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This invention relates to hose, and nore particularly relates to hos ‘@ﬁ%g
i nproved axial strength. The invention is especially concerned with hose

whi ch cahOB¥E%7dsed i n cryogenic conditions. The invention BIEeBEI2Af%ks to an
end fitting for a hose, and to a nethod of making a hose Typi cal
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under pressure. Exanples include suppl ing of donestic heating oil or LPGto
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cargo hold to a | and-based storage wunit; dellverlng of fuel to racing cars,
especially during refuelling in formula 1; and conveying corrosive fluids,
such as sulyhgrihGe@idd related So WRISe, kiaivhdre ptchiesy rfegtég%tﬁ@ébﬂﬁ@wngo
fluids, such as liquefied gases, at |ow tenperaturé. Such hose is cormonly
used txmprm\m@‘s@natstrem@férf de l@\@'é@m!&mpagtallmoqueerraﬂ widlh boaé wiash ceMNGe and
l'iquefie ane, | n. order f t he hose su f|C|entIy

{1 ex bioe0 BRyRGRRFCEoRS g SN TPrBa e Rtears paishy TR for rh er G
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the f'ckahde;fnﬁg@o%%ﬁﬁéﬁ&ﬂdagsu&}?ab%wph@mdama typically a polyneric film The
retaining wmres are typically applied under tension around the inside and
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The lﬂlﬂ@éﬂ@daﬁwb%ay\ﬁ(lr_fﬂs my |Rjusdiedasrophfer@si(6P @Y. ushi ng of the hose.

In order for the hose to be sufficiently flexible, any given length must be at least

partially constructed of flexible materials, i.e., non-rigid materials.

The structure of such hose generally comprises a tubular body of flexible
material arranged between an inner and outer helically wound retaining wires. It is
convehtional for the two wires to be wound at the same pitch, but to have the windings
displaced by half-a pitch width from one another. The tubuiar body typically comprises
inner and outer layers with an intermediate sealing layer. The inner and outer layers
provide the structure with fhe strength to carry the fluid therein. Conventionally, the
inner and outer layers of the tubular body comprise fabric layers formed of a polyester
such as polyethylene terephthalate. The intermediate sealing layer provides a seal to
prevent the fiuid from penetrating the hose, and is typically a polymeric film.

The retaining wires are typically applied under tension around the inside and
outside surfaces of the tubularx body. The retaining wires act primarily to preserve the
geomefry of the tubular body. Furthermore, the outer wire may act to restrain excessive
hoop deformation of the hose under high pressure. The inner and outer wires may also
act to resist crushing of the hose.

‘A hose of this general type is described in European patent publication no,



A hose of this general type is described in European patent publi catiﬁ)% no.
08MAR2005 WD 01/ 96772 PCT/ GBOL/ 02562 -2 0076540A1. The hose descri bed” ik 2005

this spegjfjcation includes an internediate | ayer of biaxiall riented
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the fatigue caused by repeated flexing. Another hose is described in
GB-2223817A. The hose described in this. publication is a conposite hose
conprising an inner helical netallic core, a plurality of |ayers of
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and oi the fatignetdrrsatoRerepealeddieingd i n GB- 1034956A. The hose described in
this appligation iis an.electrjcal.h ui i.e., Jt i.s intended for
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. 1034956A comprises:

(i) an internally arranged helically wound wire;

(if) an extruded neoprene hose surrounding the internal wire;

(i)  a braided metal sheath surrounding the neoprene hose;

(iv)  anylon cord applied helically to the sheath;

(v)  acanvas wrapping around the nylon cord and the sheath; and

(vi)  an outer helically wound wire arranged around the canvas wrapping.

The braided metal sheath is made to follow the convolutions of the inner wire by
temporarily winding a T’urther wire around the sheath during manufacture of the hose.

Many applications of hose require the hose to be supported along its length. This
especially applies to the transport of the produced liquids and/or gases mentioned
above. Without additional support, conventional hose is often incapable of supporting its
own weight, or the weight of the fluid contained therein.

We have now found a way to improve the load carrying capabilities of hose,
especially the type of hose described in EP-0076540A1, so that it can be used to carry
fluids either without the need for any support at all, or with a much reduced requirement
for support. The hose is suitable for both cryogenic and non-cryogenic applications.

We have also found a way to improve the sealing' layer in hose of the type



fluids either without the need for any support at all, or with a much
reduced requirenent for support. The hose is suitable for both cryQ)@é'nlﬁkéUOS

and non-cryogeni ¢ applications. W have al so found a way i ove the
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inmportant that the wires are maintained in the correct position. In general
the inner and outer helical wires are |longitudinally displaced relative to
one anpt her (ﬁ§ a gi stance equal to about half a pitch Ilength. This
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The present invention also relates to an improvement in the termination of the
ends of the hose.

Broadly, we provide an axial strengthening means for hose, whereby the hose
can withstand greater axial tension than has previously been possible, without impairing
the other properties of the hose.

According to a first aspect of the invention there is provided a hose comprising a
tubular body of flexible material arranged between inner and outer gripping members,
wherein the hose further comprises an axial strengthening means adapted to reduce
deformation of the tubular body when the tubular body is subjected to axial tension, and
the axial strengthening means is further adapted to exert a radially inward force on at

- least part of the tubular body when axial strengthening means is subjected to axial
tensioning.

In a particularly preferred embodiment, the failure strain of the tubular body and
the axial strengthening means are within the range o7 1 to 10%. More preferably the
failure strain is in excess of 5% at ambient and cryogenic temperatures.

By means of this arrangement, the axial strengthening means improves the



tensioning. In a particularly preferred enbodi nent, the failure strain of
the tubular body and the axial strengthening means are within the gangg 206
1 to 10% Mre preferably the failure strain is in excess of 5% at anbient
and cryoy8i’d®Yénperatures. By means of this arrangement, HHECELEP62
strengt heni ng neans inproves the 1 8 MAR 2005 WD 01/96772 PCT/ GBO /02562 -4
ability of the hose to cope with axialg.stresses, and at the sane tinme can
contribute to the structural integrity of the hose during axial tensioning
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( UHMAPE) , described in further detail below The tubular body preferably
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means. The ultinmate strength of the reinforcing |ayer(s) is preferably

bet weélgtaibbelang This is because metallic materials are unlikely’to have the desired strain
characteristics.

It is preferred that the tubular body and the axial strengthening means comprise
the same material, most preferably ultra high molecular weight polyethylene
(UHMWPE), as described in further detail below.

The tubular body preferably comprises at least one reinforcing layer and at least
one sealing layer. More preferably, there are at least two reinforcing layers with the
sealing layer sandwiched therebetween. |

Preferably, a further reinforcing layer is provided between the outer gripping
member and the axial strengthening means.

The ultimate strength of the reinforcing layer(s) is preferably between 100 and
700 kN for.an 8” (200 mm) diameter hose. It is preferable that the bend strain at failure
of the reinforcing layer(s) is in the range 2% to 15%. Desirably, further reinforcing
layer(s) are the same material as the axial strengthening means, most preferably
UHMWPE.

Preferably the axial strengthening means comprises a generally tubular sheath
formed of a sheet of material provided in a tubular shape, such that the sheath can

maintain the integrity of its tubular shape when subjected to axial tension. The hose



700 kN for an 8" (200 mm dianeter hose. It is preferable that the bend
strain at failure of the reinforcing layer(s) is in the range 2986d1AR=0%

Desirab rther reinforcing |ayer(s) are the sanme mat t he axi al
st rengt hy%nhégh?reans nost preferably UHMAPE. Preferably ?’[‘#ﬁé??’ipbg‘

strengt heni ng neans conprises a generally tubular sheath fornmed of a sheet
of material provided in a tubular shagge, such that the sheath can maintain
the integrity of its tubular shape when subjected to axial tension. The hose
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only B@ﬂyv@feriélﬁajebfwfﬁemahmstﬁnthe tubul ar sheath to be provi ded in the
formof the braid. The braid may be provided in a biaxial form
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the tubular sheath. However, it is possible for only part of the circumference of the
tubular sheath to be provided in the form of the braid.

The braid may be provided in a biaxial form (i.e. in which the braid is formed of
only two intertwining fibres or yarns) or in a triaxial form (i.e. in which there are also
fongitudinally extending fibres or yarns, for increased axial strength).

Although it is preferred to provide the axial strengthening means in the form of a
braid, it may be provided in other forms which meet the functional requirements
specified above. Thus, the axial strengthening means may be provided as a suitable
arrangement of cords or ropes helically wrapped around the tubular body.

" The materials of construction of the hose should be selected to enable the hose

- to perform in the environment for which it is intended. Thus, there is a need for the hose
to be able to transport pressurised fluids therethrough without leakage of the ﬂuid
through the walls of the hose. There is also a need for the hose to withstand repeated
ﬂexi'ng, and to withstand the axial siresses caused by the combination of the hose and
fluid weight. Also, if the hose is intended for use in transporting cryogenic fluids, the
materials should be capable of operating at extremely cold temperatures without any

significant reduction in performance.



arrangenment of cords or ropes helically wapped around the tubul ar body. Esghe
materials of construction of the hose should be selected to enabl e@t&‘fé&/ﬁ@ e
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wi t hout | eakage of the fluid through the walls of the hose. There is also a
need for the hose to withstand repeated- flexing, and to withstand the axi al
stresses caused by the conbination of the hose and fluid weight. Also, if
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t he oreadcteihfay@ng ddydrimeag bestpriseat sirigkt cowtinubusdayarafdde sheat platerd!j ty of
separate Ieg&t hs g);%sheet mat er i al rrang?d al ?2’? tBe he%gth of, the hose.
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pol yester, Inhie ptefeseprerhbodiphgnt each. reinforcing layer comprises a fabric, most
preferably a woven fabric. The or each reinforcing layer may be a natural or synthetic
material. The or each reinforcing fayer is conveniently formed of a synthetic po!ym.er,
such as a polyester, a polyamide or a polyolefin. The synthetic polymer may be
‘provided in the form of fibres, or a yarn, from which the fabric is created.

When the or each reinforcing layer comprises a polyester, then it is preferably
polyethylene terephthalate.

When the or each reinforcing layer comprises a polyamide, then it may be an
aliphatic polyamide, such as a nylon, or it may be an aromatic polyamide, such as an
aramid compound. For example, the or each reinforcing: layer may be a poly-(p-
phenyleneterephthalamide) such as KEVLAR (registered trade mark).

When the or each reinforcing layer comprises a polyolefin, then it may be a
polyethylene, polypropylene or polybutylene homopolymer, or a copolymer or
terpolymer thereof, and is preferably monoaxially or biaxially oriented. l\'/lorevpreferably,
the polyolefin is a polyethylene, and most preferably the polyethylene is a high
molecular weight polyethylene, especially UHMWPE.

The UHMWPE used in the present invention would generally have a weight



pol yet hyl ene terephthal ate. When the or each reinforcing |ayer conprises a
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UHMAPE, nost useful in e present jnventign is highly. oriented and woul d
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avai | aipliegsbrom the US corporation AlliedSignal Inc. under the trade nanme
SPECTRA. Additional details about DYNEENI A are disclosed in a trade brochure
entitled Itis paricularly advantageous that the or each reinforcing layer comprises a -
highly criented UHMWPE, such as that available from DSM High Performance Fibres
BV (a Netherlands company) under the trade name DYNEEMA, or that available from
the US corporation AlliedSignal Inc. under the trade name SPECTRA.
Additional details about DYNEEMA are disclosed in a trade brochure entitled
“DYNEEMA; the top performance in fibers; properties and application” issued by DSM
High Performance Fibers BV, edition 02/98. Additional details about SPECTRA are
disclosed in a trade brochure entitled “Spectra Performance Materials” issued by
AlliedSignal Inc., edition 5/96. These materials have been available since the 1980s.
In the preferred embodiment, the or each feinforcing layer comprises a woven
- fabric formed of fibres arranged in a weft and warp qirection. We have found that it is
par_ticularly advantageous if the or each reinforcing layer is arranged such that the fabric
warp direction is at an angle of less than 20° to the axial direction of the hose; we also
prefer that this angle is greater than 5°. In the preferred embodiment, the or each
reinforcing layer is arranged such that the fabric warp direction is at an angle of from
10° to 20°, most preferably about 15°, to the axial direction of the hose.
The purpose of the sealing layer s primarily to prevent thé leakage of transported
luids through the tubular body. Thus, any sealing layer which has the required degree

of flexibility, and which can provide the desired sealing function, will be adeguate. Also,
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W ndi ng t he sheet ‘nqteriﬁ.al in a helical. manper. As with t,h? reinforcing
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to pull the w ndings apar The sealing | ayer may conpriseé a single
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conti W&%/gvél"%%r% &Juéll@?aﬁ@%pemﬁx% Bﬂlthe length of the hose) the or each layer of
the sheet material would be formed of a plurality of separate lengths of sheet material
arranged along the length of the hose. If desired the sealing layer may comprise one or -
more heat shrinkable sealing sleeves (i.e. tubular in form) which are arranged over the
inner reinforcing layer.
We prefer that the sealing layer comprises a plurality of overlapping layers of
film. Preferably there would be at least 2 layers, inore preferably at least 5 layers, and
. still more preferably at least 10 layers. In practice, the sealing layer may comprise 20,
30, 40, 50, or more layers of film. The upper limit for the number of layers depends
upon the overall size of the hose, but it is unlikely that more than 100 layers onId be
required. Usually, 50 layers, at most, will be sufficient. The thickness of each layer of
film would typically be in the range 50 to 100 micrometres.
It will, of course, be appreciated that more than 6ne sealing layer may be
provided.
A particularly preferred embodiment of the sealing layer is described below.

The axial strengthening means may also be formed of the same materiai as the
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(i.e, tubular in form which are arranged over the inner reinforcing |ayer.
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positioned between the tubular body and the outer gripping member. In an another
preferred embodiment, the axial strengthening means is provided within the layers of
the tubular body, and a further axial strengthening means is also provided between the
tubular body and the outer gripping member.
When the hose is intended for cryogenic applibations, then it is desirable to
provide insulation overthe tubular body. The insulation could be providéd between the
outer wire and the tubular sheath and/or outside the outer wire. The insulation may
comprise material conventionally used to provided insulation in cryogenic equipment,
such as a synthetic foam material. 1t is preferred that the axial strengthening means is
also provided around the insulating layer to compress the insulation layers and maintain
their structural integrity. The axial strengthening means around the insulation layer is
preferably provided in addition to the axial strengthening means between the outer
gripping member and the tubular body. A particular suitable form of insulation is
provided in further detail below.
According to another aspect of the invention there is provided a hose comprising

a tubular body of flexible material arranged between inner and outer gripping members,

wherein the tubular body comprises at least one reinforcing layer of a woven fabric
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Wrappi ng a Wi re taaouad chst parial doveds Ble tubd&TBB@A i nner coil; (b) wrapping
a sheet material around the tubular mandrel and the inner coil

(d)  wrapping a wire around the axial strengthening sheath to form an outer

coil;

(e)  securing the ends of the hose produced in step (d); and

® removing the hose from the mandrel.

Preferably the coils and the sheet material are applied under tension in order to
provide the hose with good structural integrity.

Preferably the sheet material in step (b) comprises two reinforcing layers
sandwiching a sealing layer, as described above. In the preferred embodiment, an inner
reinforcing layer, in sheet form, is wrapped helically around the inner coil and the
mandrel; then the sealing layer, in sheet form, is wrapped helical‘ly- around the inner
reinforcing layer; then the outer reinforcing layer, in sheet form, is wrapped around the
sealing layer. Usually a plurality of sealing layers would be applied.

The tubular axial strengthening sheath may be the same as the axial
strengthening sheath described above, and is preferably a braid.

Preferably the inner and outer coils are applied in a helical configuration having
the same pitch, and the position of the coils.of the outer coil are positioned half a pitch

length offset from the position of the coils of the inner coil.
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i nner yapdqyan; - &im. The effect of this is that in the unfortunate occurrence of a hose

burst, there is a controlled failure of the sealing layer such that the stiffer outer polymer

fails while the more ductile polymer holds the internal pressure for a finite time, allowing

the pressure gradually to dissipate.

in the preferred embodiment, the maximum strain-at failure is in excess of 100%
at ambient femperature for the more ductile layer, and is at least 20% less for the other
layer.

Each polymeric film of the sealing layer is preferably a polyamide, a polyolefin or
a fluoropolymer.

When the polymeric film of the sealing layer comprises a polyamide, then it may
be an aliphatic polyamide, such as a nylon, or it may be an aromatic polyamide, such as
an aramid compound. ‘

We prefer that one of the polymeric films of the sealing layer is a polyoiefin and
that another of the polymeric films of the sealing layer is a fluoropolymer.

| Suitable polyolefins include a polyethylene, polypropylene or polybutylene
homopolymer, or a copolymer or terpolymer thereof. Preferably the polyolefin film is
monoaxially or biaxially oriented. More preferably, the polyolefin is a polyethylene, and

most preferably the polyethylene is a high molecular weight polyethylene, especially
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Fluoroproducts under the trade name Teflon FEP; or a fluorinated hydrocarbon -
perfluoralkoxy - available from DuPont Fluoroproducts under the trade name Teflon
PFA. These films may be made by extrusion or by blowing.

Preferably, ithe sealing layer comprises a plurality of layers of each of the
polymeric films. In an embodiment, the layers- may be arranged so that the first and
second polymers alternate through the thickness of the sealing layer. However, this is.
not the only possible arrangement. In another arrangement all the layers of the first
polymer may be surrounded by all the layers of the second polymer, or vice versa.

We prefer that the polymeric films of the sealing layer are formed of a sheet of
material which has-been wound into a tubular forrﬁ by winding the sheet material in a
helical manner. Each polymeric film may comprise a single continuous sheet which is
wrapped around the inner reinforcing layer from one end of the hose to the other.
However, more usually (and depending on the length of the hose) a plurality of separate
lengths of the polymeric film would be wound around the inner reinforcing layer, each
length of film covering a part of the length of the hose. If desired the sealing layer may
comprise at least two heat shrinkable sealing sleeves (i.e. tubular in form) which are

arranged over the inner reinforcing layer. At least two of the sleeves should be fnaae of
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is a polymer coated metallic film. The metal may be, for example, aluminium oxide. The
polymer may be, for example, a polyester.

Suitable polymer coated metal films include the films available from HiFi
Industrial Film, of Stevenage, England, under the frade names MEX505, METB800,
MET800B and MET852; MET800B is preferred.

A further metal layer may be disposed outwardly of the sealing layer. Preferably,
the further metal layer is disposed between the tubular body and the outer gripping
member. Rockwool [ayers may also be provided here to improve the thermal insulat.ion,
preferably between the sealing layer and the outer metal layer - the aim of this is to
create a thermal annulus between the two.metal layers.

According to another aspect of the invention there is provided a hose comprising
a tubular body of flexible material arranged between inner and outer gripping members,
the tubular body comprising a sealing layer sandwiched between an inner and an outer
reinforcing layer, characterised in that the sealing layer comprises an UHMWPE. The

preferred parameters of the UHMWPE {(molecular weight range, etc) discussed above
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| ayer mtltglhtcr}rlm (i.e. a separate laysr consisting substantially entirely of a metal, a metal
oxide or a mixture thereof), or a polymer coated metallic film or a metallised polymer
film.

The metal containing film is reflective and therefore reduces heat loss or heat
gain - this is especially useful for cryogenic applications. In addition the metal containing
film provides good barrier properties, thereby reducing vapour transmission - this is
useful te‘ prevent material loss transporting gases.

When the hose is intended for cryogenic applications, then it is desirable to
provide insulation over the tubular body. The insulation could be provided between the
outer wire and the tubular member and/or outside the outer wire. The insulation may
comprise material conventionally used to provided insulation in cryogenic equipment,

such as a synthetic foam material. One particularly suitable form of insulation is
described below.

One aspect of the invention relates to improving the flexing capabilities of the
hose. Broadly, our invention involves providing a means to hold the outer wires in

position, without compromising the flexing abilities of the hose.
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curing may be light, moisture, etfc.

The resin matrix may bond to a layer under the outer gripping member and also
to any layer provided on the outer surface of the resin matrix. It is preferred that at least
one of the layers adjacent the cured resin matrix is capable of withstanding cryogenic
temperatures, so that, if the resin matrix cracks owing to the cryogenic temperatures,
the adjacent layer holds the resin mattix together by virtue of the ad‘hesion between the
resin matrix and the adjacent layer. The most stable structure is achieved when both
sides of the resin matrix are bonded to adjacent layers.

-We have also found that certain materials can provide hose with especially good
insulation, particularly at cryogenic temperatures, In particular, we have found that
fabrics formed of basalt-fibres provide particularly good insulation.

Thus, according to another aspect of the invention we provide a hose comprising
a tubular body of flexible material arranged between inner and outer gripping members,

-and an insulation layer disposed around the tubular body, characterised in that the
insulation layer includes a fabric formed of basalt fibres.

_Suitable basalt fibre fabrics are available from the Sudaglass Fiber Company
under the trade designations BT-5, BT-8, BT-10, BT-11 and BT-13. The preferred
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conprising a tubular body of flexible material arranged between inner ant
outer gkdéPpiag;renbers, characterised by a cured resin i I, SResed

ar ound thcgmt/ubal‘ ar body, the outer gripping nmenbers bei ggtcglt/é}?%é%f&s
partially enbedded in the resin matrix in order to restrict relative
nmovenment between the outer gripping Atébers and the rest of the hose. The
cured resin matrix nust have sufficient flexibility to allow the hose to
bend tgickhdres SptheThbhidRLTdrH dLRAMONBthrh &b thRBPE fing. (RERSIEAtd IsalRf of he
hose. Clearly, sone applications may require nore flexibility than others.
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over fitgiquirech senfeace amplesstthbWamalidadgr.and t he outer gripping nenbers,
and then cured in-situ to forma solid, flexible coating. The nechani sm of
curing may 1H€ MSYRHON Ibes %! Urdier INGtHde jara migd9 PROthey nssirfianoMaterialer
under ANcle) £ .provi ded on the outer
sur f aSeon St Et 1o, FRARRioR e Fdfertd FieedliBbiliy ™ ne of the

| ayers adj g¢entrefchehauttedinsestiomialer fuitiseciapalles afflewit bat asthifoecenyageni c
tenperatures, so that, if the resin matrix cracks owing to the cryogenic
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anot her” aspect of the invention we provide a hose conprising a tubular body
of fl egsdibedmiteré.al arranged between inner and outer gripping nenbers, and -
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basal bné iaand afdrc Meveep@fatdtap| teefd are thecitdag assiortibgria Ay thender
the trade designations BT-5, BT-8, BT-10, BT-11 and BT-13. The preferred
sealing layer sandwiched therebetween. The tubular body preferably has the same
features as the tubular body discussed above.
The tubular body may further include one or more insulation layers made of
conventional insulation material and/or made of the basalt fibre fabric described above.
It is preferred that the hose is also provided with the axial strengthening means
as described above.
According to another aspect of the invention there is provided a method of
making a hose comprising: '
(a)  wrapping a wire around a tubular mandrel to form an inner coil;
(b)  wrapping a sheet material around the tubular mandrel and the inner coil
order to provide a tubular body formed of the sheet material;
(c)  wrapping a wire around the tubular body to form an outer coll;
(d)  applying a curable liquid resin over the outer surface of the tubular body
and the outer wire;
(e) allowing the resin to cure;

() securing the ends of the hose produced in step (e); and
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the layer(g) of bagaldy frebhéLe frg\en Hefahdtdat the insulation |ayer further

i ncl udes at™’l east one Treinforcenent |ayer. The reinforcenment |ayer may
conpri se aPsyfetdidyi thepolefined fursmmhcmpasemtapeb/tr@ an msqhmﬂcyamyde oger e

pol yol efin. The reinforce be made _of . sane materjals as
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of thgé??%%%f%ROY%yer is an ultra high nolecular weight polyethyl ene

( UHMAPE) ismbp@@) BYAEBRaoso SRARETRAMEse desundtrdyedioyescribee dndvel Br  body
preferably conprises at |east one reinforcing |layer and at |east one
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conventi onal insul ation material and/or made of the basalt fibre fabric
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axial strengl RERLNMLJRHSrixHiad eRRIRE MR ALCAABA IR gROt her aspect
of the inven |on ere I'S prov ed a metho Ing a hose conpri sing:
(a) wrappiMgothen aspent a:unutheannts/ebubarretm«asirtelmtmmﬁog nthanthennet resisianceb)

wr appi ng a sheet ma erial_around, t he tubul ar reI nd the inner coil
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wire ;ﬁé&%%%k@;élwn?g aB9BYibbRd PEBLEA tIOSHERI COI' (d) appl ying a curable

liqui'd resin over the outer surface of the tubular body and the outer wre;
According to another aspect of the invention we provide a hose comprising a

Q

tubular body of flexible material arranged between inner and outer gripping members,
characterised by layer of plastics material around the tubular member, the plasties
material containing gas bubbles therein.

The plastics material is preferably a polyurethane. It is preferred that the plastics
rmaterial is applied to the tubular body by spraying the plastics material, in liquid form,
over the surface of the tubular body, then leaving it to cure. Again, the curing may take
place simply by leaving the coated hose to stand in air, or may be effected, or
accelerated, by an éctive means such as heating.

The gas bubbles may be incorporated by injecting the gas into the plastics
material, before spraying, while it is still in a quui'd form.

The resultant layer of gas-containing plastics material has some of the beneficial
structural properties of the plastics material itself, such as good wear and crush
resistance, but also has substantially improved insulation properties. It also has
improved buoyancy caused by the presence of the gas,-and can be used to produce a
hose capable of floating in water and with evenly distributed buoyancy along its length.

Preferably the gas-containing plastics material is covered by a further layer of
plastics material, which does not contain any substantial amount of gas bubbles.

Preferably this further layer of plastics material is bonded securely to the gas-containing



(e) allowing the resin to cure; (f) securing the ends of the hose produced
in step (e); and o 8 MAR 2005 WO 01/96772 PCT/ GB01/ 02562 -17 (9) re‘hﬁ)Mm@%
t he hosewbrogms?pe mandrel. Preferably, the nmethod further P@HP;@O?}S%G"?‘ppl yi ng
an insulation l'ayer over the cured resin. The insulation |layer preferably
conprises a fabric formed of basalt fibres, as described above. In step
(c), the tubular body may conprise a {igbul ar body as described above. In
particul ar, the tubular body may include one or nore insulation | ayers nade
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i nj ectRith fepeoining Assiatiod og erugiot. her aspect of the invention we provide a
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arounq &H%}s“b“' ar nenber, the plastics mnaterial containing as bubbl es

t her ei'l € plastics material is preferably a polyurethane. It is preferred

that the plasigscifmt@euvity of tapppoldrdtoatde drivhut@radratdynbys spricdyiang, t he
plastics material, in liquid form over the surface of the tubul ar body,
t hen IWPNQ’atEIYt%QCure. Again, the curing may take place sinply by |eaving

t he coated . i i f . |_e y an
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The gas bubble containing layer also may be used in the embodiments of hose
described above. In particular the invention may inciude a layer comprising a cured
resin matrix, as described above, in addition to a gas containing layer. In this
construction, the gas containing layer would typically be dispesed outwardly of the
cured resin matrix. it is possible for the gas containing layer to replace the cured resin
matrix, such that the gas containing layer has the gripping members embedded therein
to restrict rejative movement of the outer gripping members.

According to another aspect of the invention there is provided a method of
making a hose comprising:

(a)  wrapping a wire around a tubular mandrel to form an inner coil;

(b)  wrapping a sheet material around the tubular mandrel and the inner coil

order to provide a tubular body formed of the sheet material;

(c) wrapping a wire around the tubular body to form an outer coil;

(d)  applying an curable aerated liquid resin over the outer surface of the

tubular body and the outer wire;

(e)  allowing the resin to cure to form a solid plastics coating containing gas

bubbles therein;

(f)  -securing the ends of the hose produced in step (e); and
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its length. Preferably the gas-containing plastics material is covefeoMAyI®
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addition to a gas containing layer. In this construction, ‘the gas

cont aimenper ageptabi seahaiileastinprvel thedwodadbedy hatwrsn e $€fﬁélﬂgdnle§63€?re3| n
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enbeddesds Bsbl&td\to tHe Rest Breind BleagdalimgmaeeTenin ofddrhe redtes, @rdlippinage,
menbers. Accordi ng to anot her aspect of the invention there is provi ded a

met hodhefaxiahegathgNdnAGSCRMIGES HE:SSCANI R aPPFhgnd TR i &rBaRP S t ubul ar
mandrel 10 §0rmaf HANaIEl henbll Wi aRRLE % SRR RIaBLR D! o AbAHRG e

t ubul ar d the 1 nner coil r to prow atu ar body
of t héuﬂsheeiummﬂnermajumferﬂnce between the sealing member and the inner member.

The inner member is preferably substantially cylindrical, and the sealing member
is preferably in the form of a ring adapted to receive the inner member therein, so that
the tubular body can be clamped between the outer surface of the inner member and
the inner surface of the ring.

The sealing between the sealing member and the inner member can be achieved

" in a number of ways. For example, in one embodiment, the sealing member may be
provided in the form of a split ring which can be tightened to provide an adequate seal.
In ancther embodiment, the sealing member may sirmply comprise a sealing ring which
is an interference fit with the inner member.

However, in the preferred embodiment, the sealing mémber comprises aninner
sealing ring and an outer split ring which can be tightened in order to force the sealing
ring into engagement with the tubular body and the inner member. In this embodiment it
is preferred that the sealing ring is an interference fit with the inner member, in order to
further improve the sealing.

The inner member, the sealing ring and the split ring may be any suitable
material. Typically, the inner member and the split ring would be made of stainless
steel. The sealing ring could be made of stainless steel, but itis preferred that itis made

of poiytetrafldoroethylene (PTFE).
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appl yi ng an curabl e aerated I|qU| d resin over the outer surface of eMAR 2005

t ubul ar whpglyesand the outer wire; (e) allow ng the resin t?c‘i%ﬁo Lgsorm a
solid plastics coating containing gas bubbles therein; securing the

ends of the hose produced in step (e); and WD 01/ 96772 -19 8 8 MAR 2005
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used to nmean that the resin has been charged with a gas, whereby, upon

curing, thgheeskalifigrmensbeolprefenabior had toentaitoiay Famaulhiing khensén. As
descri bed above, the gas nay be, but need not necessarily be, air. According

to angepe@ibesthersinaftet.he i nvention there is provided an end fitting for
term natin se _conpr y of flexible mterial
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Preferably t e sealing nenbéer 1s adapted to seal | east part of the
t ubul ar bodie Hadd gngagnmgdnehé)arns euizbtrc i enbeyatea Mose is@ldwr@mmmmr and

t he i nner er. The in rr s prefera bst ant | i.ndri cal,
e R R B eramis ol Shlemanl e Rofm ST MRl sieteed i Gereiage
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bet ween the outér surface of the inner nenber and the inner surface of the
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t o pr@entieerathsrepqudiposieglthe réllfazﬁll’wtdieﬂie erbpgiovRidd by hiee sealindendrapber may
sirnply conprise a sealing ring which .is an interference fit with the i nner
menber . tis preferred that the inner member and the load transferring means include a S
portion configured to receive the wires of the hose. The inner member can be provided
with helical recesses adapted to receive the inner wire therein, and the load transferring
means can be provided with helical recésses adapted to receive the outer wire therein.
Preferabiy, it is the hose engaging member of the load transferring means which is
provided with the helical recesses.
The load transferring member preferably comprises a load transferring plate,
which is typically disk shaped, having an aperture adapted to receive the hose
therethrough; plate has a surface engageable with the hose engaging member,
whereby loads can be transferred from the hose engaging member to the plate. The
load transferring member preferably further includes a load transferring rod secured
between the plate and the end member for transferring-loads from the plate to the end
member. A tightening member, such as.a nut, can be provided on the rod. |
The inner member preferably has a hose end which is adapted to extend within
an end portion of the‘ hose, and.a tail e_nd remote from the hose end. The end member
is arranged on one side of the sealing member, adjacent the tail end, and the hose
engaging member is arranged on the other side of the sealing member adjacent the
hose end.

Preferably the outer surface of the inner member is provided with at least one



However, in the preferred enbodi nent, the sealing nmenber conprises an inner
sealing ring and an outer split ring which can be tightened in ord@rg figx 7005

force t _Lng ring into engagenent with the tubul ar nd_ the inner
menber . Qﬁ?ﬁﬁ%/z?en‘oodi ment it is preferred that the seal ?ﬁg@’fbﬁgz?@ an

interference fit with the inner nenber, in order to further inprove the
seal ing. The inner nenber, the sealinglring and the split ring may be any
suitable material. Typically, the inner nenber and the split ring would be

made Anlessonstseh is Ah8paeRl dtydddgaieqtfobecmagelpimshakn raswst eel
but |?6V§£€drrgt errgg tﬁlat l?t iFs) rr:augl)eéWQC)fg po?lyﬁjﬂérafl uor oet hyllene (PTFE\)N. 98

MAR 2006 seMD@ling6TR2 dPERCEBOIM 8T 2cts20 impsovetie seplwé five tubulafreeatiier has
the features of the seali enher described hereinafter. The | pad

L1 ans FeHpRea e mors Gt anG T EonpH P S BDRE Eb S RGLET e Tasen e et
transmtti n ~§%lgg%r t g ioR/H8Hri
arrang@%@ﬁgpﬁgﬁgﬁasﬁﬁﬁﬁﬂg géal I ng rﬁgﬁtqﬁg ogietséplﬁ]sfzéJ %g'?ween ‘?rﬁsé %ad

t ransmgrbjeichien axeemdinganduniferariciirerbend taadutdraturtae bbthe engagisrgberenber

and the 'end nmenber are connected through the load transmtting nmenber. The
hose érsigibhy therbare f%oﬁﬂgﬁﬁ%ﬁts@'%?@f IG"%e hose in such a manner that at

| east part of t ax]l al C it ot : d .t e hose
to the  hoddoaiglel kb 2B eyl D BRNEOR el I PRIECA BonldifTy &
f or cesndiang henbsadonigramsgd:erring menber, and the load transferring menber
transfers these forces to the encﬂ rregber. In this way, at least part of the
axi al forcda)in WRPHBGE WHAEURHAE WRYIAr Agendrehiseformt # K GOMpr ovi ng t he

relabilityppl tRESsal AL (edehdl bR Red (8URFIhSIdre] bnb hP[FIRIA] that

t he inner er a transferring neans include a portion
configured to resmeleveo phevide mesibofarttueyosme dféhe mheet matbea!;, can be

provided wth helical recesses a(g tgjg}to recejve the inper wre therein,

and the | 0d@ t r aNEIRRPE gV SN ﬁf? %?ro?/?(ﬁ/et? @r%a%QPPe(feﬁo' r8BEsses

adapted t ﬁéﬁgcei ﬁé?n%\ﬂgg%’é BHsaMrb/ thikehehdire!; dRzeA@EAM Yby frie fbﬁio\rtxiﬂg hose % e
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engagi ng er o | oad transferring nmeans which is provide
heli cal redepsesdispheingeeminneansdrapel iy2mepesrest ef dedse conpri ses a | oad
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(9) clamping a sealing member to an outer surface of the tubular body.
Preferabfy the method further includes the following step between step (b) and

{c):

(h) pulling a tubular axial strengthening member over .a free end of the
mandrel, so that the mandrel extends within the axial strengthening
men”xber, then pulling the axial strengthening member along the mandrel
so that it at least partially covers the tubular body.

Preferably, the axial strengthening member is clamped by the load transferring

means, and the method further includes the following step after step (f):

(i) folding back the tubular axial strengthening member over a part of the
load transferring means.

Preferably the coils and the sheet material are applied under tension in order to

provide the hose with good structural integrity.

Preferably the sheet material in step (b) comprises two reinforcing layers

sandwiching a sealing layer, as described above. In the preferred embodiment, an inner
reinforcing layer, in sheet form, is wrapped helically around the inner coil and the

mandrel; then the sealing layer, in sheet form, is wrapped helically around the inner



t her et hrough; plate has a surface engageable with the hose engagi ng ytg‘ﬁg(
wher eby | oads can be transferred fromthe hose engagi ng nenber to th '5@05

The | oagdqnppsherring menber preferably further includes ﬁC'b@%l/O’am
transferring rod secured between the plate and the end nenber for

transferring loads fromthe plate to the end nenber. A tightening nenber,
such as a nut, can be provided on theZ20d. The inner nenber preferably has a
hose end which is adapted to extend within an end portion of the hose, and

a tai |rmrdr@gm;@rm@mthrea)mesaaimd:in@?ﬂm/eeniﬂ» stexgidorm jis vaappegedognd ane si de
of the seali ng menber , g‘iacent the tail end, and the hose engagi ng menber
i s ar r$ERJEY 'Bret rl}ég'-t?c”b{eﬁp r%l‘éW(S?ffS@ﬁé“@?&deir%dv%‘ﬁr‘@éra%jeﬂcent the hose end.
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The or each formation acts to i nprove the seal of the tubular nenber and to

make ||t3nﬁﬁ‘r@T$ﬁlfforﬁth dasitiarhef thempigrofiidatienet @ibe pul | ed from between the
i nner gr and .t he. s

f d
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said formati ons. According to another aspect of the invention there I's
pr ovi dezbaabyrelidiod tbe mnarkmaa@daelﬁbs@ai@n@mpéo@ e(l@pf\i\heabpsagti“@m\ase@rmg)und a

the 1 BB G AL SN [P G arile' BpaEha iRl b7 slrdley bt sy

f or medeaizif e tpBeBENABSIEN | aI (c) wapping a wire around the tubular body to
forman outer coil; and (t removi ng the hose fromthe nmandrel;
char act er | sh@epgrathesrichiil 6@ Mgy sPiegsairse (o9 2aPEpd e rgChrenichpidherrasser |n an

open end ofhdBi e inddokiof AIRLG 20 AR, LEAIRT PHL DgMRARS, g AR PHLer

surface of hose: ing a seali
of thedsehul ar body. Preferably the nethod furt her includes the foll ow ng
step bet V\ee/lr\]ccsc}rg?%g(t%)ar?oﬂeg g)spect of the invention there is provided an end fitting for
sealing an end of a hose comprising a tubular body of flexible material arranged
between inner and outer helically wound wires, characterised in that the end fitting
comprises: an inner member adapted to be disposed at least partially within the hose:
and a sealing ring adapted to seal at least part of the tubular body between the sealing
ring and the inner member; wherein the sealing member comprises a sealing ringand a
-compression member for compressing the sealing ring into sealing engagement with
said part of the tubular body, and the compression member is tightenable against the
sealing member in order to selectively increase-or decrease the compression force of
the compression member against the sealing member
[n one especially advantageous embodiment, the compression member is
tightenable against the sealing member in order to selectively increase or decrease the
compression force of the compression member against the sealing member
In another especially advantageous embodiment, the compression member and
the sealing ring are removably securable to the hose.
Thus, in accordance with the present invention there is no unrecoverable plastic
deformation in the components of the end fitting.
Preferably; the compression member is adapted to compress the sealing ring

equally in all directions.



(h) pulling a tubular axial strengthening menber over a free end of 4heu: 00,
mandrel, so that the nandrel extends within the axial strengthening ~nmenber,

then pulling,ihe axial strengthening menber along the mandrel-gsR.tdat it at
| east plgir/(lt)pg? 3//‘ covers the tubular body. Preferably, the axi aq s'trz‘engt heni ng

menber is clanped by the load transferring neans, and the nmethod further
includes the following step after stef3-(f): (i) folding back the tubular
axi al strengthening nmenber over a part of the |oad transferring neans.

Pref erabl y prhgrg8iy shansbrbpesshiweimdraber iflof aldjustapld eghrdBeg! ahenfirgfed n
order to provide the hose with good structural |ntegr|té. Preferably the
¢

sheet comt@rseal a tightengpg (Hansowpichsed epplyrefaicerteiragurayee diarsatriveichieng a
ling | y d j.bed above. |n t f. d di nent i
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reinfgfiping layer; then the outer reinforcing layer, in sheet form is

wr apped around the seali | ayer. Usual ly a plurality of ;sealing, layers
woul 0 be- b RATICWAEN GralsTsPd HETboRIBE T SRS oM SO S oI ake Phea

hel i c i I L iRkt | {A t coils
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posi t ippsviaés bheadaintsgefud Wwey iaimeakiogithe hose| gs plessiibke Hetow! Tiee lsesdingo be

removed fromthe mandrel before the end fi%ti ng j S'aﬂiﬁﬁegseol withinit.
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securing the rest o ose to the end fitting while the end fitting and

the rés¢ aompreskase menben on t$tainessdr steelA sopartitee emdlifgt tiimg nay, of
course, be, lie 0 e of the hpse. The present invention relates to
an | npPbieranoPRip BT RD Mo Rray B T RO e CABBER S NG kot her
aspech1iE theH BEeNLsOMIENGPEFES aRM0W Hefhsam kad/efrittdr!eég. fTpe s&@|rlg pagan end
of a hose conprising a tubul ar body of flexible material arranged  befween
i nner pagfgratly eorwisesald i W ufde af iesglaghiliast erised in that the end fitting

Itis preferred that the inner member is made of a material which contracts less
than the Sealing ring when subjected to cooling. This feature has the effect that when
the end fitting is cooled, the sealing ring contracts more than the inner member, thereby
tightening the grip-of the sealing ring on the inner member, and improving the seal. The
inner member may be made of any suitable material. Stainless steel has been found to
be particularly suitable.

Preferably the outer surface of the inner member is provided with at least one
formation thereon which is adapted to engage said part of the tubular member, below
the sealing ring. The or each formation stretches the film, which acts to improve the seal
of the tubular member and to make it more difficult for the tubular member to be pulled
from between the inner member and the sealing ring; the stretching makes a more even-
and smoother film surface under the seal. It is preferred that the or each formation
comprises a projection extending circumferentially around the outer surface of the inner
member. Desirably, there are two or three of said formations.

It is preferred that the sealing ring is an interference fit with the inner member.

in a preferred embodiment, the end fitting further comprises a load transferring
means as described above.

-According to another aspect of the invention there is provided a hose comprising



conprises: an inner nmenber adapted to be disposed at |east partially @‘W'dﬁs
the hose; and a sealing ring adapted to sea! at |east part of the t[L é?

body betyeen,khe sealing ring and the inner menber; wherepRriRg; 58251 NY
menber conprises a sealing ring and a conpression nenber for conpressing

the sealing ring into sealing engagenent with said part of the tubul ar
body, and the conpression nenber is tidfht enabl e agai nst the sealing nenber
in order to selectively increase or decrease the conpression force of the

conpr e53uBMaRBFerofaRsibist miherigeatamgpedeshesed AndReeeSRECiRbLIerasdRBRlRgE0US
enbodi nent, the conpression nmenber is tightenable against the sealing

menberwpHNgMde, the tweulatbpdeboniime fetigespart decrtbazegh the hesmpre §s pvendr ce
of the,c ressi,on er agai nst_the sealjng.nmenber.ln anot her especially
cavant WETRACRRL S NI bR Bibe e lEeBh LR P IREE it LB as S e o
renovahtidg L @Pbe dt&d e hose. Thus, in accordance with the present

invention“there is no unrecoverable plastic deformation in the conponents

of the end Thethiong.enBeaglireg atdnybetiney t@mmsfadsadnirnentherhdse smaptmdvittoe of
conpress the sealing rin equally in,all directions. WO 01/96772 o
PCT] GBDE/ G 0o R RIERS) ' HIRE BBANPEEoPsFAeRbE MANBe . KifWaNesbités
di amet jeﬁtﬁejtﬂ(ﬁﬂEr’i@ﬁbse%ﬁ@?ﬁé@ﬁxeﬁwﬁér@@é@ﬁb% t@%%’&%r%"g' &faRe ABRL Yyt or ce

to reduce anmeter o conpr essi on nenber, t eby conpressing the
seal i rig foideg bathonet [z ootepriestpbthe mesbezngafing meémbet hahist freacgepeessi on

menber c Iises. it r or . a.jubilee clip..ln ticularly .
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provi des an advant ageous way of making the hose, as described bel ow. e

seal i ran axiehgirangthenén g organssisitba frenisda raybhesadysailadbelowmt eri al . There

area nunber_.of , terials whi have t he sired difference in contraction

cindor 600! | HF CRe By & PRI RE GehEs abErohoNRhEEro P ek 728! Begkl and

the senld BEalidGyies. MROLYSrEtdrabllenoRt By 8NRAPTEE)reilfbfn PIAles aliny thd he

sealing ri ng conprises reinforced FTEE, such as gl ass filled PTFE, as this
2

hel ps Se@lippegEat SerdeirhethiheseleiaeT: i TP itdrePaly yrewippivseas tite semmo wt %
of thge;e Jﬂ@%?a%'tue'tlt']'?ula'rtbo'dzscgéﬁjsesre%eﬁloé\}@t the inner nenber is made of a

materi a ch contracts |
The tubular body may further include one or more insulation layers made of

conventional insulation material and/or made of the basalt fibre fabric described above.
Itis preferred that the hose is also provided with the axial strengthening means
as described above.
According to another aspect of the invention there is provided a method of
making a hose comprisiﬁg:
(a)  wrapping a wire around a tubular mandre! to form an inner coil;
(b) wrapping a sheet material around the tubular mandrel and the inner cail
order to provide a tubular body formed of the sheet material;
(c)  wrapping a wire around the tubular body to form an outer coil; and
(d)  removing the hose from the mandrel; characterised by the following steps:
(é) disposing an inner member in an open end of the hose;
() applying a sealing ring over an outer surface of the tubular body; and
(g)  applying a compression member over the sealing ring, and compressing
the sealing member into sealing engagement with the tubular member
and the inner member using the compression member.

Preferably, the compression member is made from a material which contracts



than the sealing ring when subjected to cooling. This feature has the effect
that when the end fitting is cooled, the sealing ring contracts mor e JtdMR 2006

the inngy gﬁgg}g{, thereby tightening the grip of the seallj ,ﬁ&’)&s&m t he

i nner rrerr%er, and inproving the seal. The inner nenber may be nmadé of any
suitable material. Stainless steel has been found to be particularly
suitable. Preferably the outer surfaegbof the inner. nenmber is provided with
at | east one formation thereon which is adapted to engage said part of the

t ubul agsdreERane skeliawridghweheealibrgtad figeodiiig. Greaghlyfsahicadrspreidies the
film which acts to Inprove the seal of the tubular menber and to nmake it
nore dnéfibeninclddes aaeand ivaadinshitethe sopwrpesivedorcerannplisst iedre sedlincner

nber. and t he, l.i ing., the, t chi . d th
i1 m S e P aniien e e baer) T R dePeat tha e PR h e bRt T
CONDI i S5 R RS kb OP o8R8 b Ay Rt Seid @bhwﬁw@f&&%wt er surface
of the inrfer nenber. Desirably, there are two or three of said formations.

It is prefénrib pmie'sshéhsemlrmmgssﬁolmgm&m@m isntpplfest tntlee faealingtting Bed nner
menber In a preferred enbodi nent, the en .fittin?fur.th%co rises a |l oad
trans o 0
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PCT/ -24 a tubul ar body of flexible material arrang bet ween an
i nner nammban whesrbyhéhé cairhyresatyentbrae raynplidue by ubel e@mboelysisermientpdrois
transportt fluid through the hose and to, prevent fluid |eakage through the
body Terabt Wilec s /FEOl R St REHALET i En EPTBERIT 1S oo TS PY LTy as
descr idBathab¥a mdhechese cANeagiuRE CRIIRIG iMBACK thapptefirl0agind amd Bgehose
sinmply virtue of the frictional forces between the hosé and the hose

engagiasg afertaoe codbngvand than the tepperaiure i negasele T hissyclengayibeppmdieter i s

adapted to secure a part of. the hose which is folded back ov out er
oart Ge e s aiag i e e L oo et Rl S e 8B o
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The fol ded ﬁart ol 'the hose may be part of the tubular body, but it is

pr ef ebglty thanniendad SPEEHHIhEATRE HEENSTi thet Rese-of MsolecAnifieg dasathree

descri. , e tubul ar body preferably conprises at |east one
rei nf ﬁ?gﬁgﬂﬂ g%/\he?fﬁghd at |east one sealing layer. More preferably, there

are at | eadiirst\ithediasicos oipegatedys tampetdtutdebove the cooling temperature, then
the sealing ring will receive additional compression from the compression member by
virtue of the thermal expansion of the sealing member which will take place after the
cooling is removed.

Second, the hose will have substantial seal energisation at temperatures at ieast
as low as the cooling temperature. This is particularly useful when the hose is to be
used in cryogenic applications. Thus, the temperature to which the hose is cooled is
preferably as low as the temperature to which the hose will be subjected in the use for
which it is intended. In general, we prefer that the cooling temperature is -50°C or less,
more preferably -100°C or less, and still more preferably -150°C or less. Preferably, the
cooling is carried out with liquid nitrogen, whereby the cooling temperature can be as
low as about -196°C.

Third, the possibility of creep failure is much reduced, or even eliminated, by
utilising the hydrostatic stress provided by the compression member.

We prefer that the inner member is made of a material which contracts less than
the sealing ring when subjected to cooling. This has the effect that cooling the end

fitting causes the sealing ring to grip the inner member more tightly, thereby improving



seal ing | ayer sandw ched t herebetween. The tubul ar body preferably h%s t he
same features as the tubular body di scussed above, The tubul-ar body MAR 200

further_‘{,ﬁgl/y e,one or nore insulation |ayers made of cog\&ﬁﬂé%&?@ég above

i nsul ati'onh rmat'éfial and/or made ol the basalt fibre fabri

It is preferred that the hose is also provided with the axial strengthening
means as described above. According-P6- another aspect of the invention
there is provided a nethod of rmaking a hose conprising: (a) wapping a wire

ar oungha skl af tHeBAueittihg imharhddiierofRhiled dtpwiepiiraturassheet
material around the tubular mandrel and the inner coil ‘order to provide a

t ubul ar bodRreferrbbdthef colfeand et shmtenaiarial ¢re)appligdpinterdensios iaooderiot he

t ubul ar bady, to form.an outer coil; and (d) renoving the hose fromthe
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seal i sgndiithin@adexdingriagsi, g desbébstaboveg Imtheheefdrrddesealinmgnteagagesrent
with the tubular mepber and 'the inner nepber using the corrpressig.n menber .
Pr ef ef@IBf/CiNgn@YEbnt S58EbACTRNSeY 3RPGF AR I3 YR Ukt 1S lineMGthaedribeact s D

8 MAR%;}&?‘; : / = I ; i i when
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means réinforaitiguayemnghéhehe ompsrasdifoeiipiager, appheedotm, tsherapgaldi anvgundithg, a
split ring is particularly suitable for use as the conpression nenber. This
ar r an§ea¥H 'aygkedSHaks Aoriaralitp ar %@%ﬁmga!ayvspwgbﬁ'ér%apﬁa&?ﬁ;f acturing process.
In Lhi'S Pr@eessanhCRBE SRS PRIENTREH, LBoRBR|H & eliCalldifrsRlddionaling and
ti ghtened, then thHe conpression nenber and sealing ring ar& subjected”to at
| east trensameqoitdhngnalyitleepositiors otdneses!stdi¢hs eatar ngil meaipesitioneddrdlf agitch

relatjve to_the_ conpression er, whereby the conpressive force applied
by th%%’ﬁﬁﬁé@%f%}ﬁ“ﬂ?&%ﬂ&sﬁﬁ%‘ (%g%&gga_or%ﬁ ?”}éef A&'tcool ing is maintained, the
conpressi Ve i§ Qe8irARRbi 8 Msd Rfoe FANBYESHbRANBRABRA I Betdienns @3 ighgd to
bring it back to approximately the same |evel as before the cooling, and

then ishéispesgséwithin 6. Asermmivehs 8 eTaiiging@ncberdisrssedppitiiedne rest of the
hose by sliding the inner mandrel therealong up to an end of the hose, then securing
the rest of the hose to the end fiting while the end fitting and the rest of the hose
remain on the mandrel.

In the above described aspects of the invention, the gripping members typically
each comprise a helically wound wire. The helices of the wires are typically arranged
such that they are offset from one another by a distance corresponding to half the pitch
of the helices. The purpose of the wires is to grip the tubular body firmly therebetween
to keep the layers of the tubular body intact and to provide structural integrity for the
hose. The inner and outer wires may be, for example, mild steel, austenitic stainless
steel or aluminium. If desired, the wires may be galvanised or ccated with a polymer.

it will be appreciated that although the wires making up the gripping members
may have a considerable tensile sirength, the arrangement of the wires in coils means
that the gripping members can deform when subjected to relatively small axial tension.
Any significant deformation in the coils will quickly destroy the structural integrity of the
hose. |

The hose according to the invention can be provided for use in a wide variety of

conditions, such as temperatures above 100°C, temperatures from 0°C to 100°C and -

temperatures below 0°C. With a suitable choice of material, the hose can be used at



as many tines as desired. It is preferred that the cooling cycle iﬁﬁgﬁ”ﬁ?
at least two or three tines and that each tine the end fitting is el o

t enper r | east 5C below the intended operating t e of the
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hose. ¢hini que has three inportant benefits. First, ose is

operated at tenperature above the cooling tenperature, then the sealing
ring wll receive additional conpresgvon fromthe conpressi on nenber by
virtue of the thermal expansion of the sealing nmenmber which will take place
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energisation at tenperatures at least as |low as the cooling tenperature.
Thi s trghgpart itealhaseymesefiave Whepet &te dlosenparaturdsedowsed +170CI0), agesven
applications. Thus, the tenperature to which the hose is cooled is

pr ef dowbr.y wharewrasit isise eaptarapaied el e kesa maymssesed atransponbicedd ed i n

t enpevdetnion STeE ) &It BEE oo 2B R B 6B G5 S alln€RPle "ror o
pref E‘Jdﬁ%ﬁé-al{ﬁgf;,ggrat&%;Ofl?j_z@(be@aﬁlkyweﬁhe cooling is carried out with |iquid
en,

nitro whereby the cooling tenperature can be as |ow as about -196C.
Third, théltpobssbiaccording txtteepveatidncaniadsabe wroedaddd] use abresmriety of nat ed,

by wutjilising the_hydrostatic stress provigded by the conpression nenher. W
pr ef é?‘#f?rﬁgt gg_ﬁési _rqﬁépaﬁ%' : mingrr‘?g%‘@egeﬁ%{tﬁﬁﬂ%?%l%ww(?éﬁ.ﬁ@%ﬁ%cﬁ@qﬁs t han
the %ﬁglésr@ﬂm e hiiRened (690 ¢0R) iMBre tWScSaH?@Fﬁ)r_h%o@&@@ﬁéhé@@%$00| ing
the en fittindg causes the sealing ring to grip the inner nenber nore

ti ghtrhyn) td heoebit inghes\#Ag n8MS. |MORN2005t\AIGp & 3ti0g PTESRCE/CEBTELIN02568uld6 t he

i f th d fitt] the h i t t |owt t .
b of dipiye trEBors bl b ReA el Brated o BRY TS Bhunfart ORI AP
or dery, 8,0t m@@ﬁpbf@%@&gh@fgé ragades teiRl toling ob@hﬂgq dessireedahabbyet he

sheet material in step (b) conprises two reinforci n‘c'l' ayers sandw ching a
seal imy theaperst passsigedmdumalsdbe savaral hiengs efeatedd | BabedimeHic flei rattner

rei nforci | ayer., 4 j i ~al.0 .d.nner coil
and (reeng dibe gl 2 ork S RRER N Bldnte B DR AR O

hel i cajdoymdnaystb t De0d mhéh aredypitaic ci ng | ayer; then the outer reinforcing

| ayer, in _sheet form is pped around tre sealiggdlfa er. Usually a

plurality Tde Bess gﬁ@oqdé%yét OreniRn %‘ﬁlﬂ)ﬁ sgot?e provi or use with corrosive

materials, such as strong acids,

Reference is now made to the accompanying drawings,.in which:

Figure 1is a schematic diagram showing the principle stresses'to which the hose
according to the invention may be subjected in operation;

Figure 2 is a-schematic cross-sectional view of a hose according to the invention;

Figure 3 is a sectional view showing the arrangement of a reinforcing layer of the
hose according o the invention;

Figure 4A is a sectional view -showing the arrangement of a tubular axial
strengthening sheath of the hose according to the invention, the axial strengthening
sheath being in a relaxed cohdition.;

Figure 4B is a sectional view showing the arrangement of a tubular axial
strengthening sheath of the hose according to the invention, the axial strengthening
sheath being in a tightened condition;

Figures 5A, 5B, 5C and 5D show four applications of hose according to the
present invention;

Figure 6 is a Cr_oss—sectional view showing the a sealing layer of a hose

according to the invention;



Preferably the inner and outer coils are applied in a helical configuration
having the sane pitch, and the position of the coils of the outer c@ifMgr80h
positi0@@?0pﬁ%;2a pitch length offset fromthe position @ik 9kds of the
inner coil. 1t 1s possible for the hose to be renmoved fromthe nandrel
before the end fitting is disposed within it. Alternatively, the end
fitting can be disposed within the reg6-of the hose by sliding the inner
mandrel therealong up to an end of the hose, then securing the rest of the

hose to theignd fiistd rgoyhrsbetidhe vl dodihg@randuldiRn’ Bskr of thdedkeser

remain on the mandrel. In the above described aspects of "the invention, the
gr i ppifigureshbe gscatgpickabiiyandach conprise a helically wound wire. The

hel i f the w .t ypi.cal | . t hat ) ffset f '
one anot her 9§ ea50 FaRCRe B SRR oTa! A G FELACNg g FetTces.

The purpgsen®io HeidBen s to grip the tubular body firnmly therebetween to
keep the Iay(%rs of the tubular body intact and to provide structural

integrity fragurehieshbesetheTdteessmseio whidhauhese W isesrmeylysebjdaed éx aophg, nild
steel, austenjtic stainless . st or alumnium_If desired, the wires may

st eel
be gal$8nil$€dN@PP HERT SWIERIGRFNRY yivetNe PErOWS HShandpribgi sifess thalt2@ht hough
t he wi ' i P i nail e
e e R e S S
menbers gadistatatrasshenics dyteakiady b mgthatie vghyf $tmhbsaki. dhetflersigatressAny
significant deformation in the cojl E wi, || quickly destroy the structural
i nt egfs €§SigRaieRe S rekk!s RS tRsSeVRER GG RgnereRdo itfﬁﬁflé}ﬁé_ R INEA A5 BRBYi ded
for u i b GL; VL | andj &4 : C K i 00C,
terper BE L B Rl s B e L™ i F A0SRt e
choi cevhidh astt ebioalt the hendiosional axisief ths @dsat Tiee aruvARZAES WO edigo67dCS

PCT/ GBA,/ 02562, - 27, t enpper at ur es,.bel -20C, .bel ow -50C gr even bel ow -100C.
For e?&ﬂﬁ?é‘;”%f BP”LP@‘Etp?aﬁéep%ﬁ‘%'af%@%& RS (Pi‘af\¥/¥8 rf‘%)c‘eo@e_rat_e at

t enper at ur g5edb E@esd HICis GEnvedH bl CWepresEUFd BEMBTNAG irl thel ot BOThe
contenpl ated that the hose may be used to transport |iquid oxygen (bp

- 183Cpxigt sireguind in Beogeateddy MMBESSUrs ohiie Auhisethenwosfosed mise hrddet o
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Typi cakéy, THesing etredsd B iseraisfedithethkosguivernkdt ol fhcdmsabia it oRer to
position it properly, and by movement of the hose H during use. The torsional stress TS
is caused by twisting of the hose. Prior art hose is generally capable of withstanding the
hoop stresses HS, the flexing stresses FS and the forsional stresses TS, but is less
cap‘able of withstanding the axial stresses AS. For this reason, when prior art hcses
were subjected to large axial stresses AS they generally had to be supported, fo
minimise the axial stresses AS.

The problem of withstanding the axial stresses AS has been solved by the
present invention. In Figure 2 a hose in accordance with the invention is generally
designated 10. In order to improve the clarity the winding of the various layers in Figure
2, and in the other Figures, has not been shown.

The hose 10 comprises a tubular body 12 which comprises an inner reinforcing
layer 14, an outer reinforcing layer 16, and a sealing layer 18 sandwiched between the
layers 14 and 18. A generally tubular sheath 20, which provides axial strengthening, is
disposed around the outer surface of the outer reinforcing layer 16.

The tubular body 12 and the tubular sheath 20 are disposed between an inner

- helically coiled wire 22 and an outer helically coiled wire 24. The inner and outer wires



inches (51 mm to about 24 inches (610 mm), nore typically from abou? 31 ,
inches (203 nmm to about 16 inches (406 mm. In general, the operat“ﬁ AR 2005

pressur gy®fdshe hose would be in the range from about 50QkReg@apge up to
about 2000 kPa gauge, or possibly up to about 2500 kPa gauge. These

pressures relate to the operating pressure of the hose, not the burst
pressure (which nust be several times2%reater). The volunetric flow rate
depends upon the fluid nedium the pressure and the inner dianeter.

Fl owr a@Reanfirdmard (ieposéd sap that tH2Q08revBfseaf®mh yphe aincther hgse dietniodi ng to
t he invention can al so be _Pr ovided for use w %h corrosive naterials, such
as st EBFgSReNdRY trdradl iBeddiahslensilh ahte hefix Hldhg&iepanyi ng drawi ngs, in
which: Figure 1 | S i G di ' - Ard ned ol : to
whi on t he AsaatuizleB /AT drdb A A S R £ B e TR E o

Fi gur en®d/ bs & cophertbhal tisaksirgeaidtonal, sucBvaoia pldnke &eenr 6 fgay dd he
invention; Figure 3 is a sectjonal_ view showi ng the arrangenent of a
r ei nf oraibrg desgeibedibelpw intipkdioadedrgiigg’to the invention; Figure 4Ais a

i I i A h | ar. i al . heni
sheat h of 1HE RO AT 5 PRI holke PokERYREhicd LA surkliE AL "
sheat B, §eLBW HNMVAPEEbRXRANEAKHeE T Pijur&BANiStrABs ithe anSECidiOBAinY i &)y rshow ng

the arrangenent of a tubular axial = strengthening sheath of the hose
accor ftiony wihich lewilinbentleanthathideakingr reinfeisgichiaiaig’4 siosaptisdseflibes nda

i gh d dition; . Fi A, 513, ., 5C 50 .show f I cati f
hose Sedear Hu= ¢t pHeBPRSENaM 1BEH 1 55 R P Ve BBE P BEFIERE Vi ew
show Bgohietha ﬁ@ri g hay &ecdf sho@sen eerer@di igpisvd fige i crdeHt ivee hBv8 MAR

' 1005 WO 01/96772 PCT/ GBOl / 02-562 -28 Figure 7 is a cross-sectional view
showi Hpe¥reGiadlyfasndatdleaxsr sirreghufdhenoseiI§uran be impreesdverrrargiagl ; and

o B B R RReCresponant peald evbelopmy g Likhio Lo gaboss
nor matHan 30haed tygdcalty dunineg!5° to the longitudinal axis of the hose 10. This angle is
indicated by the symbol a in Figure 3. The structure and orientation of the outer
reinforcing layer 16 is substantially identical to the inner reinforcing layer 14; the angle o
for the outer reinforcing layer.16 may be the same as, or different from, the angle o for
the inner reinforcing layer 14.

The sealing layer 18 comprises a plurality of layers of plastics film which are
wrapped around the outer surface of the inner reinforcing layer 14 to provide a fluid tight
seal between the inner and outer reinforcing layers 14 and 16. ‘

The hose 10 furtherincludes a reinforcing fayer 21 disposed between the sheath
20 and the outer wires 24. The reinforcing layer 21 may have simitar characteristics to
the sheath 20 and the tubular body 12.

The tubular sheath 20 is formed of two sets of fibres 20a and 20b which are
braided to form a tubular braid. This is shown in Figures 4A and 4B - in these Figures
only-the tubular sheath 20 has been shown, in order to improve the clarity. There are
spaces 28 between the sets of fibres 20a and 20b, so that when the tubular sheath 20

. is subjected to axial tensioning the fibres 20a and 20b can contract moving into the
spaces 28. This acts in a way to try to reduce the diameter of the tubular sheath 20,
which causes it to tighten around the tubular body 12, thereby increasing the structural
integrity and burst pressure of the hose 10. Figure 4B shows the tubular sheath 20 in

the tightened condition.



use. The hoop stress is designated by the arrows HS and is the stress éhat_
acts tangentially to the periphery of the hose H The axial stress i MAR 2005
desi gnate@ mspcihie arrows AS and. is the stress which act sp@wicablyg2akong the
| ength of the hose H. The flexing stress is designated FS and is 'the
stress which acts transverse to the | itudinal axis of the hose H when it
is flexed. The torsional stress is destgnated TS and is a twisting stress

whi ch acts about the |ongitudinal axis of the hose. The crushing stress is
desi gnat ed O%e sgaingeayen 58 fs PMWbHHE aaspl fel@il ip ZawrI) Tihe provisanof ke oi

he h . S d . f the fluid i
e Rosgi 108 SRS e Bk B A e S P B B 0k
in thesthoseHgnd al so by the conbination of the weight of the fluid in the

hose H and by the wei ght of the hose H itself. The flexing stress FSis
caused by tAgsheyiiin 4,dhpendinglayeod 8 camprisesdeplulitpobayérsn 8a of a

, d by f h . H, dur.i - . I I TS
P DR o 2 TR PSP mandshiS aS SBFichly SFeR st P Rk e ath & o
wi t hstapdinoot Bgerd98p ¥t MEPRRIEDT 4 Q@ccfrlcﬁgsblyaqe}t(§@§§§§ Pﬁr@ﬁﬂpﬁnﬁ, fhe

torsional stresses TS, but is less capable of w thstanding the axi‘a
st r esde® p@ymEos haking a difwant stithess: Toe layersid@seand 18b basalbeeot\wchgped ar ge

ial st AS th |ly had.to b ted, 't th
axi al APHASIRS cuEer THEARE OB HIC e HOTIATAHE e Coionides o il g PRse s
been spliednhyetinBer BHESARET reM@EIn@Nlaybis Fh BHE18. As hessidibRe68dafe W th

the invention is generally designated 10. In order to inprove the clarity
t he wilayensg! &sf andel Bmep o rneppesarily hmavedarke apangad in antieroaties f&gones,

has nqgt_been sho The hose 1 ises a tubul ar _body 12 whi conpyi ses

on- | il SaTGy A i B seroa S0 B RS il gt Rl g T SRTELar T hg
| ayer b@gﬁ@ﬂﬁ@@@&@ah@e_t ween the layers 14 and 16. A generally tubul ar

sheat h 20, ich provides axial strengthening, is_ disposed around the outer

surface of Ehfeir@ufairorrlé_t/ﬁr%%&i Hipwraiesreassr defeil indiigurar - Bbays 12e msglation
t ubul %y&%%{%%gt&r%;gfl.w@@w@?@“@ﬁ?e@ﬁ Py BRI ARk i ERl %yg &R, o2

and an outer I cal colle I Nhe er wre eMA\P
2005 \Wesiktdo@e offzo RCHd (BR(I¢XiRg S62ss 26, 2zhdawidh 24s daingltreploses so t hat t hey

are offset from or?etianc]t her gy a Si‘sé ance. cor r&s{p ggi | toi _hfal ft hg pitch
length of tHE HEYRUGE TBXE €81 FETPIARCT REuinaE dd ?ag F8 iaiTepEesdotiround
the owopfurdiHie2fhicHigad BeBhaipr@fed, a¥Rired, or otherwise applied, over the tubular
body 12 and the outer wire 24. After hardening, the polyurethane layer 26a forms a
solid matrix within which the outer wire 24 is embedded. This helps to keep the outer
wire 24 fixed in position. In a preferred embodiment, the inner layer 263 is provided with
air bubbles therein.
' The insulation layer 26 includes a layer 26b over the layer 26a. The layer 26b
comprises a fabric formed of basait fibres. The layer 26b provides most of the insulating
properties of the hose 10.
The insulation layer 26 further includes a layer 26¢ over the layer 26b. The layer
26¢ comprises an UHMWPE such as DYNEEMA or SPECTRA. The purpose of the
layer 26¢ is primarily to provide strengthening against hoop and flexing stresses.
The insulation layer 26 further includes a compression layer 26d. The purpose of
the compression layer 26d is to compress the layer 26b, as we have found that the
insulation properties of the basalt fabric layer 26b are much improved under
compression. The compression layer 26d may, for example, comprise a rope or cord

which is wrapped tightly arcund the layer 26¢. Preferably, the compression layer 26d



-may he a conventional insulating material, such as a plastics [oam or may
be a material described belowin relation to Figure 7, The rei nforqjﬁgmmg%
| ayers %(ﬁ@gwlﬁ conpri se woven fabrics of a synthetic nm 017025

UHWAPE or aramd fibres. Figure 3 illustrates the inner reinforci ng Ia

14, fromwhich it will be clear that the inner reinforcing |ayer 14
conprises fibres 14a arranged in a v@rp direction W and fibres 14b
arranged in a weft direction F. In Figure 3 only the |ayer 14 has been

showngo R8s S8R 9all JTRE QYR hiR ﬁeaerthtmee e §P1%‘éﬂ1 20nR%eR6EEAnyEound that the
axial strength of the hose 10 can i nproved by arranging the inner

rei nforci ng futher Q@ly@ﬂ@ﬂhaﬂhataylehe(nmrqhqwrn)ac’on’@mhﬂ@ gaatdeJblkmN raagl be of

|l ess tha 00 and t aro d 15" to t |l ongi.tudinal axis o the hose
160 e, paer dne e i%%twu & JREBYE PGPS BTOPRHESS @i toPe and

o1’ enbab iy of AR £, A L8| BireASH POILARANGGayct (RUPSIADR Al dorliibhoal to

the i nney I Nt orci ng ayer t he e outer"rernforcin

| ayergaslbubiiys beay bbqarsamedaSVerdhe@a‘simr&atmrhg pMyLm“éteaaaga}%rle hiofurthiche
i nner rel nforcing | ayer 14. The sealing |ayer 1S conprises a plurality of
| ayerROIBETENARY iaa@rppuﬁﬁ andiganaty onipssaed araﬁawaeﬁiwét%m laygF £8€e!td$ t he

| et SSIBLOEAL 0 h@XEf o464 RoBF QY LORn bty lthos Seal between the i nner

and ou%8 reinforcing fayers hose Further includes a
rei nforci nghé ayee 1Blceh B@asa}wfbemdrmytthefcslhﬁahgte@m@m Ade fimtistepwhe es 24.
The reinforcin er 21 may have simlar characteristics to the sheath 20
and tiRBet wm%f anﬁzarmﬁ\@ R GLPPRI TROSIH Dol § éwafrfﬁooréf%rfwr@w@ df

fibrase 208 4 g%%pefghhﬁﬁnér dé%ﬁr@od%ﬁcﬁoTE%rH‘a?nét%P‘é'f% Lg:lga ﬁirng§ shown

in Figures 4 ~ 1n“these Figures only the tubu has been
showncorrespondierto tire dapired ete el ciametey of Thehesarf 8. Tb@m resﬁfdzreiw@lenyet he

sets .filbres 20a an SO t hat t ubul ar shea subj ect ed
o axai® B EPBRER G HET B GRS D GLe St B & PR MAET SV PRGN PREETR he
SpaCE@rgfglonWIQ SREES thd dasiey dn@jd kY to reduce the diameter of the tubular
sheath 20, which causes it to tighten around the tubular body 12, thereby

i ncr easi ngﬂx pheabtyraidaversl of thepéagtiosyilmad 8auri$b makisg wpehefseatinghager 19.
0o B Y0 b S GBREELhthfond Ue KSRSERE P04 G 8 A7
gr eatthe fites a8k dral T8y woldhavde lgmginissibstarttfally/ess than the length of the hose
10, so that a plurality of separate lengths of the films 18a and 18b would have to be
wound around the inner layer 14. The films 18a and 18b are preferably arranged in an
alternating fashion through the thickness of the sealing layer 18. Typically there might
be five separate layers of the films 18a and 18pb through the thickness of the seéling
layer.

The outerreinforcing layer 16 is then wrapped around the sealing layer 18, such
that the warp direction W is set at the desired angle (which may be «, or may be some
other angle close to o). The tubular axial strengthening sheath 20 is drawn over the
outside of the outer reinforcing layer 16. The further reinforcing layer 21 is then wrapped
around the sheath 20.

The outer wire 24 is then wrapped around the further reinforcing layer 21, in
order to provide a helical arrangement having a desired pitch. The pitch of the outer
wire 24 would normally be the same as the pitch of the inner wire 22, and the position of
the wire 24 would normally be such that the coils of the wire 24 are offset from the coils

of the wire 22 by a distance corresponding to half a pitch length; this.is illustrated in

Figure 2, where the pitch length is designated p.



sealing layer 18 inproves the resistance of hose to the flexing stregsaEg 2005
and the hoop stress HS. As shown in Figure 6, the sealing | ayer

conpri sesoaipbunal ity of layers 18a of a filmmade of a fpdstepobyeer (such
as a highly oriented UHWAWPE) interleaved with a plurality of |ayers 18b of
a filmmade of a second polynmer (such as PFTE or FEP), the two polyners
having a different stiffness. The Iay@ﬁs 18a and 18b have been w apped
around the outer surface of the inner reinforcing layer 14 to provide a
fluid tightApedluretistrneerasin lsehenmersaagedavertheaiuieos aiface baterrsirffdraimg 16-

As nmention above, the layers 18a and. 18b do nqt necessarjly have to be
o angeuSt & e et B TP G e THOOTARE IR 2 A (oo g S At o
be arr agog] hgk .1 Nén |53 B, e bﬁ?a’” t ther.

The in%%ﬁgﬁ n %gygé '%gq?sﬁéﬂﬁoe\s\‘h(ﬁ? r?a%%reg)t icﬁ‘ﬁ\dgrﬂ!%%rn_ fgﬂ@%gggnsrﬁ%&swhe
i nsul aderated hefper hatdemng(Baically befarid spraviegiorpalirtingno paydde igaspubbied | y
concerned with inproving the resistance of hose to the flexing stress FS,

and witbRrinskiabasqt fakiitigyer 38k 'S thegiersrd sy eid U pelrpretsare layer Rhar

| ayer [ ' f ; y i a S , pour ed,
oot S GITEE 8RS 2he s BRNY WAt g TR R BE e P o T
har derjongprebbenpalgupetiisaepliay eve2fiee lgerg6a. solid matrix within which the

outer wire 24 is enbedded. This helps to keep the outer wre 24 fixed in
posi tion. IMeeprerdrifednesddd mexibe sralschRvcrimping elgeve grevaised t h
air b $ j [ b on | i ver the
| ayer l@%gs LL}%BF‘{S%ZQ' }:E‘Es ltécl@”nb?%‘%@s% g%ggarl&gaé%%#\; ﬁ%? ﬂbéagég% 11%%6%? gjs”.enl'he
| ayer réftovpddwrddaemandcdi. t he insul ating properties of the hose 10. The

i nsul ation layer 26 _further jncludes |, ayer 26c oyer. the layer 26b. The
| ayer 26¢ ‘d't%%’?‘?‘%@g%”%@%%?%%eﬁ " %‘E’C‘@I@QO SHOW B i8eE of
the layerife gl thPhbSRMDINAS RotRH o rf@.eﬁﬂéﬁalfrﬂgr@%tﬁés&aﬁ@%%%

fl exi ng stresses. The insulation layer 26 further inc es a conpression

| ayer 2ty 20Becpupiissseadiibulehénonpesswircid byeng 2Z6Hoss end 2ipress tdie
fabri ST 26t AR TIGH T0rbREk rkbrS Sl B B REE B e Grsheteron | ayer
aroung e | ayer BB, Brolerabl s Lhe conpy csalon | ayer 260 U0 ol SerTh a1
204 ' ’ '
The end fitting 200 further includes a load transferring means comprises a hose
engaging member 208, a load transferring member 210 and an end member in the form
of a disk-shaped pilate 212. The lcad transferring member comprises a disk—shapéd ,
plate 214 and at least one load transferring rod 216. In figure 2 there are two of the rods .
216, but it is possible to provide three or more of the rods 216. A tightening nut 218 is
provided on each rod 216. The plates 212 and 214 have apertures 212a and 214a
respectively for receiving the rods 216.
The plates 212 and 214 may each be a Simonplate, the hose engaging member
202 may be a Gedring and the split ring 206 may be an Ericring.
The plate 212 is further provided with apertures 212b, and the tail end 202b of
the inner member 202 is provided with apertures 202¢. Fixing bolts 220 extend through
the apertures 202b and 212b to secure the plate 212 to the tail end 202a of the inner
member 202. In Figure 2, there are two fixing bolts 220 and associated apertures, but it
will be appreciated that fewer, or more, fixing bolts 220 and associated apertures could

be provided.

The hose engaging member 208 is provided with an inner helical recess in the



J B MAR 2005 PCT/ GB01/ O 562 conprises an axial strengthening sheath |jke
the sheath 20 descri bed above. A further pol yurethane |ayer (not sho&/nd)MAR 2005
cont ai nivhg p@as 7pubbl es may be provided over the |ayer 26¢d9cksd.Her

i nprove the insulation properties and the buoyancy of the hose 10. A still
further pol yurethane |ayer (not shown) not containing gas bubbles nmay be
provi ded over the gas-containing pol yd8et hane |ayer. The further

pol yur et hane | ayer could additionally, or instead, be provided within the

| ayer f26d.ofigrobges 2089 wiusisidoe edapted e réeyiee tauidrselré 2ot thd Bbse tilte gas
bubbl es. The_hose 10 can be manufactured by the fol|low ng technique. As a
first tBe@y  Hee INNekénemibes 282 1P Pravidrd uitlhaneuesipia resrsminethe(ivsm @hown) |
in or [ ' r : ' I.Led pi

o ety PREoltinfard ehitu 0 IBPPREREL A VPR 22 RRIRE PHICPs SF0F

di aneteym eigurb@ thas ¢iké the HierianaiesuteLIMIBO RO 1@ 2A\RE grddvdss20deanurapged
around the 1nner wire 22 and the support mandrel, such that warp direction

Wis s saeceddydusi apdcamenethad. A plurality of layers of the plastics filns
18a, 18b ing up the seald | [ . are then apped _ar.ound the.outer
surface oﬂ?ﬁeﬁﬁ@e?‘&eﬁ?&%ﬁa@@%ﬁﬁ {Vf% LCIE&I”{/‘, ereﬁﬁgpp r‘?Jﬁ%@%%EQ%a 18b
woul d fiaxe afe |RBEOusEEsthaN dAingyrid@204 TRE prdjecliengbbzekehetHomsorold, so
that a pl uralltétof se%%rate | engt hs of the filnms 18a and 18b woul d have to

be _whimasalinn r}eh@b” dnemaRsr hewmaiﬁﬁe&wrﬁwa@%a?déhprs@%rgbly
ey PR 2, B ORI O B L BBl R PRS0,

and 18bstildhough the thickness of the sealing layer. The outer reinforcing
| ayer 1.6 iis then w apped around the seali n(g | ayer such that the warp
é

18
di rection Wieshess 1Qis samirad4p iReieaAditing AbP er feigwnd he inder mgmber 287=
t her . £ I i 1en] s, d
over (haPeEirL PRE e offpor 1E ppUR R o EM RN LRRIRAL 210 215 Or o1 g
| ayer Th& inset Wi 2% appedivedrioting grbevech2@?d aBa thd oetauviee i isee2divied ithen

wr apped around _the rther rejpnforci.n er 21, in order to provide a
PP Be Sl anbg: THadhy Anasmuer Ak A2l 2 bra bt So A BE RO Nt e 24
woul d Rl Ibig B fHRRr BBbas26 0 BePbh8 hefrddies PopEant I8 23 haARsdukisn
position of the wire 24 would normally be such that the coils of the wire 24

are ofPdeelga ewhhank ledhisspoist. The inpeereppopming layiestldniseals@ cukbpokat Hyst o
_half %omt,t&ha! Sgrgl%hboiﬁpbgforéﬁhélhlﬂért Fe%r%gciw layer 14 reaches the sealing ring
204. This means that the sealing layer 18 directly engages the outer surface of the inner
member 202. The rest of the tubular body 12, however, is aliowed to extend along the
inner member 202 between the inner member. 202 and the sealing ring 204.

The hose engaging member 208 is then tightened to cause it o clamp down on
the hose 10 bring it into firm engagement with the hose 10. The nuts 218 are then.
tightened, which induces some axial tension in the hose 10, thereby taking up any play
in the system. These forces are transmitted from the hose engaging member 208, to
the plate 214, to the rod 216, to the plate 212, and to the tail end 202b of the inner
member 202. The tubular member 20 is pulled back over the upper surface of the hose
engaging member 208, and is secured to projections 208p extending from the upper
surface of the hose engaging member 208.

The tubular body 12 extends under the sealing ring 204. After the hose engaging
member 208 and the nuts 218 have been tightened, the split ring 206 is-tightened in
order to increase the force applied on the tubular body 12 by the sealing ring 204.

The end fitling 200 is then cooled to a low temperature by liquid nitrogen. This



Figure 2, where the pitch length is designated p. i e NNM 2005 WO Olqjggzg%mr
PCT/ G801/ 02562 -32 A pol yurethane resin is then be sprayed over the outer" %
surfacewqfoftdaerzreinforcing layer 21 to forma resin coati pgraysigherein |
orcing layer 21 and the outer wire 24. The resin may then be left to

harden, in order to formthe |ayer 26a. The resin nmay be aerated before
hardeni ng (typically before sprayi ng-dr painting) to provide gas bubbl es
therein. The basalt fabric | ayer 26b is then wapped around t he pol yurethane
| ayer cabses tharmbaiing ritdVIBE td avsiragbeldty etheorevteppte spifdumd) 2068, Wagerby26b.
Finally, the conpression |ayer 26d is appli over the . layer 26c_ The ends
o 't hilldaBbrRsSHE oS SORlIER CBytrerstaiAGTE ATEky Y e bR HRs Z06ds Fetimide 1 he

o b s tor i nati on: : o
Forov i e SplETa 286 A ik SRR 2RERE S RSl How iR Pel B2 1% E e
end f it digy 200 is gjain tighfdrgsd. eTheterhpeliige i6 Bent A Wes 8o IReh@samiefeen

shown, in order to inprove the clarity. The end fitting 200 conprises a
t ubul aenditiors, wharsbl (29 20REVERYVE fefee@dAg spatiag aing iRcregiskes bgwirtwoeitheThe

d fitting 200 furt i ncl. i . whi i PTFE
ceal | Bt Eron dlhgr seablf HHELD e e e o ouna the Pree

seal i ng ringis cPdpleldetrRnand fittiidor 209hbss tDeThe fﬂﬁisé@@é’gih@ﬁ%rﬁbéﬂ%bgr r2 i 28
er

means conprises a hose engaging nmenber208, a |oad transferring me
and aproxiesrmnmhe seahing i9é theenpd dthehase RO§hape detpsiodtakexxigifercasdd the

transferri ne r_ COnmmri s Hsk- e 4 and at .| east..pne Ioad
transE‘%?'?:i@gr? %e%qrﬁ@?@%ﬁ{g?@@@q%@é?ox{?r%%s f}woedrsen%aﬂg,er J it is
possi BbgirlguMheigde 1tree or nmore of the rods 216. A tightening nut 218 is
provi ded on each rod 216. The plates 212 and 214 have apertures 212a and

214a respeiguraebi ipSD peewitbraryapplications feribe hrse - dnepchef RHigurezidAmy
cacl B SO P, N0 AT TR g O S DO A i e
aper t UNesca2figb1 04bd rideng af & hend 1202izoading tdithd innentiorbiee h282 licscaprieyi ded |
2120 CHCHeRraSORasHai%0bTs TShe 6 i F o028k ol e NGREMTHban 202,
In Fi gtfe 2a, HREHFos g0t BbiiBahBAd:Se920 1880 |RIIPHAER (REHILY £5 isbut it
submerged below the sea level 106. In Figure 5C, the hose 10 floats near the surface of
the sea. In each case the hose 10 carries the LNG without any intermediate support. In
Fig 5D the LNG carrier is linked to a land-based storage facility 108.via the hose 10.
The hose 10 may be used for many cther applications apart from the applications
shown in figures 5A to 5C. The hose may be used in cryogenic and non-cryogenic
conditions.
| it will be appreciated that the invention described above may be modified. For
example, the tubular sheath 20 could be located outside the outer.wire 24. Also, the
hose 10 may include édditional reinforcing layers 14,18, sealing layers 16 and/or
tubular sheaths 20. One or more of, or even all of, the sealing layers 18a may be a
polymer coated metallic film, or metallised polymer film. Similarly, one or mors of, or

even all of, the sealing layers 18b may be a polymer coated metallic film or

metallised polymer film.



wi || be appreciated that fewer, or nore, fixing bolts 220 and associ at ed
apertures could be provided. The hose engagi ng nenber 208 is provﬂﬁéﬂﬁﬁwmh
an inner helical recess in the 0 8 MAR 2005 WD 01/96772 PCT/ GBA /02562 - 33
form of grooves 208a which are adapted to receive the outer wire 24 of the
hose 10 therein. The inner nenber 202 is provided with an outer helical
recess in the formof grooves 202d whigh are adapted to receive the inner
wire 22 therein. It will be seen fromFigure 2 that, like the inner and
outer WGAIM® and 24, the grooves 208a-and 202d are spaced by half a pitch
| ength p. The inner nenber 202 is provided with two circunferential
projections 202e which are |ocated under the sealing ring 204. The

proj ectifons Z0Rese evkprishey a tsulaebodhef fiedblengatdrial Afrahgbd|batweeniaarin2ér
bet ween the inner nenber 202 and the sealin ring 204, and help to prevent
the tub@W apepuier helicl igtipming t"@%@“pﬂ’bﬁ]%&’%{lﬂ bgdyusenying fRdranspert fuid

hose i Cl.£ i i i r 2
o o hRyRRCHEERes8 A 16 telent 1l £BRagS hihdH The HRfy) 4RS! WBERP HodtP
t he pl ateonddrising Eneinnenaeinforceng? ayes wrapped eatound tthe igneo geippRig2 cheamtokr fae
outer wire 24 is received in Ele rooves 208a., The inner and .O%It er wires 22
and 24 e2liag ayesrapRed rpsplnd, e BibURR inngs Membel} aRd aTheuiER fRNOrRERYSIh

beyond t i1n&0 Thead t 26 |

hi s por aePPRl HBEnd 1RE Sding e, Mlelohy R MY ot MRy Sppddich R
or at samalipgiayerbeé¢rebetwden,iwimerein éharhose furthéragmmprises aaakizd strargthealngng
ring 04. This ans that the sealing layer, 1 irectly engages. the

out oSl i theh B AbA CRasely Tpar prad cebleg ¢ RECuSR QR IIAD Tothe
however i hglap! b WHeP ed aDBuRrOBsdY 1§ subjeEd "RITRRIal 28AsRAL VR thBeakianer
menber 202 and the sealing ring 204.” The hose engagi ng nmenber 208 1s then

t i ght eneairengthening meaansdsdudher ddaptedrto axest aoadiatlyirwarddorae ontad l¢ast part
engagenment, with the hose 10. The nuts 218 are then ti.ghtened, .which induces
sone e the i Fedy Riet e B%B S RahBRiptiBrent R alifgeAg ot e fiian
system These forces are transmtted fromthe hose engagi ng nenber 208, to
the plate 214, to the rod 216, to the plate 212, and to the tail end 202b of
the ithet nebese agcordmgeta elaim 4s whertie theexiak sisengteeningcreane comprisep e
surface fnp&%\ﬁgtpﬁﬁﬁﬂaﬁggﬁgf"o?ﬂegeo PLhedt®r nitiSridihr30iadhsy alOphfaplsRghL Cllien? 08P

ext endi
that the tubular sheath can maintain the integrity of its tubular shape when subjected to

axial tension.
20 3. A hose according to claim 2, comprising two or more of said tubular sheaths.
4, A hose according to claim 1, 2 or 3, wherein and wherein the strain at failure of

the tubular body and the axial strengthening means are within the range 1% to 10%.

25 5. A hose according to claim 4, wherein the braid is provided in a triaxial form.

6. A hose according to any preceding claim, further comprising an additional
reinforcing layer between the axial strengthening means and the outer gripping
member.

30
7. A hose according to any preceding claim, wherein the axial strengthening means

is disposed between two of the layers of the tubular body.



surface of the hose engagi ng nmenber 208. The tubul ar body 12 extends under
the sealing ring 204. After the hose engaging nember 208 and the nu}l&MELA;
have been tightened, the split ring 206 is tightened in order to increase
the force applied on the tubular body 12 by the sealing ring 204. The end
fitting 200 is then cooled to a |ow tenperature by liquid nitrogen. This D 8
MAR 2005 WD 01/96772 PCT/ GBO. 1/ 02562 - 34gcauses the sealing ring 204 to
contract relatively nore than the split ring 206, whereby the conpressive
force aphli ed BRSeHRCCOEGNG g anyhgne @i Qb’n}mtshg te §, iwhereity theo axiaé streqgibening

Wi le t ft gLl ' ' 4. are. gt jvely | ow

t enper apﬁ?éﬁg lsh%ébcg%nggtﬁe%g %ggu;t;@gzhlg)glg%%b ﬁgﬂ%g’r‘{éﬁge“ﬂi’l”@g{r?g‘é%ﬂ ure is then
allowed to rise to anmbient conditions, whereby the conpressive force on the
sealing ring increases by virtue of fhe, greaten expansion of sealing ring

204 rel & ve A BOBRECSAIAING 19 RGY A5, Ofriain BoMheseinshe Axialfiranathemag Néanse
h ;i [ ' | 1A Gh: d of
the. noads S0 EHeRIRae VD -BaNBRY tordI I EF g RIF oREA o i) nERbT. °

sealing ring 204. The sealing ring 204 provides the renainder of the
sealing of the hose 10. ,Figures 5A to, 5D show three lications forth .e
hose 10,10 dht958raceadingstosany Pseerding claimh MRETRINHif t4tifar BPdY.-oBe arial
ffl oadi 2t hiaSi Al j

orrloa 'é?%ggfrﬁgg hER1d ahBZtheSinhkPked 6ﬁte? reingi';?ggfg‘fr I[dé/g’is %&% %Plym%%“éf e @

hose 10 a to the 1nvention. The hose 1 roma storage
t ank of ddmee pEISer@2mbterial.st orage tank of the LNG carrier 104. In Figure

5A, the hose 10 |ies above the sea |level 106. In Figure 5B, the hose 10 is
subneryged bel owt he sea | evel 106_ In Figure 5C, the hose 10 floats nearthe

surface pf tm%&%a-acbarﬁﬁpgcggyt braRelREe cliC aufidret the iner vaddier toutery

intermedi ate support. In he LNG carrier is linked to a | and-based
st or age rewdoicingylayes comprishe shweowendabrit formeacofl fbresyatianged in Alowarpmand & her
applications. apart fromthe | i cations. sho in figures H5At . The
nose oy BL SR A Whgd BRERkSAu PaRpsg e verds siteaRsuen Rap e gab
appr eci adiritibA af &8 ahﬁre%mb@@tmgoq fefleabyitidmRY s OPMefHe®. For

exanpl e, the tubular sheath 20 could be | ocated outside the outer wire 24
Al so,13he hose 10 may include additional reinforcing |ayers 14, 18, sealing

L:}éleir f] 91@32% ?nrgggtal#g&qil@g goh %@irﬂ% 12 C\)/s'/he(P[e]f?‘u {Re iNReF ar%/br %Lteervr%anS}éingofayeF Pse
disposed such that the warp direction is at an angle of less than 10° to the longitudinal

axis of the hose.

20 13. A hose according to any preceding claim, wherein the inner and outer reinforcing

layers comprise an ultra high molecular weight polyethylene.

14. A hose according to any preceding claim, wherein the axial strengthening means
comprises an ultra high molecular weight polyethylene, aramid fibres or polyester
25 fibres.

15. A hose according to any preceding claim, wherein the sealing layer comprises
an ultra high molecular weight polyethylene or a copolymer of hexafluoropropylene and
tetrafluoroethylene.

30
16. A hose according to any preceding claim, wherein the sealing layer further

includes at least one layer partially or entirely comprising a metal or metal oxide.



pol ymer coated netallic film or nmetallised polynmer film Si mlarlp, lﬁ&ﬁlﬂﬁﬁr
nore of, or even all of, the sealing |ayers 18b may be a pol yner oBa
nmetallic filmor netallised polyner film B B MAR 2005 35 CLAIMS 1. A hose
conprising a tubular body of flexible material arranged between an inner

and an outer helical gripping nenber, the tubular body serving to transport
fluid 5 through the hose and to prevent3#luid | eakage through the body, the
t ubul ar body conprising an inner reinforcing | ayer wapped around the |nner
gri ppi nd7nenbehose acaesdinggta @pyr ong fpelainas oua” 1hewhereinathe gaalin

and an hsEeRIOL8I 08 bAYRedcRIARPRe AR S aRa hie LR UCHst BBRRRRY

the two or ci ng andw ing |aye et wee
t he hosantuahdtaer adntpiei filbss deiryimbdes tofeagidvendnpolyeredifferent from tha firstf a
general |y tubul ar brai d adapt

to re uce deformgtion of the tubylar bady
when t h@ObRN Aheseiyone %aﬁ?é 8ds sk.mn mgﬁzﬁ{ Hleh avisreby,a é!%erent'fﬁ
strengt r [ thy gggon
1 ooy et B Seht T 165 RGP DrbPR St frd i, (BRIl S
subj ect pedsurexi al tension. 15 2. A hose according to claim 1, wherein the
axi al strengthening nmeans conprises a generally tubular sheath forned of a
sheet of material provided in a tubular shape, such that the tubular sheath

can mai ﬂfsa' n RL&sHi Mo IaH $7 LWREIG tH\GRer S s %ﬁﬁéﬁ‘i’hé%ne@*ﬂrﬁ'

{ RGsd R
t ensi on. é éhose ac Ing to claim?2, conprising two or nore of said
t ubul ar sheat hs. 4. A hose according to claiml1, 2 or 3, wherein and wherein

A T T - L R YR L ey L e
the br au&yér%oﬁ{mrébd@?onyes@rté paryaﬁhdé% Bblg@leflﬁ S BuGepelihéy to any

precedi ng claim hér conprising an additional reinforci ng I ayer bet ween
t he axi al strengt heni ng nmeans and the outer gripping nenber. . A hose

di I ial st h
G sposedder ued aEsan ote 94YENT B o hd. MR pPe sl he st iR “@ab%oafé‘ée .
sealing layer comprises a polyolefln and the other of the polymeric films comprises a

15 fluoropolymer.

21. A hose according to claim 19 or 20, wherein one of the polymeric films of the

sealing layer comprises a highly oriented ultra high density polyethylene.

20 22. A hose according to claim 19, 20 or 21, wherein one of the polymeric films of the

sealing layer comprises a copolymer of hexafluoropropylene and tetrafluoroethylene.

23. A hose according to any one of claims 16 to 22, wherein the sealing layer
comprises a plurality of layers of each of the polymeric films, the layers being arranged
25 so that the first and second polymers alternate through the thickness of the sealing

layer.

24. A hose according to any one of claims 16 to 23, when dependent upon claim 16,
wherein the metal or metal oxide layer is a layer of metallic or metallic oxide film, or a
30 polymer coated metallic or metallic oxide film, or a polymer film metallised with a metal

or metal oxide.

25. A hose according to any preceding claim, further comprising an insulating layer.



8. A hose according to any one of clainse 1 to 6, wherein the axial 8 MAR 2005
strengthening neans is disposed between the tubul ar body and the ogtéﬁ

gri pping menber. 9. A hose according to any one of claim®6, wherein the
axi al strengthening means 5 is disposed between the additional reinforcing
| ayer and the outer gripping nenber. 10. A hose according to any precedi ng
claim wherein the tubular body, the axggl strengthening nmeans and the
inner and outer reinforcing layers are all made of the sane polyneric
material. 10 11. A hose according to any preceding claim wherein the inner

and/ or er LAf e i e I ; f L
rrangedtn £ hErgBRaId IGHAY HRCE OB T WRLRIRY CombAGRE S firel RGP
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o] ess than 20 to the |longitudinal axis of the se. 15 12. A hgse

accor di g IR regimmati in Rﬁtergf deiestist relaiae @HM%‘#"&B?B’YGG%IW Suter were ankine s

di spo the warp direction is at an angle of I ess than 100 to the
| ongi ﬁgﬁﬁwhgﬁrgebf t he hose. 20 13. A hose according to any preceding

claim wherein the inner and outer reinforcing |ayers conprise an ultra
hi gh nol ecul ar wei ght pol yet hyl ene. 14. A hose according to a recedin
oo s el nose o BB Hist BB hé ela IS ine g eeisioaming (he/BsTumatn

nol ecul [Wolsk i ! i i 5 fibres. 15. A
hose ac%?ﬁ%@%&@%ﬁ%ggﬁﬁf@@% Fu\?ﬁ%?i?%hpﬁgl@gg{@ﬁ%mﬁayer conpri ses

an ultra high nol ecul ar wei ght polyethylene or a copol ynmer of

hexaf | I d. fl I . 16.. A h di
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| ayer partially or entirely conprising a netal or nmetal oxide. 91 6 MAR 2005
37 17. A hose according to any one of clains 1 to 14, wherein the sealing

| ayer cZshpr iA dosatadcesaingttaoclpion e/ cor 28 nfurtheneamprisieg fan imsulationdayerde
of a first F,?OL nmer,_, angd ano r ofltft he filnms being nade of a second pol yner
di f f er erf® Qﬁﬁq ﬂéat?ri'(f Mega? ) &Fein one of the films is stiffer than
the other film whereby a differential

15 30. A hose according to claim 29, further comprising a compression layer around the

basalt fabric, which serves to compress the basalt fabric.

31. A hose according to claim 30, wherein the compression layer comprises an ultra
high molecular weight polyethylene.

20
32. A hose according to any preceding claim, further comprising a layer of plastics
material around the tubular member, the plastics material containing gas bubbles
therein.

25 33. A hose according to claim 32, wherein the plastics material is a polyurethane.

34. A hose according to claim 32 or 33, wherein the plastics material is applied to
the tubular body by spraying the plastics material, in liquid form, over the surface of the
tubular body, then leaving it to cure.

30
35. A hose according to claim 32, 33 or 34, wherein the gas bubbles are
incorporated by injecting the gas into the plastics material, before spraying, while it is

still in a liquid form.



5 vyield strain is present in the nmaterial properties at the operating
tenperature and pressure. 18. A hose according to claim17, wherelldMAa005
outer filmis stiffer than the inner film 10 19. A hose according to claim
17 or 18, wherein the polynmeric filns of the sealing |ayer conprise a

pol yester, a polyam de, a polyolefin or a fluoropolyner. 20. A hose
according to claim17, 18 or 19, whereiggone of the polyneric filns of the
sealing | ayer conprises a polyolefin and the other of the polymeric filns
conprises a 15 fluoropolyner. 21. A hose according to claim19 or 20,

wher ei n ,gne qf [ ' 0] [ .1:S€S ighly
orient eg’%ul t?‘ahhggﬁ%gé%ds]ﬁé Qgp%wygﬁﬁﬁfeﬂgﬁnszgﬁg{? g%’ L%?raéow@%lﬁé 9 iu'ﬁegi m
19, 20 duyetlof presties matiadf which RiYegmol eohtdimsagf substargiahldm@untagtigas
conprises a copol ymer of hexafl uoropropyl ene and tetrafl uoroethylene. 23. A
hose ac®yPBlesgatranged oyaethsr gas-apmiainiag plastios magieriai n t he seal i ng | ayer
corrprisses a plurality of layers of each of the polyneric filnms, the | ayers
bei ng "arranged 25 so that the first and second pol yners alternate through
the thi @EnesH hbsé ecsrtihg tg cldimyds, whdreir tihe Sertlrerciaydi 0 plastienynaterial 8 a
clainms 16 to 23, when dependent upon claim 16, wherein the netal or netal
oxi de | Hpburethage| ayer of netallic or metallic oxide film or a 30 pol ymer
coated netallic or netallic oxide film or a polyner filmnetallised with a
metal or nmetal oxide. 25. A hose according to any preceding claim further
conpri si38g am\ hoselacordjng dpeany 8n8 i@ 323® 26, wheheiacthacovardll rspeciicany

one of cl ai, to 24, further conprising a cured resin matrix disposed
ar ourl@ %Vl&fﬁf]é‘he%m@,'s [%é‘ tBﬁF@r W re being at |east partially embedded in

the resin matrix in order to restrict relative novenent between the outer
wire and the 5 rest of the hose. 27. A hose according to claim 26, wherein
the unc®Sed rebose accordiny toheny preicedingt clain, fughar camerisialg athiend fitting Wwhich
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conprising & fabric formed of basalt fibres. 15 30. hose accordi ng t
cl ai mo2gjrcimfereoce dmmtyeenithg sealingpmesyiesrandhie irnesumeémbear; and a separate

load transferring means adapted to transfer axial loads applied to the hose around the
sealing member in order to reduce, or eliminate, the axial load on the hose between the

sealing member and the inner member.

20 40. A hose according to claim 38, wherein the inner member is substantially
cylindrical, and the sealing member is in the form of a ring adapted to receive the inner
member therein, so that the tubular body can be clamped between the outer surface of
the inner member and the inner surface of the ring.

25 41. A hose according to claim 39 or 40, wherein the sealing member comprises an
inner sealing ring and an outer split ring which can be tightened in order to force the

sealing ring into engagement with the tubular body and the inner member.

42. A hose according to claim 41, wherein the split ring is stainless steel and the

30 sealing ring is polytetrafluoroethylene.

43. A hose according to any one of claims 39 to 42, wherein the load transferring

means comprises a hose engaging member, a load transmitting member and an end



basalt fabric, which serves to conpress the basalt fabric. 31. A hose
according to cIa|n130 wherein the conpression layer conprises an ul §8aaR 2005
hi gh ol ecul ar wei ght pol yet hyl ene. 20 32. A hose according to any preceding
claim further conprising a |layer of plastics nmaterial around the tubul ar
menber, the plastics material containing gas bubbles therein. 25 33. A hose
according to claim32, wherein the plasgpcs material is a polyurethane. 34.
A hose according to claim32 or 33, wherein the plastics material is applied
to the m%beaﬁeww oy thep mrﬂgemb@r,ptf@s@rreggm@et bging puch itk dher epatingover

the sur iagenf il figoa LUPHL Bl PG 1B SANIALMIR. ST fro SR AomBoiaRe
dEpasetPsRlectiffe 1o HirgEmemteR ol

according to c Sl erel n the“gas are incorpérated
by i nj edlnatrtgetﬁtlsegersgagln@ nnémbpt antlitbe emdtraedler drefooneestedathroggh We loadi t
is still inaliq r‘ngform 8 8 MAR 2005 39 36. A hose according to any one
of cl ai ﬁ@”ﬁ?ﬁ“@'Bgs‘Be GFther conprising a further layer of plastics

mat erigal , whi ch does not contain any substantial anpunt of gas bubbles,
arranged over the gas-containing plastics material. 5 37. A hose according
to cl ai #4436, Avheseaocarding tar ¢clhien 4Bawherain tipd hsse(engagmg mienberads adapted to
pol yur et hane '

8., A hose according,t n ne of 2 to 37, re n
Phe’ overclioRde he hose 1 Bychaarpeninatial Kasdartos etaXaforesgmithi the
accor di ne RN RERIHBHIT %rfhefh%é%baﬁﬁﬁ%bﬁ'iﬂ% an end fitting whi Ch
conpri ses: an I nner menber adapted to be disposed at |east partially within

t he hose; seal i ng nenber adapted to seal at |least part of the tubular

body fuII aro nd the 1 C|rc nce en the .seal ing nenber .and the
oot 4%e e Abarindth ipR 43 SEALr whBey HE JRE8 Mo te mo0 «Pehasd:
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reduce, or elimnate, the axial |oad on the hose between the sealing nmenber
and t he grippig memkers opthesboses hose accor di ng to claim38, wherein the inner
menber is substantially

46. A hose according to claim 43, 44 or 45, wherein the load transferring member
15 comprises a load transferring plate having an aperture adapted to receive the hose
therethrough, the plate having a surface engageable with the hose engaging member,

whereby loads can be transferred from the hose engaging member to the plate.

47. A hose according to claim 46, wherein the load transferring member further
20 includes a load transferring rod secured between the plate and the end member for
transferring loads from the plate to the end member.

48. A hose according to any one of claims 39 to 47, wherein the inner member has a
hose end which is adapted to extend within an end portion of the hose, and a tail end

25 remote from the hose end, and wherein the end member is arranged on one side of the
sealing member, adjacent the tail end, and the hose engaging member is arranged on
the other side of the sealing member adjacent the hose end.

49. A hose according to any one of claims 39 to 48, wherein the load transferring
30 means is adapted to transfer axial loads between the hose and the inner member in
such a manner that said axial loads are diverted around the sealing member in order to
reduce, or eliminate, the axial load on the hose between the sealing member and the

inner member, and wherein the sealing member is adapted to seal against the tubular



cylindrical, and the sealing nenber is in the formof a ring adapted)g®a: 2005
receive the inner nenber therein, so that the tubul ar body can be cl anped
bet ween the outer surface of the inner nmenber and the inner surface of the
ring. 25 41. A hose according to claim39 or 40, wherein the sealing nenber
conprises an inner sealing ring and an outer split ring which can be
tightened in order to force the sealipg ring into engagenment with the
tubul ar body and the inner nmenmber, 42. A hose according to claim4l, wherein
t he splbady indgpeadenthy Al &g applicatiogaf axal loagissketwesy fhengos and the inner
pontet&ghhﬂfroethylene. 43. A hose according to any one of clains 39 to 42,
wherein the Toad transferring neans conprises a hose engagi ng nenber, a

| oad transmtting nenber and an end 0 8 MAR 2005 40 nenber secured to the
i nner pber, .the arrangenent bein uc hat the sealin nber is.
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| east part. of the axial faorces vvith'hn t (Ta hose, are £ an ferriﬁ%éc .om t he
I

. h
hose t o>RaHB9/RVE! CORIEsAERBVO differant filmg,\whergin g igash opg o IS&t 44,

wher ei d{i@el et dEMBENNIA M Ehd1QftClea8N G BF tHeTARhs §8CH pOIgbIHA 8r a
portion configured to receive the inner and outer gripping neinbers of the

hose. 4Bioropolyeerditoordi ng to clai m 43, 44 or 45, wherein the | oad
tranﬁjerri ng nenber 15 conprises a load transferring plate having an
aperture adapted to receive the hose therethrough, the plate having a

sur f acesengagepBkeactiording 6 HFES6NERSISN tHEEE8AlIng |aYBE EERYrisea@sSplardlitPef
transferred fromthe hosé engagi ng nenber to the plate. 47. A hose according

to cl ai layas, ofgasheofithediffereat fitmaibe dayaras feinshersanged sadhat the difierentins
| oad t ' t dth d menber f
¢ anst TS gE BRAr P REbESs B g el erber . 45. A hose.accordi ng to

any one of clainms 39 to 47, wherein the inner nenber has a hose end which
is adapted to extend wiithin an end portjon of the hose, and a tail end 25

remol 2 $2.om A MOSR@SEORHRY ta AlRiImRS, ahereindherrealiagtayer Comprsasgaideast BRe si de
of the jitferent films, wherein at least one of the films is a polymer coated metallic film, and at

least one of the films is a polyolefin and at least one of the films is a fluoropolymer film.

53. A hose according to claim 50, wherein the sealing layer comprises at least three

20 different films, wherein at least one of the films is a polymer coated metallic film, and at
least one of the films is either a polyolefin or a fluoropolymer film, and at least one of
the films is a polyamide or a polyester.

54. A hose according to claim 53, wherein the polyamide is a nylon or an aramid

25 compound.

55. A hose according to any one of claims 50 to 54, wherein the polyolefin
comprises a highly oriented ultra high density polyethylene.

30 56. A hose according to any one of claims 50 to 55, wherein the fluoropolymer

comprises a copolymer of hexafluoropropylene and tetrafluoroethylene.



seal i ng nenber, adjacent the tail end, and the hose engagi ng nmenber is
arranged on the ot her side of the seal i ng menber adjacent the hos® édid. Nho.
A hose according to any one of clainms 39 to 48, wherein the | oad
transferring 30 neans is adapted to transfer axial |oads between the hose
and the inner menber in such a manner that said axial |oads are diverted
around the sealing nenber in order to 412educe or elimnate, the axial |oad
on the hose between the sealing nenber and the inner manbetr1 a,nd erein

the seaP7ng Adwaseraqoordingie slRimMPEenpl ayhenein atlsast emgichthe HigSVAR pYYDEs 1
bod d
the’i nncrtefiRale il AF aEREE Rk dting rij<ia chBBctSr '?%F'EQ. PR a

ar r angegnd ¢étvafRiorogthglened and outer helical gripping nenbers t he tubul ar
body conprising a sealing |ayer sandw ched between an inner and an outer
reinforcing |l ayer, characterised in that the sealing |ayer conprises at

| eastztyg di fxf fibge! tackbk tpfhﬁn)‘?'d?\eabf | % 9@9t00f57t %efrélhnﬁlé fdtal BPth&er

coat ed net al Im an east one filnms’is a pol yolefin or a

f 1 uor oppblymmr c‘batem mbﬁblﬁdfllmmmalsmlmunnomdeg to cl ai m 50, wherein the sealing
| ayer conprises a plurality of layers of each of the different filns, the

| ayers being arranged so that the different filns alternate through the

thi cknegg Offx REsS 8abbREhg Wy, die A clé%n{sogé gcs@rﬂhege.ﬁqr\el;%wmépofwn@r ein

the sealing layer conprises at | east three fer'ent | ms, wherein at

| east opelyofertdoatdd metallis fikm o pobrestarat ed rret allic film and at |east one
of the filnms is a polyolefin and at |east one of the filns is a

fl uor1§pol ymer film 53. A hose according to claim50, wherein the sealing

layer cggpri AGfosd aé&ﬁéhgttﬁrérﬁf oréd oﬂbfafrﬁé %ttof?oé rWheﬁé’ﬂ?éQbﬁ‘ gAbpingasbnpre of

the filnms is a polyner cOated netallic and at | east one of the films
i s eit heomaripes adiaditally wounad Witer opol yrrer f| I m and at | east one of the
films is a polyam de or a polyester. 54. A hose according to claim53,
wherein the polyanmide is a nylon or an aramd 25 conpound. 55. A hose

accordi gg, t OAaﬁbseO@&d?am@I toi diy & bPclafms B0 0) WisreRrihedfilafs of thewsalinges a
hi ghld)é oriented ultra high density polyethylene. 30 56. A hose according to
e

any layer areagrranged suchs thatihey arewrapped areupgdhe maser reinforcing layer.

62. A hose according to any one of claims 50 to 61, wherein the inner and outer
reinforcing layers comprise a woven fabric, and wherein the inner reinforcing layer is
arranged wrapped around the inner gripping member, and the outer reinforcing layer is

20 arranged wrapped around the sealing layer.

63. A hose comprising a tubular body of flexible material arranged between inner
and outer gripping members, characterised by a cured resin matrix disposed around
the tubular body, the gripping member being at least partially embedded in the resin

25 matrix in order to restrict relative movement between the outer wire and the rest of the
hose.

64. A hose according to claim 63, wherein the uncured resin forming the resin matrix
is a material which can be applied to the tubular member in liquid form.
30

65. A hose according to claim 63 or 64, wherein the resin matrix is a polyurethane.

66. A hose according to claim 63, 64 or 65, further comprising an insulation layer



conprises a copolymer of hexafl uoropropyl ene and tetrafl uoroethyl eng \9 ﬁ%
MAI L 2000 42 57. A hose according to claimb50 or 51, wherein at 1% é%%

of the filnms is a polymer coated netallic filmand at | east one of the
films is a copol yner of hexafl uoropropyl ene and tetrafluoroethylene. 5 58.
A hose according to any one of clains 50 to 57, wherein the netal of the

pol ymer coated netallic filmis alum niggm oxi de. 59. A hose according to any
one of clains, 50 to 58, wherein th?, ol ynmer of the polyner coated netallic
filmiscampapingst @bricforrged ohbrgak 'Q%@or ding to any one of clainms 50 to 59,
wherein each gripping menber conprises a helically wound wire. 61. A hose
according to any one of clains 50 to 60, wherein the filns of the sealing

15 | ayeB7ar e Azhosengabrdinglotchaim 66 durthercamppgind ascaupression layaearound the

reinforcin er. 62. A hose according . to one of clainms 50 to 61,

wher ei n%?ﬁ%t ‘(araﬁv‘i'é’r WQH%‘ %ﬁﬁ’@??o P@W%?Scﬁh%gbqsﬁﬁgggn%onpri se a woven fabric, and
wheregn the inner reinforcing layer is arranged wapped around the inner
gri pping nenber, and the outer reinforcing layer is_ 20 arranged w apped
around 6Be sédidsegaccoyding telaim ﬁbswhemim%%cmpaeas&mwader semprises Anadlira| e

mat eri al_. arrapged bet.ween .i nne and outer gripping nenbers, characterised
by a cu}] WQ&%HPW‘?@@ %‘?l)ﬁ%&]g@(ﬁ'earound t he tubul ar body, the gripping

menber being at |east partially enbedded in the resin 25 matrix in order to
restrict relative novenent between the outer wire and the rest of the hose.

64. A h68e abcbese rapcosdingaionaBg, onkhef dlldimshB83uiee GBedvhassin the tuhylar bRy
|+ qui Pafest 3R at0R6 Bngleloblehe vi o BB 8 SPabIFE T (he resi n

matrix is a polyurethane. 66. A hose according to claim®63, 64 or 65,
further conprising an insulation |ayer pgMPg2005 43 conprising a fabric
formed @P- badahese ppe@igingto ClRIMBD Whesinthe tukiilan hedy gemnrigesHwp of said

compri st A RciRG TRV Witk thbBrCach! @Hifg ider sandwiched therebetween.

15 71. A hose according to claim 69 or 70, wherein the or each reinforcing layer

comprises an ultra high molecular weight polyethylene.

72. A hose according to claim 69, 70 or 71, wherein the sealing layer comprises an
ultra high molecular weight polyethylene or a fluoropolymer.

20
73. A hose according to any one of claims 63 to 72, wherein each gripping member

comprises a helically wound wire.

74. A hose comprising a tubular body of flexible material arranged between inner

25 and outer helical gripping members, characterised by layer of plastics material around
the tubular member, further comprising an insulation layer comprising a fabric formed of
basalt fibres.

75. A hose according to claim 74, further comprising a compression layer around the

30 basalt fabric, which serves to compress the basalt fabric.

76. A hose according to claim 74 or 75, wherein the plastics material containing gas
bubbles therein.



basalt fabric, which serves to conpress the basalt fabric. 5 68. ﬁ‘ﬂ%ﬁ?%B
according to claim®67, wherein the conpression | ayer conprises an @

hi gh nol ecul ar wei ght pol yet hyl ene. 69. A hose according to any one of
clainms 63 to 68, wherein the tubular body 10 conprises at |east one
reinforcing |layer and at | east one sealing layer. 70. A hose according to
claim69, wherein the tubular body conpagi ses two of said reinforcing | ayers
with the or each sealing |layer sandw ched therebetween. 15 71. A hose
according to claim69 or 70, wherein the or each reinforcing |ayer

conpri sgs. anA“B&é@ é;ﬂ gmmlﬁcefa P81 95LoPobY SIHBIERN the PlastiosNREgerdlCigr & ng
to claim@®69, 70 or f rein the sealing l'ayer conprises an ultra high
mol ecul polyusstiydme.pol yet hyl ene or a fluoropol yner. 20 73. A hose according to
any one of clainms 63 to 72, wherein each gripping nenber conprises a
helically wound wire. 74. A hose conprising a tubular body of flexible

mat er salgarr ﬂng&’? %Ebﬁﬁﬁﬁ’g 'tBrkﬁém 73, gyl 18Iber7 Mekhérin dhé F}:ﬂaﬂﬂ:snﬁié*@éﬁeﬁ is

characteri sed ayer of plastics material around the tubular menber,
f ur t her appligdt e Itm:g twbulamqumhyoapﬂaay@r tr@onlpst@ mptariakatin iliguidofaren Qer thasal t

fibres cecordi.ng,to .claim.74 rther conprising a conpression
| ayer a?B’gﬂ%e Pﬂﬁ' e[§g %{\QQP ?@Br'?@vm%ﬁt&‘fmgérves to conpress the basalt
fabric. 76. A hose according to claim74 or 75, wherein the plastics

material containing gas bubbles therein. 0 6 MAR 2005 44 77. A hose
accor di #§. t oAchasenargording de dlaim witerwhereimheloast bulblegt anei corpprated by

o1 ot Polnigrie, el Sps iR, BRSHES et BoRirGishlovibe: whRelt i Sp S B o©

mat eri akgrmi.n liquid form over the surface of the tubul ar body, then
|l eaving it to cure. 79. A hose according to claim 78, wherein the gas
bubbl es are incorporated by 10 injecting the gas into the plastics

mat eri abg DehopE:SBEAYHIY tdah| rd of Slafthi 79, fuRh8r chbftrRind 87 fBkher layer of
plastics material, which does not contain any substantial amount of gas bubbles,

15 arranged over the gas-containing plastics material.

81. A hose according to claim 80, wherein the further layer of plastic material is a

polyurethane.

20 82. A hose according to any one of claims 74 to 81, wherein the hose has an overall

specific gravity less than 0.8.

83. A hose according to any one of claims 74 to 82, wherein the layer of fabric
formed of basalt fibres has a thickness from 0.1 mm to 0.3 mm.

25
84. A hose according to any one of claims 74 to 83, wherein each gripping member

comprises a helically wound wire.

85. A hose comprising a tubular body of flexible material arranged between an inner
30 and an outer helically wound wire, the tubular body serving to transport fluid through
the hose and to prevent fluid leakage through the body, wherein the tubular body
comprises at least one reinforcing layer and at least one sealing layer, and wherein the

hose further comprises an end fitting fitted to an end thereof for sealing the end of a



80. A hose according to any one of claim79, further conprising a fouguMaepis
| ayer of plastics material, which does not contain any substantial anpunt
of gas bubbles, 15 arranged over the gas-containing plastics material. 81.
A hose according to claim80, wherein the further |ayer of plastic materi al
Is a polyurethane. 20 82. A hose according to any one of clains 74 to 81,
wherein the hose has an overall specif4g gravity less than 0.8. 83. A hose
according to any one of claims 74 to 82, wherein the Iaa/ter of fabric fornmed

of basahPsei wheeeimale 2ndniitiRg comprises; eN1NRGE Menpbey adarted tebe disposed at
accordi af ol @l Vﬂ‘f@ j LIpRi

conpri s!a% sg%ﬁgwlggpmlﬂﬁgn@ééﬁr%@ %gs.é%inﬂos ?gﬁ%@?g@ngé%p%ulgglsgﬁg@g&}hgf

f1 exi bl e(ubviarebody etwaegelthebsealranring amhdhe iB0emmbmbenuvberdirithe addajingound
Wi re, the tubular bodg/ serving to tr@nsport fluid th{rrﬁ)tégt} t he hose .aag to

or event MATTPEr FRMIPHSES (% FEAURS TG BBRyP CRMATESTOR RETIENITSF HaIESHRdIPPoes
at |eas RN CédHlinka i - Sgflth8gtubale’ b daMénanei n
t he %OESQI]! rtrﬁgr fr@%n%érgillggséggagﬁﬁeﬁ t“tl?ﬁgbﬁ) i:ggdgfg gn ugnldéq}t h%%o? for

seal i ngcompressiommember isARIenableagdinet dhe wealirg membeeindorder te sglectively

conprises; an inner nenber adapted.to.be di sed at |east partial .thin
the’ hosdirait oF BEGIEHRG Tienomhiseiar [of5e SRS e omdeesiohheaitradinsiulib.,
body belugmiy frizentsatte€ormphSstiimehtbdrbesig Madeekomvd Riztéral tWiticts e8hiraéts
menber conprises a sealing ring and a conpression menber for conpressing the
5 seal i lgpsrthag thesealingling whenguhiested tocedlinghi d part of the tubul ar body,
and HBe conpression nenber is tightenabl e against the sealing nenber in
order “to selectively increase or decrease the conpression force of the

conpresgeon Apnbed fagey ot tdrienatifpbhngndrefize hosé heompriging ss itatsulae bbay dfei ng
made froma materi al ich contracts I ess than the sealing ring when
subj ect dexible cwatariay. amenged hatwaan rinpef g oputesr Aeticali SHPRINGe TRCBPEES.hose

conpri si I f |l DI FIA) ' r wand
Corer! neBbi i B BRI ond | IS GBI, o T56R0OR S ARRIL0E e
conpr i seisposadiatnesasthpartially adtapt the hosdjea sdakimpammbér beastedptardaaildt yeadtt hi n
the hose; a sealing nenber adapted to seal at |east .
15 part of the tubular body fully around the circumference between the sealing member
and the inner member; and a separate load transferring means adapted to transfer
axial loads between the hose and the inner member in such a manner that said axial
loads are diverted around the sealing member in order to reduce, or eliminate, the axial
load on the hose between the sealing member and the inner member, and wherein the
20 sealing member is adapted to seal against the tubular body independently of the

application of axial loads between the hose and the inner member.

87.  An end fitting according to claim 86, wherein the inner member is substantially
cylindrical, and the sealing member is in the form of a ring adapted to receive the inner

25 member therein, so that the tubular body can be clamped between the outer surface of
the inner member and the inner surface of the ring.

88. An end fitting according to claim 86 or 87, wherein the sealing member
comprises an inner sealing ring and an outer split ring which can be tightened in order

30 to force the sealing ring into engagement with the tubular body and the inner member.

89.  An end fitting according to claim 88, wherein the split ring is stainless steel and

the sealing ring is polytetrafluoroethylene.



15 part of the tubular body fully around the circunference betweenftdwerr 2005
seal i ng nenber and the inner nenber; and a separate |oad transferring neans
adapted to transfer axial |oads between the hose and the inner nenber in
such a manner that said axial |oads are diverted around the sealing nenber
in order to reduce, or elimnate, the axial |oad on the hose between the
seal i ng nenber and the inner menber, amghwherein the 20 sealing nenber is
adapted to seal against the tubul ar body independently of the application
of axial | oads between the hose and the inner nenber. 87. An end fitting
accordi t 0 5¢l aj | I oS B UDS taant

cyl i ndr i@gal , Ag]n%'ng] hﬁ&gg!‘??ﬁ(ﬁﬂ@ﬂ%@é@%ﬁﬁn?ﬂgﬁlﬁs msgf{?ﬁae??ngﬁ%g%ttgg ltO gd

r ecei ve tighefarnmg mensreotnpriseber hose emgagingt meheearybubad ttargynitteng imentbetnped

SRS e R
menbeg s%gﬁﬂﬁrj'rﬁéﬁlbéf‘ isNf8hoSER! hetekbh ,ea%o?i'?raﬂﬂhﬁﬂinﬁpHémEémﬁnﬂbtr%hFﬁgn be

ti ghtene order 30 to force the sealing ring into engagenent with

t ubul ar nerdperrahd teati theehose Engagingomennbarnand ithe ianyl averobelt ace conoeetech 88,
wherein the E&li{ rj n% is.stainless steel and the sealing ring is

pol yt et FPHEBRR ‘?ﬂfhé RSMENNG M&No5 46 90. An end fitting according to any
one of clains 86 to 89, wherein the |load transferring nmeans conprises a
hose engagi ng nenber, a load transmtting nenber and an end nenber secured
to the Hner Ameebdrfittingeacoordingetveolairn 9thgwbersin tthathasee epgsgiagi mgnaroier i s

e HDc a<BRIAE fh shaans RS g KL Suoty FaibueT ral 8t kst i of R aie! Tk eFoac
transm igithiotHEneRs aredtandi8rreddrdn thié REs@ & tHedhdke €8gading m&@bewherein the

hose engagi ng nenber is 10 adapted to engage the hose in such a manner that
at least part of the axial forces wthin the hose are transferred fromthe

hose to,he hos ' fitti ceor di ign 90
or 91, er eillw ?ﬂ@qmggﬁgﬁﬂﬁ{%ﬁ%‘h@ Oﬁgﬂe ‘%’Ledg@gtr@ @ﬁgeﬁg@ggh%hﬁcﬁﬁde a
porti on heesférydgnty hemBerieaeht ineludengrparien cbinfiguiel tavreesivefthehignbpsad 93.
An end fitting according to claim90, 91 or 92, wherein the | oad

t r andPeoutergviretephibie hasepri ses a | oad transferring plate having an aperture
adapted to receive the hose therethrough, the plate having a surface
engageabl e with the hose engagi ng

93. An end fitting according to claim 90, 91 or 92, wherein the load transferring

member comprises a load transferring plate having an aperture adapted to receive the
hose therethrough, the plate having a surface engageable with the hose engaging
20 member, whereby loads can be transferred from the hose engaging member to the

plate.

94. An end fitting according to claim 93, wherein the load transferring member
further includes a load transferring rod secured between the plate and the end member
25 for transferring loads from the plate to the end member.

95.  An end fitting according to any one of claims 86 to 94, wherein the inner member
has a hose end which is adapted to extend within an end portion of the hose, and a tail
end remote from the hose end, and wherein the end member is arranged on one side

30 of the sealing member, adjacent the tail end, and the hose engaging member is
arranged on the other side of the sealing member adjacent the hose end.



20 nenber, whereby | oads can be transferred fromthe hose engaginggmﬁﬁﬁ&ﬁ to
the plate. 94. An end fitting according to claim93, wherein the |oad
transferring menber further includes a |load transferring rod secured
between the plate and the end nenber 25 for transferring |oads fromthe
plate to the end nmenmber. 95. An end fitting according to any one of clains
86 to 94, wherein the inner nenber hast7a hose end which is adapted to

extend within an end partion of the ose and a tail end renpte fromthe
hose en8b. ané\ mﬁ@r@?rﬁpﬂﬁ@gaﬂw of E%r%g@ieaﬁ' YHRNG§UREBYPESY an Hiner
seal | n9ghg ute‘?‘ e?iesm wo*ajﬁgt@hé %dub@m 5@3 508 f&ﬁahgﬁoﬂﬁm&ﬂhmagh
arrange on t e ot side o e sea I ng er adjacent the hose end

plA; t Zﬂ%hdge afé. to;prawn fhmdrmal@gngheoughblhleabod)odyaoactenmd i thatdhe hoae
arrange t ween an inne t er, helical I woungd W r t ubul ar
body Sefuihies copriseaebrne AfiaAtsrngio SHeTroetcdRes Be oG ulea 4T ins

| eakagetddpegugh the body, characterised in that the hose further conprises
an end %lttlng according to any one of clainms 86 to 95 fitted to an end 5
t her eof . 97 A hose according to claim96, when dependent upon claim 90,

wh nh i { . f. t

Wi ch 1871 o Ad e e g B ee, ndl ABRFRIHE REZLOEE S5 WheRtngh o8 o
A hose gg§ |ﬁlg@§eﬁ1§eﬁlsaéd!%;%d té%ébbl%ra@)@ﬁmﬂtﬁémﬂ)sérwﬁ&haé fodeepatkenenan
nmeans int f or m of braid around the tubular body, and wherein the braid

is the patecrp@rtqfrtbe hvég@rtmng meneled back over the outer part of the
tubuhgr menber. 15 99. A hose according to claim96, 97 or 98, wherein the
t ubul body extends between the inner nmenber and the sealing nmenber. 100.

A hose ggcor i gsd acedrding Rbclafid 979 udtierdomphisingian bkial strongtaenimgdneans
conprises at |least one reinforcing |ayer and at | east one sealing |ayer. 20

101. A Hote Rewnfn REaid @rawd e tiulan Bedis ang wheredn thehegidiis tfﬂeheaarqfﬁbe ng
menber s f according to any one
of clai Hgg(?%'%gﬂ@?é Béé 8%{@% 0‘}‘85835?’3%@%@% %I?'Ia'upﬁﬁ)eert a cryogenic
t enper ature therethrough.

15 99. A hose according to claim 96, 97 or 98, wherein the tubular body extends

between the inner member and the sealing member.

100. A hose according to claim 96, 97, 98 or 99, wherein the tubular body comprises
at least one reinforcing layer and at least one sealing layer.

20
101. A hose according to any one of claims 96 to 100, wherein the gripping members

comprise helical wires.

102. The use of a hose according to any one of claims 1 to 85 or 96 to 101 to
25 transport fluids at a cryogenic temperature therethrough.

103. A method of making a hose comprising:

(a) wrapping a wire around a tubular mandrel to form an inner coil;

(b)  wrapping an inner reinforcing layer around the inner coil, wrapping a sealing
30 layer around the inner reinforcing layer, and wrapping an outer reinforcing layer around

the sealing layer, whereby the two reinforcing layers sandwich the sealing layer

therebetween thereby forming a tubular body comprising the inner and outer reinforcing

layers and the sealing layer;



103. A method of mmking a hose conprising: (a) wapping a wire arolfd* 200
tubul ar mandrel to forman inner coil; (b) wapping an inner reinforcing

| ayer around the inner coil, wapping a sealing 30 |layer around the inner
reinforcing | ayer, and wapping an outer reinforcing |ayer around the
sealing | ayer, whereby the two reinforcing | ayers sandwi ch the sealing | ayer
t her ebet ween thereby formng a tubul ar 4lgody conprising the inner and outer
reinforcing layers and the sealing |aye 8 MA"-" 2005 48 (c) pulling a
t ubul ar (@xi aPulipg endrhelar X, aires hgn'@st hracb%d shepth OveR @ dreq 10d patgel |

S0 1hal nfBrdPed fitit 16 oPbktBhils WiR r?t’g:egénxggéltil%ﬁ’%aﬁ%ﬂhg%hég fiftiien bl

pul ling the axial strengthening s
| east ptivet axibl strengthesingreheath ldrey theodandreh soethat e Ieastabarhahl)eog\lémrthelg

heat h d to reduce deformation 5 he tpubul ar bo en th
tubul ar el e meé%méﬁet%xléﬁ?aqngﬁ@mn%ﬁﬁeaﬁd adeRedie fedtcs dBrmaton
radi asl f tHe'@be afr%%? Wherth rp&sd db%téal%bﬂr | B Slonhaid Radpted
strengthening s eath IS su Jecte a}/x Si ensi on; (a wWrapping a wre
around tcheexeri al ratialiyn dmwaanad rﬁqceheat at {east opant aof the dubularl body syhege@uial ng

t he ends, of .t he. ho rodu steP gd'%ﬁ and 10 (f) renoving the hose from
t he nandirenothening s A NS m 103, wherein the coils and the

sheet ggaser I @lr%ﬂflﬁg 284iPd b&%ﬁmﬁ@ramwéﬁ\@théﬁnéeﬁeatﬁ tﬁ%ﬂﬁ%r\a@ﬁéf gbing to

claim Wherein the inner and Outer Coils are applied in a
hel i cal (&onf SgnurmgimmmﬂmfghQMBamdmequntsteps(d)mnph tch, and the position
I1s _of the. ou il .are |t|oned hal f apltchlength of f set

19]; ot qﬁhﬁ?posfqm%‘ﬂngﬁhe bﬂ@e r(?"? gh%gna[%ﬁ ®li nner coil. 20 106. A nethod

according to any one of clainms 103 to 105, further conprising the steps of
(9) applgl ng an curable aerated |liquid resin over the outer wire; (h)
al | ow nd04heArmsthed aceardimg: to ¢lainm 1935 whedeipl thetgails a:rbhthmgh@@nmateﬂah@rgas

bubbl es A nmet hod of nmaking a hose conprising: (a) wapping
awre gb@lﬁ%@u@dq%&u%@ mandrel to forman inner coil;

15 105. A method according to claim 103 or 104, wherein the inner and outer coils are
applied in a helical configuration having substantially the same pitch, and the position
of the coils of the outer coil are positioned half a pitch length offset from the position of

the coils of the inner coil.

20 106. A method according to any one of claims 103 to 105, further comprising the
steps of
(g) applying an curable aerated liquid resin over the outer wire;
(h)  allowing the resin to cure to form a solid plastics coating containing gas
bubbles therein.
25
107. A method of making a hose comprising:
(a)  wrapping a wire around a tubular mandrel to form an inner coil;
(b)  wrapping a sheet material around the tubular mandrel and the inner coil order to
provide a tubular body formed of the sheet material;
30 (c) wrapping a wire around the tubular body to form an outer coil; and
(d)  removing the hose from the mandrel; characterised by the following steps:
(e) disposing an inner member in an open end of the hose;

) clamping a load transferring means to an outer surface of the hose; and



(b) wapping a sheet material around the tubular mandrel and the inner (ﬁ]ﬁ’”
order to provide a tubular body fornmed of the sheet material; 3@@&%“
wrapping a wire around the tubular body to forman outer coil; and (d)

renovi ng the hose fromthe mandrel; characterised by the follow ng steps:

(e) disposing an inner nenber in an open end of the hose; (f) clanping a

| oad transferring neans to an outer surf@ce of the hose; and 8 8 MAR 2085 49

(g) clanping a sealing nenber tqo an outer surface of_t{he tubular body to
seal ad@) nsP'anu%LﬁeghnSo@?"?_ el9eARPHIPY Sy aPﬁe‘_)fa i%%lﬁ%%ogv t&x?%ﬁ"_
| oads b%pw&%ﬂ tﬁ@%bmaﬁ%oagqna@sehwﬁry OEfReCAppIABbRI 6F 40181 |02Rd Bétdeehahel Ng

nmeans serves to transfer axial |oads applied between the 5 hose and the
i nner miwberndrtheueranaeiesy that said axial |oads are diverted around the

ealin nber,in order to.reduce, or elimnatg, any,axjal |o0ad on the,hose
bet ween WTRESEARP o HERBLSrian Fieas SoniEr huABsler sk S50 S appa nefheh g " o
cl ai ”‘51(P17)sefér'{dtth§rinﬁé’me'n%é}9nts*ﬂ:%hféJHa‘hWef‘ﬂqaits%m hgbrRads ate dieéed Sroungd

(c): (h) pulling a tubular axial strengthening nenber over a free end of the

mandr el thgsealingt membaraindoedereia eediscen emieliminaie axanyl axial doast lanthey heseber
then pulling the axial strengt ing nmenmber along the mandrel so that it at
| east pﬁ’le%"l‘"g?rf g"ec%%l\“& ’Pﬁ@"%%ﬂ]‘piﬁe' %ﬁeTgei'OQ. A net hod according to

cl ai m 107, wherein the axial strengthening neans is clanped by the | oad
transferring neans, and further conprising the follow ng step after step
(f): (i)0Bol & methed rRceordingitouclaim éﬁ?afurﬂtermmmawmgwgw@wngﬁ@p ketygen of

t he z%i %kep &8 a%tdr(%s’l_gt heni ng neans.
(h)  pulling a tubular axial strengthening member over a free end of the mandrel, so
that the mandrel extends within the axial strengthening member, then pulling the axial
strengthening member along the mandrel so that it at least partially covers the tubular
body;
15

109. A method according to claim 107, wherein the axial strengthening means is
clamped by the load transferring means, and further comprising the following step after
step (f):

(i)  folding back the tubular axial strengthening member over a part of the axial

20 strengthening means.





