-1 LIMB FOR BREATHING CIRCUIT 4 July 2006 BACKGROUND TO THE INVENTION The present
invention relates to components for breathing circuits and 5 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 applicatiod Ay 2883/01 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 reinfd-Fc!i%BiszQ%BlRi B%'M@sﬁﬁ&qu&mshing 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 BAEHSER WU PEsERE dNMESNOhEDdrces. While annular or helical ribs, whether

inside, outside or betwieen fgyeis.of ine. sondul wpll. do,pravide somedonaitdnel. siifpess, these
conduits are still prone to largé axial displacements both™ contpressive and tensile. THiS Tan lead to

substantial interral violyparicllangeEmbsder Bredttiggibrershing pressures, potentially significant enough
to disrupt 25 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 haveShivhdadR O @ e FaR1@easitaught or snagged.

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 significant enough to disrupt

25 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 4 July 2006 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 provi¢éulli@¥ifblic and the
medical profession with a useful 10 choice. Throughout #his specification the term very thin walled
conduit means a conduit where under the intended prevailing conditions the conduit would be subject to

excessive axial compressidh, &Ghe cdratHeRSAgRe PhAEMIY o YR IRE 1B &S cAb&HERYS patent

3,910,808 using a S\ﬂME’dNTﬂ;%fﬁtﬁe h@wnmiriﬁ]@mbt@h@eﬁsldﬁ@sdmﬁemam%ﬂﬂﬁe boengt aspect the
invention consists in a limb for a breath| @ t%wt co eﬁésma}éﬁ ver)é)lthln walled C% nduit having a first end

and a second end any BPSafFTPFREL BaivEP theHsher HRG: Lo SOP RRUEFE said first
end of said conduit, arg#oopldstieretctontisadrioseitidetmoesend 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 said 25
second connector, wheidilgdrdy sldngate IdIMBNTIPMember does not include a passageway large

enough for gases delivery tR R Bﬁtja%ﬁ'éct 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 with a useful

10  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 SYMPATEX film having

15  athickness 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 said

25  second connector, wherein said elongate reinforcing member does not include a
passageway large enough for gases delivery to a patient.

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



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 -3 4 July 2006 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. 4dulyfeeter aspect the
invention consists in a method for manufacturing a limb $or 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% HAGSAALdeHPEEENSHE SERPAARHSaI 399N RPiong a non-tortuous

path from one end of said §g@d§g§ghah@ngtl&[e¢ﬂ%gf sfishcandiis fhdachavirgt endisetanesigr 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 sEHFPHBESHRFLIRFBPRALoNduit and said second end of said elongate reinforcing
member. In a further aspecga%esmfatigﬁumgyih o&qlé/ageo'f@ig,rt@mgnﬁséﬁnaﬁ dnedy lQIrp &y egthing 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 $aid bpiderkiagGeReMERSARBAID AR HPcbREF NS IC8aR Eonduit, and a braided

sheath _surrounding said c_onpug aﬂgtp@}ngagiggg alindi REPKRA ORERktoaid firskapnegspr and at and
around its other end to said
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,



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, -4 4 July 2006 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 setdulil &% of said conduit
and said second end of said reinforcing mesh. To those%killed in the art to which the invention relates,
many changes in construction and Wi(%%}/ differing embodiments and applications of the invention will

suggest themselves withoulQ98Ha8iAJeHier eI JEsER BavY RofiFicitbA a2CaBA R iPYSE BSpended

claims. The disclosugasasldneaid dreatpiignediaiatn 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 bl Stend GRABeSIRE Wil p iyt §RCnebIeaid rBTRAEPHIS BRI Ton top of

overlapping spirally wpuae B HrlsyariferiR L i shCHpRS Sectional side elevation of a double walled

breathing conduit formed in a manner analogous to the conduit shown in Figure 1. 20 Figure 3 is a plan
view of a conduibforming d&kiES fopgerRfl e eHONCsAIAIV AR iatd seronfard of Rl FOnFtABRbss sectional

side elevation of a siggle Walicd N8R 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 of the

10 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 Figure 1.

20 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 resides
between the overlapping spirally wound thin film layers.

25 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



conduit formed by applying a molten reinforcing bead so that it resides between the overlapping spirally
wound thin film layers. 25 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 4 July 2006
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 in Figure 6. Figure 8 is 4 lulys¥le@ctional elevation
of the ends of the breathing limb 5 according to Figure ®and 7. Figure 9 is an assembly perspective view
of one end of a breathing limb according to a further preferred embodiment of the present invention.

Figure 10 is a cross-SOiaReEngiemRE e pd Ambedimen Lot aipis I8 h RMeRUPPreferred embodiment of

the present invention. 10 Figigigl & issasnpiiaiiypsssmiird neiispestive view affone end offag breathing
limb according to a further aspect of the present invention including an outer reinforcing mesh. Figure 12

is cutaway view of the'BREHBS HSBYTEIHEUE 8howing the outer reinforcing mesh fixed at and
around the end connectorsgig FaEgTigU-Elgs 5 5ee fibRiAT IR tioREoP IRE /ALY EHICPrERLAIRS [Rrpreathing

conduits in general and in particular to methods of providing reinforcement for very thin'walled conduits
used to provide & clod&@shgtay iradivedidg gases to a patient. 20 Consequently the present invention

finds application in breathir;g(ﬁ%dgligg efﬁ%%@ﬁ%ﬂ}%@?@é@%%%@@?% gﬂ@tg{adstﬁgé{wufactured
Py a variety 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



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 4 July 2006 provided on the tubular membrane to provide4dipdB08gainst crushing
and pinching. The helical, spiral or annular supporting nfembers may for example be formed from
polymer plastic materials, such as the material used in the wall of the conduit or having the same base

polymer. It has beenREMiAEHh ANstRelR CBRIRIRNS UL idsseHARH:RAINsh SVesBIRIedE mely light,

flexible and provide Sﬁi@ﬁiﬁ&ﬁﬂﬁ@ﬁ%ﬂi@ﬂ?@phﬁmﬁn@ﬁr Bl %’eﬁ*ﬁ@r's‘?fY%/ f@ﬂéb@cﬂﬁﬂ%s@ance to
axial deformation. Due to the very thin polymer film formlng] the walls of the conduit, the resulting

breathing circuit imbihd9TAeE fremuRY AP KA B3 BHA n £Y P 35r e TEESK[FASRA AR oNtraction
along 10 the axis of {ygIFBRALCEHEP GIRNIFAIRARIdHRRSpUIHRS: iALioBEER fliinghiom patient

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

present inventio® prdViRABIRY sRNtHItS Rt aR ete WRECIRBFoRRRY B exirerasty Tiphtrfieddlaspect the
present invention proyjdes8\Raeating EHEH! EERMUALR IMBIRKRS HSieaRbWR SiHpesRo VRtvdhin walled

breathing conduits such as those described above can be fabricated by a number of different methods.
The following descriiedueed aealsiicetimaxial e tuRalien anduss ko dhere@ i sid do maahiRcturing 20

very thin walled condiyfis iRhicide J¥ BReCSIEMRT YR RS FRelFlo BRESHEEIPHRIg Hg.A 2 cross

section of the wall of a breathing circul

reduced axial stiffness and may be prone to expansion, and contraction along
10  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 a breathing circuit limb with improved torsional
15  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 manufacturing

20 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

very thin film plastic membrane, and wound helically with edges of adjacent

25 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.



limb is shown in which the flexible wall of the conduit is formed from a very thin film plastic membrane,
and wound helically with edges of adjacent 25 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 4 July 2006 A helical supporting rib 43, provided in a
molten state is then laid on top of the overlap between adjacent turns. The helicklld@@forting rib
thermally and mechanically bonds the two adjacent strip5-with the rib forming a flexible resilient conduit
once cooled. The resulting product is_a single walled 5 br_eathinghconduit which is light and flexible.

Further embodiment&\JieleARHRPRSHING diBy*3uPFeYiHRScESE, AR 3tRuIS SRe N AId PRIRARES, can be

formed by ad_ding furiﬁé?bﬁ&@%ﬁ&\ﬁé@rﬁ@éﬁ‘é@éﬂﬁ@ﬂ’f&?dﬁﬁérﬁﬁl&ﬁ%ﬂﬁﬁtﬁgfﬁﬂiﬂ@r‘i‘iﬁaﬁi_glHl‘ﬂ_JIZ a double
walled conduit may be formed by 10 adding an additional thin film layer 44 and supporting rib 45. An

example of forming dPpeiaficatYiteIETdheniMeraCiRGERG P NIBIe bRty Toredtng e oduct
according to the embegifApt SARRIDRRCI FIBNE 2 RN INGIHIRIG:(T Re ArpagRius Aeludes a

former 1 preferably of a known type including a plurality of rotating rods arranged 15 around a central

support rod. Thebrod§reatBINg fiedaiiid WhiChbtiellahy angeHdRldvithirHEhanddmiodiowkts. ak least in the
tube forming region the, JGiRUIRPHRADIPIOM & *b‘?HE@és?%U&hTé%en%ﬁ?lb@’\%ilQ& E5h RS rekative to the

support rod controls the pitch angle of the tube being formed. An example of such a machine is a spiral
pipeline mandrel avaffiBledyeingAs HrsEoeo tRdRe anye Besat TedfriandrREOt8pmer 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
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 of
20 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 first extruder
25 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



of the helical laying of the strip or tape on to the former 1 is a little less than the width of the strip so that
adjacent turns narrowly overlap. A first extruder 25 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 -8 4 July 2006 wall 6 of the conduit. A second extruéiédly 288pudes a bead 8 of
polymer material. The bead 8 deposits on the former ovérthe joint or overlap between adjacent turns of
tape 5 forming a raised bead 9 along this join and welding the_overlapping turns of tape 5. A third

extruder 10 extrudesV¥HeB HdtPepeo8dUitof Ars8RRARIHBIeTCf. SHEIdes hBaahS Of FPhrShable
polymer is depositegagiig. farmeasehd® RABREWERT AsiaRRAVEH IR GbihEaH SeAdiPBanieiums of tape

11 overlap, forming outer breathable sheath 12. A fourth extruder 13 extrudes a second molten polymer

bead 14. The bead 120j3CeIRHI QERRGESABHARL e Asask il endatiiscain /A1 second 10
tape 11 and welds th0¥GEARPINL HIR% frtane BL. 1A agrlieRdadherleondingcohtaebim eywiap by

application of the molten bead other active fusing techniques may be applied. The resulting product is a

double walled reinfortbdPbrtediiapleoralinas witheasesacd Batddn thedrgakieBled RRER ks, The
breathing conduit of figidee<iBMABYERTEF A4 P¥RAMERRS I 2SR UM Biainad arjatayrd ©

manufacture the conduit of Figure 1. The forming apparatus shown in Figure 3 is effectively made up of
two identical stages #Fahdefdtpeetibvaslamefrstisgduiss theershatde shvatn idd-iguie foWdhsists of film

extruder 4 and bead gyiyfler 75 A s WoMRGRF HBRLIPERRer il (eX UdeRd Batiidasig molten
bead on top of the overlapping layers of film 5,
helically deposited along the overlap between adjacent turns of the second
10  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



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 4 July 2006 preferred method of manufacture of single walled
breathing conduits. This method is particularly suited to very thin walled conduitbngf08 the subject of a
co pending patent application. The very thin film is arran§ed in a spiral or helix such that the edge
portions of adjacent layers overlap and form the wall 5 of a tube. Interposed the overlappinﬁ edges of

adjacent winds of filrRT&elTeb &ef RimeanuEaeiHes 27 pinatewallad Redinm ey oridAS of film

sealing the joint bﬂWﬁ@thMﬁ@'Wﬁ&ﬂ&'rf?@Bif&l PoOR¥ '_f’tHﬁU\‘f‘vé'H'éG-c'BH&Lﬁ%adﬁd iﬁs fmersasj&ﬁtwen the edge
of a first layer of film 48 and the edge of a second, adjacent layer of film 46 which is laid over top of the

polymer bead 10 whifeCthBaRiRpigaifatERPIpIG0e BRIV BHIS BEaA0SE iDid SBIERPr follows the
contour of the bead VRKCIgEA aNthiSYIIRASTRBPLABAN RORAAL ARPIMAIRAlRmIng

apparatus suitable for manufacturing the breathing tube accordinFﬁ to an embodiment of the present
invention descritfed iAfFgiWRe 4 iINEBARE ANt RIYRrBPPHY Aslsasaliarsabyvintr ek fil® ivduding a

plurality of rotating rags ATERNRCHAP WAL BT ASHRROWACnd BSdRASRICRSHIGR BRdiare rotated by

a gearbox within a machine stock 16. At least in the tube forming region the rotating rods follow a helical
path. The 20 pitch ars§Ribg fhe et RerRAS toiENASANSH PO It rRrefs ine usckiRg g IENSfSERR tube being

formed. An example f fiieha BRGNP R SRIECLPIRSIRE IBRASPAVRIIAP S o QASTSRL of ltaly.
second, adjacent layer of film 46 which is laid over top of the polymer bead
10  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 helical path. The

20 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



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 4 July 2006 first extruder 18 extrudes a
tape 19 of very thin film polymer materials. The tape 19 deposits on the formef d®¥28Dhelical fashion by
action of the former. The pitch of the helical disposition 8 tape 19 is slightly less than the width of tape

19. The helical deposition of tqa{%z 19 forms the wall 20 of the 5 conduit. A second extruder 21 extrudes a
bead 22 of polymer rHAREAXEN HorxHysies eo iR ASsiRs BERX B HEBY BAYRR RGNS of adjacent

winds of tape 19 and i SHfficiEni e dianefariadnesinps RéliaRerashiomplyinetidheonaiien bead

between the overlapping layers of tape may improve the weld quality as both layers of tape that are to be

welded are in physiciBfiadiifititan théhmbrécabERAOTIHEYRRIRDO IE Sighibelgsidhabitiae inner
surface of a breathing;g®ngiithp ITPOTABhARA 'GIRiNGIe P URCEIMBNYNREVRAES8 dfoweand

contribute to more condensation to building up in the conduit. The above described construction

technique is espéciaf@rihitd foesABdiextidgricaterrtradssameadd2fiaf. ml¥nsmmaeiibbE® conform to
the shape 15 of the rgisrelyial Be dRRisd MRBPERISETHYMSG BBAFGHICEF RyjdeRRinNGingsTY closely

onto the bead and wrapping around the bead, the very thin film maintains a smooth inner surface on the
finished conduit prodeictee $AcNe inseiiciendy Peateatriweld {6 the BoinainbtareHd filvRIXHEY molten bead

e et o o R B I A POUFRARAA BRI 6 oo
quality as both layers of tape that are to be welded are in physical contact with
10  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 able to conform to the shape
15  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 Dbeen chosen to illustrate the many possible variations and



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 4 July 2006 are not meant to be in any way limiting. Many further variations will present themselves
to those skilled in the art. While some embodiments of the present invention havelheéedb described as
preferred and convey particular advantages over other éhtbodiments many other combinations may
prove 5 commercially useful. Such variations may include: (a) the utilisation of breathable material for the

conduit walls or part&%r "PldMEans 1o 8e ) amgway,AnBHiBe miiapYefWimiavagatians WittPsseithout space

between the walls m%ﬁ%éﬂfé@% krRddina @yt siggestio tﬂﬁ\f@@iﬂﬁe rm%aﬁm@?@ieglgq@yer or
multiple layer walls; (d) very thin tape may be extruded at the time of forming, or pre-formed 15 and

supplied to former orPfeRE (BY GBHO T IRYEpRES B IPSdiRSIRETarTafhiARAcORBVRI REVESYIRRIN film layer
and a reinforcing laygpyeiieigds v RfBieaRrBJGiIMEHY YRRBHotHEY TRERIDMAIBRESRAYYrtEude a

secondary thermal welding process; (g) molten bead may intérpose layers or be applied on top of two or
more 20 layers;¥h) &REEDRSEIRILGHIbrawing or blowing of a conduit; (i) forming a conduit from a very
thin film with a longitudinal seam;

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;

(H  forming process may include a secondary thermal welding process;

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

20 layers;

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

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

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

25
The present invention may be broadly described as relating to

methods of reinforcing breathing circuit limbs so as to provide increased



() providing a series of annular radial support beads rather than a helical radial support bead. 25 The
present invention may be broadly described as relating to methods of reinforcing breathing circuit limbs
S0 as to provide increased -12 4 July 2006 axial or torsional stiffness, or both. While the present invention
is particularly suited to conduits having very thin walls, it will be readily appreciated that application may
also be found in more traditional conduits if further reinforcement is desirable. 4rhdyfe@®®referred
embodiment of the present 5 invention describes the prd#ision of an axial spine and end connector whose
primary function is to improve the axial_stiffness of a breathir:tg circuit limb. The second preferred

embodiment of the pPSERNER/SIANGH HiTESRSQr O tRxAIRLLE 1B REPSHIL LVEAHIPBATREHCHA NN end

connector for use Wi%ﬁb‘&ﬁo@ﬂﬁ&ﬁﬁ@ﬁdﬂiﬁ&%ﬁ}“ﬂﬁﬁ\ GW&H!&E |ifTWiI_irB€ re&aﬁw%g@wﬁad&mr?ded to the
10 limb at only the ends of the limb where the conduit wall inserts into the end connector. It will be

appreciated from the2fMbeehied82YipHsA that MRENEhdNconerectirs kivsdlinerndrbis uifafEthsr use with
either one, or both, ofgliye,RERRFETS QIBaRMIBENtS 8T e RIRTERLINKRMIRmARIISraReh eabRdiment of

the present invention is discussed in turn, it is in no sense meant to be limiting 15 as the preferred
embodiments m&y b&saRbeN 8 sEDsatas P Ybiamel. an firdelraierratde?ne SaRReRIOsMNeR8athing limb

according the presen inuanigR-yihie HERRHRRR iMdsial iSRS IRl QHrBuke (Bnd he breathing

limb has a conduit end connector 23 (or 49), suitable for 20 connecting a breathing conduit with a device,
for example a gases ThenfiekRoatirefrsece NReMmes: of MgsiorasenttiaMendioandeserinecten 23 is

configured to mate With L IIRAKBAUIERLEHER AR GIHUA" BASKetor for use with such
reinforcing in a breathing circuit limb. The reinforcing mesh is bonded to the

10 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 turn, it is in no sense meant to be limiting

15  asthe 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

8. The breathing limb has a conduit end connector 23 (or 49), suitable for

20 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. The

end view cross section of each end portion of the connector is

25 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



while the second end is configured to extend into a breathing conduit. The end view cross section of
each end portion of the connector is 25 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 -13 4 July 2006 annular recess 32, for receiving a securing
collar or retaining sleeve 29. The limb includes an elongate reinforcing membef dtl¥g{¥ 24 lying freely
within conduit 25. Conduit 25 for example, is such as thdSe described above. The second end of conduit
end connector 23 has a recess 26 adapted 5 tq receive an eIonlgate reinforcing spine or rod 24. The spine

24, runs the length GIHEAJRERRE REnOHEECRIMINGRes 4 ORI Sp1BINSReR P the inside of the
conduit, and is secured in anpthanBnAGaRRESIPEIAGHENR PIRREIRNheRHG Sanghille Peeforagly the spine

is substantially the same length as the conduit and follows a non-tortuous path between the connectors.

Because the 10 spin&¢BbtNaEINIcENBhERtokgNd it ete M ISRy 10 a4e? asdhaprdesptnRd it will not
follow a linear path, buhtathemwildbgngl S & SRANAW MRAVYORRE(RSr SBIRISArfRcdkyvilbalaqdagappreciated

that a spine slightly shorter than the conduit will also result in a de%e of axial reinforcement. When
assembled as descriBd@i¥eCamBIRRLAE deEherehanaf ahaoshate Wil riife 2Ae LHDHEBAthing

conduit with additionglxiabsiHaeshdli FIFIRIYOHEER P99 S Ahdnm@dptie i ashwilHherefore go

some way to overcoming the above described disadvantages that arise from the use of breathing
conduits having extré§ief/ahingigandtils anftiseswisgdimintiar piéroantstas dAcideatdheeinforcing

spine (material, gaugs, 3¢ Mgy i 'P?e?élfélﬂ}‘?mb/sﬁfﬁet% EHShARINAHNGHRIERISdLaRsienty
reduced internal pressures that could be expected during patient breathing and suffiCiently stiff to provide
improved conduit and follows a non-tortuous path between the connectors. Because the
10  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 combination of end connector and spine will provide the
15  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
reinforcing spine (material, gauge and number) to be sufficiently stiff to resist
20 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 (E),
of approximately 0.88GPa. Preferably the elongate reinforcing member has a
25 cross sectional are between 3 mm’ and 125 mm?  Preferably
the elongate reinforcing member has a minimum bending stiffness

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



axial stiffness to the conduit. Preferably the elongate reinforcing member is manufactured from high
density polyethylene having a Young's modulus (E), of approximately O.88GPa. Preferably the elongate
reinforcing member has a 25 cross sectional are between 3 mm2 and 12.5 mm2. Preferably the elongate
reinforcing member has a minimum bending stiffness (EI=Young's Modulus*Second Moment of Area) for
its cross section -14 4 July 2006 between 693 N.mmZand 11,096 N.mmZ. Althédigl 2086odiments
containing only one elongate reinforcing spine are show#, it will be appreciated by those skilled in the art
that the end connectors described could easily be modified to accommodate multiple 5 reinforcing

spines. In such multiR§5HRER S Mmentane b 0RNMHbe taken to ensure that the gases flow is not

disrupted too _detfimenta||Y-A9ltﬂdﬁ§@ﬁreﬂﬁb@@ﬁﬁéﬁ@@@ﬁﬁﬁﬂﬁi%ﬂﬁﬂh@ﬁb@]_@ﬁgmg Fé]_ﬁf@]@ﬁﬁﬁ%biﬁ@ug_e and
number of reinforcing members is to ensure that the breathing circuit limb remains laterally flexible and

thus maintain patien@€drifieWn dtTHE kQprePRIRSIBMANY reserakilleddfetfie it Yakdhfe ibroved
plastic material, such,gs-aighrdeasibyipaly elMenRsAY the SAEAEA!S5a @B HR0ARE RRNRIIOTS if welding

of the spine and end connectors is selected for manufacture. In the preferred embodiment the reinforcing
spine has a circflar EarabsisRinesmiHiniksd Al ibsring Anebedispditse Garemeestsite Pedaksa made 15

from a variety of matgfialy ABGHRPHERA YSIG S I aRS SREHOR bR &HARY SOid RiAgHoW without

departing from the spirit of the present “invention. Preferably in hollow spine embodiments the spine is
blind terminated at daHIPEAR P RsEleid @b eN0EBORsIRG shinBaiahiallogaHee hag BumMBsoRfbore, the

size of the bore will bg;iagificieRi AHBRN G A PBRES HCUIER" HD GRSARIFIGLFRLIT Al GemaRRional area of

the spine (measured from the outer
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 may be made

15 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 gases flow or

20 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 for example) it may be used for

25 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.



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 for example) it may be used for 25 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 heatthéble¥nt. - 15 4 July
2006 It is envisaged that there are several possible varidfits which may be employed to secure the
reinforcing spine and/or reinfarcing mesh into each of the end connectors of the breathing circuit limb.

The general requirements fBri$RWER0E AL (RS e ALe- SeNAIBIVROSEHAI G MAr Kb ¥R M@i3Srovide a
means 5 for securely:fASIBAL SRR &RNEREHTOFEIRICISIAG ANBRI RO TSy SYE iR cask dering use.

Preferably the end connectors are constructed such that assembly of the components during
manufacture can be {880 P@RRGIOrnokihgreaBHatelstiH i knathp SRt spmEERBe MR astened to a

breathing conduit toferahtNefRRSH BreddToaNd PRnarl cilnaRshPFRiRIR i anRealing to the eye

of an end user. The following describes two alternative preferred embodiments of the present invention

which attempt toSsatif®y $BeUrsbolRsISaHIb HSAEY G SfetaiDEY Cing/imesh Sppe EPapseVEM Mk portion of
the end connector desgrigganyhifl COPR&EIIHR S RINENoHHERBR SaVe AL QEINaR N MAY be male,

female or an androgynous tﬁge connector without 15 departing from the present invention. Further, each

end of a conduit m_a}ﬂSﬁ@m@ @fsﬁiﬁ.é?‘émﬁlctmﬁiﬁeﬂ@Wﬁbm@@dfﬁﬁ%ﬁ)?aﬁb@@@ﬁﬁ@eﬁ@vhwi[ypep(«)f |
connection is requiregh {f, 5 REAGHNRIP fg‘?Hégefﬁe'rétﬁlaecgﬁ%@mﬂ?%é?yﬁsl@ﬁgcw&%”ﬂ? Afrrciated with

the reinforcing spine or not) the end connector at at least one end will preferably be adapted to make an
electrical connectionconduit to form the finished product should be neat, tidy and preferably

10 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 androgynous type connector without

15 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 preferably be adapted to make an electrical connection

20 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
bond between the conduit and the connector, a portion of the connector which

25  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



20 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 bond between the
conduit and the connector, a portion of the connector which 25 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 -16 4 July 2006 reididebird§¥ead and
preferably take the form of a continuous thread. It will h&§vever be appreciated that the protrusions may
be any number of discrete hbumps arranged to cooperate with the conduit reinforcing bead. The raised

thread 28 takes up a'BBYRISHBERSANEhRraffbin takene fane 1nf iR SPBtHRHAtS LT Wbt the
conduit. The thin Wa'h@&v@\i%PB@%&@@M@@QH&HH@W&rr@ﬂgrﬁeﬁ‘agsb@béﬁ)ﬁ%dﬁfﬁémdf AReesgary to
a

accommodate the raised external thread of the end connector locking the components together. These

features provide a mBERRNICHTAASRHCEPPRAFIR ¥iéta e conHLILARIaTR HamEeRlIcEeJABE connector.
As shown in Figure Giha@osopédhe,canpesie bulis aeeiesatepcantyitds gisommigled with a

recess or groove 26 for receiving the reinforcing spine 24. Preferably the recess 26 is substantially

parallel with the 8xtrigiBFPEsiRgdTaRE ToRhEeFOTBIEsIEMBN, Walkeddbe oendHineeaNdbating means
for the reinforcing Spi‘éﬁf’dt‘&mg%éﬁ@ FORBIL {9 BeroireRIsEAGHNG atImsaiedribreaskan the

receiving portion of the end 15 connector. The reinforcing spine runs up the inside of the conduit and is

received into recess Qg%ﬂﬁhé@?ﬁﬁ&ﬂﬁéﬁ@?.Cﬂﬂ@%ﬁﬂﬁé&ﬁ@ﬁ%ﬁﬁé@éﬁﬁ%ﬁmﬁégﬁé@% fbe\:ﬁmere an end
portion 36 of the spine #4153 0GdPacKLAIREN %Hh%lfgti]gﬁeaﬂkit?égﬁt%gaq&wHHnWG‘#:g% feature

provides a mechanical interlocking of the spine around the conduit wall as well as providingan end

pulled from the connector. As shown in Figure 6 the portion of the connector

10  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 the receiving portion of the end

15  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 conduit wall as well as providing an end

20 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 retaining

25 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



20 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 retaining 25 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 théubp28864 which is folded
back on itself on the outside of the breathing conduit. Akématively a recess may be formed on the inner -
17 4 July 2006 wall of the securing collar 29, without the presence of an external protrusion. Preferably

the recess is substatMallyPh e REFWitRO Gl LRk ATsivitARHE HeRELSSaER MR G SIS MRKEFRLSIAD: referring to
Figure 9 the end portigereiHl9 HRINEc3E MAYURetipIdan spaltblirs Retvvesn dhelidsalminfpiaing bead 35

of 5 the conduit and the raised thread 28 of the end connector 23. The assembly is secured via a tubular

retaining or securing ESHANGIeRNRY 31ARRRFEVEIINEFEEd08 1 RigyTend BihABE1BPAMAY B provided
with a positive initial fatiaR Yiag So3eIHdNSTAMNAN fRWER R SRRBAI ARIRHA2RAs=esE connector

23 and the lip of retaining sleeve 31. 10 Referring to Figures 6 to 9, a suitable adhesive such as EVA

(Ethylene-Vinyl AcefAfe§ejdeitandttaraisesjbeead aRothReHNEAaRRYEREZB formed between the
receiving portion of the endhgnaeRhRNdshedeiaining %eﬁl‘bﬁiép%tgfniwrgrsgﬁéﬂt%@g'&mi’a? may be

provided in the securing collar for the purpose of injecting glue into the annular cavity 33. The injected
adhesive performs tl£a8 fhctibhe, istine esieare shkeafishAR0a CONAEBIIVER e RO RBRNIE8H the end

connector. Secondy, i a0hesix it HLAHSHER YR BN ARAR 1P BRRRER! £ AREoring the

conduit and spine to the en nnector. T
portion 32 of the end connector 23 and the lip of retaining sleeve 31.

10 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 purpose of
injecting glue into the annular cavity 33. The injected adhesive performs two

15  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 external threads of the end
connector and the cured glue which fills the annular space between the end

20 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 to prevent the thin walled
conduit and reinforcing bead from deforming far enough to allow the conduit

25 to be pulled over the raised external thread.

An alternative preferred embodiment of an end connector will be



mechanical bond is formed between the raised external threads of the end connector and the cured glue
which fills the annular space between the end 20 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 to prevent the thin walled conduit and reinforcing bead from d&dgiwdlgbfar enough to
allow the conduit 25 to be pulled over the raised externaPthread. An alternative preferred embodiment of
an end connector will be -18 4 July 2006 described with reference to Figure 10. An end connector as

described previoush&stH e e Mlin S TeIRNSE tHRe5INYE oFla cAM AP CARMRE Yot e L onnector is
provided. In a similaieanaglyaiiRkaeseEhes aReariaens GoaneHRis sy PRYsesVEh a recess

26 for receiving a reinforcing spine. 5 Duriga assembly the reinforcing sEine is located in the recess

before the helically iBHEBHRSIRAISPEOAERM: idntRreRit BARNERdTENstsIeshE ResRe s thRtving portion
of the end connectorc A easpribaaRRYAIER Kt RKILR 36 G TRIRIATFIS SRR ASHS Spiried over the

outside of the breathing conduit wall in preparation for adhesive securing. AIternatlveIgé, end protion 36
may 10 be positionePHEROAREMDEYgLHe Cinfcargesping is tsatitsditdhanierass g Hehould cavity

so that a collar 38 (shgpithhE ﬁ%iﬂbo%%ﬂiEOisHﬁF@éH@d”b%Pﬂ‘?é“?é‘i%ﬂfréﬁgﬁ{’éiﬂﬂ@é\ﬁ’dsea'ing as

described above. Due to thé axial compliance of very thin walled conduits, the length of 15 spine will
contribute to the detdR§RRANBIPOTLHR ﬁ@@rﬁ@@Wﬁﬁ%)ﬂ-rﬁﬁ@%f@?ﬁbé%@@iﬁ%ﬁﬂﬁ@%ﬂ% length is

chosen such that whefs TAHJRSIP sif.Cand AREB0L SIS de ARV eniRgasRiGHe: e

conduit is elongated such that th duit length Is close to its maximum len

wall in preparation for adhesive securing. Alternatively, end protion 36 may
10  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.

Due to the axial compliance of very thin walled conduits, the length of
15  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
(preferably within the elastic limit of the conduit walls). In such a condition
20 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 significantly impaired. For this
condition, the spine is preferably between 100.5% and 105% of the length of

25 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



(preferably within the elastic limit of the conduit walls). In such a condition 20 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 significantly impaired. For this condition, the spine is preferably
between 100.5% and 105% of the length of 25 the conduit. A second preferred &tyotfifitnent of the
present invention will now be described in detail with reférence to Figures 11 and 12. Figure 11 discloses
- 19 4 July 2006 a breathing circuit limb includir&gﬁan outer reinforcing sheath 27 covering the entire

length of the breathifigBHAINg FReiEITR dMJUSHRa &N orier JRlAEPAEROSRraIR T FRE8AHRinding the

breathing circuit limbeafigeifeRgitseite Breatintydicrithe ends where the 5 breathing conduit is inserted
into the end connectors. All styles of breathing circuit limb end connector described above are suitable for

receiving and securing a reiRfofeiRtPHBers RS RIGFfsabd i afsddnRsAYGRURE g dRRnt invention.
In each case the reinipsgiRmgheRITIilAe4RE RURIABI %o RFRaMBIAAAYiiHvalhandusereayged at and

around the end connector at the 10 same time as the conduit wall is secured. Figure 11 shows an end

connector having a Breaiihing ittt pelBeRial FBeiES RMCFOREsS aAtisbdas@éraatiiigad for
cooperation with the gliga! iR UNadprReie MR Kpdie FELGRIBIECESF TRRYiIRG Afdude a recess

or groove for receiving a reinforcing spine as described in the first preferred embodiment of the present
invention. 15 During eS8y tiiei AFRRCIEI doeRe aBs g Ibentuithe ek ovedimerdnal dbRnector

conduit receiving poriR e iR S HPBER R BTSN sheatldabiekiea! seisiayding bead and

the end connectors raised externa
breathing conduit wall and is secured at and around the end connector at the

10 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 embodiment of the present invention.

15  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 conduit. Figure 11 shows a reinforcing mesh 27 over a portion of

20 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 limb
components are disclosed. The first method employs a securing collar

25 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



thread. A tubular braided reinforcing mesh 27 is then installed over top of the breathing conduit. Figure
11 shows a reinforcing mesh 27 over a portion of 20 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 limb components are disclosed. The first method w908 a securing collar
25 positioned over the breathing conduit and the conduig®eceiving 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 -20 4 July 2066 RSSiBLE fiFs! prefesrastproBasineriiRfcfeoPeRe Hr S AN ERBY PEnay be

adapted to secure thgdarigeg relbfRscing Bhedih iipfbieinpdrarnantertip dhisQrprpeyIded alternative
the assembled components are inserted into an injection mould cavity so that a collar may be

overmoulded to perfdiis MEEBNRIHEREAI Bt A8PTWA0H SAPEBRREL AN BTk BB &hing circuit
imb. I this method petefginingieexeiiy SURRLACHIRE R pEBRYNBIRs, Badhraide reinorcing
u

mesh may be applied to a breathing conduit as 10 an online process where the braid is formed at the
same time as th® coldfti_NfoPhegCur BlteandtRraNng pheprarIeanems whajnsebipphdtdisiscsibathing

conduit in a separate gigCefs i rtRiethenReh AMaY fee{RPICAIELiHRE JoV HCIAioRigEgS butis

preferably polyethylene terephthalate monofilaments. 15 In use the braided sheath contributes
significantly to the tefsil8-and torsional stiffness of the breathing circuit limb. While there is no bonding

The braided reinforcing mesh may be applied to a breathing conduit as
10  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 resisted by the
25 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



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 coAstil¥tZ988s resisted by the
25 helical reinforcing bead of the breathing conduit resultfhg 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. BYIHARA mdyamadeh alk% priffHed%n -9HestuIF IR adBRiMisaN adiBRtage by
reducing direct contagidpRiaRMIS USRH ST Qe NE@RELEN G PUIRS s hmbrpathipg conduit

tube, therefore reducing the risk of puncture and damage. This feature significantly improves the

durability of the breathRigfere(RENAY Mhririskeehrenaiyrs auraprBagh: chRtsfestiwrersiaifigat\alls, such as
those which may be jiapRfdd Rreathahlaimg!lse ﬁﬁ@bﬁreg%iﬁgéuﬁrgﬁ%ﬁb?"%ﬂﬁ: is- EspBeiaffy @ breathing

circuit comprising: a very thin walled conduit having a first end and a second end and a breathing gases
pathway therebetweHItaRAEfifer ceniishdtorHitBMe L alibifir¥valse sfehiascHMrfgitVd e oMY cBRnector fixed

to said second end of 3aigl FOsEYh BN A IEPHRARE 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 said 10 second connector, wherein said elongate reinforcing
member does not include a passageway large enough for gases delivery to a patient. 2. A limb for a
breathing circuit as claimed in claim 1, wherein said 15 elongate reinforcing member has a cross
sectional area, measured from the outer perimeter, less than 10% of the cross4édi@iffbarea of the bore
of said breathing conduit. 3. A limb for a breathing circufZas claimed in claim 1 or claim 2, wherein 20
said elongate reinforcing member is hollow, and said hollow elongate reinforcing member is blind
terminated at each eﬁiﬁ-@;’ MRd first connector and said second connector. 4. A limb for a breathing circuit

as claimed in claim 1jor clajmig:p\aeEehheat®sptsrelenaaigrisingorcing member is hollow and said
elongate reinforcing member is large enough to be used as a pressure measurement or feedback

conduit. 5. A limb for a bre &MY dHUWALEE I SRREYTNRY 4 & [t 34 iheresRd $5L afetongate
reinforcing member agathBRfigases patantigliticeisataseh July 2006 -23 cross section, and two ends. 6. A

limb for a breathing circuit as_claimed in aé)?%o(ge of_cl?jms ﬁ%ofrgﬁ/hergjn said elongate reinforcing
member includes a positiveatgmb%E?@r 5| Fﬂ(ﬁ@ﬂt LRG> S Jimb for a breathing circuit as
claimed in any one of claimsskdond,covhetainfoaid ©loaigatesrinadciigaianiriinaiddes a resistance
heating element. 10 8. A limb fqr ab eathir}g circuit as 8Iai ed in.any one of clal@s 1to %
an elongate reinforcing” member lying freefy “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 said
10  second connector, wherein
said elongate reinforcing member does not include a passageway large

enough for gases delivery to a patient.

2. A limb for a breathing circuit as claimed in claim 1, wherein said
15 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

breathing conduit.

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

said second connector.

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

25 said elongate reinforcing member is hollow and said elongate reinforcing
member is large enough to be used as a pressure measurement or feedback
conduit.

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

30 said elongate reinforcing member has a solid, substantially circular



wherein the length of said elongate reinforcing member is between 100.5% and 105% of the length of
said conduit. 9. A limb for a breathing circuit as claimed in any one of claims 1 to 8, 15 wherein said
conduit includes a helical rib and said connectors have a first end suitable for maki@g! t@g@@@@tion with
auxiliary equipment and a second end for making connection with a breathing conduii, and an annular
shoulder between said first end and said second end, s&d-second end extending along an axis and
having a substantially circular 20 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. 10. A limb for a
breathing circuit as 23 eaUANcRIFMMYORAgtein said protrusion 25 is an external thread having a pitch
suitable for engagement with said helical rib of a breathing conduit. 11. A limb for a breathing circuit as
claimed in claim 9 or claim 10, wherein said shoulder portion has an annular recess for receiving a

securing collar havifly 302 8R{Ridh HRAENNY HiHoss- Sl TEAARABYANS By LiffuR as claimed

in any one of claimsydeihl sakheseiysridrspronihgneneindaid prRfleenneqgiositias acirpessussibstantially
parallel with said axis far receiving said elongate reinforcing member. 5 13. A limb for a breathing circuit
as claimed in ctim PF 6&’1@%%@&8% ‘ieé%%mng 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, 10 wherein said elongate reinforcing member is resilient and does, nat plastically
deform in use, und]j:' norm>§‘altil~| F]exi%%raan { %trr?id}ﬁgcg Lé'gigslir%%'.még in-any one OII clainis’ 146 %t

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.

9. A limb for a breathing circuit as claimed in any one of claims 1 to 8,
15  wherein said conduit includes a helical rib and 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,
said second end extending along an axis and having a substantially circular
20  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.

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

breathing conduit.

11. A limb for a breathing circuit as claimed in claim 9 or claim 10, wherein
said shoulder portion has an annular recess for receiving a securing collar having

30 an extrusion axis.



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 15 mm2 and 12.5 mm2. 16. A limb for a
breathing circuit as claimed in any one of claims 1 to 15, wherein said elongate reim(aqgi@&)gwember has a
minimum bending stiffness between 693 N.mm2 and 11096 N.mm2. 20 17. A limb for a breathing circuit
as claimed in any one of claims 1 to 16, further including4 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 25 said
second connector. 18. A limb for a breathi;lé%circuit as claimed in claim 17, wherein said sheath is a

braided tube braide&rom/hIJRHPeALEAEYRthSIEEIt RS SFIMAT iy RN 96 @IS Potoalthethod for
manufacturing a limpgvefhRegaLEHREHEIGHI ARSI So R eMSi ALV RIeBIELINRIRGAE AARANG IcCONduit

having a first end and a second end, locating an elongate reinforcing member having a first and a second
end, 5 lying freely Withisaigiaddfeiuiecalving saibalepaeisusipiare iRMemb&nd 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 fixing a second end connector with said second end of said

conduit and 1(PsaidSecofd ki dPsaid RAIGNEG FiREDF oA gChBRYe N 20 mkkhaehRseimasaifacturing a
limb for a breathing GEGHI AT HRIMER I8 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,
10  wherein said elongate reinforcing member is resilient and does not 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

15 mm?and 12.5 mm?.

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?.
20

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

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

monofilaments.



claim 19, further comprising: locating a reinforcing mesh having a first and a second end, over the 15
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 seg%qg &y of said

conduit and said second end of said reinforcing mesh.
-25-

19. 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,

locating an elongate reinforcing member having a first and a second end,

5 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

fixing a second end connector with said second end of said conduit and

10  said second end of said elongate reinforcing member.

20. A method for manufacturing a limb for a breathing circuit as claimed in
claim 19, further comprising:
locating a reinforcing mesh having a first and a second end, over the
15 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.



