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I nvention relates to hose, and nore particularly relates to hose which can
be wused in cryogenic conditions. 5 Typical applications for hose involve
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ability of the hose to resist .
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 conventional for
the two wires to be wound at the same pitch, but to have the windings displaced by half a
pitch width from one ancther. The tubuiar body typically comprises inner and outer layers

20 with an intermediate sealing layer. The inner and outer layers provide the structure with
the 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 fluid from
penetrating the hose, and is typically a polymeric film.

25 The retaining wires are typically applied under tension around the inside and
outside surfaces of the tubular body. The retaining wires act primarily to‘preserve the
geometry 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.
0076540A1. The hose described in this specification includes an intermediate layer of
biaxially oriented polypropylene, which is said to improve the ability of the hose to resist

the fatigue caused by repeated flexing.



the fatigue caused by repeated flexing. WO 2004/ 044472 PCT/ GB2003/ 004932 - 2-
Anot her hose is described in GB-2223817A. The hose described in this
publication is a conposite hose conprising an inner helical netallic core,
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and an outer helical netallic former. Té;is hose is said to be suitable for
transporting flamuable fuels and oils. ™“Anot her hose is described in
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changes to be distributed evenly al og&@t he hose length. Preferably the
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edges, huiay to amefivatetiiese plodllernbey extend substantially continuously
al ong the respectijve ed In an enbodi nent, the interengaging fornmation is
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spaced & ¥3h of HRRMbIL MialtHAP Griangat Bktvaah iRAF and outer helical gripping
members, wherein the hose further comprises an elongate member having opposing
longitudinal edges, the elongate member being helically wound around the tubular body
such that the opposing longitudinal edges of the layer are in an adjacent or overlapping
arrangement, wherein each longitudinal edge includes a formation capable of
interengaging with a cooperating formation on the opposing longitudinal edge.
i The elongate member limits bending radius without impeding the required
flexibility of the hose. This layer also provides mechanical protection to the hose.

The interengagement of the turns allows geometric changes to be distributed
evenly along the hose length. Preferably the interengaging formations are arranged so
as to provide a continuous seal, resulting in the layer being waterproof.

it is possible for the interengaging formations to be arranged at intervals along
the longitudinal edges, but it is preferred that they extend substantially continuousiy
along the respective edges. In an embodiment, the interengaging formation is
substantially continuous along one longitudinal edge, and is arranged at spaced
intervals along the other fongitudinal edge.

It is preferred that the elongate member is made of a material capabie of being

processed into a strip, for example by extrusion. Suitable extrudable materials include



It is preferred that the el ongate nmenber is made of a material capabl e of
being processed into a strip, for exanple by extrusion. Suitable extrudable
materials include W) 2004/044472 PCT/ GB2003/004932 -3 thernoplastic

mat eri al s suekooas4pel yvi nyl chloride or a polyolefin (eg aPW/dﬁiolﬂ%bﬁB?Q . As
an alternative, a polyurethane may be used. In one enbodi nent, the
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interengaging comprise interlocking formations.

It is preferred that each interengaging formation comprises a profile arranged
along the edge which is shaped to interengage with the other formation.

It is particularly preferred that the profiles are such that when the elongate
member is being wound around the tubular body, the formation on the edge being
wrapped can be pushed into engagement with the formation of the opposite edge
already in place on the tubular body.

As noted above, in one embodiment, the formations may be bonded together
with an adhesive.

In another embodiment, the each interengaging formation is configured to
provide a push-fit or a snap fit with the interengaging formation of the opposing
fongitudinal edge. The interlocking formation of each longitudinal edge may include a
retaining member, adapted to cooperate with a retaining member on the interlocking
formation of the opposing longitudinal edge, whereby the interlocking formations are
retained in an interlocking relationship by the retaining members.

The interlocking formations are preferably C-shaped, with the formations on the
opposing edge portions being oriented in an opposite direction, whereby the C-shaped



retained in an interlocking relationship by the retaining nenbers. The

i nterlocking formations are preferably C shaped, with the formations on the
opposi ng edge portions being oriented in an opposite direction, whereby the
C-shaped WD 2004/ 0-14472 PCT/ GB2003/ 004932 -4- fornmations Lat.erl ock when
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preferably conprises an inwardly directed flange arranged at or near one of
the ends of the C shaped nenber. Preferﬁgly t he el ongat e nenber includes at
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longitudinally along substantially the entire length of the hose is particularly preferred.

The or each chamber may be of any desired shape, but it is preferred that the
shape is cylindrical.

In an embodiment, the or each buoyancy chamber preferably comprises a
plurality of closed chamber arranged such as to form a sponge like structure within the
elongate member. A structure with this sort of structure helps prevent flooding of the
entire chamber in the event that part of the elongate member becomes ruptured.

It is preferred that the or each buoyancy chamber has a length equivalent to
substantially 0.5 to 5 pitch lengths of the gripping members, preferabiy substantially 1 to
2 pitch lengths.

The total volume occupied by the chamber is preferably in excess of 50% of the
total volume occupied by the elongate member.

One of the advantages of the hose according to the invention is that the elongate
member may be tailored to a given application. For a hose which will be applied in air as
a cryogenic conduit, a relatively slim (in thickness) layer may be optimal. For
deployment in liquids, such as on the sea, considerably more buoyancy and flexural
rigidity may be desirable and both the buoyancy chamber and the interengaging

mechanism may be more substantial.



a cryogenic conduit, a relatively slim(in thickness) |ayer may be optinmal.
For deploynent in liquids, such as on the sea, considerably nore buoyancy
and flexural rigidity nay be desirable and both the buoyancy chanber and

t he i nt er epgagiongs44mechani sm may be nore substantial . mo 3y34mn
PCT/ GB2003/ 004932 In one preferred enbodi nent, the el ongate nen%

t hi ckness greater than the distance between the | ongitudinal edges The
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Particularly preferred profiles include an oval cross-sectional shape or a semi-circular
cross-sectional shape, aligned to provide the least resistance to the flow.

According to a second 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 elongate member having opposing
longitudinal edges, the elongate member being helically wound around the tubutar body
such that the opposing longitudinal edges of the layer are in an adjacent or overlapping

arrangement, wherein the elongate member has at least one buoyancy chamber
therein.

The elongate member may have any combination of the features of the elongate
member described above in connection with the first aspect of the invention.

According to a third 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 inner and/or outer gripping member is/are provided with a profiled cross-
gection.

Again, the elongate member may have any combination of the features of the

elongate member described above in connection with the first aspect of the invention.



wherein the inner and/or outer gripping nmenber is/are provided with a
profiled cross- section. Again, the elongate nenber nmay have any conbi nation
of the features of the elongate nmenber described above in connection with
the first agBgRlos@f72t he invention. WO 2004/ 044472 PCT/ CB2p83/3485%@a9%- The
hose according to the aspects of the invention described above nmay al so be
provided with one or nore of the features of the hose al ready described in
W01/ 96772. These will be described in Geater detail below. This the hose
preferably further conprise an axial strengthening neans adapted to reduce
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and the straightening of heliéally oriented components will account for some of this slip,
there will still be a resultant strain in the order of 1% acting on the structural
components of the hose wall. This compares to a typical yield strain of 0.2% for metals.

It is preferred that the axial strengthening means is made of a non-metallic
material, especially a plastics material - suitable materials are discussed in detail below.
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. In the preferred embodiment, the reinforcing
layers and the sealing layers are wrapped around the inner gripping member.

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



seal ing | ayer sandw ched therebetween. In the preferred enbodi nent, the
reinforcing layers and the sealing layers are wapped around the inner

gri pping menber. Preferably, a further reinforcing layer is provided between
the outer wijpimg47arenber and the axial strengthening ”Ei*ﬂiircﬂﬂﬂ&/bﬂﬁjzﬁate
strength of the reinforcing layer(s) is preferably between 100 and WO

2004/ 044472 PCT/ GB2003/ 004932 -7 700 kN for an 8" (200 mm di anmeter hose.

It is preferable that the bend strain a. failure of the reinforcing

| ayer(s) is in the range 2%to 15% Desirably, further reinforcing |ayer(s)
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provi di ng a tubul ar braid around the tubular body, or within the structure
of the tnelnformance@ﬂhe hes¢uader axial tedsian. a radially inward force on at

| f.1h d d i ) i
ot erPag ¢ itk siiietetrd Mot i il G GRS TnéSnd i Providdit i e dasm Bha
br ai d. ﬁrtublr_rllbr b?ar@%&hr%'s%ef:ﬁfcaﬁ@r‘r heRPmChrdlBY Rféd thb: J%tér]é%}hgtﬂgr’(‘)sh of

the tubdl ar s be provided in the formof the brai
pr ef er r dormédchof Mme)rbnaredﬁlmesemgrerrm whichdave pesndutedtwined to focardreslongatedf

ci r ount SHBRAES IF seHieatuias tipicthait P glodestr BheBdubidiiedio sopmibiensien.
o o AR TBAE A o 120 3 Bfdgtrs] SR
(i.e. imedwsecwhehdhe baaid isksabjectexhty axidl teabioyn. dhueryi providity atubualay braid, f or
! ncr eas %%L?nx t%le tubular 809} or within the structure of the tubular body, the braid will exert a |
radially inward force on at least part of the tubular body when subjected to axial tension.

Itis preferred that the entire tubular sheath is provided in the form of the braid.
However, it is possible for only one or more patrts of the length of the tubular sheath to
be provided in the form of the braid.

Itis also preferred that the braid extends ali the way around the circumference of
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
longitudinally 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 itis intended. Thus, there is a need for the hose
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adequate. Also, if the hose is intended for transporting cryogenic fluids,
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synt het tengionh yasethenapplication of an axial force will tend to pull the windings apart. The or
each reinforcing layer may comprise a single continuous layer of the sheet material, or
may comprise two or more single continuous layers of the sheet material. However,
more usually (and depending on the 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.

In the preferred embodiment 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 layer is conveniently formed of a synthetic polymer,
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).



provided in the formof fibres, or a yarn, fromwhich the fabric is created.
When the or each reinforcing | ayer conprises a polyester, then it is
preferably polyethyl ene terephthalate. When the or each reinforcing | ayer
conpri ses wlpmoyawisde, then it nmay be an aliphatic pol yamscaees 5464083 @
nylon, or it may be an aromatic pol yam de, such as an aram d conpound. For
exanpl e, the or each reinforcing |ayer may be a poly-(p- phenyl enet erepht hal
am de) such as KEVLAR (registered tradegmark). W 2004/ 0- 44472

PCT/ GB2003/ 004932 -9- Wen the or each reinforcing | ayer conprises a

pol yol ef i 0. 4R&RaA indBY elith Foinftting! BYLPEBMHAREYRS ABKIRHH, theR Tt WY 1ysle‘3é'e

€
honmopol yner, a copol yner or polfymer there prefe

nmonoaxi goipethyleReaxpaybsopyldrenterd polybutylenef kombpplymémeopa yedmdlymers oa
pol yet hyl ene,” and nost pref erablé t he polyethylene is a high nolecul ar
wei ght terippitmer dreseof apdis prefgra m\mpEQamﬁ@yeiY-mp@"u@é@nt -Meregetarably,

400, 0000 ySPFF 553, oBBY BB "l Ther B rBam I e TOBRnIRR e 2 Ry
aver age figbegigr el Siljetgldnd, BspesiaaUHMRAKREEEd about 15, 000, 000. The
UHMAPE i s preferab characteri sed by a nol ecul ar weight from about

1, 000, 000 t o Theo QLHYOP E TuredUinvileEprasent irvemiion; wouldegeneralivthavevanveight i s
hi ghl i ented and | d | | tret | east 2-5 t i
one. i PRt malaculdr ekt 258ve HoD D, BEFCH RO Fho ARt s et imee
most usfato,bog! e Weidttlaldrigatmerotiar! weBRE LRI Mttt AIR ARl about

9Q

Il
orientation ’greater re usually greater than 9 %9 and preferably
gr eat er 15(000)000%Thehd HMWEEId prefesably ichatpaiensad by ez mpleciar wdight 6500

et apoukd HAEH0ED th Etiop 80 mie RE Bastiosshul 3 18 presentnVERfon i
4422993 iy A5rbA8A%g R 443800 Do led one £ AR5 hymath B

0215507. I'S par ageous that e or each reln I'ng [ayer
conpr i seireatiomiagldl 3t leastet0-48 tidhéd\PRhesathér disedtioat. avai | abl e from DSM Hi gh

e IR T e S NS AR R ST
nanre SPECTE AU 40 MarSIH, hiord iR HERMPURI P00k ohRsirdroy biHs:

br ochur
than 95%. The crystallinity will generally be greater than 50%, more usually greater than .

70%. A crystallinity up to 85-90% is possible.

UHMWPE is described in, for example, US-A-4344908, US-A-4411845, US-A-
4422993, US-A-4430383, US-A-4436689, EP-A-183285, EP-A-0438831, and EP-A-
0215507.

It is particularly advantageous that the or each reinforcing layer comprises a
highly oriented 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 frade 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 “Specira Performance Materials” issued by
AlliedSignal Inc., edition 5/96. These materials have been available since the 1980s.

In the preferred embodiment, the or each reinforcing layer comprises a woven
fabric formed of fibres arranged in a weft and warp direction. We have found that itis
particularly advantageous if the or each reinforcing layer is arranged such that the fabric

warp direction is at an angie of less than or equal to 20° to the axial direction of the
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axial strengthening means need not be the same as the parameters of the UHMWPE
used in the reinforcing layers.

It would be possible for the axial strengthening means to be provided within the
layers of the tubular body. However we prefer than the axial strengthening means is
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.

The purpose of the sealing layer is primarily to prevent the leakage of transported
fluids 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 adequate. Also,
if the hose is intended for transporting cryogenic fluids, then the sealing layer must be
able to withstand cryogenic temperatures.

The sealing layer may be made from the same basic materials as the or each
reinforcing layer. As an alternative, the sealing layer may be a fluoropolymer, such as:

polytetrafluoroethylene (PTFE); a fluorinated ethylene propylene copolymer, such as a
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We prefer that the sealing layer comprises a plurality of overlapping layers of
film. Preferably there would be at least 2 layers, more 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 wouid 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 one sealing layer may be
provided.

, In an embodiment, the sealing layer comprises at least two polymeric films, one
of the films being made of a first polymer and another of the films being made of a
second polymer different from the first polymer.

In this embodiment, one of the polymeric films is stiffer than the other of the
films, whereby a differential yield strain is present in the material properties at the
operating temperature and pressure. Preferably the outer film is stiffer than the inner
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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
UHMWPE, which is described in greater detail above. The preferred parameters of the
UHMWPE (molecuiar weight range, etc) discussed above in relation to the reinforcing

( layers, are also appropriate to the sealing layer. In this regard is should be noted,
however, that the parameters of the UHMWPE used in the sealing layer need not be
the same as the parameters of the UHMWPE used in the reinforcing layers.

Since the sealing layer is intended to provide a sealing function, the sealing
layer should be provided in the form of a film which is substantially impermeable to the
transported fluids. Thus, the highly oriented UHMWPE needs to be provided in a form
which has satisfactory sealing properties. These products are usually provided in the
form of a solid block which can be further processed in order to obtain the material in
the required form. The film may be produced by skiving a thin film off the surface of the
solid block. Alternatively the films may be blown films of UHMWPE.

Suitable fluoropolymers include polytetrafiuoroethylene (PFTE); a fluorinated

ethylene propylene copolymer, such as a copolymer of hexafluoropropylene and
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otherwise. Thus, the métal layer may be a layer of metallic film (i.e. a separate layer

consisting substantially entirely of a metal, a metal oxide or a mixture thereof), or a
polymer coated metallic film or a metallised polymer film. We prefer that the metal layer
is a polymer coated metaliic film. The metal may be, for example, aluminium oxide. The
polymer may be, for example, a polyester.

Suitable polymer coated metal films include the fitms available from HiFi
Industrial Film, of Stevenage, England, under the trade names MEX505, METS800,
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 layers may also be provided here to improve the thermal insulation,
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.

The metal containing fiim is reflective and therefore reduces heat loss or heat
gain - this is especially useful for cryagenic applications. In addition the metal containing
film provides good barrier properties, thereby reducing vapour transmission - this is

useful to prevent material loss transporting gases.



Sui tabl e polymer coated nmetal filnms include the filns available from Hi Fi
Industrial Film of Stevenage, England, under the trade names MEX505,
MET800, MET800B and MET852; MET800B is preferred. A further netal |ayer may

be di sposggl; bty of the sealing layer. Preferably, pogceYsdsheiospet al
| ayer i s disposed between the tubular body and the outer gripping nenber.

Rockwool | ayers may al so be provided here to inprove the thermal insulation,
preferably between the sealing |ayer ang.the outer netal |ayer - the aim of
this is to create a thermal annulus between the two netal |ayers. The netal

LY ¢ : ¢ . _ I :
i s 1 o e okt & /6Bl S 47 SpbEL BT B ABE TR ot DRIy EE e "
et al CQ!HMWPEgseélihb%%éﬂykmwéﬂ%ﬂ%friﬁhbw sleeves Spis AdtsRRNtiaERY hdd

vapour transmssion - this is wuseful to Brevent material |oss transporting

gases. \slzewsiiobesnadeqy dfieoad malerils, battheyosheuld: preferatlyibe oiadehof
seal i ngélﬁw EZ that it conprises an UHWAPE. If the UHWMAPE sealing |ayer
is for REat shrinkabl e sl eeves, it is not essential for the sleeves

to be made Ofpﬁéifg%r%,SfyfeHLe ggglﬁq']%&ér th‘fpri%B@é_t%%{'tﬂoﬁfog@ﬁéfl%iﬁgg%f%eﬂ

UHMAPE. Preferab g layer conprises at le olyneric {i | s
of di f f enaterialsysnel shieasteonk af theddmsocempfises et ulirs highmmaoleeslaarweight a
hi gh nol e?ul F‘\r wei ght pol yet hyl ene. Anot her preferable enbodi mrent of the
i nvent i ®RI¥NYWEBE to a cured resin matrix disposed around the tubul ar body,

the outer gr id%}gi'tﬁgr %@%ﬁlé’@ﬁ%dﬂﬁeh%eﬂﬁﬁéﬁ@ﬂ éélat%gtiﬁdad&?rehrl’eki?lem%ﬁﬂ

i n
matrix in or o restrict relative novenent between e outer gripping

menber aishbdded areanhddhe tthbulapbedy,Tthe cutee grippignmentbérbeing tat heast paifialiyci ent
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the resin matTHexctred resia nedtrin mestdravelsufficiént flaxitslity to aflowithg hosé to bemadd e of
bei ng agpl led in liquid formto the pically, the uncured resin my
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The resin matrix preferably comprises a synthetic polymer, such as polyurethane.

It is especially preferred that the resin matrix is made of a material that, prior to curing,
is capable of being applied in liquid form to the hose. Typically, the uncured resin may
be applied to the hose by spraying, pouring or painting. This enables the uncured resin
to be applied over the outer surface of the tubular body and the outer gripping
members, and then cured in-situ to form a solid, flexible coating. The mechanism of
curing may be light, moisture, etc.

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 matrix together by virtue of the adhesion 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 basailt fibres provide particularly good insulation,

Suitable basalt fibre fabrics are available from the Sudaglass Fiber Company



menbers, and then cured in-situ to forma solid, flexible coating. The
mechani sm of curing nay be light, noisture, etc. The resin matrix may bond
to a layer under the outer gripping nenber and also to any |ayer provided

on the ou%z(ﬁg{g}ﬁq; of the resin matrix. It is pref erreq,c;,ll)ég%@gméﬁ t one

of the layers adjacent the cured resin matrix is capable of w thstandl ng
cryogenic tenperatures, so that, if the resin matrix cracks owng to the
cryogeni c tenperatures, the adjacent _L,gyer hol ds the resin matrix together
by virtue of the adhesion between the resin matrix and the adjacent |ayer.
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tenperatures, In particular, we have found that fabrics formed of b
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Anocther preferred embodiment of the invention involves a layer comprising a
plastics material having gas bubbles therein.

The plastics material is preferably a polyurethane. ltis preferred that 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. Again, the curing may take
place simply by leaving the coated hose to stand in air, or may be effected, or
accelerated, by an active means such as heating.

The gas bubbles may be incorporated by injecting the gas into the plastics
material, before spraying, while it is siill in a liquid form.

The resultant fayer 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 eveniy 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



material is applied to the tubular body by spraying the plastics material,
inliquid form over the surface of the tubular body, then leaving it to
cure. Again, the curing may take place sinply by |eaving the coated hose to

stand in agp.of0By be effected, or accelerated, by an peyicHeiPeNs:SUCh
as heating. The gas bubbl es may be i ncor porated by I njecting the gas into

the plastics material, before spraying, while it is still inaliquid form
The resultant | ayer of gas-containing p|lbast|cs mat eri al has sone of the
beneficial structural properties of the plastics material itself, such as
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and wit uted buoyancy along its length. Preferably
gas-cent[mlyuremaﬁeastlcs material is covered by a further Iayer of pI astics
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conprises a polyurethane. Both | ayers of plastics material can be applied
by techrI"'QﬂhQ@SOt her than spraying, such as pour| ng, painting or extrusion.
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is pref pr@lpd))yimaa@\ rogj mately 1. 2. The hose typ| cally has a speC|f|c gravi ty
of around 1.8 without the %s cont ai ni ng. a Pref erably the hose has "an
overal | specﬂfheth@ﬁ%fmpéciﬂ"&f as@ePaoifiggravity, ptaroung) 1,8 without thegasccantaiing.r
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In particular the invention may include 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 disposed outwardly of the cured resin matrix. It is
possible for the gas containing tayer to repiace the cured resin matrix, such that the gas
containing layer has the gripping members embedded therein to restrict relative
movement of the outer gripping members.

g. In another preferred embodiment, the hose may be provided with an end fitting
comprising: an inner member adapted to be disposed at least partiaily within the hose; a
sealing member adapted to seal at least 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 sealing member is adapted to seal against the
tubular body independently of the application of axial loads between the hose and the
inner member.

Preferably the sealing member is adapted to seal atleast part of the tubular body

fully around the circumference between the sealing member and the inner member.



possi ble for the gas containing |layerto replace the cured resin matrix, such
that the gas containing |ayer has the gripping nmenbers enbedded therein to
restrict relative novenent of the outer gripping nenbers. |In another

pref erred waboagigmpt, the hose may be provided with an engdciidezofoesos?
conprising: an inner nenber adapted to be disposed at |east partially within

the hose; a sealing nenber adapted to seal at |east part of the tubular
body fully around the circunference bgtmeen the sealing nenber and the
i nner menber, and a separate |load transferring neans adapted to transfer
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i nner menber, and wherein the sealing menber is adapted to seal against the
t ubul ar tbedybilatbpdnaantiecismpeddeaiyeendbe ostersiurtagennf thedosebmemer and
hose anq(ht he inr}ﬁ? %er. Preferably the sealing nenber is adapted to seal
at | east ﬁéwerosfu & G Irne- body fully around the circunference between
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pr ovi deds ian inteeferemcs fiff with $ipéd innerinmgmiei.ch can be tightened to provide an

adequate seal.. |In another enbodi nent, the, sealing menber nmay sinply

conrgri se a sdPWaNEr indgenie eqd%mnsﬁdﬁmﬁ’grm%@gﬂp?%efﬁom)g)é'sﬁgpﬁé‘)rqnﬂ@hber.
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menber. In this enmbodinent it is preferred that the sealing ring is an
i nt er f edgprafered hatithe spaling Aeg isantterfesance fiwiththe inger membespnerder ige

st abi Jortfi fHiGhe BEBAnd. % PE {0 T amber and the spl it ring would be
made of stai nieshner 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 it is preferred that itis made

of polytetrafluoroethylene (PTFE).

The sealing member preferably has the features of the sealing member
described hereinafter.

The load transferring means preferably comprises a hose engaging member, a
load transmitting member and an end member secured to the inner member. The
arrangement is such that the sealing member is disposed between the load transmitting
member and the end member, and that the hose engaging member and the end
member are connected through the load transmitting member.

The hose engaging member is adapted to engage the hose in such a manner
that at least part of the axial forces within the hose are fransferred from the hose to the
hose engaging member. The hose engaging member transfers these forces to the load
transferring member, and the load transferring member transfers these forces to the
end member. [n this way, at least part of the axial forces in the hose bypass the sealing
member, thereby improving the reliability of the seal provided by the sealing member.

It is preferred that the inner member and the load transferring means include a



steel. The sealing ring could be made of stainless steel, but it is
preferred that it is made of polytetrafl uoroethylene (PTFE). The sealing
menber preferably has the features of the sealing nmenber described
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engagi ng nenper, a load transmtting nmenber and an end

the inner nmenber. The arrangenent is such that the sealing nenber is

di sposed between the |load transmtting nber and the end nenber, and that
t he hose engagi ng nmenber and the end ﬁ%ﬂ%er are connected through the | oad
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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
formation thereon which is adapted to engage said part of the tubular member, below
the sealing ring. The or each formation 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. 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.

In another preferred embodiment of the invention, the hose is provided with an
end fitting which comprises: an inner member adapted fo 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 ring and 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.



engagi ng nmenber is arranged on the other side of the sealing nenber adjacent
the hose end. Preferably the outer surface of the inner nenber is provided
with at | east one formation thereon which is adapted to engage said part of

t he tubul agoresianls7zbel ow the sealing ring. The or each {,@f%%?@,ybo, 3hS to
I nprove the seal of the tubular nmenber and to make it nore difficult forthe

tubul ar nenber to be pulled from between the inner nenber and the sealing
ring. It is preferred that the or eachqlgormation conprises a projection
extending circunferentially around the outer surface of the inner nenber.
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In a preferred embodiment, the compression member is made of a material
which contracts less than the sealing ring when subjected to cooling. This provides an
advantageous way of making the hose, as described below. The sealing ring and the
compression member may be any suitable material. There are a number of materials
which have the desired difference in contraction under cooling. We prefer that the
compression member is stainless steel and the sealing ring is polytetrafluoroethylene
(PTFE). More preferably, the sealing ring comprises reinforced PTFE, such as glass or
metal filled PTFE, as this helps to prevent creep. The sealing ring preferably comprises
10 to 40 wit%, particularly 10 to 20 wt% of the glass filling. Examples of suitable metal
fillers include bronze and/or stainless steel.

It is 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
I 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



In a preferred enbodi nent, the conpression nenber is made of a materi al
whi ch contracts |less than the sealing ring when subjected to cooling. This
provi des an advantageous way of making the hose, as described bel ow. The

seal ing' rigq, #3¢ells, conpression nenber nmay be any suita Ial..s Ther e
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under cooling. We prefer that the conpression nenber is stainless steel and
the sealing ring is polytetrafl uoroet hyé@_ne (PTFE). More preferably, the
sealing ring conprises reinforced PTFE,“Such as glass or netal filled PTFE,
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an axial strengthening means in the form of a braid, as described below.

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 sheath and/or outside the outer wire. The insulation may
comprise material conventionally used fo provided insulation in cryogenic equipment,

{ such as a synthetic foam material. It 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 o the axial strengthening means between the outer
gripping member and the tubular body. A particular suitable form of insulation is
provided in further detail betow.

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

(@)  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;



makes it possible for the folded part of the hose to transmt |oads to the
hose engaging nenber. The fol ded part of the hose nay be part of the
tubul ar body, but it is preferably an axial strengthening neans in the form
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applications, then it is desirable to provide insulation over e tubul ar

body. The insulation could be provided between the outer wire and the
t ubul ar sheath and/or outside the outepywire. The insulation may conprise
material conventionally used to providéd insulation in cryogenic equipnent,
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axi al strengthening means around the™insill ation layer 1s préterably

provi ded i n addi t inmtudingt hefaariadions capabiehehiintprergagingetwithea thepetdtiag

gri ppi ng nenber apd the tubular bod Jicular suitable form

. A par f
insulation is pr n 00 he rﬁﬂp‘%&ﬂgail NGy A edge, W e%t%@ﬁ%atﬁspect
of the invention {here.i [ | LSinRO:
(a) wapping a wre arsgt% éﬁt\éﬂgﬁ‘fé’é‘?’ dﬁgﬁgltﬁ‘t&g ui%lr% rﬁn g%@?mnﬁ%?t@%ﬁp?bf@p
wrappi ng a sheet f(orgiuidinal agdgesl dfhthet eiorigate nmedilsdr arel ihhani adacenbidr
order to provide a tubular body formed of the sheet material; (c) wapping a
wire around the t@verappipgdRriepoeRantaangrigingthe famatsms oa ent or

PCT/ GB2003/ 004932, - : | und the outer
coil, the el ongat 8\'8&%‘?}'&)@%’ %ﬁﬂg@%ﬁhﬁr@g@@? gﬁg}%g{ﬁtﬁé@ges, each
I ongi t udi nal (gdgesetiing tHenends bbtHEhoSH pRAvRRdEn @tep (d)er engaging with a

cooperating formation on the opposing |ongitudinal edge, wherein the
elongate neffber rempwingchelhp mmtaeduménehe outer coil such that the

over | appi ng_ SPHhGohe OHaD arhofieFeT e S HERHE it o B8 o Bee the "

over | apglopgakdgRmMbEN i tABTpESTBaEtoM.t h one another; (e) securing the ends of

Ther e may" bePoafhgibly der shostemasatidloin SE (BLGGSIPTBEBHBN ABiNToraNg layars  he

el ongat gal%v%ﬁlrngi anséngngclg%E h%%cetsicﬁgéd above. In the preferred embodiment, an inner
reinforcing layer, in sheet form, is wrapped helically arcund the inner coil and the
mandrel; then the sealing layer, in sheet form, is wrapped helically around the inner
reinforcing layer; then the outer reinforcing layer, in sheet form, is wrapped around the
sealing tayer. Usually a plurality of sealing layers would be applied.

The method according to the invention may also be provided with one or more of

the features of the methods aiready described in W001/96772. These will be described
{ in greater detail below.

Preferably the following step is performed between steps (b) and (c¢):

(b)(i} puliing a tubular axial strengthening sheath over a free end of the
mandrel, so that the mandrel extends within the axial strengthening
sheath, then pulling the axial strengthening sheath along the mandrel so
that it at least partially covers the tubular body;

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

provide the hose with good structural integrity.

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



Preferably the sheet material in step (b) conprises two reinforcing |ayers
sandw ching a sealing |ayer, as described above. In the preferred
enbodi ment, an inner reinforcing |layer, in sheet form is wapped helically

around ‘'t hewb%ﬁ’lm-ﬁﬂz! and the mandrel; then the sealing :P%*ﬁimo?ﬂooﬁbﬁite

form is wapped helically around the inner reinforcing l[ayer; e

outer reinforcing layer, in sheet form is wapped around the sealing

| ayer. Usually a plurality of sealing layers would be applied. The nethod
according to the invention may al so be'%iovi ded with one or nore of the

features of the t hods al ready gescri bed, in WO01/96772. These will be
descr i bdangihofisatdiam the pasitiopafibe cpig pEthainper (ails o1 | owi ng step is
erformed bet e : ; ki kDGt r |
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the inner and outér coils are applied in a helical configuration having the
same pi tdascribad belewposition of the coils of the outer coil are positioned

hal f a pitch WO 2004/.044472 PCI/ GB2003/ 0049 :22. 1 ength offset fromthe
posi tion of t'Hé)fl?oﬁ’ﬁeée%?éﬁ'?éb%ﬁ'@ﬁ%gtgﬁ|”?e%§r21”{tﬁsf H@é&?sstnerﬁt@ﬂﬁ@& for
cryogeni ¢ apglyh cati ingt bie g b ' [ | r the
Fubul'ar body Ohne JHLT Sireble fquifResinSNCE Lo puiy SKrftp o1 the RibRa: 481,
the tubul ar menberammhtheoutenwsiedanthe outer wire. The insul ation may

conprise material conventionally used to provided insulation in cryogenic
equi pnent, sibih aé'oa"'ggﬁl?q’lé?"r'ﬁ}(‘?%lfﬁ-nat erial. One particularly suitable
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over theéeputer surface of the tubular body and the outer wire; and (h)
allowing the resin to cure. ) ) . .

Preferably, the method further comprises applying an insulation layer over the
cured resin. The insulation layer preferably comprises a fabric formed of basalt fibres,
as described above.

in step (c), the tubular body may comprise a tubular body as described above. In
particular, the tubular body may include one or more insulation layers made of
conventional insulation material and/or made of the basalt fibre fabric described above.

The curing may take place simply by leaving the coated hose to stand in air, or

{ may be effected, or accelerated, by an active means such as heating.

in another preferred embodiment, the method further includes the steps:

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

tubular bedy and the outer wire,

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

bubbles therein;

It is preferred that the steps (i) and (j) are performed between the steps (d) and
(e)-

The term aerated is used to mean that the resin has been charged with a gas,
whereby, upon curing, the resin forms a solid material containing gas bubbles therein.
As described above, the gas may be, but need not necessarily be, air.

In a preferred embodiment, the method includes the following steps:



It is preferred that the steps (g) and (h) are perfornmed between the steps
(d) and (e). Preferably, the nmethod further conprises applying an
i nsul ation | ayer over the cured resin. The insulation |ayer preferably

CoNpri ses & Ao f-5 or med of basalt fibres, as describe LoSb EP
M afdiifre L R

(c), the r body may conprise a tubular body as des ove.
particul ar, the tubular body may include one or nore insulation | ayers made
of conventional insulation material amd/or nmade of the basalt fibre fabric

descri bed above. The curing may take place sinply by | eaving the coated hose
to stand in gjy, of_ may be.effec r.accelerated, by an active means
such as heat mﬁ)g IC{\S%(?%'E{%@P ‘B'P%&'@?ﬁg’oefi'ﬁﬁ@d?m??éﬂf@%épﬁ%d further
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need not necéspar ifbMirgeback the tubilapaxibestrengthehvd) membert beerepafdof thel udes
the foll ow ng steps: WO 2004/ 044472 PCT/ GB2003/ 004932 -23- (k) disposing an

i nner nmenber in anOYPEANSIRINIRY MEANSose; (1) clanping a | oad transferring

nmeans to an I : ; : ' : I er to
o outer aur FLeEaBhE EBITand s Bs6 mBRTia) ofE GHRT RGeS BRI BulBIRT
menber ipsovib@mmne Hoby withegdathstracteralfisfegtityg neans, and the nmethod further

i ncludes the followi ng step after s (n) folding back the tubul ar
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the rest of the hose to the end fitting while the end fitting and the rest of the hose
remain on the mandrel.

A separate end fitting may, of course, be applied to each end of the hose.

in another preferred embodiment, the method includes the following steps:

(o) disposing an inner member in an open end of the hose;

(p)  applying a sealing ring over an outer surface of the tubular body; and

(@)  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
less than the sealing ring when subjected to cooling. Preferably also, the compression
member includes a means for adjusting the compressive force applied to the sealing
ring; a split ring is particularly suitable for use as the compression member. This
arrangement makes possible a particularly preferred manufacturing process.

in this process, the compression member is applied to the sealing ring and
tightened, then the compression member and sealing ring are subjected to atleast one
cooling cycle. This causes the sealing member to contract relative to the compression
member, whereby the compressive force applied by the compression member is
reduced. While the cooling is maintained, the compressive force applied by the

compression member is then readjusted to bring it back to approximately the same level



Is disposed withinit. Alternatively, the end fitting can be di sposed within
the 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 fitting while

the end fitg s@sand7s2 he rest of the hose remain on the ngRdsek s eRRAN At €
end fitting may, of course, be applied to each end of the hose. 1n another

preferred enbodi nent, the nethod includes the follow ng steps: (0)
di sposing an i nner nenber in an open eng of the hose; (p) applying a sealing
ring over an outer surface of the tubular body; and (q) applying a
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| nportant be , I'T the hose is operated at tenperature above the
cool i ng prefgrablytasriew asthe tetriperatune towhichthediode wilde sebjedtéid indhealuse for
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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
the sealing of the end fitting when the hose is operated at low temperatures.

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

" 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 stainiess

steel or aluminium. If desired, the wires may be galvanised or coated with a polymer.



Second, the hose will have substantial seal energisation at tenperatures at
| east as low as the cooling tenperature. This is particularly useful when
the hose is to be wused in cryogenic applications. Thus, the tenperature to

whi ch t he bLsueooled is preferably as low as the te [ o_whi ch
Wlf 0 : . A .“F: :
t he hose w ﬁ)bJ‘e/&s“E jected in the use for which it is in gﬁgctélgl.osf"{\m&%eral,

we prefer that the cooling tenperature is -50C or less, nore preferably
-100C or less, and still nore preferably -150C or less. Preferably, the
cooling is carried out with l'iquid nitrdgen, whereby the cooling tenperature
can be as |aw as about e possibility of creep failure is

-19 Thjrd, .t €
much reduced,t Wil %@ﬁpﬁmﬁﬁaghﬁtj?llﬂi?}’gmﬂ]q VEER NeKBd tpthegrinnieg senabers

provi de | ' . r de
o 2 ) pV R BRI LG lo B Stondtf, iefyrféndeiibnt tine W RIS g™ o
cool i ngthdtithe ghippirigwetitiers cahhizforneehengsubliected to rdlatively gnafiusdsl téhsion.
sealing ring to i%lltfethe I nner nmenber nore tightly, thereby inprovin t he
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Pr ef eraglog the coils and the sheet material are applied under tension in
order t 8rovi de the hose with good structural integrity. In the above
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inches (51 mm) to about 24 inches (610 mm), more typically from about 8 inches (203
mm) to about 16 inches (406 mm). The hose diameter is usually at least 4 inches (102
mm), more usually at least 6 inches (152 mm).

In general, the operating pressure of the hose would be in the range from about
500 kPa gauge up to about 4000 kPa gauge. These pressures relate to the operating

! pressure of the hose, not the burst pressure (which must be severai times greater). The

volumetric flow rate depends upon the fluid medium, the pressure and the inner
diameter. Flowrates from 1000 m*h up to 12000 m>h are typical.

The hose according to the invention can also be provided for use with corrosive
materials, such as sfrong acids,

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

Figure 1 is 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 to the invention;

Figure 4A is a sectional view showing the arrangement of a tubular axial



t enper atures bel ow -20C, bel ow -50C or even bel ow -100C. For exanple, for
LNG transport, the hose may have to operate at tenperatures down to -170C,
or even lower. Furthernore, it is also contenplated that the hose nay be

used to treprotbsdrnuid oxygen (bp -183C) or liquid nitrqaeosiddsood3sO) .

i n which case the hose may need to operate at tenperatures of -200C or

| ower. The hose according to the invention can al so be provided for use at a
variety of different duties. Typicallysgthe inner dianeter of the hose
woul d range fromabout 2 inches (51 to about 24 inches (610 mm), nore

typically fr ut, 8. nch 3 - 1 | S The
hose di a%@q'@&m?@lﬁgs%qtb Ogt ﬁ'?elicist% ﬂc‘ﬁ@ﬂ‘@g‘ Oﬁgghvé}@érﬂﬁﬁgea@%’grleﬁgtg?mlngast
6 i nchesg{ekiR b&Mg id 8 releRed @bnditibh; oper ating pressure of the hose would be
in the range from about 500 kPa gauge up to about 4000 kPa gauge. These

pressures rel Gigure ¢1B lie apectionalgviepr sbewing dhe tareangsneenhof a Hebwar sxial
pressure  (whi.ch nust be several tines great L The. vqlunetric flow rate
depends %}{ﬁﬂgtﬁﬁ@"ﬂ ﬁh%ﬁ'ﬁé’i tﬁﬁ‘%qqgeé%qoggmﬁgethkdny%gthm%F axigl $ ening

Fl owr at 'Be]«%? Lot nB/ h are typical. The hose according to
t he invgsz]téldéﬁ ca g\ﬁbﬂteéﬂ%rdoﬁ ded for use with corrosive materials, such
as strong aciKiguréie by, & 60 andobDnshiew fourt applicatiomsaofyhoge dcemviding foithe

which: Figure 1 is _a schematic diagram showi ng the principle stresses to
whi ch t H¥eRBaLINVEREAMdi ng to the invention may be subjected in operation:

Figure 2 is : : Sa ' Vd ; hgs '
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r ei nf or cacegrdiagdo thé inventionpse according to the invention; Figure 4Ais a

sectional view show ng the arrangepent of a,tubular axial WO 2004/ 044472
demehy

PCT/ GB2003/ 00IGYIE /-1863 SIOEneRHiNah yien SAPWING apHaswaten davasrefi he hese 1
I nventi gﬂgllj};séwg; @&@Et&tc{&é}gt heni ng sheath being in a relaxed condition;

Fi gure ronal™ vi'ew showi ng the arrangenent of a tubul ar axi al

st rengt heni ngFigheaighisoha bbiternatie crosorsectignaloviele of e ehtofitting or axirdse
st rengt heni ng, sheath being in a tightened condition; Figures 5A 56, 5C and
5D show das@rdiggoitheinvediopi hose according to the present invention;

Figure @ is a cross sectional view of a first embodiment of a elongate reinforcing
fayer for use in the hose according to the invention; and

Figure 10 is a cross sectional view of a second embodiment of a elongate
reinforcing layer for use in the hose according to the invention.

Figure 1 shows the stresses to which a hose H is normally subjected to during
use. The hoop stress is designated by the arrows HS and is the stress that acts
tangentially to the periphery of the hose H. The axial stress is designated by the arrows

( AS and is the stress which acts axially along the length of the hose H. The flexing stress
is designated FS and is the stress which acts transverse to the longitudinal axis of the
hose H when it is flexed. The torsional stress is designated TS and is a twisting stress
which acts about the longitudinal axis of the hose. The crushing stress is designated CS
and results from loads applied radially to the exterior of the hose H.

The hoop stress HS is generated by the pressure of the fluid in the hose H. The
axial stress AS is generated by the pressure of the fluid in the hose and also by the
combination of the weight of the fluid in the hose H and by the weight of the hose H
itself. The flexing stress FS is caused by the requirement to bend the hose H in order 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 torsional stresses TS, but is less



Figure 6 is a cross-sectional view showing the a sealing |ayer of a hose
according to the invention; Figure 7 is a cross-sectional view show ng an
i nsul ation | ayer of the hose of Figure 2; in greater detail; Figure 8 is a

schemati ¢ wpomsseAehi onal view of an end fitting for a hopey,c@eRfedbind to
the invention; Figure 9 is a cross sectional view of a first enbodi nent of a

el ongate reinforcing layer for use in the hose according to the invention;
and Figure 10 is a cross sectional view-,of a second enbodi nent of a el ongate
reinforcing |layer for use in the hose according to the invention. Figure 1
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corresponding to half the pitch length of the helix of the coils.

An insulation layer 26 is disposed around the outer wire 24. The insulation layer
may be a conventional insulating material, such as a plastics foam, or may be a
material described below in relation to Figure 7.

The hose 10 further includes an elongate reinforcing layer 30 disposed around
the insulation layer 26. The details of the elongate member 30 are not shown in Figure
2, but they are shown in Figure 9. The elongate member 30 comprises an elongate strip
of material which is helically wound around the insulation layer 26.

The reinforcing layers 14 and 16 comprise woven fabrics of a synthetic material,
such as UHMWPE or aramid fibres. Figure 3 iliustrates the inner reinforcing layer 14,
from which it will be clear that the inner reinforcing layer 14 comprises fibres 14a
arranged in a warp direction W, and fibres 14b arranged in a weft direction F. In Figure
3 only the layer 14 has been shown, in order to improve the clarity. We have
unexpectedly found that the axial strength of the hose 10 can be improved by arranging
the inner reinforcing layer 14 such that the warp direction W is at a low angle, of less
than 15° and typically around 10° to the longitudinal axis of the hose 10. This angle is
indicated by the symbol o 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



2, and in the other Figures, has not been shown. The hose 10 conprises a
tubul ar body 12 which conprises an inner reinforcing |ayer 14, an outer
reinforcing layer 16, and a sealing |layer 18 sandw ched between the |ayers

14 and 16.wiy 8)6f44d y tubular reinforcing braid 20, whichdy io%/ﬁoﬁiﬁ al
strengthening, is disposed around the outer surface of the outer teilnforcing

| ayer 16. The tubul ar body 12 and the tubular braid 20 are di sposed between
an inner helically coiled wire 22 and_af outer helically coiled wire 24.
The inner and outer wires 22 and 24 aré disposed so that they are offset

from one,_anot her by di stance, . corresponding .to half the pitgh | ength_ of
the hel 9% B1e piter SRinfrCing8YaISR SRV PR g sy o fifesbatinbin Bimatdis B o
wre 24. LNSiidkdi uw my be a conventional insulating material,
such as tgggﬁrzﬁt [ csfa#d(l)%dy%yq#éy be a material described belowin relation
to Figure 7. Tie sbakimy 14yerur@ bemprises wdphirality aif dagsrs eofrplastics film wvhicly aire 30

di sposed around the insulatiaqn Ia}/&‘r%i%. The detajls of the el ongate nenber
30 are r¥iaPPRGEHOURd tiewter surfage pf hedPnari@iniRkHR |ayerild & prayidera duid tighiat e
menber | N ; rqi rch is helically wound
around f%éﬁ?%%‘%%flﬁ.'o%{ﬁlnab%Bg%‘&e%‘%ﬁ@glﬁ cl)ér%rﬁg;m?%@d\eﬁg 14 and 16 conprise

woven fabri csTied hasé 0trhay iatsoimckidesh furtiseraieirdordifdVidREd ghobsrown) dispossd
Figure 3 illustrates the 1nner reinforcing layer 14, fromwhich it will be

cl ear trhatwers thadupaid 20 angrtbereutenydies1d. b furthey reinfeecing sheathy maygeal i n
| | I b 14b ar d i ft di ti F. In Fi
a warp Shéﬁcfégbg&ﬂ\%b@@z@g res arranged in a we I rection n Figure

3 only en shown, in order to inprove the clarity. W have

unexpect edl y FigyashiibRbrdil 208 fbrnsdd ehaib seits ididibies 200araRREWHIBN ared by
arranging the inner reinforci n%_ | ayer 14 such that the warp direction Wis

at; a | oraidgideo formiackibulartbraidi 5 higits shopyreia FigureodA@antD4B o in thedehiguresli nal
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2004/ 044472 PCT/ GB2003/ 004932 -28- foi the outer reinforcing layer 16 may be
t he samsubjgcted tdidfialr lensianingnthe Hibres@0a and 620b cae danteact maovihgrintonthe ayer
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integrity and burst pressure of the hose 10. Figure 4B shows the tubutar braid 20 in the
tightened condition.

The sealing layer 18 is shown in greater detail in Figure 6. The provision of the
sealing layer 18 improves the resistance of hose to the flexing stress FS and the hoop
stress HS.

As shown in Figure 6, the sealing layer 18 comprises a plurality of layers 18a of a
film made of a first polymer (such as a highly oriented UHMWPE) interleaved with a
plurality of layers 18b of a film made of a second polymer (such as PFTE or FEP), the
two polymers having a different stifiness. The layers 18a and 18b have been 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. As mentioned above, the
layers 18a and 18b do not necessarily have to be arranged in an alternative fashion.
For ekampte, all the layers 18a could be arranged together, and all the layers 18b could
be arranged together. Furthermore, the layers do not have to be made of different
materials.

The insulation layer 26 is shown in greater detail in Figure 7. shows the insulation

layer 26 in greater detail. The insulation layer is primarily concerned with improving the



The hose 10 may al so include a further reinforcing braid (not shown)
di sposed between the braid 20 and the outer wires 24. The further
rei nforcing sheath may be identical to the braid 20. The tubular braid 20

is formed wp hwpoaeis of fibres 20a and 20b which are br aigresloRsHR5H5R 2
tubular braid. This is shown in Figures 4A and 4B - in these Figures only

the tubul ar braid 20 has been shown, in order to inprove the clarity. There
are spaces 28 between the sets of fibrgs 204 and 20b, so that when the
tubular braid 20 is subjected to axial tensioning the fibres 204 and 20b
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pressure of the hose 10. Figure 4B shows the tubular braid 20 in t
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pl ur al i twireo?4 figeingpdsiiorofin a grefemethembotinerstethenidnpplayeeP64 ysovidedREFE or

FEP), the two pé)ﬂ yners having a different stiffness. The |layers 184 and 18b
have be@ Rybfleethergiound the outer surface of the inner reinforcing |ayer
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the |l ayers 184 cqul d be arranged together, and all the layers 18b coul be
arrangecﬂ?f@w@ﬁﬁéﬂh@:UW%épmre, the layers do not have to be nade of
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PCT/ GB2003/ 004932 -29 resistance of hose to the flexing stress FS, and with

i nsul at laygrid@e ispsimariyio pravide strengtheping againshiveer asddiexinghetresseser 26a
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har deni fige chbiproSdivH 181908 IiteEorpledPtHESlager 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 around the layer 26¢. Preferably, the compression layer 26d
comprises an axial strengthening sheath like the sheath 20 described above.

A further polyurethane layer (not shown) containing gas bubbles may be
provided over the layer 26d to further improve the insulation properties and the
buoyancy of the hose 10. A still further polyurethane layer (not shown) not containing
gas bubbles may be provided over the gas-containing polyurethane layer. The further
polyurethane layer could additionally, or instead, be provided within the layer 26d. It is
also possible for the layer 26a itself to contain the gas bubbles.

The hose 10 can be manufactured by the following technique. As a first step the
inner wire 22 is wound around a support mandrel (not shown), in order to provide a
helical arrangement having a desired pitch. The diameter of the support mandrel
corresponds to the desired internal diameter of the hose 10. The inner reinforcing layer
14 is then wrapped around the inner wire 22 and the support mandrel, such that warp
direction W is set at the desired angle «a.

A plurality of layers of the plastics films 18a, 18b making up the sealing layer 18



solid matrix wthin which the outer wire 24 is enbedded. This hel ps to keep
the outer wre 24 fixed in position. In a preferred enbodi nent, the inner
| ayer 26a is provided with air bubbles therein. The insulation | ayer 26

i ncl udes 1Y over the layer 26a. The layer 26b ¢ | fabric
formed of gz%ﬁ{m%?%res. The | ayer 26b provi des nost of t%ﬂéﬁgﬁﬂ%ﬂﬁ?ﬁ&

properties of the hose 10. The insulation |ayer 26 further includes a | ayer
26c over the layer 26b. The layer 26¢ @onpri ses an UHMAPE such as DYNEEMA

or SPECTRA. The purpose of the |ayer '5’ Cis primarily to provide

strengt heni ng agai nst hoop and flexilqg@%sjtF sses. The insulation | ayer 26
f ur t her areatharnwsappeshapruskihepytgy ey o npgr pstorsing layer ddndseally,on
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provi dethyayer the gas-containing pol yurethane |ayer. The further
pol yur et hane_] ayer, coul d additi
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di aneter of the support mandrel corresponds to the desired internal

di amet eputside pEthegauten reinforeingdayer 16 Theduehagbraig bf requirady is than wragnesd

ar ound ' Iy 0 22 and the support mandrel, such that warp direction
Wis se%’poi‘[r{(fﬂ]glalgﬁ?gd angle a. Aplurality of layers of the plastics filns
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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.

A polyurethane resin is then be sprayed over the outer surface of the further

braid (or the braid 20, if the further braid is not provided) to form a resin coating over the

( reinforcing layer 21 and the outer wire 24. The resin may then be left to harden, in order
to form the layer 26a. The resin may be aerated before hardening (typically before
spraying or painting) to provide gas bubbles therein. The basalt fabric layer 26b is then
wrapped around the polyurethane layer 26a, and the UHMWPE layer 26¢ is then
wrapped around the layer 26b. Finally, the compression layer 26d is applied over the
layer 26c.

The ends of the hose 10 may be sealed by crimping a sleeve onto an insert
inside the hose 10. This termination is generally applied afier the hose 10 as been
removed from the mandrel.

The ends of the hose 10 may be sealed using the end fitting 200 shown in Figure
8. In Figure 8, the hose 10 has not been shown, in order to improve the clarity. The end
fitting 200 comprises a tubular inner member 202 having a hose end 202a and a tail



wound around the inner layer 14. The filns 18a and 18b are preferably
arranged in an alternating fashion through the thickness of the sealing

| ayer 18. Typically there mght be five separate |layers of the filnms 18a
and 18b t hwougdydiherzt hi ckness of the sealing |ayer. The pgigB208ddiedhCci ng
| ayer 16 is then w apped around the sealing |ayer 18, such that the warp
direction Wis set at the desired angle (which my be a, or may be sone
other angle close to a). The tubul ar aghal strengthening braid 20 is drawn
over the outside of the outer reinforcing |ayer 16. The further braid (if
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pitch. The pitch of the outer wire 24 would normally be the sane as the
pitch oPOfhe inner wire 22, and the position of the wire 24 would nornal |y
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st ai nl ethe spetlires202b and @12b6o aecuralthehplatel 22 e e tadl end1802a 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
form of grooves 2082 which are adapted to receive the outer wire 24 of the hose 10
therein. The inner member 202 is provided with an outer helical recess in the form of
grooves 202d which are adapted to receive the inner wire 22 therein. it will be seen
from Figure 2 that, like the inner and outer wires 22 and 24, the grooves 208a and 202d
are spaced by half a pitch length p.

The inner member 202 is provided with two circumferential projections 202e
which are located under the sealing ring 204. The projections 202e serve the improve
the sealing of the tubular member 12 between the inner member 202 and the sealing
ring 204, and help to prevent the tubutar member from inadvertently being pulled out of
position.

The hose 10 is secured to the end fiiting 200 as follows. The inner member 202
is threaded into the end of the hose 10, so that the hose 10 lies close to the plate 212.

The inner wire 22 is received in the grooves 202d and the outer wire 24 is received in



204. The end fitting 200 further includes a |oad transferring neans
conpri ses a hose engaging nenber 208, a |load transferring nenber 210 and an
end nenber in the form of a disk-shaped plate 212. The |oad transferring

nmenber compyd $RFu#sS Sk-shaped plate 214 and at |east on nsferr| ng
rod 216. In f?‘g’ure 2 there are two of the rods 216, but ?‘Eéﬁgﬂf)@gg

provide three or nore of the rods 216. A tightening nut 218 is prOV|ded on
each rod 216. The plates 212 and 214 hg&e apertures 212a and 214a
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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 tubuiar body 12 by the sealing ring 204.

The end fitting 200 is then cooled to a low temperature by liquid nitrogen. This -
causes the sealing ring 204 to contract relatively more than the spiit ring 206, whereby

{ the compressive force applied on the sealing ring 204 by the spiit ring 206 is reduced.
While the split ring 206 and the sealing ring 204 are at a relatively low temperature, the
split ring 206 is again tightened. The temperature is then allowed io rise to ambient
conditions, whereby the compressive force on the sealing ring increases by virtue of the
greater expansion of sealing ring 204 relative to the split ring 206.

This completes the end fitting for the hose 10. The hose engaging member 208
provides some sealing of the end of the hose 208, and helps to take axial forces in the
hose 10 around the sealing ring 204. The sealing ring 204 provides the remainder of the
sealing of the hose 10.

Figures 5A to 5D show three applications for the hose 10. In each of Figures 5A
to 5C a floating production, storage and offloading vessel (FPSO) 102 is linked to a

LNG carrier 104 by means of a hose 10 according to the invention. The hose 10 carries



extend al ong the inner nenber 202 beyond the grooves 202d and 208a. The
insulation 26 is also cut back to this point. The inner reinforcing | ayer
14 is also cut back at this point, or at sone point before the inner

rei nforci Rgohaupsdsd reaches the sealing ring 204. This pepasbdadosde
sealing layer 18 directly engages the outer surface of the inner nenber

202. The rest of the tubular body 12, however, is allowed to extend al ong
the inner menber 202 between the innegpqmenber 202 and the sealing ring 204.
The hose engagi ng nenber 208 is then tightened to cause it to clanp down on
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production, Fhefegnations 40 bhdad ave aresspd lﬁlﬂﬁ‘ﬁ@bltéﬂﬂecﬁorhs BlodHat, when G
carrier 104 by neans of a hose 10 according to the invention. The hose 10

carri eslayec3@uohelicaly woundraraupddhe teriedthe hage 10, the formations 40 and 42 can
interengage, as shown in Figure 9. The retaining members 44 and 46 prevent the

formations 40 and 42 from becoming disengaged.

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 ihclude additional 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 more of, or even all of,
the sealing layers 18b may be a polymer coated metallic film or metallised polymer film.

Reference is now made fo Figure 10 which shows a cross-sectional view of
another embodiment of the elongate reinforcing layer 30, which has been designated
130. The layer 130 comprises a continuous profile 132. The profile 32 has opposing
longitudinal edges 136 and 138. A longitudinally extending interengaging formation 140
and 142 is integral with a respective edge 136, 138. Each formation 140 and 142
comprises a contoured profile having projections 140a and 142a and recesses 140b
and 142b, such that the projections 140a can be received in, and interengage with, the
recesses 142b, and the projections 1423 can be received in, and interengage with, the



LNG from a storage tank of the FPSO 102 to a storage tank of the LNG carrier
104. In Figure 5A, the hose 10 |ies above the sea | evel 106. In Figure 5B,
the hose 10 is subnerged below the sea |l evel 106. In Figure 5C, the hose 10
floats neayphgosiidace of the sea. In each case the hosepgg @b @moine LNG
w t hout any internediate support. In Fig 5D the LNG carrier is linked to a

| and- based storage facility 108 via the hose 10. The hose 10 maybe used for
many other applications apart fromthe g gpllcations shown in figures BAto
5C. The hose may be used in cryogenic and non- cryogeni ¢ conditions.
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and 142a and ISR BReSpprébiated fitht M@ Inventioh desatibbi abeve) gy benhodiiéa. can be
received in, and interengage with, the recesses 142b, and the projections

142a can be received in, and interengage with, the WD 2004/ 0- 44472
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-34- recesses 140b. The configuration is such that when the projections and
recesses are interengaged, there is no space between the formations 140 and
142. The formations 140 and 142 are arranged to face in opposite directions,
so that, when the layer 130 is helically wound around the rest of the hose
10, the formations 140 and 142 can interengage. The formations 140 and 142
may be secured together by any convenggnt bonding neans. The profile 132
has a corrugated shape which nakes it easier for the nenber 130 to
accomogqt nding forces. It will be appreciated that the invention
describ fe may be nodified. For exanple, the tubular sheath 20 could
be | ocated outside the outer wire 24. Al so, the hose 10 may i ncl ude

addi ti onal relnforC|ng | ayers 14,18, sealing |ayers 16 and/ortubul ar

sheat hs 120. @&ross (19 Femprisinga kipaariady 4 2) efiflexible material ajranged B8WASH be a
pol ymer ; ﬁe?aér?djoﬁf‘egraéﬂoq;ﬁné rhé‘}nb%F . Qh;'ﬁﬁ&eﬁgbwé%s% fhffheﬁ nﬁébg noge or

nore Of or even e sea yers my be a po r coa

met al | i @ldri ate pfiembea| 1303)6|th\mgbmrpoéln?ﬂnngntudd\thélledg@sapmﬁe’cﬁ&t thté eloayatehe
i nvention described above e nodified. -35- hose (
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el ongat %acﬁqahgﬂtudlﬁélnaddj@hm@adéy aMiatiah quad) thpablkebol mtedeagdigmgcRith kat the
opposi ng | ongrtudinal %45 of the layer are in an adjacent or overlapping
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t he | ongi tudi nal edges. 2. A hose according to claim1, wherein the

interengaging formations are arranged so that, when |nterengag| ng, they

provi de 2 con hesmaecaidingrtpclaim & adere®. thairterangaging formations afexamangest 2,
nteren forpations. exten subst ant al cont i nuously

wh
Al'ong. ¢ 110 b BN e engaand. ey didtis comnd AR BrlERE o claim 1, 2

or 3, wherein each interengaging formation conprises a profile arranged
al ong the edge which is shaped to interengage wth the correspondi ng
formati éh on A heseppoaiding tedgjaim 1 or 2, wherein the interengaging formations extend

substantially continuously along the respective edges.

4. A hose according to according to claim 1, 2 or 3, wherein each interengaging
formation comprises a profile arranged along the edge which is shaped to interengage

with the corresponding formation on the opposing edge.

5. A hose according to claim 4, wherein the profiles are such that when the
elongate member is being wound around the tubular body, the formation of one of the
edges can be pushed into interengaging engagement with the formation of the opposing
edge.

6. A hose according to any preceding claim, wherein each interengaging formation
comprises an interlocking formation, capable of locking the formations together once

they have been brought together.

7. A hose according to claim 6, wherein each interlocking formation is configured to
provide a push-fit or a snap fit with the corresponding interlocking formation of the



5. A hose according to claim4, wherein the profiles are such that when the
el ongate nenber is being wound around the tubul ar body, the formati on of one
of the edges can be pushed into interengagi ng engagenent with the formation
of the opposing edge. 6. A hose according to any preceding claim wherein
each interengaging formation conprises an interlocking formation, capable
of locking the formati ons together oncgg-they have been brought together. 7.
A hose according to claim®6, wherein each interlocking formation is

confi gurcﬁg)ogmfgdrgﬁgﬁ%ﬁag?%h-fit or a snap fit with the correspondi ng

i nterl ocking e -36- opposing |ongitudinal edge. 8. A hose
according to claim6 or 7, wherein the interlocking formations are C

shaped, with the interlacking forpgatigon on the opposi edge portions_being
or ot edi n AospReo i P BRI onhavEEisn e BleRagls Farmdians Are.an
interlo SHUEK fgﬁ“‘g i H!sbé@' 9. A
hose acccslgra .ﬁg"’%ﬂgﬂ“ﬁ @:tm 6,“?9 or ﬁb%gﬁ?ﬁﬁ%ﬂﬁg%@gﬁ@m ng "?)!? ﬁﬁgﬂéﬂ "gf
each | angioppdsitaldimdtien] mHereles the r@ishiaped gfommations (ebh inté)locid ayhead the
cooperate with a corres an?i n rcﬁt ai n'bn%drrerrber on the interlocking

f or mat i GhoRgatereen BB§W§W‘ é‘ﬁgﬁ’i therpuibedywher eby the i nterl ocki ng
formations are retained in an interlocking relationship by the retaining
menbers. 10. A hose according to claim9, wherein the retaining nenber
conpri sek an A hosaadtyrding & tleimfl, Inge, avhersipettiedhtesiockimarformatiar of bactends

of the interl ockin formption. 11. A hose according to ,any one of clains 1
to 5, whdPRgitidingle gﬁ@ﬁb@&gﬁ fetaining mamber M%é%p&e%mpamrytwﬂh a

proj ecti 1 : S 4 Nel o]l ¥o) ]
Fecesse s thispaiity: feRinil meRRIaE, bk tedddiila, roiielhohf ihe “Sindiify .
and pr ojlesgituatisalrezitjee eiHereby tied intedodkingrfirimaitions aré hetatigd i &g idtengdkingli nal
edge. 12. A hose according to any preceding claim wherein elongate nenber
i ncl udegelationskipdly hesetaiBin@dmeniddeber (34), the or each chanber has a

density lower than that of the rest of the el ongate nenber. 13. A hose
according to any one of clainms 1 to 11, wherein the el ongate nenber

i ncl udesiat | Rafise0BCcHUNRE h SNHNDO! wWidhein theerathindfy neMpBPontRizeal & ng a
as.
J inwardly directed flange arranged at or near one of the ends of the interlocking

formation.

11. A hose according to any one of claims 1 to 5wherein each interengaging
formation comprises a plurality of projections (140a,142a) and recesses (140b,142b),
the projections and recesses of one formation being adapted to interengage with the
recesses and projections respectively of the formations on the opposing longitudinal
edge.

12. A hose according to any preceding claim, wherein elongate member includes at
least one closed chamber (34), the or each chamber has a density lower than that of

the rest of the elongate member.

13. A hose according to any one of claims 1 to 11, wherein the elongate member

includes at least one closed chamber (30), the or each chamber containing a gas.

14. A hose according to any one of claims 1 to 11, wherein the elongate member

includes at least one closed chamber (30), the or each chamber containing a foam or



14. A hose according to any one of clains I to 11, wherein the el ongate
menber includes at | east one closed chanber (30), the or each chanber
containing a foamor -37- aerated polyner. 15. A hose according to claim 12,
13 or 14, wherein there are two adjacent chanbers both running

| ongi tudi nal ly along substantially the entire length of the el ongate nmenber.
16. A hose according to claim12, 13 0g714, wherein there are a plurality of
cl osed chanbers disposed in the elongate nmenber in such a manner as to form

a spong ture. 17. A hose according to any preceding claim
wher ei nea[elﬁétléglpoomgg menber has a thickness greater than the distance

between the Iongitudinal edges. 18. A hose according to any preceding claim
wherein the inner and/or the outer gripping nmenber is/are provided with an
oval or 1®.serf} hese aegasdingrte staimeld, iger 14owhersitheneiacs twaadjaeent charwe(sL0)

cor T ( 232 pifhog B Moo SRRy kikthRe R bl Hon@Eh@iadt”! e

inner coil order to provide a tubular body (12) formed of the sheet
material; (c) wapping a wire around the tubular body to forman outer coil

(24); (. wr Fpppsey aaﬂoréllmtfacléiméribéﬁ qr1t3), wheseindthere atziagriuadty of closed
cor r LgacameTs dipppsed R nads aMeb fyih LTBRTEAR M (AT AsPaaIKe

i ncl udi R@neufrar mation (140) capabl e of i nterengaging with a cooperating
formation (142) on the opposing |ongitudinal edge, wherein the el ongate
menber is heIicaIIy wound around the outer coil such that the opposing

I i f the el dj I
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nto en f the hose roduced
n ot epqﬁ%ﬁﬁgﬁ(?ﬁ@ b RaR e Btafee é%mom HeOgh i frtie Prot
18. A hose according to any preceding ciaim, wherein the inner and/or the outer

gripping member is/are provided with an oval or a semi-circular cross-section.

19. A method of making a hose (10) comprising:

(a)  wrapping a wire around a tubular mandrel to form an inner coil (22);

(b)  wrapping a sheet material around the tubular mandrel and the inner coil
order to provide a tubular body (12) formed of the sheet material;

(¢)  wrapping a wire around the tubular body to form an outer coil (24);

(d)  wrapping an elongate member (13) around the outer coil, the elongate
member having opposing longitudinal edges (136,138} and being
corrugated in a direction between said edges, each longitudinal edge
including a formation (140) capable of interengaging with a cooperating
formation (142) on the opposing longitudinal edge, wherein the elongate
member is helically wound around the outer coil such that the opposing
longitudinal edges of the elongate member are in an adjacent or
overlapping arrangement, and bringing the formations on adjacent or
overlapping edges into engagement with one another;

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

(H) removing the hose from the mandrel.



