector which receives the conduit is also provided with a
recess or groove 26 for receiving the reinforcing spine 24. Preferably the
recess 26 is substantially parallel with the extrusion axis of the connector.
For assembly, the recess 26 provides a locating means for the reinforcing
spine allowing the conduit to be threaded over the external raised thread on

15  the receiving portion of the end connector. The reinforcing spine runs up
the inside of the conduit and is received into recess 26 of the end connector.
The spine then emerges from the recess 26 where an end portion 36 of the
spine 24 is folded back on itself around the outside of the conduit wall.
This feature provides a mechanical interlocking of the spine around the

20 conduit wall as well as providing an end section of the spine that is in a
position to be adhesively secured to the outer surface of the conduit wall.

In one preferred embodiment, illustrated in Figure 6, a retaining
sleeve or securing collar 29 is fitted over the assembled components. The
securing collar 29, is substantially cylindrical about an extrusion axis. The

25 retaining sleeve may include a raised portion 30 which results in a recess on
the inside of the securing collar as shown in Figures 6 to 8 for receiving the
end portion of the spine 24 which is folded back on itself on the outside of

the breathing conduit. Alternatively a recess may be formed on the inner



15 the receiving portion of the end connector. The reinforcing spine runs up the inside of the conduit and
is received into recess 26 of the end connector. The spine then emerges from the recess 26 where an
end portion 36 of the spine 24 is folded back on itself around the outside of the conduit wall. This feature
provides a mechanical interlocking of the spine around the 20 conduit wall as well as providing an end
section of the spine thatis in a position to be adhesively ecured to the outer surface of the conduit wall.

In one preferred embodiment, illustrated in Figure 6, a retaining sleeve or securing collar 29 is fitted over
the assembled coﬂb@heﬁfs.t{ﬂﬁesggéﬂﬂﬂg collar 229is withadhttg Bfksanedl 8hoab afdrfRdion axis.

The 25 retaining sl in EI:SFI‘,E ' ' ts i inside of the
securing collar as ?gv%rqg%igﬁr}gs% ﬁé or ?§§§§/€H§g%|¥\§§§rbc§%ﬁo ti%é?%?gfﬁﬁpﬁin%%ﬁig@ folded
back on itself on thexdsitefti¢hel sbeubiregitboltaconAlterAlitiusyivebferreneds rriyuve Brthedead the inner
-17 wall of the securglr\% collar 29, without the presence of an external protrusion. Preferably the recess is

substantially parall@ORKANhef e iigisiBNGx3E ofMA% R idhgeshirg:. iiHpsabedyesBrdhth dliEdure 9 the
end portion ofghe gging R4 aBet&? falsledk seit e B6RYSRA R *\%Jigég%‘?@&f&’f?@@o’ﬁ%% fﬁﬂf the

conduit and the raised thread 28 of the end connector 23. The assembly Is secured via a t ar
retaining or securintpookatosi2adve 31. The retaining sleeve 31 and end connector 23 may be provided

ith itive initial locatign vi fit interaction bet fit 10 portion 32 of the end
connector 23 and the lip HTBLARTFI Aebe SPIRGYHANG WPHIATdE 812 DEGERIINBBEE such as

EVA (Ethylene- VingbAgetsie) ghie @aa Hisg SedlieSeA i Hiecmme@oPRErthay ImprsVided
with a positive initial location via a snap fit interaction between a snap fit

10 portion 32 of the end connector 23 and the lip of retaining sleeve 31.
Referring to Figures 6 to 9, a suitable adhesive such as EVA (Ethylene-
Vinyl Acetate) glue can then be injected into the annular space 33 formed
between the receiving portion of the end connector and the retaining sleeve.

One or more small openings may be provided in the securing collar for the

15  purpose of injecting glue into the annular cavity 33. The injected adhesive
performs two functions, firstly the adhesive forms a seal between the
conduit and the end connector. Secondly, the adhesive forms both an
adhesive bond and a mechanical bond anchoring the conduit and spine to

the end connector. The mechanical bond is formed between the raised

20 external threads of the end connector and the cured glue which fills the
annular space between the end connector and the retaining sleeve. The
mechanical bond between the raised threaded portion of the end connector

and the breathing conduit is an important feature because there may be no
adhesive between these two surfaces. The cured glue must be hard enough

25  to prevent the thin walled conduit and reinforcing bead from deforming far

enough to allow the conduit to be pulled over the raised external thread.

An alternative preferred embodiment of an end connector will be



between the receiving portion of the end connector and the retaining sleeve. One or more small openings
may be provided in the securing collar for the 15 purpose of injecting glue into the annular cavity 33. The
injected adhesive performs two functions, firstly the adhesive forms a seal between the conduit and the
end connector. Secondly, the adhesive forms both an adhesive bond and a mechanical bond anchoring
the conduit and spine to the end connector. The mechakical bond is formed between the raised 20

external threads of the end connector and the cured glue which fills the annular space between the end
connector and the A8sGRiRgCsIalE refrsertsckRAntdaUER NtDbe thide A eCRIEEE it c3d 88556HI8M of the end

connector and the Hﬁﬂ ' Uit J j f S lve between
these two surfaces: e@t?r%c?%ﬁtlﬁeérht?s%%é@a?é@%ﬁgﬁ%@ %(?Cparﬂviép&@m?g#g“%&%ﬁéﬁ and
reinforcing bead frarf thefooningctar Bnormhdedalldw thei g hfuhamier pollddhiodesthbedisbdexternal
thread. An alternative preferred embodiment of an end connector will be -18 described with reference to

Figure 10. An end é@%n@%@oﬁ&@mbéﬁ %F&/i@ﬂ%\&_iq}.@ﬁh WihtBx e riefesis<® tI’f_FHa(HefQ'UWS cBnduit
receiving portigh Olféi?ﬁceﬁgwh%gﬂh@ PESYiR 'd&@fﬁﬂwl%@?élﬂ?éﬁﬂﬁgaé IReCIORIEARAVR EE yend

connector is also provid recess 26 for receiving a 5 reinforcin ine. During assembly the
reinforcing spine isrecesedaiahe thecbsi calyre ithlzet ebeedlth rith @d mdaitin dhreadedt isvbirethded over the
reinforcing spine and. r?ceivin é)@ortion of the end connector. %&described abovekg%néfn Iportion of the

d

reinforcing spine 36519 m@%ﬁﬁg'%?ﬂw@q{}é%h gI %ﬁ@git%HW‘?ﬁtBFe ﬁﬁq@@gdhesive
securing. 10 Alterngkiygly. S0EmPPIMiSH 5TanOecrrriienfIspme 98 s ifoiiRdreverTiie @segdeoly is then
inserted into an injection mould cavity so that a collar 38

of the breathing conduit wall in preparation for adhesive securing.

10  Alternatively, end portion 36 may be positioned as shown in Figure 9. The
assembly is then inserted into an injection mould cavity so that a collar 38
(shown hatched) is overmoulded to perform the functions of securing and

sealing as described above.

15 Due to the axial compliance of very thin walled conduits, the length
of spine will contribute to the determination of the length of the limb. In
the preferred embodiment the spine length is chosen such that when fitted
inside the conduit and secured to the respective end connectors, the conduit
is elongated such that the conduit length is close to its maximum length

20 (preferably within the elastic limit of the conduit walls). In such a
condition the wrinkling of the conduit wall is reduced, improving the
performance of the breathing circuit limb without putting undue stress on
the conduit wall due to axial tension generated by the spine. The axial
stiffness of the conduit is improved while limb flexibility is not

25 significantly impaired. For this condition, the spine is preferably between
100.5% and 105% of the length of the conduit.

A second preferred embodiment of the present invention will now be

described in detail with reference to Figures 11 and 12. Figure 11 discloses



(shown hatched) is overmoulded to perform the functions of securing and sealing as described above. 15
Due to the axial compliance of very thin walled conduits, the length of spine will contribute to the
determination of the length of the limb. In the preferred embodiment the spine length is chosen such that
when fitted inside the conduit and secured to the respective end connectors, the conduit is elongated
such that the conduit length is close to its maximum length-20 (preferably within the elastic limit of the
conduit walls). In such a condition the wrinkling of the conduit wall is reduced, improving the

performance of thedPSaAMBGiFEGY Il BbitHRlt girengnunBtes seiedersingnenestt Y \FaYeiiBGo axial
tension generated py.t in i ' f conduit is improved while limb flexibility is not
25 significantly imp%{?e(ﬁté%rlﬁ}gtﬁg%%ﬂ%n@égeﬂﬁﬁa%omw

e Is preferably between 100.5% and 105% of the

length of the conduit. A sedundepnédecied shdaehiziens griferaldgentoraidotiomesii sowdndirgcribed in
detail with reference to Figures 11 and 12. Figure 11 discloses -19 a breathing circuit limb including an

outer reinforcing sHO&tRS/IBING Gt U d g ey Broead 19- REHNBL 8RB &L T9R FBRNIMIREE sheath 27
is preferably a praiged mast r%rﬁgii@ﬁg @qﬁg iNg@reHl kNG Bd s kiepded A? ﬂg?yi bggnly at the
|

ends where 5 the breathing cﬁggdwt IS Inserted into the end connectors. All styles ot breathing circuit limb
end connector desbrieaithinigoerargtslirablesfut cerwiesigracs swtethgphoemnfareinguitadlie akrording to
the second embodiment .of thei esent invention. In_each case the reinforcing sheath is _located outside

the breathing cond(FERINIeh G exefred aﬂd@n’&fj‘ﬁ'&'tﬂ% 19 &5Af althdNEanEGRNE as the

conduit wall is secuiehoiiigHERLIdf the present invention. In each case the reinforcing sheath is
located outside the breathing conduit wall and is secured at and around the
10 end connector at the same time as the conduit wall is secured. Figure 11
shows an end connector having a breathing conduit receiving portion which
includes a raised external thread for cooperation with the helical reinforcing
bead of the conduit. The end connector may also include a recess or groove
for receiving a reinforcing spine as described in the first preferred
15 embodiment of the present invention. During assembly the thin walled
breathing conduit is threaded over the end connector conduit receiving
portion via the interaction between the breathing conduits helical
reinforcing bead and the end connectors raised external thread. A tubular
braided reinforcing mesh 27 is then installed over top of the breathing
20 conduit. Figure 11 shows a reinforcing mesh 27 over a portion of breathing
conduit. In Figure 11, the end portion of the mesh is not yet pulled all the

way over the conduit ready for securing via retaining collar 29.
As previously described in the first preferred embodiment of the
present invention two preferred methods of securing the breathing circuit
25 limb components are disclosed. The first method employs a securing collar
positioned over the breathing conduit and the conduit receiving portion of
the end connector, forming an annular space which is then filled with a

suitable adhesive such as EVA glue. The alternative securing method



shows an end connector having a breathing conduit receiving portion which includes a raised external
thread for cooperation with the helical reinforcing bead of the conduit. The end connector may also
include a recess or groove for receiving a reinforcing spine as described in the first preferred 15
embodiment of the present invention. During assembly the thin walled breathing conduit is threaded over
the end connector conduit receiving portion via the interdktion between the breathing conduits helical

reinforcing bead and the end connectors raised external thread. A tubular braided reinforcing mesh 27 is
then installed over €85%1RAE Hrdhenfikgtopretaire: embodinmensANE RESRERCINYEREEA P1BYRS a portion

breathi dui i ' | Il h
concht ready for SAEEMG W TR} CoTAr T8 AL AL S Bt

the first preferre
embodiment of thetipkeseatrimygicikdnatterratiierttd nsstnoolizdfceraponertiseabrdateingdcintaita25 limb
components are disclosed. The first method employs a securing collar positioned over the breathing

conduit and the coMAISEHONRIRIY D SAYEY030rHRAL ACONIRR SRR B8 RYREAHIFRTL IR RYZBENHRE is then
filled with a suifablg aaHERNE %@ELﬁ‘ﬁﬁﬁt\/ﬁﬁ@lg@aﬂ_ ﬂ%ﬁ?ﬁﬂﬁ%ﬁg&%%ﬂﬁ@@@ﬁ@ﬁ%lﬂ?d in the

first preferred embodiment of the present invention may be adapted to secure t reinforcing
sheath into the endicobndatdhisrmirodvberetddeingisteeaeive shbsikstedded tberopermontdded inserted
into an injection mould cavity so that a collar may be overmoulded to perform the 5 functions of securing
and sealing the coﬁ?&b%ents of the breathing circuit limb. In this method the retaining sleeve is
substituted for the overmoulded resin. The braided reinforcing mesh may be applied to a breathing
conduit

The braided reinforcing mesh may be applied to a breathing conduit

10 as an online process where the braid is formed at the same time as the
conduit is formed, or alternatively a prebraided tube may be applied to a
breathing conduit in a separate process. The braided mesh may be
fabricated from a variety of materials but is preferably polyethylene
terephthalate monofilaments.

15

In use the braided sheath contributes significantly to the tensile and
torsional stiffness of the breathing circuit limb. While there is no bonding
between the reinforcing mesh and the breathing circuit limb along the
length of the conduit, it has been found that the braided reinforcing mesh

20 significantly improves torsional rigidity of the breathing circuit limb. In
this embodiment it is preferable to choose the material, number, weave
pitch and gauge of the braided filaments to improve the conduits stiffness.
When the limb is loaded in tension, the stretching of the reinforcing mesh
causes the mesh tube to constrict radially. This radial constriction is

25  resisted by the helical reinforcing bead of the breathing conduit resulting in
a strain limiting effect for the breathing circuit limb.  This effect
significantly improves the breathing circuit limb strength and stiffness

against axial tensile forces.  The outer mesh sheath also provides an



10 as an online process where the braid is formed at the same time as the conduit is formed, or
alternatively a prebraided tube may be applied to a breathing conduit in a separate process. The braided
mesh may be fabricated from a variety of materials but is preferably polyethylene terephthalate
monofilaments. 15 In use the braided sheath contributes significantly to the tensile and torsional stiffness
of the breathing circuit limb. While there is no bonding “Hétween the reinforcing mesh and the breathing
circuit limb along the length of the conduit, it has been found that the braided reinforcing mesh 20

significantly improve@didieiilal dgidiyiedene ByeatFRsy &iRgLit IFHBCn EROBehodridRaRis fheferable to
choose the material H@Rﬁ itch.and e braid fi‘_ﬂ@ﬁ 0 j conduits
stiffness. When thqélﬁlgmb IS E)%Hclﬁe%ﬁ?] f%&lasigﬁ,@the S retscgrmgg@ %f heﬁr%n orcwﬁgﬁrgeglg Hgglxgeﬂs]%é mesh
tube to constrict radimitgfdrais redliaiognshectiaskis @6 nesmirgddydahe hedicrigeinforimg Heatlicd the
breathing conduit resulting in a strain limiting effect for the breathing circuit limb, This effect significantly

improves the breatRlABIEFARYMBRIRRsHRH AWRRIEEY QlgHiesP AR GGAH-AUNE AR S mesh
sheath also pravidesani2ih dditiang! RIVARREROWRAUARY THiRChRRach HeR e whic
user/environment ang’)ef%e ixatler surface of the reat)g\l[ng con utlj?tube, therefore re ucgll%gt e nsk of
puncture and damayay Diei¢dentlie sieattiataiethyahgodietdshe durability of the breathing circuit limb, and
is 5 especially suitable for conduits with very thin walls, such as those which may be found in breathable
walled limbs. -22



CLAIMS: 1. A limb for a breathing circuit comprising: a very thin walled conduit having a first end and a
second end and a breathing gases pathway therebetween, 5 a first connector fixed to said first end of
said conduit, a second connector fixed to said second end of said conduit, and an elongate reinforcing
member lying freely within said very thin walled conduit along a non-tortuous path from one end of said
conduit to the other end of said conduit, and connected4ith said first connector and 10 said second
connector. 2. A limb for a breathing circuit as claimed in claim 1, wherein said elongate reinforcing
member has a crodslsédd¥al area, measured from the outer perimeter, less than 10% of the cross

sectional area of thf bore'&i @'ﬁjgﬁ}fabﬁéaa{m C&P&Hif-c%nﬁpljm or a breathing circuit as claimed in

claim 1 or claim 2, "Wherein's ngate reinforcing member is hollow, and said hollow elongate

reinforcing member is blirgdvterynthitead i exhclrand tolyasdid) fasfi r20erhardtarsaodrehishdeaouc connector.
4. A limb for a breathing circuit as claimed in claim 3, wherein said hollow elongate reinforcing member is

too small to be a cAHBRNIBY GRSES p@Hﬁ‘O@X/ttbeée}bﬁﬁé’ﬁErbut large enough to be used as a pressure
Wherein said elongate reer L e S L Cross secton, and two
ends. 6. A limb for a breathéegarictorasectainfeckthtarsaichecobrthind dftegdd conduit, and
an elongate reinforcing member lying freely within said very thin
walled conduit along a non-tortuous path from one end of said conduit to
the other end of said conduit, and connected with said first connector and

10  said second connector.

2. A limb for a breathing circuit as claimed in claim 1, wherein said
elongate reinforcing member has a cross sectional area, measured from the
outer perimeter, less than 10% of the cross sectional area of the bore of said

15  breathing conduit.

3. A limb for a breathing circuit as claimed in claim 1 or claim 2,
wherein said elongate reinforcing member is hollow, and said hollow
elongate reinforcing member is blind terminated at each end by said first

20 connector and said second connector.

4. A limb for a breathing circuit as claimed in claim 3, wherein said
hollow elongate reinforcing member is too small to be a conduit for gases
delivery to a patient, but large enough to be used as a pressure measurement

25 or feedback conduit.

5. A limb for a breathing circuit as claimed in claim 1 or claim 2,

wherein said elongate reinforcing member has a solid, substantially circular



wherein said elongate reinforcing member includes a positive temperature 5 coefficient heating element.
7. A limb for a breathing circuit as claimed in any one of claims 1 to 5, wherein said elongate reinforcing
member includes a resistance heating element. 10 8. A limb for a breathing circuit as claimed in any one
of claims 1 to 7, wherein the length of said elongate reinforcing member is between 100.5% and 105%
of the length of said conduit. 15 9. A limb for a breathirrgzéircuit as claimed in any one of claims 1 to 8,
wherein said connectors have a first end suitable for making connection with auxiliary equipment and a
second end for makiif§TERHEANG W eBfsathing conduit, and an annular shoulder between said first
end and said second end, 20 said second end extending along an axis and having a substantially circular
cross section, and said second end having at least one protrusion on an outer surface for interlocking
engagement with aghelicairilinob Fdrredtindathdogdirt b d0claimeld for anhreathofoctaionst Bsckimed in
claim 9, wherein said protrusion is an external thread having a pitch suitable for entgeagement with said

helical rib of a breais6edBridist enaateA sIRIPISINguMamiRg Birdudess 2RRBEY t IR @M 8 laim 10,

wherein said sgoulggéﬁ%@ﬂ H@ﬁﬁ%@%}ﬂ {recess for receiving a securing collar having an extrusion
axis. 5 12. A limb for a breathing circtit as claimed in any one of claims 9 to 11, wherein said second end

of said end connector has a recess substantially
7. A limb for a breathing circuit as claimed in any one of claims 1 to 5,
wherein said elongate reinforcing member includes a resistance heating
element.
10

8. A limb for a breathing circuit as claimed in any one of claims 1 to 7,
wherein the length of said elongate reinforcing member is between 100.5%
and 105% of the length of said conduit.

15 9.  Alimb for a breathing circuit as claimed in any one of claims 1 to 8,
wherein said connectors have a first end suitable for making connection
with auxiliary equipment and a second end for making connection with a
breathing conduit, and

an annular shoulder between said first end and said second end,

20 said second end extending along an axis and having a substantially

circular cross section, and
said second end having at least one protrusion on an outer surface for

interlocking engagement with a helical rib of a breathing conduit.

25 10. A limb for a breathing circuit as claimed in claim 9, wherein said
protrusion is an external thread having a pitch suitable for engagement with

said helical rib of a breathing conduit.



parallel with said axis for receiving said elongate reinforcing member. 13. A limb for a breathing circuit as
claimed in claim 11, wherein said 10 securing collar has a recess substantially parallel with said extrusion
axis for receiving said elongate reinforcing member. 14. A limb for a breathing circuit as claimed in any
one of claims 1 to 13, wherein said elongate reinforcing member is resilient and does not 15 plastically
deform in use, under normal flexing and bending of saitfmb. 15. A limb for a breathing circuit as claimed

in any one of claims 1 to 14, wherein said elongate reinforcing member has a cross sectional area
between 3 mmz2 antl12.5Anhb2foiea Riraliae LHi@Hihasy daturGdrisiaied b aneBigot@laims 1 to

between $ mm2 antf12 Finfi2bo 4 ims 1
antt 11056 N rmm2 A B Do Cre T A R S Ay R S e

including: a braidedsheatasingoamditausiat exsluit and being fixed at and around one end to said first
connector and at and around its other end to -25 said second connector. 18. A limb for a breathing circuit
as claimed in claim 17, wherein said sheath is a braided tube braided from polyethylene terephthalate 5

monofilaments; 19.44 me r ACHHi A ' G\ isiog: spreviding a very
thin walled breglthinlglé bon&?ﬁgvﬁgaga%st erﬁ@ga%éml% ?s%éqofﬁgaelﬁd%ﬁy%k GPRIBNMS'S 12
wherein said second end of said end connector has a recess substantially

parallel with said axis for receiving said elongate reinforcing member.

13. A limb for a breathing circuit as claimed in claim 11, wherein said
10 securing collar has a recess substantially parallel with said extrusion axis

for receiving said elongate reinforcing member.

14. A limb for a breathing circuit as claimed in any one of claims 1 to 13,
wherein said elongate reinforcing member is resilient and does not

15  plastically deform in use, under normal flexing and bending of said limb.

15.  A'limb for a breathing circuit as claimed in any one of claims 1 to 14,
wherein said elongate reinforcing member has a cross sectional area
between 3 mm® and 12.5 mm®,

20
16. A limb for a breathing circuit as claimed in any one of claims 1 to 15,
wherein said elongate reinforcing member has a minimum bending stiffness
between 693 N.mm?and 11096 N.mm?,

25 17. A'limb for a breathing circuit as claimed in any one of claims 1 to 16,
further including:
a braided sheath surrounding said conduit and being fixed at and

around one end to said first connector and at and around its other end to



locating an elongate reinforcing member having a first and a second end, lying freely within said conduit,
along a non-tortuous path from one end of said conduit to the other end of said conduit, fixing a first end
connector with a first end of said breathing conduit, 15 and a first end of said elongate reinforcing
member, and fixing a second end connector with said second end of said conduit and said second end of
said elongate reinforcing member. 20. A method for margfacturing a limb for a breathing circuit as
claimed 20 in claim 19, further comprising: locating a reinforcing mesh having a first and a second end,
over the outside of8HlSeFRBELFRNBBE@t, fixing a first end connector with a first end of said breathing
conduit, and a first end of said reinforcing mesh, and 25 fixing a second end connector with said second
end of said conduit and said second end of said reinforcing mesh. 21. A method for manufacturing a limb
for a breathing circt®.-26 Aolimbsfog:a dymathinggaoiecyithas \whlietkdréatbiagredddvitearingaidirst end
and a second end, locating a reinforcing mesh having a first and a second end, over the 5 outside of

said breathing cond0RaHkinl$ a rsPENERDN MR- RithdRdirsfronn oPely§thdansnd¥shratalalRd a first

end of said reirgforcriﬁgdg\ﬁ ghed fixing a second end connector with said second end of said conduit and
said second end of said reinforcing mesh. 10

19. A method for manufacturing a limb for a breathing circuit
comprising:
providing a very thin walled breathing conduit having a first end and
10 asecond end,
locating an elongate reinforcing member having a first and a second
end, lying freely within said conduit, along a non-tortuous path from one
end of said conduit to the other end of said conduit,
fixing a first end connector with a first end of said breathing conduit,
15 and a first end of said elongate reinforcing member, and
fixing a second end connector with said second end of said conduit

and said second end of said elongate reinforcing member.

20. A method for manufacturing a limb for a breathing circuit as claimed
20 inclaim 19, further comprising:
locating a reinforcing mesh having a first and a second end, over the
outside of said breathing conduit,
fixing a first end connector with a first end of said breathing conduit,
and a first end of said reinforcing mesh, and
25 fixing a second end connector with said second end of said conduit

and said second end of said reinforcing mesh.

21. A method for manufacturing a limb for a breathing circuit



22. A limb for a breathing circuit comprising: a very thin walled conduit having a first end and a second
end, a first connector fixed to said first end of said conduit, a second connector fixed to a second end of
said conduit, and 15 a braided sheath surrounding said conduit and being fixed at and around one end to
said first connector and at and around its other end to said second connector. 23. A limb for a breathing
circuit as claimed in claim 22, wherein said 20 sheath i€8 braided tube braided from polyethylene
terephthalate monofilaments. 24. A limb for a breathing circuit as claimed in claim 22 or claim 23,
wherein said cond$i®IREIUEEW a helical reinforcing bead. 25

providing a very thin walled breathing conduit having a first end and
a second end,
locating a reinforcing mesh having a first and a second end, over the
5 outside of said breathing conduit,
fixing a first end connector with a first end of said breathing conduit,
and a first end of said reinforcing mesh, and
fixing a second end connector with said second end of said conduit and said

second end of said reinforcing mesh.

10
22. A limb for a breathing circuit comprising:
a very thin walled conduit having a first end and a second end,
a first connector fixed to said first end of said conduit,
a second connector fixed to a second end of said conduit, and
15 a braided sheath surrounding said conduit and being fixed at and

around one end to said first connector and at and around its other end to

said second connector.

23. A limb for a breathing circuit as claimed in claim 22, wherein said
20 sheath is a braided tube braided from polyethylene terephthalate

monofilaments.

24. A limb for a breathing circuit as claimed in claim 22 or claim 23,
wherein said conduit includes a helical reinforcing bead.
25



