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GAS CONTAI NMENT APPARATUS The invention relates to a conpact gas

coptal nment and sUpply apparatus, particualarly one which 1§ readrly nunan
portabl e To enhance portability of pressurised gas contai nnent vessels
there is a general requirenent for high strength conbined with relatively

| ow wei ght. Overw nding around an internal shell is a well established
techni que botygbafyfsl rength and for weight reduction in thediruskeskyre of
cylindrical pressure vessels, such as gun barrels, gas cylinders and the

| i ke. Such structures when pressurized are subjected to hoop stresses that
are significantly higher than the axial stfesses, and the use of an
overw ndi ng designed to carry a |large part of the hoop |oad allows the
design of the base cylinder toGASGONEAINMENSURPMRATE i ng only the axial
stresses, with a considerable potential for saving in weight. Traditionally
such wi ndings were of high tensile strength metal wires. Recent

devel opment s i n Theimpention celates tora compaat ghseontaipmentand supply appazatus, pasticulbaily
conposites consi st of fibre wndings in aresin matrix. Toroi da

pressure vessel gﬁéo g‘?’s dﬂ?’ﬁ%&ﬁ"%ﬂggeomtry to cylinders. Toroidal
vessel s conprised of a netal or conposite inner toroidal casing overwund

with wire or re'Qn]Fﬁ | - | el | are
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case of conposite w nding, ufact uri can be c l.ex as gconyenti onal
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barrels, gas cylinders and the like. Such structures when pressurized are subjected to

hoop stresses that are significantly higher than the axial stresses, and the use of an
overwinding designed to carry a large part of the hoop load allows the design of the
base cylinder to be directed towards meeting only the axial stresses, with a
considerable potential for saving in weight. Traditionally such windings were of high
tensile strength metal wires. Recent developments in composite material technology

have led to the use of composites consisting of fibre windings in a resin matrix.

Toroidal pressure vessels offer an alternative geometry to cylinders. Toroidal vessels

- comprised of a metal or composite inner toroidal casing overwound with wire or resin
matrix fibre composite material are known and are described for example in UK
Patent Application 2110566. These can offer some reduction of weight over
unwound toroidal shell structures. In the case of composite winding, manufacturing
can be complex as conventional winding equipment does not readily allow for the
application of resin bonding during winding. It proves difficult to ensure complete
wetting of fibre by matrix resin and incompletely wetted fibres constitute zones of

weakness in conventional resin matrix fibre composite structures.

An object of the present invention is to provide a lightweight and compact gas
containment and supply apparatus based on a toroidal pressure vessel having fibre

overwinding with a reduced weight, and which mitigates some of the manufacturing



wetting of fibre by matrix resin and inconpletely wetted fibres constitute
zones of weakness in conventional resin matrix fibre conposite structures.
An object of the present invention is to provide a |ightweight and conpact
gas contai nnment and supply apparatus based on a toroidal pressure vessel
having fibre overwinding with a reduced wei ght, and which mtigates sone of
t he manuf acturi ng WO 97/ 12175 '

PCT/ GB96/ 023WPN2178i ffi cul ties encountered in toroidal stPEEGBIE2367
overwound with resin matrix fibre conposite material. According to the

i nvention, a gas contai nment and supply apparatus conprises a gas reservoir
vessel capable of pressurised gas containnent fitted with a gas supply

aperture, 5Upp&@gﬁiﬁéﬂ%ﬁ?ﬁﬂé}?&{rﬁgJogdgjsﬁ?#h?es%MHH@M%?&ﬁ dﬁah! %ﬁE a first

end to provide rough a secon control
means to cont r aimpobite materalof supply of the gas, wherein the gas reservoir
Is a toroidal pressure vessel conprising a netallic toroidal shell having
wound on the surface thereof a tensile |oad bearing |ayer of high tensile
strengt h non- ndecardipgtofthiineentioha gas bomainment gndiupply apiparstusicasmpirisesargas al | y

i di anal dirggct Lk orordal shel Lo, Both f.i.br dth
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these struct ur grrtfeCsupply meaheebnhectdblerdithd §:8 Ripply dpedtireat & HifsC&RIAs pirdindehe
for supply of the gas through a second end, and control means to control the rate of
supply of the gas, wherein the gas reservoir is a toroidat pressure'vessel comprising a
metallic toroidal shell having wound on the surface thereof a tensile load bearing layer
of high tensile strength non-metallic fibre, the fibre being aligned in a substantially
meridianal direction on the toroidal shell.

Both the fibre winding and the metal shell are intended to be load bearing. As with
simple cylinders, these structures are subjected to significantly higher stresses in the
meridianal direction than in the direction perpendicular to the meridian “ringwise”
around the torus. The fibre is intended to bear a proportion of the meridianal load
only, and is therefore wound in a substantially meridianal direction rather than
diagonally round the torus as is the case for prior art composite layers such as
described by UK Patent Application 2110566. The metal shell bears the remaining
meridianal load and all the load perpendicular to the meridian. The use of winding to
take part of the larger meridianal load allows the metal casing to be designed around
lower loading parameters, and this produces a lighter vessel than would be possible

using a metal construction alone.

The invention offers a compact pressurised gas reservoir which is lightweight and has
a toroidal shape, both of which features result in enhanced portability. The toroidal
geometry has a flatter profile since it has a smaller minor diameter than a cylinder of
equal volume. The shape is thus particular suited to stowage where a flat profile is
desired, or to carriage on the human back since it protrudes less behind the wearer in

use. The toroidal shape is also advantageous for carriage on a human back as it fits



meridianal direction than in the direction perpendicular to the neridian
"Fi ngw se" around the torus. The fibre is intended to bear a proportion of
the neridianal Toad only, and Is therefore wound In a substantralTy

meridi anal direction rather than diagonally round the torus as is the case
for prior art conposite |ayers such as described by UK Patent Application
2110566. The netal shell bears the remaining neridianal |oad and all the

| oad per pendiwgdmsi7s0 the neridian. The use of wi nding to pe¥enpadbsrof the
| arger neridianal |load allows the netal casing to be designed around | ower
| oadi ng paraneters, and this produces a |jighter vessel than would be
possi bl e using a netal construction al ong3=The invention offers a conpact
pressurised gas reservoir which is |ightweight and has a toroidal shape,
both of which Pskcusvature mere easilyn The pempastishaps means that, plthopgh serag form af
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that, although sone form of harnessing to enabl e carriage of the tank by

the operator wability to dispenprewiththe backplage i8 anagdditional factor in both the reduction of
overall weight and the lessening of the distance behind the wearer by which the

apparatus protrudes, both of which contribute to enhanced portability. The flatter

profile of the torus shape also lends itself to being carried in a suitable bag or satchel
which offers greater ease of portability whilst still providing the necessary mechanical
constraint.

An additional advantage accruing from the toroidal shape lies in the ability for supply
means connection to be made on the inside face of the torus affording some
protection and reducing the possibility of its shearing off as a result of external
impacts. For this purpose the supply aperture is preferably located on the inside face
of the torus. The supply means may be permanently connected to the shell but for
ease of storage and to allow replacement of gas vessels the gas supply aperture
preferably includes means to effect releasable connection of the supply means and a

closure vaive to prevent release of gas with the supply means disconnected.

A particular advantage of using overwinding accrues from the build-up of thickness of
the winding fibre on the inside of the torus. The overwinding is thus able to take a
greater proportion of the meridianal load on the inside of the torus, which is the zone
where the overall meridianal load is highest. This effect obviates the need for
significant extra metal thickness in the higher loaded zones and as a consequence, a
metal shell comprising a torus of substantially circular meridianal section and
substantially uniform wall thickness gives close to optimum pressure containment
performance with minimum redundant metal weight. Some simplification in

manufacture resuits. However, it will be appreciated that a circular cross section is



genérally be sinpler, and hence lighter, than is needed for conventional
cylindrical apparatus, and nakes it possible to dispense with the back
plate which is traditionally found necessary for at |east the | arger back
nount abl e cylindrical gas bottles. The ability to dispense with the

backpl ate is an additional factor in both the reduction of overall weight
and the | essening of the distance behind the wearer by which the apparatus
protrudes, WS whi ch contribute to enhanced port abi | i PET/CPR284T,1 ¢ or
profile of the torus shape also lends itself to being carried in a suitable
bag or satchel which offers greater easeg4Qf portability whilst stil
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nmeans to effect rel easabl e connection of the supply neans and a cl osure
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intermingled with the structural fibres, or as a thermoplastic powder attached to the

structural fibres. Regardless of the method used to interiace the thermoplastic the

composite will require subsequent consolidation under pressure at elevated

temperature. In all cases the fibres are aligned around the meridian of the toroidal

vessel

However, since the invention employs fibres in the overwinding in a meridianal
direction to carry loading in that direction only, it offers the additional possibility of
dispensing with matrix altogether, or at least for the bulk of the load-bearing depth
with only a surface layer applied for protection. In this matrix-free preferred aspect of
the invention the absence of a matrix produces a weight saving compared with
pressure vessels consisting of a shell overwound with a conventional fibre and matrix
composite material and also obviates the requirement that the process must be
compatible with consistent wetting of fibre matrix material during production, so that

a simpler winding process can be used.

The starting point for fibre selection for this dry-wound matrix-free aspect of the
invention is the group whose use will be familiar in thermosetting and thermoplastic
resin matrix composite materials. The material used for the fibre winding requires

high tensile strength. It must be a material which experiences little loss of strength



metal shell conprising a torus of substantially circular neridianal section
and substantially uniformwall thickness gives close to optinmum pressure
contal nment perfornmance wth m ni num redundant netal wer ght. Some
sinplification in manufacture results. However, it will be appreciated that
a circular cross section is WO 97/ 12175

PCT/ GB96/ 02367 -4- not essential to the effectiveness of the invention, and
t he inventiomﬁ@ﬂzm applied to toru_s_—s_haped vessel s of nopes 67
curvature whic ave non-circular neridianal and/ or transverse section
where such a shape is nore suited to the 2?plication of the invention.
Suitable materials for the w nding include?tonposites of polyneric, glass
and carbon or ceramc fibres in a thernosetting or thernoplastic matrix. A
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fibres are ali gspectafthamvention. neri di an of the toroidal

The above problems can be avoided by the use of high tensile strength organic
polymeric fibres as such materials tend to be less susceptible to surface defects and
exhibit a small fength/strength dependence. Thus, they show a reduced tendency to
lose strength as a result of abrasion damage. .The role of the matrix in transferring
load across broken filaments is therefore less important in composites employing this
type of fibre. Thus, the tensile load bearing layer preferably comprises a layer of high
_tensile strength polymeric fibre, the fibre being aligned in a substantially meridianal
direction on the toroidal shell and being free of any matrix material for at least a
substantial part of its depth. Aramid fibres are particularly preferred for this purpose.

However, prestressed polymeric fibres tend to be susceptible to creep and stress
relaxation, which can lead to them losing tension over service life and moving out of
position. In conventional compdsites such movement is prevented by the presence of
the matrix. For suitability in the present invention without a matrix the fibres must
have creep and stress relaxation properties which are sufficiently low that the fibres
can be practically pretensioned to a degree where they are able to retain sufficient

tension over time to maintain position on the torus wall under all practical

environmental exposure conditions.

Polymeric fibres also exhibit stress rupture; that is under a sufficiently high static load
they will eventually fail. The time to such failure is dependent on stress and
temperature and may be tens or hundreds of years. In relation to the present

invention the stress rupture properties of the fibre must be such that the fibre tension



vessel However, since the invention enploys fibres in the overwinding in a
peridianal direction to carry loading in that direction only, it offers the
addi tional -possibility of dispensing with matrix altogether, or at |east

for the bulk of the |oad-bearing depth with only a surface |ayer applied.
for protection. In this matrix-free preferred aspect of the invention the
absence of a matrix produces a wei ght saving conpared with pressure vessels
consi sting owowmapekl overwound with a conventional fibre EGVGHN/G2367
conposite material and al so obviates the requirenent that the process nust
be conpatible with consistent wetting of fibre matrix material during
production, so that a sinpler w nding process can be used. The starting

point for fibre_.selgction for this dry-wund.. | X< he
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not require nat%?%%é?%ﬁ#%?n%mgﬂg%%{gi olrll resi stance and protection it
confers. Simlarly, its strength nust be only weakly dependent on fibre

length (the so-fRldiethub § Ptulteribd: HaPA PwinldveCéxsts ifi the! bR propéities in which

sufficient initial pretension can be applied to the winding to avoid later movement
arising from loss of tension due to creep without the pretension being so high as to
cause stress rupture failure. The matrix-free winding in the preferred aspect of the
invention exploits those high tensile strength polymeric fibres which have this window
to dispense with the use of matrix material which the prior art requires as an essential

feature of pressure vessels having a composite overwinding.

It has been found that aramid fibres possess such a window in their properties, and

" such fibres are therefore particularly suited to the matrix-free aspect of the invention.
Carbon, glass and ceramic fibres possess larger windows, but their use is militated
against by the problems outlined above in relation to abrasion resistance and the '
length/strength effect. Intermingled mixed fibres comprising one or more of these
plus aramid, for example intermingled aramid and carbon fibres, offer a useful
compromise. The aramid fibres shield the carbon from much of the abrasion that
occurs during the winding process. During service, as stress relaxation and creep
occur in the aramid fibres, load is gradually transferred to the carbon fibres. This is of

value in designs in which the aramid fibre would be close to its stress rupture limit.

It is evident that the aperture in the toroidal shell cannot be overwound. For
convenience of design the gas reservoir vessel may be provided with a zone of
thickened inner casing without overwinding in the region of the gas supply aperture.
However, a likely fabrication route for the toroidal shell is to weld together two
curved gutters, and in such cases some structural probiems can arise from intersecting

welds where a thickened zone is welded into the vessel.



need for a matrix material to transfer |oad across broken filanments is
mnimal. These requirenents tend to wei gh agai nst the use of glass fibres
and carpon TTDTEes TN thi s aspect ol tne rnveniton. The above problens can
be avoi ded by the use of high tensile strength organic polyneric fibres as
such materials tend to be | ess susceptible to surface defects and exhibit a
smal | 1 ength/strength dependence. Thus, they show a reduced tendency to
![ose strengtapggléﬁﬁesult of abrasion damage. The role of pERchHRIgRieH 1 N
ransferring ["oad across broken filaments is therefore I ess inportant in
conposites enploying this type of fibre. Thus, the tensile | oad bearing
| ayer preferably conprises a | ayer of highkh.tensile strength polyneric
fibre, the fibre being aligned in a substantially neridianal direction on

the toroidal shkgld | 15’&?‘ d h,al st a
substanti al part gf@?‘%%ﬁfﬁﬁi&ﬁrsa%{ %{rbﬁgﬁllggyémggﬁkgﬂﬁgﬁ%drg&grred for
thi $ purpose. theapesure ipthesonoiiakshell pridr yoreverwinding, rvehich leg comprisesans uscept i bl e
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present invention without a matrix the fibres nmust have creep and stress
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exhibit stress rupture; that is under a sufficiently high static |oad they

will eventually fail. The tine to such failure is dependent on stress and
The lug is preferably partially annular, with a crescent shaped section to minimise

discontinuities at its edges. The lug is conveniently welded to the shell, preferably
offset from the central plane of the torus to avoid intersection with the ringwise
welds, which could give rise to potential weakness. External lubrication, for example
with PTFE tape, is also desirable to avoid Kevlar fretting at the crescent tips.

An additional advantage of winding with.a mixture of fibres is that by incorporating
higher-modulus carbon fibres the stiffness of the winding can be increased, allowing
the meridianal stiffness of the overwound zone (i.e. the product of Young’s modulus
and thickness) can be approximately matched to that of the non-overwound zone,

reducing stresses which might be generated by discontinuities in stiffness.

The matrix-free overwinding is preferably covered with a protective coating. This
serves to compensate in part for the absence of environmental protection conferred by
the matrix in conventional fibre composite windings, and in particular to protect the
fibre from visible and ultraviolet radiation which can adversely affect fibre strength
(particularly where the overwinding uses the preferred aramid fibres), to keep
moisture out of the winding, and to provide protection from abrasion. The coating
may at its simplest take the form of a protective elastomeric layer applied over the
wound fibre, perhaps as a paint. Alternatively, an impermeable coat is applied over
the wound fibre, and a further layer of fibre is wound over the coat to which an

appropriate compatible resin is applied. Thus the winding presents the external



tenperature and may be tens or hundreds of years. In relation to the

present invention the stress rupture properties of the fibre nmust be such
that the fibre tension WD 97/ 12175

PCT/ GB96/ 02367 -6- arising fromany necessary pretension in connection with
~overcom ng creep problens together with the additional tension arising from
the pressure | oadi ng can be acconmpdated w t hout causing stress rupture
failure for viderhkifeti ne of the vessel under all practi calPCAGRSERIENt al
exposure conditions. There is thus a requirenent that a "w ndow' exists in
the fibre properties in which sufficient initial pretension can be applied
to the winding to avoid later novement ar$sing fromloss of tension due to
creep without the pretension being so high as to cause stress rupture
failure. The netaracteriftics of nconventipnal vesidmmatyix ebmposie butshelulk diaractegisticswEnt i on

exploits those high.tensjle strength polyneric fibres which have this
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overwi nding. It has been found that aram d fi bres possess such a wi ndow in

t hei r propert i adyantaged detailed lfetdim.es are therefore particularly suited to the
matri x-free aspect of the invention. Carbon, glass and ceramc fibres

possess | arger w ndows, but their use is mlitated a ai_n,sili y the probl ens
out | i ned aboveThefitre windingtensiongequires easefilcoptrelin gasu I8 ugh enough to

avoid the overwind becoming slack and vulnerable to slipping as stress relaxation and
creep occur in the fibre over time but not so high as to induce stress rupture of the
fibre. Furthermore, the winding may be overtensioned so as to apply a compressive
prestress to the metal shell, and thereby the pressure at which yield of the shell takes
place can be raised.

The winding tension is preferably varied during winding to produce even load
_distribution in the finished product. As muitiple layers of winding are laid down the
outer layers will apply some compressive load not only to the metal shell but also to
the inner fibre layers. If a constant winding tension is maintained and the overwinding
is deep enough this can result in the inner layers losing tension so that when they
come under pressure loading in service they are unable to accept their full share of the
load. The solution is to reduce the winding tension as winding proceeds, so that
tensile loading is evenly distributed throughout all layers of the overwound fibre in the
fully wound vessel. However, for thin-walled vessels the need to vary the winding

tension may be of minor importance.

Use of overwinding in accordance with the invention allows selection of the failure
mode, so that the more benign mode can be chosen for a given pressure vessel
application. With an excess of fibre overwinding, failure will occur by hoopwise
rupture, that is, via a meridianal crack caused by stress generated perpendicular to the
meridian, With a deficiency of fibre overwinding, hoop failure will occur first, that is,

a crack perpendicular to the meridian caused by meridianal stress. In the latter case, it



| ength/strength effect. Intermngled m xed fibres conprising one or nore of
t hese pllus aram d, for exanple intermngled aram d and carbon fibres, offer
a TZETrul conprom se. The aramd TT0res snmeld the carbon from much of the
abrasi on that occurs during the w nding process. During service, as stress
rel axation and creep occur in the aramd fibres, load is gradually
transferred to the carbon fibres. This is of value in designs in which the
aramd fi brewmy)t'ﬂ,,pe close to its stress rupture linmt. |pej/gpiiasient that
the aperture I'n e toroidal shell cannot be overwound. For conveni ence of
design the gas reservoir vessel may be provided wth a zone of thickened

i nner casing W thout overwinding in the r.ggion of the gas supply aperture.

However, a likely fabrication route for the toroidal shell is to weld
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PCT/ GB96/ 02367 -7- To overcone these difficulties an annular or
partially-annular lug may be fitted over the aperture in the toroidal shell
prior to over wFortheetahshefithe desire forpedusedtweightavithestremgth leads ta agpréferencecei ve a
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applications of the invention.

To ensure consistent gas supply the control means preferably includes a pressure

regulator which is preferably a two-stage regulator.

A particular application of the invention is in the field of breathing apparatus with the
pressurised gas reservoir vessel serving as a breathing gas (oxygen, O2/inert gas mix,
air, etc.) vessel and a breathing mask and user operable demand valve connected to
second end of the gas supply aperture. The toroidal shape is readily portable, and the
design is compact and lightweight which are important considerations for this
application of the invention. The protection offered by connecting the supply to a site
on the inside of the ring is clearly of particular value in this embodiment of the

invention.

Embodiments of the invention will now be described by way of example only with

reference to the accompanying drawings, in which:

Figure 1 is a perspective view of a pressurised gas reservoir vessel for breathing

apparatus in accordance with the invention;

Figure 2 is a transverse section of the vessel of figure 1 through the vicinity of the gas
supply aperture;

Figure 3 is a cross section of a two stage regulator and facepiece for attachment to

the gas supply aperture of figures 1 and 2,



shell thickness in the vicinity of the gas supply aperture by allow ng
overw nding of fibre around essentially the entire surface of the toroidal
shell. The lug is preferably partially annular, with a crescent shaped
section to mnimse discontinuities at its edges. The lug is conveniently
wel ded to the shell, preferably offset fromthe central plane ofthe torus
to avoid intersection wth the ringw se welds, which could give rise to
potential weetomesis External |ubrication, for exanple w t POPGEAEBHE | s

al so desirable to avoid Kevlar fretting at the crescent tips. An additional
advantage of winding with a mxture of fibres is that by incorporating

hi gher - nodul us carbon fibres the stiffned¢-of the w nding can be increased,
allowing the neridianal stiffness of the overwound zone (i.e. the product
of Young's nodiguré 4 iWipdripectiveaien) ofan altérnative pmbodimert of presstisddagds t 0 t hat  of

t he non-overwound zone, reducing stresses whjch m'l%n.be ener ated by

di sconti nui t i SEseFvQIryesse} fop brea épmtvw-a?%‘&ﬂw hg D5 preferably

covered with a protective coating. This serves to conpensate in part for
t he absence of_.environnental, protection conf ed by. th trix in

convent i onal fHBIFeS tohireuon of Wﬁ%@fﬁuﬁn‘ﬁpﬁ'ﬁ{ewﬁsi‘%’ﬁﬂf*@%ﬂ& ect the
fibre fromuvi Qi&ﬁ@&"iﬁb#ﬁsfsﬁ@@fﬂeﬁﬁref adi ati on whi ch can adversely affect

fibre strength (particularly Where the overw ndi ng uses the preferred
aramd fibres), to keep noisture out of the wi nding, and to provide

protection fropfpitb 6354 Petspedtive viewd anGilerative lembbdimentraf gasssupplp ipertube; f or m of
a protective elastoneric |ayer applied over the wound fibre, perhaps as a

paint. Alternatively, an inperneable coat is applied over the wound fibre,

and a further Fgyre7 io4 transvérge seationofthe veyset offigareccthtouglvthelvicirdityaf theygas opr i at e
conpati ble resin li s applied. Thus the wi nding presents the external
supply aperture;

Figure 8 is a perspective view of a connection adaptor suitable for use in conjunction

with the gas supply aperture of figures 6 and 7,

Figure 9 is a meridianal section through the vicinity of the gas supply aperture of
figures 6 and 7,

Figure 10 is a meridianal section through a load spreader plate reinforcement of the
vicinity of the gas supply aperture.

Figure 1 illustrates a toroidal gas tank for a breathing apparatus according to the
invention, provided with detachable supply apparatus and with the apparatus
disconnected. A toroidal inner tank 2 having a nine litre capacity and a design
pressure of 207 bar (21.1 Mpa) is fabricated from 6061 aluminium alloy, conveniently
from two curved “gutters” welded together. The tank 2 is of circular meridianal and
transverse section with a total diameter of 400mm and an inner hole diameter of
128mm. The tank 2 may, for example, be fabricated from two curved gutters welded
together. The wall of the torus has a constant basic wall thickness of 6.5mm. The
tank 2 is overwound with Kevlér-497“ fibre 4 to an overwound layer thickness of
2.5mm measured on the inside of the torus (this will correspond to a lesser thickness

on the outside of the torus as a consequence of the build-up effect inherent in the
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PET/ GB96/ 02367 - 8- characteristics of a conventional resin matrix
conposite but the bul'k characteristics of the wnding, and henceé 1ts
substanti ve nechani cal properties, remain in accordance with the dry-wound,
matrix-free preferred aspect of the invention with the attendant advantages
detailed herein. The fibre wi nding tension requires careful control to
ensure that iv{'0+77lzwsgh enough to avoid the overw nd becom Q@Tﬁj@g,&s?,!ﬁd

vul nerable to sTipping as stress relaxation and creep occur in the fibre
over time but not so high as to induce stress rupture of the fibre.
Furthernmore, the wi nding may be overtensigped so as to apply a conpressive
prestress to the netal shell, and thereby the pressure at which yield of

t he shell take < § al Lndi | Q0 | |y
ari.ed duri ng e ek Eecilihy MBich 3es Bbhed Se) eS| Gt BEidn o el Y
product. As nulwhigh ielefayidront aferwinding tooenable the 2apping dmof & fegulatot eonnéctipe8s Wi | |
apply sone conpgessive J.oad npot only to the peral .shell but. gl so to the
inner fibre | aydieoverpindingdschaique is ngf pratinegt todheinyentipn, aﬂ%fh‘?t"ﬁ‘?‘ﬁ%‘aaiia t he

overwi nding i s ApRa g Yahdddippafafis ah® fdhriqued for Windidy Ritedial ¥ith 2 1broRial 9

tensi on so that when they cone under pressure loading in service they are

unabl e to acceperewich willhelfamiliante those skilled inthel art,Tsweh asoised fopexample i theeduce
the winding te "idnGficédre éﬁ‘c@fi an&?c?r?c%fiﬁemsssgcﬂ aﬂ%roidal transformers and

rheostats, with minor adaptation to accommodate the unwound region 9. The design

is such that when the vessel is pressurized approximately half the meridianal load is
borne by the overwinding 4, with the remaining meridianal load and all of the load
perpendicular to the meridian being borne by the aluminium shell 2.

The fibre is provided with a covering for environmental protection consisting of an
elastomeric polyurethane paint layer 6 applied over the wound fibre 4. Figure 1
-illustrates only part of the sleeve 6 with the remainder removed for better illustration
of the underlying winding 4, but in use the sleeve 6 will extend over the whole of the
overwinding.

The gas containment vessel requires a zone of thickened inner casing without
overwinding 9 for tapping in the regulator connection 8. This is illustrated in figure 2
which is a transverse-section through the region in the vicinity of the regulator
connection. Since the zone is not overwound, an optimal design will require the metal.
to be thicker on the inside 10 than on the outside 12 of the torus to accommodate the
higher loadings experienced there as a consequence of the toroidal geometry. To
accommodate this the wall thickness'is increased from the basic 6.5mm to around
10.5mm on the outer wall 12 and 15mm on the inner wall 14. The non-overwound
zone needs to be as small as possible to reduce the excess weight it contributes to the
pressure vessel, and in this case is restricted to an arc of the torus, a, of 34°. As figure
2 illustrates, the transition is gradual in the transition zone to minimize the effect of
discontinuities in stiffness arising from the relatively low stiffness of Kevlar™ which

could give rise to additional stresses. As an aiternative or additional feature the



tensile loading is evenly distributed throughout all layers of the
overwound fibre in the fully wound vessel. However, for thin-walled vessels
the need to vary the winding tension may be of mnor inportance. Use of
overwi nding in accordance with the invention allows selection of the
failure node, so that the nore benign node can be chosen for a given
pressure vessel application. Wth an excess of fibre overw nding, failure
will occur byobmimvd se rupture, that is, via a meridi anal RGHEERS@R¥Ied by
stress generated perpendicular to the neridian. Wth a deficiency of fibre
overwi ndi ng, hoop failure wll occur first, that is, a crack perpendicul ar
to the neridian caused by neri di anal Sﬂiéss. In the latter case, it WO

97/ 12175 L ) PCT/ GB96/ 02367
-9- i s possiwinding couldhincarporatefstifferrarbop éibres with thedKeviart ¢o metchtheng a vari ation

in torus wal ]l _ thi ss.to create zon f . e netal shell,
the desire f%@@@%ﬁﬁss\%&ﬁ mouwf ﬂf@&'ﬁ%&ﬂeﬁ%@ E’? %y 5‘1': %rregﬁicgr ence for use
of al um ni urdiseostinuitP stedskedshill fiither’oSt preferably, titaniumand titani um
al l oys, although steel and other netals could be used, especially in |ess
wei ght-critical applications of the invention. To ensure consistent gas
supply the cThetregulatoresdsection piecectis vf stanlardMi8 desjpns2Sanm tongangdiprovided Whi ch i s
preferably awitthv\fz)n-e%{a? gc?e»\r'-(t%h%gald?r}golrtl'to facilitate connection of the regulator and

associated breathing mouthpiece or facepiece and related apparatus, which is

unconnected and is therefore not shown in the figure. With this apparatus

unconnected the gas vessel is shown closed by the non-retum valve 15. Asan

alternative an isolation valve could be used which screwed into the M18 threading 14.

Siting the regulator connection 8 inside the ring of the torus offers more compact

design and some degree of protection to the regulator once attached and in use.

Figure 3 illustrates in partial section a detachable regulator which is suitable for
insertion into the gas tank of figures 1 and 2 to reduce the pressure of the gas from its
storage pressure to ambient. A screw threaded connector 21 compatible with the
M18 connection piece 8 is provided to connect the regulator to the gas tank.
Insertion of this piece opens the closure valve 15 in the tank, and supply to the
regulator chamber 23 is then controlled by the rotatable control valve 25. The
regulator is of the spring-loaded piston type 27. The gas then proceeds via a supply
line 28 through a user operable demand valve 29 to a facepiece 30.

It will be understood that whilst a two-stage regulator is preferred the invention is
applicable to gas tanks with non-removably connected breathing apparatus, whether

or not incorporating a regulator.

Figure 4 illustrates an alternative embodiment of a pressure vessel in accordance with
the invention. A toroidal inner tank 31 having similar external dimensions to the
previous example is fabricated from a titanium alloy, Ti-6Al-4V. The tank is designed
for a 6 litre capacity and operating pressure of 300 bar (31.65MPa). The tank 31 is of



A particular application of the invention is in the field of breathing
apparatus with the pressurised gas reservoir vessel serving as a breathing
gas (oxygen, (Jerr|/inert gas mx, alr, etc.) vessel and a breathi ng nask
and user operabl e demand val ve connected to second end of the gas supply
aperture. The toroidal shape is readily portable, and the design is conpact
and |ightwei ght which are inportant considerations for this application of
the inventio ar ot ecti on of fered by connecting the su ite on
t he inside o&?%ﬁF?ng is clearly of particular value in tﬁi@gx;e ozaffrent of
the invention. Enbodi nents of the invention will now be described by way of
exanple only with reference to the acconpaMing draw ngs, in which: Figure
1 is a perspective view of a pressurised gas reservoir vessel for breathing
appar at us i n accurdanmeidiinaliand ransverse sectianwitli-a tptal diagetes ofy 340romsandnnee
section of the vgssel L gur thr h,the viginity of the gas supply
aperture; Fi gure‘ﬁ?ﬁ(g?"gt' & I%ngg&ncgnqsmyéﬁg& regul at or and

facepi ece for attachnment to the gas supply aperture of figures 1 and 2;
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pressurised gas applied in strips laid onto the tank 31 in an alignment such that the fibres lie
substantially perpendicular to the meridianal direction, thus forming, after standard
consolidation and curing, an aligned composite layer 32 which carries some of the
load in this direction. The tank is overwound with Kevlar-49™ fibre 34 in like manner
to the previous example. As some of the ringwise load is carried by the carbon fibre

composite layer 32 rather than the metal, considerable further weight savings are
possible. Care is needed in the design to avoid stress concentrations where the layer
32 gives way to the thickened region and to ensure that the transition zone is
sufficiently large to ensure effective load transfer into the composite layer 32. Two
alternative approaches are illustrated in Figure 5: (a) in which a tapered edge prepreg
35 is applied to the tank to give a tapered transition zone; (b) in which multiple layers
of prepreg 36 are applied so as to give a stepped transition zone. An environmentaily
protective layer 37 is applied over the dry overwinding 34. However, it will be
understood that the drapable prepreg concept is not an essential feature of either the

overwound aluminium alloy design or the overwound titanium alloy design.
Figures 6 to 9 relate to an alternative embodiment of gas supply aperture.

A uniform wall thickness toroida shell 41 is fabricated, probably from two curved
“gutters” welded together. A lug 42 is welded onto the shell and is provided with air
passages 43 which provide communication with an aperture 44 in the toroidal shell
wall. The lug is preferably offset from the central plane of the torus to avoid
intersection with the ringwise welds, which could give rise to potential weakness.
However for operational reasons (e.g. the advantage of protection offered by locating
connections on a site on the inside of the ring) it remains desirable not to move the

pressure tapping too far from the “equator”.



reservoir vessel for breathing apparatus in accordance with the invention;
Figure 5 is a section of the vessel of figure 4 parallel to its axis and
through the vicinity of the gas supply aperture. Figure 6 is a perspective
vi‘'ew of an alternative enbodi ment of gas supply aperture; Figure 7 is a
transverse section of the vessel of figure 6 through the vicinity of the

gas supply aperture;

Figure 8 is a perspective view of a connection adaptor

sui tabl e forW@BMAS conj unction with the gas supply apert uPET/EBI¥236Tr es 6
and 7; Figure 9 is a neridianal section through the vicinity of the gas
supply aperture of figures 6 and 7;.Figur§#10 I's a neridianal section

t hrough a | oad spreader plate reinforceng

supply aperture,_ Fi

appar at us accor

“"of the vicinity ofthe gas
ure 1 illustrates a_toroidal gas tank for a breathing

15 overwonnd, with Kevlar-49™fihre d%iin like mapesr 50 theprevious ppl y

apparat us and safiplel e BPAF 8 i SuS6PRD G0 Ol dace Wik 21K 2

having a nine litr

capaclty an esi gn-pressure’ of

.1 Mpa) is

fabricated fronomésionzdntop of thelugl [The tank dstheswventdund fordts follextent robeidiing
"gutters" welded to her. The tank, 2 is, of circular .nerjdianal and
transverse sect? Bneq%%%mgomgpgqn %P‘éh‘ﬁ'f"@?d iﬁ“t'%ﬁﬁl?ﬁ‘aﬂﬂtya‘?# t\c‘j‘?ﬁ\‘é r’“ﬂl’& e
rehe tank 2 may, for exanple, be fabricated fromtwo

curved gutters wel ded together. The wall of the torus has a constant basic
wal | thicknessu‘gl‘§ %.Sgﬂw,The tank 2 is overwound with Kevlar-49[err] fibre

di ameter of 12

4 to an overwo

ting 48 is Applicd As nocessany toPEAUERLARE fHe 8 i nsi de of the

torus (this will correspond to a | esser thickness

To make a connection to the gas regulator a banjo attachment 49 (illustrated in figure

8)isused. The projection 53 is inserted into the passage 43 in the lug 42 so that the

hole 50 is aligned with the aperture 44 in the toroidal shell wall. Rubber ring seals 54

effect a gas tight connection and gas is able to pass via the passages 51 to the hole 52

which provides a regulator connection and is an M18 or other standard thread fitting

design to facilitate connection of the regulator and associated breathing mouthpiece or
- facepiece and related apparatus-(such as is illustrated in figure 3).

This embodiment eases the manufacture of the vessel and avoids the structural
problems which can arise from intersecting welds where a thickened zone is welded
into the vessel. The hole sizes are likely to be governed by the need to provide for
insertion of an endoscope for internal inspection purposes rather than the size of air

passage needed.

Figure 9 illustrates the preferred geometry for the lug 42 prior to application of the
overwinding. For the overwind to function, it requires a positive curvature at all
points so that it can exert inward pressure on the shell 41. Therefore the lug 42 needs
to take the form of a long crescent shape, possibly with its external profile forming
part of an ellipse. Most of the lug is loaded largely in compression and so can be a
casting or plastic moulding. Therefore a complex shape presents no problems. The
crescent may be made in one piece, or may be a separate item that attaches to a

welded-on post.



on the outside of the torus as a consequence of the build-up effect

I nRherent in the WO 97/ 12175

PCTTGB967 02367 - II - torordal Geonmetry which was noted apove), except for
a small section of the casing 9 which is left wthout overw nding to enable
the tapping in of a regulator connection 8 The overw nding technique is
not pertinent to the invention, and the w nding can be applied using
standard appgjoah, nd techni ques for wi nding naterial ont kedal core
which wll be fdﬁi7?ar to those skilled in the art, such agcgged J?
exanple in the manufacture of coil wound electrical itens such as toroidal
transforners and rheostats, with mnor addptation to accommbdate the
unwound region 9. The design is such that when the vessel is pressurized
appr oxi mat el y hid the tiesceneerbstesthe fingwiseiweld oh dieneruk)it is het desieable thetiitghodld Wi t h

t he remai ni ng ridi,anal. | oad Il.of the | oad perpendicylar tq the
meri di an bei ng%&ﬁ@WSstﬁﬂ-ﬁﬂg?ﬁaM&JMﬂp@nm&* opdilgf peled with a
covering for e%m&m%%gggg%@ﬁh EM&&“EQMM&&%@%@J@&WE“ c

pol yur et hane paint |ayer Ted over the wound fibre 4. Figure 1
-i I lustrates orligweysr, if thé creseentds nosigmly aptiachied atrall pointsit may requiceroved f or

bet t I 11 ust ' »l lvVj i NG ' he ..sl 6
w11 Cext end ove o, BEebRlurtg Bihtd BTRE of i se I orkich higFactie ) e
requires a zoneagaihstithe shielt (therebydveidinganother puséitle sdurce of fatigue failure). An

alternative (not shown) is a series of spot welds with stress relief notches (which

reduce the circumferential stiffness) built in, but this has the potential disadvantage of
introducing more heat affected zones).

External lubrication, for example with PTFE tape, is also desirable to avoid Kevlar

fretting at the crescent tips and is provided in this example by a layer of PTFE tape
S8.

- The remaining structural broblem is that when designing pressure vessels of any type,
it is desirable to arrange that initial failure occurs away from joints, lugs etc., but
rather in the typical, uniform part of the vessel structure. In this way consistent and
predictable burst pressures can be achieved. With the proposed design, an excess of
Kevlar can be expected to suppress failure along the ringwise welds, in which case the

likely failure mode would be a meridianal crack arising from the ringwise stress.

Unfortunately, as things stand the (small) hole in the torus surrounded by a weld and
heat affected zone is the most probable site of initial failure.

A possible way around this would be to use a patch of metal or composite adhesively
bonded to the inside surface of the torus. This would be designed to transfer enough
load (perhaps 10-15% of the total) to suppress premature failure in the heat affected

zone.

The manufacturing sequence described for the embodiment of figures 6 to 9 would be
modified to involve first the welding of a lug onto one of the “gutters”. Then, a patch



overwinding 9 for tapping in the regulator connection 8. This is

il lustrated in figure 2 which is a transverse-section through the region in
the vicinity of the regulator connection. Since the zone is not overwound,
an optimal design will require the nmetal to be thicker on the inside 10
than on the outside 12 of the torus to acconmodate the higher | oadings
experienced there as a consequence of the toroidal geonetry. To accommodat e
this the walwowsfizatsness is increased fromthe basic 6. 5rmRE/GRWAAE7 10. 5rm
on the outerwall 12 and 15mm on the inner wall 14. The non-overwound zone
needs to be as small as possible to reducg the excess weight it contributes
to the pressure vessel, and in this case I's restricted to an arc of the

torus, [err], of 34. As fiqgure 2 illustyates, .the tr ition is gradual in
the transiti onisAgpliedite the ipside of the gyiter, °MPS'Hit§¥B%??€ﬁW%’§°Tﬁ?9%t i ffness

arising fromt ' rud SRS winbinEappRéd Alusdal whi ch coul d gi ve
rise to additi gﬁ‘&?%@?@égg@%ﬁ&n alternative or additional feature the
WO 97/ 12175 '
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rovided with internal screwthreading 14 to facilitate connection of the
Pegul ator and butnot such an effective adhegive). g

The post-crescent-banjo concept of figures 6 to 9 has been developed as a means of
allowing a pressure connection to be made and at the same time ensuring that the
whole of the surface of the torus is supported by an overwrap. An alternative
approach which is illustrated in figure 10 is to accept that there will be some

unsupported areas and attempt to minimise their weakening effect.

- The bare zone presents a problem in particular for thin shells of high strength metal.
Local thickening of the shell is undesirable at it complicates manufacture and leads to
stress concentrations and a possible source of fatigue failures (as one would expect
with a stiff member rigidly attached to a dilating shelf). The embodiment of figure 10
uses a load spreader plate to bridge the bare zone, with figure 10a illustrating a
section through the spreader plate at the inlet tube 61 and figure 10b a section away
from inlet tube.

A plate 62 is provide which is curved to match the curvature of the toroidal shell 64,
has a hole to fit over the inlet tube 61, and feathered edges. The plate provides extra
support in the bare zone where overwinding 66 is absent. The plate should be loosely
attached and free to slide on the torus as it dilates. A lubricating film may be used to
assist this.

The plate will be subject to high shear and flexure loadings, and must be thick enough
and of a suitable material to meet these. In general, fibre composites are not suited to

taking out-of-plane shear loads. Isotropic metals would be preferred. To withstand



associ at ed breat hi ng nout hpi ece or facepiece and rel ated apparatus, which
I s unconnected and is therefore not shown in the figure. Wth this
appar at us unconnect e € gas Vvessel TS snown cl osed by € non-retuarn-
valve 15. As an alternative an isolation valve could be used which screwed
into the ML8 threading 14. Siting the regul ator connection 8 inside the
ring of the torus offers nore conpact design and sone degree of protection
to the regulg&Q%”% e attached and in use. Figure 3 illust ' rtial
section a detachabl'é regulator which is suitable for insertion ITnto the gas
tank of figures 1 and 2 to reduce the pressure of the gas fromits storage
pressure to anbient. A screw threaded connidctor 21 conpatible with the ML8
connection piece 8 is provided to connect the regulator to the gas tank.

I nsertion of t hfigings xemmstions. Tinthisovaysthe ehances ufobtdining cansistentabuirst and suppl y
to the regul ator_chanber 23.is then coptrolled.by the rotatable contro
val ve 25. The r@EﬁPﬁ?8&“?%“8?3Ph%ﬁgﬁﬂ4ﬁ?ﬂﬁﬂ&@RN%P?F 27. The gas
then proceeds via a supply line 28 through a user operabl e denand val ve 29
to a facepiece 30. It will be understood that whilst a two-stage regul ator

is preferred t hWhengensidedng the ovgsppendtproidal pressurs vesselk witheither thepostenovabl y

connect ed breat QleRQn AR faki q&ag 'FQ%B .frﬁl ator.
Figure 4 iIIust}Fygt es anﬁaﬁ%‘g'?%% ve@ggr%g'rd‘lhér:@mko %B%?ag%gu e?evfeogggtll in
accor dance wi t hwohld expectfitsi failure fo dcrunpriteipallyunder theadtiof bf the vingwissioais ar
external dinmensjpons to.t.he previo

exanpl e is fahricated Homa titanium
al | oy, Ti- 6A1- 4\®qesignisipiended tg smploy ap ex °§?Y>°'W R SUPRIFSE l‘s’“’é‘ﬁﬁ“b‘%%rati ng
pressure of 300mefdiadaBibad®> ¥ expectétbrallitre kvodill thl® thY form of a meridianal crack
running round the minor circumference of the torus. In the ringwise direction the

weakest area can be expected to be in the region of the weld and/or heat affected zone

around the pressure inlet, i.e. either the post or inlet tube.

To avoid this failure by local thickening is undesirable for the reasons discussed
. above. The load spreading plate does nothing to take the membrane loads that lead to
failure.

A possible solution is to use a thin patch of material bonded to the torus surface
around the weld. CFRP is ideal for this and the technology for applying such patches
is well established from SMCs work on composite repairs. As the strength loss around
the welds is not expected to be large, the thickness of material needed can be quite
small, perhaps no more than 0.5mm. The mass penalty would be minimal.

The reinforcing patch concept is applicable to either the post-crescent concept of
figures 6 to 9 or the load spreading plate of figure 10. In the former case the
additional thickness would present a minor problem in an area where spaceis at a
premium. In the latter case the patch would need to operate under the spreader plate
and would thus need sufficient through-thickness compressive strength to withstand
the compressive loads.
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di aneter of 340mm an i nner di am'ﬁr of 112mm and a basic wall thickness

of 3.2nm The tank first has ap ‘HJH"JMM abl e carbon-fibre: epoxy
prepreg. The prepreg is applied’ to the tank 31 in an

alignment such that the fibres lie substantlally per pendi cul ar to the

nmeri di anal dvoewisimn, thus form ng, after standard consol i FVGRIGO¥GT
curing, an aligned conposite |ayer 32 which carries sone of the load in
this direction. The tank is overwound w thgKevl ar49[err] fibre 34 in |like
manner to the previous exanple. As sone of the ringwise load is carried by
t he carbon flbggﬁégnposite | ayer 32 rather than the nmetal, considerable
further weight ngs are possible. Care is needed in the design to avoid
stress concentrations where the |ayer 32 gives way to the thickened region

and to ensure tjhaty aﬂpﬁh res@vEf viggei€NSUr €
effective load t rané#ec oh I'nto {W%ﬁ%ﬁgﬁﬁ%{%&h 2. éa'yl'vmlaal tgrs%%lt ive
approaches are il Icupibleedfepcbsmfdggsmmt&nmemﬁttm a@hs supplyjapertuge, e@y pr epreg
35 is applied to the tank ata redtrgpﬁ Fl{;zone (58‘) r‘iV\:hICh
nul tiple | ayers ofM$3pd 5“@’6"’9 t rsb $o pro¥ide far spply

transition zone. /b?ﬁfél“g& rhtseéduneﬁd%@eémmbm%c&ﬁolmemabf@gf@ver t he
dry overw nding 34. However, it wl be understood that the dra

prepreg concept i fthe gas, whersia;the gas reseryoif s taroidal pressure vessel kampRisio
al um ni um al l oy d&gdegifdc Aroilid] ShelHalil Wothd dnl RO bt AbeR¥r £ehlil Toad beanng

layer of high tensile strength non-metallic fibre, the fibre being aligned in a
substantially meridianal direction on the toroidal shell.

2. Apparatus as claimed in claim | wherein the supply aperture is located on the

inside face of the tosus.

3. Apparatus as claimed in claim 1 or claim 2 wherein the gas supply aperture
includes means to effect releasable connection of the supply means and a closure

valve to prevent release of gas with the supply means disconnected.

4, Apparatus as claimed in any preceding claim wherein the shell comprises a torus
of substantially circular meridianal section and substantially uniform wall
thickness.

S. Apparatus as claimed in any preceding claim wherein the tensile load bearing
layer comprises a layer of high tensile strength polymeric fibre, the fibre being
aligned in a substantially meridianal direction on the toroidal shell and being free
of any matrix material for at least a substantia! part of its depth.

6. Apparatus as claimed in claim 5 wherein the fibre comprises an aramid.
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Fi gurses 6 to 9 relate to an alternative enmbodi nent of gas supply aperture.
A:uniformwal |l thickness toroidal shell 41 is fabricated, probably fromtwo

cuwWﬁ@FWﬁe\gamﬁﬁhe ShelT and i s
provided with air passages 43 which ovi de cO cation with an aperture
44 in the toroidal shell wall. The m,, of fset fromthe
central plane of the torus to avoi m MWh the ringw se wel ds,
whi ch coul d q*,%‘% ?e to potenti al weakness. ¥ for opRETakRdeis7
reasons (e.g e advantage of protection offered by |ocating connections
on a site on the inside of the ring) It remains desirable not to nove the
pressure tapping too far fromthe "equatori9- WO 97/ 12175

PCT/ GB96/ 02367 -14- The tank is overwound with Kevlar-49[err] fibre 46 in
li ke manner to the Apperatusascleimedyn claim 6wiestin the tensile load keating layetds off t he | ug

42, and then, in a t er.ation e tank

i s thus overvvound f@?“%}"@ ‘f’ﬂ‘f‘?‘p&[?sgcﬁf& 8%Fmdr@'?$}§8ﬁ'§5%n&ovﬂ?ﬁé porat I on
of a thickened seciogh@8f dafbdnl\Elaséiof bétarhit fibfest he gas supply aperture.

surf.ace coating 48 is applied as necessary to protect the fibre 46. To make
a connection to the gas regulator a banjo attachnment 49 (illustrated in

figure 8) is usel. Apperatusaj lailied in ing prezedingclsiinasherdii the fibre windisgge 43 in the

lug 42 so that the
g overtensioned so as to apply a compressive prestress to the metal shell.

9. Apparatus as claimed in any preceding claim wherein the shell is manufactured
from material selected from the group comprising aluminium and alloys thereof

and titanium and alloys thereof.

10. Apparatus as claimed in any preceding claim wherein the gas reservoir vessel is
provided with a zone of thickened inner casing without overwinding in the region
of the gas supply aperture.

11. Apparatus as claimed in any of claims 1 to 9 wherein an annular or partially-
annular lug is fitted over the aperture in the toroidal shell below the overwinding,
which lug comprises an external surface to receive a meridianally wound layer of
fibre, a lateral aperture, and an air passage to provide a communication channel
between the aperture in the toroidal shell and the lateral aperture.

12. Apparatus as claimed in claim 11 wherein the lug is partially annular with a
crescent shaped section

13. Apparatus as claimed in any preceding claim in which the control means includes

a pressure regulator,

14. Apparatus as claimed in any preceding claim contained within a satchel
comprising means for attachment of the apparatus to the human back to facilitate
portability.
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hole 50 is aligned with the aperture 44 in the tor0| dal shell wall. Rubber
ring seals 54 effect a gas tight 'is able to pass via the
passages 51 to the hole 52 which prOV|des connection and is an
M8 or other standard thread f_|tt| Mﬁﬁ‘ mhtate connection of the
regul ator and associ ated breat hi ng acepi ece and rel ated
apparatus (such as is illustrated. in f| gure 3). This enbodi nent eases the
manuf act ur e wé otize7svessel and avoi ds the structural probl SGT/GRN6HR36Ean
arise fromintersecting welds where a thickened zone is welded into the

vessel . The hole sizes are likely to be ggverned by the need to provide for
insertion of an endoscope for internal inSpection purposes rather than the

size of air passa e needed. Fiqure 9 il ustrate B @referr 49 try for
the lug 42 prid %BP%FFWF%%YGH‘W@“WFWSH&%@“ PRt (ﬂ%@ﬁ% rﬁ‘g&3
function, it requply qc&ﬁﬁj Mﬁf@ture at all points so that it can
exert |nvvard pres!szuregleon t Mﬁ’ﬁ Therefore the lug 42 needs to take
the formof a long crescent shape, possibly with its external profile

form ng part ofigapp gﬁhﬁ’M? a® fhereiiGerbre deschibddaitharefeteat @Rl figures 4 and
conpression and so can be a casfing or plastic noulding. Therefore a

conpl ex shape pre$ofithe accompaoyingdeawingse crescent nay be nade in one piece,

or may be a separate itemthat attaches to a wel ded-on post. WO 97/ 12175

PCT/ GB96/ 02367 ) .
17. Apparatus substantially as hereinbefore described with reference to figures 6 to 9

of the accompanying drawings.

18. Breathing apparatus comprising a human portable gas containment and supply
apparatus as claimed in any preceding claim in which the pressurised gas
reservoir serves as a breathing gas reservoir and further comprising a breathing
facepiece and user operable demand valve connected to the second end of the gas
supply aperture.

Sheet Has Been Re laced
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- 15- As the crescent crosses the ringwise weld on the torus, it is not
desirable that it should be continuously welded. Indeed a rigid welded-on

| temrattactred—to a dirtattng snhel I woul d devel op high stresses in the welds,
a-potential site for fatigue failure. However, if the crescent is not
firmy attached at all points it may require "lubrication", for exanple
using a layer of PTFE or nylon 56 to prevent it grating against the shel
(thereby av 'ﬁig?lgzgzyot her possi bl e source of fatigue fail urEIlyGBING2367
alternativeq% own) is a series of sppt welds with stress relief

not ches (which reduce the circunferenti stiffness) built in, but this has
the potential disadvantage of introducifg nore heat affected zones).
External |ubrication, for exanple with PTFE tape, is also desirable to
avoid Kevlar fretting at the crescent tips and is provided in this exanple
by a | ayer of PTFE tape 58. The remaining structural problemis that when
desi gni ng pressure vessels of any tEﬁg;.qt is desirable to arrange that
initial failure occurs away fromjoi rn«8; "Iugs etc., but rather in the
typical, uniformpart of the vessel structure. In this way consistent and
predi ctabl e burst pressures can be £hied. #h t48 proposed design, an
excess of Kevlar can be expected to oY, [ai | /e al ong the ringw se

wel ds, in which case the likely ‘ be a neridianal crack

arising fromthe ringw se str g8 ey’ as Y stand the
(small) hole in the torus sArrounONRE i 1 affected zone is
the nost probable site of fniti s Al i Mgy ar yhd this woul d
be to use a patch of netal s H RN i “,/’9
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bonded to the inside surface of the torus. This would be designed to

t ransfer enough | oad (perhaps 10-15% of the total) to suppress premature
fartuare n € nheat aifected zone. € nanur acturi ng sequence descri bed for
the enmbodi nent of figures 6 to 9 would be nodified to involve first the

wel ding of a lug onto one of the "gutters". Then, a patch WO 97/ 12175
PCT/ (B96/ 02367 -16- is applied to the inside of the gutter surface opposite
the lug. The fug.gitders are welded together to formthe t gcemafdsne

wi ndi ngs appl as ‘usual. The size of the patch will be partly determ ned
by the proximty to the ringw se weld andat/he tenperature the adhesive wll
tolerate. There is a choice between an e adhesi ve, good to about

170[err]C, or a bisnaleide film esive (good to about 300[err]C but not

such an effective aﬁ»e | ye) . e t- scent-banjo concept of figures 6
to 9 has been devel .ﬁ. an %owi ng a pr ?Jre C ction to be
h

mad€ and at the same tine e I n hat the whole 0O e sufff ape of the
torus is supported by an ov apiNJAn al ternati igh is
illuystrated in figure 10 is ac{ept that = me pinsupported
areas and attenpt to-.pkni t hei Y weakenj efrect. The e] zone
presents a probl emi‘?‘%—;r i - thinfsHells of hégg npth netal .
NS
28
27 .
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Local thickening of the shell is undesirable at it conplicates manufacture
and |l eads to stress concentrations and a possi bl e source of fatigue
farl-ures (as one woul d expect wth a stiff nenber rigidly attached to a
dilating shell). The enbodi ment of figure 10 uses a | oad spreader plate to
bridge the bare zone, wth figure 10a illustrating a section through the
spreader plate at the inlet tube 61 and figure 10b a section away from
inlet tube. Avepbmiaers62 is provide which is curved to natch Foresw2sst ur e of
the toroidal shell 64, has a hole to fit over the inlet tube 61, and

feat hered edges. The plate provi des ext support in the bare zone where
overwi nding 66 is absent. The plate sh be | oosely attached and free to
slide on the torus as it dilates. A lubricating filmmy be used to assi st
this. The plate will be subject to high shear and fl exure | oadi ngs, and
must be thick enough and of a suitable material to neet these. In general,
fi bfe conposites are not suited to taking out-of-plane shear | oads.

| sotropic nmetals would be preferred. To withstand WO 97/ 12175

PCTLGB96/ 02367 -17- fittings or connections. In this way the chances of
obt ai ni ng consi stent burst pressures characterised by a | ow coefficient of
vari ation are enhanced. Wen consiFia rB t he overwound toroidal pressure
vessel, with either the post- g .
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crescent-banjo design of figure 6 to 9 or the | oad spreading plate of
figure 10, one would expect first failure to occur principally under the
actromof—Tme T TNgW 5 1oads (the design Is Intended to enploy an excess of
overwind to suppress failure due to the neridianal |oad). The expected
failure would take the formof a neridianal crack running round the m nor
circunference of the torus. In the ringw se direction the weakest area can
be expected to be in the region of the weld and/or heat afdcantmeemene
around the PYRTUME injet, i.e. either the post or inlet tube. To avoid
this failure by local thickening is ung?' rable for the reasons discussed
above. The | oad spreadi ng plate does n )&ng to take the nenbrane | oads
that lead to failure. A possible solution is to use a thin patch of

materi al bonded to the ussurface around theweld. CFRP is ideal for
this and the technol ogyﬁLr . | yi gf A is well established from
SMCs work on conposite repgairs. As Q. ¢S around the welds is
not expected to be Ia&q&, o . an be quite
small, perhaps no no e mnimal. The
rei nforcing patch concep ‘ t-crescent concept
of figures 6 to 9 or thd | oadMy i NG B Of\fig €”10. In the former
case the additional thidkness: g a mnd/ problemin an area

n%e patch woul d need to
3 ed sufficient
t hr ough-t hi ckness conpresyji ve sSt|iy I A and t he conpressive | oads.

SN
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b4 62 o4

SUBSTITUTE SHEET (RULE 26)



-18- +C.ains 1. A gas contai nnent and supply apparatus conprising a gas
reservoir vessel capable of pressurised gas containnment fitted with a gas
suppl y aperture, supply means connectable to the gas supply aperture at a-
first end to provide for supply of the gas through a second end, and,,* :
control neans to control the rate of supply of the gas, wherein the gas
reservoir is a toroidal pressure vessel c rising i '

shel | having wound on the surface thereof & tensile | ' of |
of high tensile strength polymeric fibre, the fibre biﬂ | gﬂ“mﬁﬂ mﬁ!l :
substanti al | y $d@iB&di anal direction on the toroidal shelf L «ce of

any matrix material for at |east a substantial part of its depth.. 2.
Apparatus as clainmed in claim1 wherein the supply aperture is |ocated on
the inside fade dfgescontainment agd suypbpapparatuseomyrisingsigasmesehaiinvessedr ¢l ai m 2

wherein the gas suppl erture includes s, 10 effect rel easabl e
connection of thé? 43’6%?68%%?%35?5 cﬁéﬂ“&?ﬁfﬁg‘?ﬁaw&léatgﬁs DHRBVLARCTHER Supply of
gas with the 5Up%één%&%cﬂbﬁﬁ@%@ﬁbplﬂapmﬁﬂ%t&ﬂtﬁ@\gﬁf{og :e?

precedi ng clai mwherein the she nprises a torus of su
ci rcul ar neri di amfithesgasithronghaasecond endyand editsol meahstomontbl the knite kfispply 5.

aratus as clait ﬂc_il in claimb wherein the fihre comrises,an aram d.
App oge e gas, wherein the gas reservoir is a tor01d§l prengre vessel comprising a

metallic toroidal shell having wound on the surface thereof a tensile load bearing
layer of of high tensile strength polymeric fibre, the fibre being aligned in a
substantially meridianal direction on the toroidal shell and being free of any .
matrix material for at least a substantial part of its depth..

2. Apparatus as claimed in claim 1 wherein the supply aperture is located on the

inside face of the torus.

3. Apparatus as claimed in claim 1 or claim 2 wherein the gas supply aperture
includes means to effect releasable connection of the supply means and a closure

valve to prevent release of gas with the supply means disconnected.

4. Apparatus as claimed in any preceding claim wherein the shell comprises a torus
of substantially circular meridianal section and substantially uniform wall
 thickness.

5. Apparatus as claimed in claim 5 wherein the fibre comprises an aramid.

6. Apparatus as claimed in claim 6 wherein the tensile load bearing layer is of
intermingled mixed fibres comprising aramid fibre in combination with at least

one of carbon, glass or ceramic fibres.

7. Apparatus as claimed in any preceding claim wherein the fibre winding is

- overtensioned so as to apply a compressive prestress to the metal shell.
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6. Apparatus as claimed in claim6 wherein the tensile load bearin yer

Is of intermngled mxed fibres conprising aramd fibre i Yoination.with
at |l east one of carbon, glass or ceramic fibres. 7- par at us m\madin
any preceding claimwherein the fibre winding is ov \\“\“W\g to .-
apply a conpressive prestress to the netal shell. &&m ' par &t us as
clainmed in any preceding claimwherein thﬁ shell is ufcactured from .
mat erial selected fromthe group conprisi a'al um ni um and al | oys t her eof

and titaniumand alloys thereof. 9. Apparatus as clainmed in any preceding
cl ai m wher ei n 8t hAnpasatysasslajped inanyquecedinglaim wasteinithdshell inmenefactutedc kened

10, Appar al s as TERAPRRRe GG oo ple Sl Sordgihe bt s Al BPe5E
: parat us as :
partial l'y- annul ghd titiiin® ahd ANRH t¢&df, t he aperture in the toroidal shell

bel ow t he overw ndi ng, which |ug conprises an external surface to receive a
nmeridianally wound | ayer of fibre, a |lateral aperture, and an air passage

rer di ana d Tayer of re, and an air pass:
Shetl and t ho ! af SPas S CRER iy L HAER iR IREHD g teieRfosl AR

wherein the | ug ipeovided with b gomeofithiskenstltitined casing without overwinding in the
region of the gas supply aperture.

10. Apparatus as claimed in any of claims 1 to 9 wherein an annular or partially-
annular lug is fitted over the aperture in the toroidal shell below the
overwinding, which lug comprises an external surface to receive a meridianally
wound layer of fibre, a lateral aperture, and an air passage to provide a
communication channel between the aperture in the toroidal shell and the lateral

apeﬁure.

11. Apparatus as claimed in claim 11 wherein the lug is partially annular with a

crescent shaped section

~ 12. Apparatus as claimed in any preceding claim in which the control means

includes a pressure regulator.

13. Apparatﬁs as claimed in any preceding claim contained within a satchel
comprising means for attachment of the apparatus to the human back to facilitate

portability.

14. Apparatus substantially as hereinbefore described with reference to figures 1 and

2 of the accompanying drawings.

15. Apparatus substantially as hereinbefore described with reference to figures4 and

5 of the accompanying drawings.

AMENDED SHEET



crescent shaped section 12. Apparatus as clainmed in any preced| ng cl ai m in
which the control means includes a pressure reguw
glainmed in any preceding claimcontained within at chel g rreans
for attachnent of the apparatus to the human back “M ’T‘\ ﬁn
portability. 14. Apparatus substantially as herei n ““& Wi 't h
reference to figures 1 and 2 of the accogﬁsnyl ng draw ifgs' 15. Apparat us
substantial ly as hereinbefore described W¢¥h reference to figures 4 and 5
of the acconpanyi ng draw ngs. AMENDED SHEET -20 - 16. Apparatus .
substanti al | y16s Appartusisubstantially o8 hérbinblefora describedrwitic referendeitg figuees 6 to@ 9 of
t he acconpanyi ng drawi ngs. 17 reat hi ng apparatus conprising a human
portabl e gas conPEiA ﬁﬁ?fﬂ“@ﬁ?ﬂ‘”&iﬁ% WW84ppar atus as clainmed in any preceding
claimin which the pressurised gas reservoir serves as a breathing gas

reservoir and_further conprising a,breathing facepl ece and user oper abl e
demand val ve é?}nﬁé@%‘&ﬁg?@?ﬁf@s CEBIRNGHBAN portably.gas sopfainmenhand supply

apparatus as claimed in any preceding claim in which the pressurised gas
reservoir serves as a breafhing gas reservoir and further comprising a breathing
faccpieée and user operable demand valve connected to the second end of the

gas supply aperture.
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(57) Abstract

A gas containment and supply appa-
ratus is described consisting of a gas reser-
voir vessel (1) capable of pressurised gas
containment fitted with a gas supply aper-
ture (8) provided with supply means con-
nectable to the gas supply aperture to pro-
vide for supply of the gas and control means
to contro] the rate of supply of the gas, in
which the gas reservoir is a toroidal pres-
sure vessel comprising a metallic toroidal
shell (2) having wound on its surface a
tensile load bearing layer of high tensile
strength non-metallic fibre (4), the fibre be-
ing aligned in a substantially meridional
direction on the toroidal shell. Human
portable breathing apparatus is described
utilising the above.




