WO 2009/ 034364PCT/ GB2008/ 003135 HOSE This invention relates to
hose, and nore particularly relates to hose which can be used in
cryogeni c w@ehfbhiLas. Typical applications for hose i nget¥82008803135
punpi ng of fluids froma fluid reservoir under pressure. Exanples

i ncl ude supplying of donestic heating oil or LPGto a boiler;
transporting produced oilfield liquids and/ or gases froma fixed or
floating production platformto the cargo hold of a ship, or froma
ship cargo hold to a | and-based storage unit; delivering of fuel to
racing cars, especially during refughggng in fornula 1; and conveying
corrosive f|UIdS such as sul phuri c—acrd. It is well known to
use hose for the transport of fluids, such as liquefied gases, at |ow
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up to 2@eneraBtypbds glescribed 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.

In our earlier patent application WO01/96772, we described a new composite



The inner and outer wires in conposite hoses are conventionally nade
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However, in the preferred enbodi nent, only the inner gripping nenber
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t hat when the when the hose is subjected to cooling, the outer nenber
contracts, while the inner nenber expands, causing the tubul ar body
to be conpressed between the inner a%d outer nenbers. The
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cooling. This ensures that when the when the hose is subjected to cooling, the outer
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The material which expands on cooling is preferably such that the gripping

member, which is made of an elongate material, expands along the length of the



-5- thernosetting resin such as an epoxy or a polyester or a vinyl
ester or a cross linked flexible resin such as PU or silicone rubber.
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| ongi t udi na res inaresin matrix orientated in di rn
directions in order to achieve the desired nechanical properties. The
use of high strength fibres within the conposite material generally
results in a construction with a consjderable strength to weight
ratio and for this reason conposite naterials have found w despread
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gripping member, with results in the gripping member tending fo increase in length.
When the gripping member is in the form of a coil, this results in an increase in the
diameter of the coil when the ends of the gripping member are fixed.

The material which expands on cooling is preferably a composite material.
“Composite materials” are materials that are made from a combination of two or more
materials to give a unique and tailor made set of properties. The most common form of
composite material is a matrix of fibres within a resin. The fibres may be continuous with
an orientation in the longitudinal direction or the fibres may be short lengths in mixed
orientation. The fibres are usually high strength fibres such as E-Glass, S-Glass, Aramid
(e.g. Kevlar (trademark)) or Carbon. The resin encapsulates the fibres and it may be a
thermoplastic resin such as a polyethylene, a polyimide, a polyamide, a fluoropolymer,
poly(vinylchloride) (PVC), polyurethane (PU), Polyetheretherketone (PEEK) or a



We have found that it is particularly advantageous to use the rather
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The inner gripping nenber is preferably nmade of a conposite material
t hat expands longitudinally on cooling. Preferably the inner nenber
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preferably the fibres are arranged substantially unidirectionally.
The outer gripping nenber may be made of a conposite material that
expands on cooling, but preferably it,is nade of a materi al which
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we prefer that it is not a material which expands on cooling.
In a particularly advantageous embodiment, the inner gripping member is made
of a material which expands longitudinally on cooling, preferably a composite material;
and the outer gripping member is made of a material which contracts on cooling, or

does not substantially change length on cooling, preferably a composite material or a
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that they are offset from one another by half the pitch length. The gripping members are
preferably formed as a wire, rod or tube. The gripping members may have any suitable
cross section, such as circular, elliptical, square, rectangular, triangular, and so on. Itis
preferred that the cross section is circular or elliptical.

The inner gripping member is preferably made of a composite material that
expands longitudinally on cooling. Preferably the inner member is made of a composite
material that includes carbon fibres or aramid fibres, especially poly-(p-
phenyleneterephthalamide) fibres. Most preferably the fibres are arranged substantially
unidirectionally.

The outer gripping member may be made of a composite material that expands
on cooling, but preferably it is made of a material which contracts on cooling, or does
not change length on cooling, as this provides the optimum compression of the tubular

body during operation at cryogenic temperatures.



The materials of construction of the hose should be selected to
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KEVLAR (ratgiisttespediatly agiastias kjaterial - suitable materials are discussed in detail below.
This is because metallic materials are uniikely 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
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around the tubular body, 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.

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

It is also preferred that the braid extends all 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 it is intended. Thus, there is & need for the hose



In the preferred enbodi ment, the or each reinforcing | ayer conprises
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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).
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Pref er agl Y o \NiShGQiridfs dofBry§ ufididd the fral 8 ABndd BYNERRNA, or that available from
the US corporation AlliedSignal Inc. under the trade name SPECTRA.

Additional details about DYNEEMA are disclosed in a trade brochure entitied

“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 entitied “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 reinforcing layer comprises a woven

fabric formed of fibres arranged in a weft and warp direction. We have found that it is

particularly advantageous if the or each reinforcing layer is arranged such that the fabric

warp direction is at an angle of less than or equal to 20° to the axial direction of the



-14- film The effect of this is that in the unfortunate occurrence
of a hose burst, there is a controlled failure of the sealing |ayer

such that w8eo®lsdsber outer polymer fails while the mperdigsdshsiss
pol ymer holds the internal pressure for a finite tine, allow ng tf1e

pressure gradually to dissipate. In this preferred enbodi nent,
the maximum strain at failure is in excess of 100% at anbi ent
tenperature for the nore ductile layes, and is at |least 20% | ess for
t he ot her | ayer. Each polyneric filmof the sealing |ayer is

pref er ghjy. %90%5%{ ‘iﬁi‘%@? that tAR! %ﬁﬁi@fi% Qréé“[e@théh URTQRRI YOTBE.- In the prefdien

the polynetic the sealing yer conprises a polyam de, then
it may dmebedimaht,pthat orceadh yainfateingdayer issamanggdoayctyithatt theaipble vaarp
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]E Ihat artﬁltth@hoﬁé. Tﬁﬁomgéymig\:meéé Ti@mleelljs_ éliitmtae%ﬂi ng | ayFr i ?\ ?
uoropol yner. ui t abl e pol yol efj ns incl ude pol yet epe

pol ypr opyl eri@‘QﬁX'%cﬂtr?BQWP@ﬁé”WﬁiﬁBY§‘$@i{e f_BFm%SEB%_SISﬁ' ma%_”apaé the
t er pol YaFdach h&hfREiIng %@Fﬁf@e' Wwiiie (MOANtRAtahé Bxibi dtFBrigthdiiPA%hRd, ke &
bi axially orlentedJ. re preferably, the polyolefinis a )
pol yet hsdanreinfarsingrieyer andthe aealipgtiaerposy et tvgl feraed drom Higgpame basic

| | . . - : i hed
" or eacupP UL HoRRYEC R A B (ARG et ibE Hrerdfti depiqipgte R

(ol ec uleguirge figittion g etheexid sttesgthesieg radanseprionides laat axial reiofareement

thi s rdarion EREare uiagtnd PRROREVERS PR imeRbar e BE srethe

UHMAPE g5 thd sbdiiRg | Mwméw%éam@emnamn.wetﬂweseurm et thieeUHMWPE

paranmeters of the U

E used in the rejnforcing | i
Phe. seamriyelsaremes: siRImdwicua e PYAENA a0 S5 Bt prductsThése.
Subst anTEEHE] R0O e BEcRTANIAIRE Wofl Wef if BBdRhiceidil e préferred
or i ent eparaMMIIE of thedsHVYV BE (motedutrsaveiight samas, sfaliscHssrekaboyeiin releliay y

sealin opertie Thes [ sglal i -

of & sot BeBrBS AT ar BRI KB ey S Ml LS
t E_e mat @gb&ihi_si srhfo_uliwbé fﬂ?ll'&ti{] l@cﬁimémicrmhaﬂ'h}e ;fér:hmeteily gbg]qoldlsmw BE used in the
sKiving a thnin ftilmo the surface of the soll ock. {e

The 11 #eal PGt eRTT ReSonolRminrsams 8 hagnanters i LR IS ¢
i ncl udeyQ iRt r@hfdrang &lyeyd.ene (PFTE); a fluorinated ethylene

propyl ene c%golymsr, such as a copol yner of hexaf!l uoropropyl ene and

VO 2009/ 03436wpat rporsihle feg 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 p;ovide 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



-15- tetrafluoroethyl ene (tetrafl uoroethyl ene-perfl uoropropyl ene)
avai l abl e from DuPont Fl uoroproducts under the trade nane Tefl on FEP;

or a fluonggahR@:zydrocarbon - perfluoral koxy - avail a%e/éBrngg)Ogy?.ont

Fl uoroproducts under the trade nane Teflon PFA. Another suitable
material is ECTFE, particularly Haler ECTFE. These filnms nmay be nade
by extrusion or by bl ow ng. Preferably, the sealing |ayer
conprises a plurality of layers of each of the polyneric films. In an
enbodi ment, the layers nay be arranged so that the first and second

pol yme c%p?‘){ N3k en i‘{fﬁ%ﬂ%} {)é}ﬂ%rgé;s&@et%%aﬁuorbeﬁl i Mr&ﬂ%ﬁfethylene-

However IS 1S no e arrangenment. In anot
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rotal | aihvierarhaw-Haigroa ras it ShEYED patieHet WHAI SRR FE e fims

refer e%gfbé%é@éweﬂ%@|@ Bt Wb[bw,ﬁgs includes netal oxide containi ng
filmns ess stated otherw se. Thus, the netal |ayer may be a |l a

of metal |i c Welprefer that the saaling laver isdgenedofisshaat phmatarial wﬁtqhmsg}?een
ng ;/;rglrﬁ%\g{d[ lﬂtc?r@ﬂt‘?)h'a]r lﬁfﬁf\lvmﬁmgqﬁeg ot rl Seﬂéﬂlﬁﬁ th'%ﬁééf?r?e)nne?%@mth the

m or “a ne yrrer refer
t hat t heinfecalg lagyes; this mepiod Mrtheoratﬁﬂ:hnmashhgllayén tlogs mﬁ’ehm auakay

ol yestiaRistnee to SltaRpin, 8 e PrERRIBR AL PR g MiEferBeB RuPine”
filnms ayiadlnablapaft! The Bbling lagkrshay edmpiidan sipbleStantienagelayengf thadheet

under the trade nanes MEX505, MET80Q, MET80Q0B a d NETg '{80 B. ||s
pr ef er rgterial, or may GQIRRIIRE WoedrANOEAfiagle ﬁﬁg}“fb@% Y88 ﬁ@lﬁhﬁ& giaei

the seal \ﬂgvéra %ag%ﬁ@h& ehdifg BH"tF\é‘%hgﬂ%f&he h@y@)rthessr@aérm@@dof

bet ween t he tu he out er [? menber. Rockwool
| ayers ﬁ‘la)ShaB’smatﬁB{bWOU dohmfon@e@ of g plurphity @ésewatawléna‘ms of shestinatenal

f
P of “PFangERLiEg 18 AR DY rathdsR FeBitt B el dhthay corffite ond B
| ayer s. more heatBheinkatilakealiny si¢evesdi.é. nummsmrfemm)enmclwerﬁemngwlr@mi@

reduces, heat Ifoss of heat gain - this is especially useful for
cr yogen'f’eer'ﬁm?@éﬂq GME"™- In addition the metal containing film

provi des QOQﬁi’eb&‘eférQhaﬂh@I%@m@%yef Bemphyey Q(illlﬂ‘ar@ ofmetlapplng layers of

transmssion - this is useful to prevent mat er i % ? tra%rés‘gortl nnqd

gases. fil noPrefetaisthesa noviddppadspeiiieyers. fgre preferably at leas Yyers, a
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 would 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



Anot her the feature of the sealing layer is that it conprises an
UHWAPE. |If the UHMAPE sealing layer is forned of heat shrinkable

sl eeves, Iiwohensdssessential for the sleeves to be nadecoigedddshberient
materials, but they should preferably be made of UHWAPE.

Preferably, the sealing |ayer conprises at |east two polyneric filns
of different materials, and at | east one of the filns conprises an
ultra high nol ecul ar wei ght pol yet hylgne. Anot her preferable
enbodi ment of the invention relates to a cured resin matri x di sposed

ar OU_ndI fflhﬁmnglagﬂg@g omd;yﬁ thaditen e emfoquhax@idwurreﬁ&eof daosgbaist,|trartis a
parti a enbedded in the resin matr ri tlve
rmverren‘fgrﬁr@!'%@ﬁ‘imf‘h@fm?ﬁﬁa"ag|'C}:Y&FﬁBC %@WH Lo ffa'ﬁ%‘é!;"ﬁfi)&‘@.
The Curt%ref@t?dtﬁb ﬁawaxhgra§fthé1ﬁv&néstﬂréés@r@rar firfsitpid, lanawhg i pradstifee
hose to bend to the extent that 1s required for the speciftic

appl i cagiegnallyop disripdiese. C early, sone applications may require nore
flexibility IE%QﬁgéfgﬁééeﬁmbOdlmeﬁE%er ilﬂuma%t{dlﬁ(aﬁéﬁjr@ Salhle%C&:%rH?rlbé%

a synthetic poly ol yurethane. iS especially preferred
t hat t hat arelsient taratperaduresfonmbeﬂon‘e cuctitetleyérabnd Isatt Jegst 20% less foutheraiher s
capabl e of being applied in liquid formto the hose. Typically, the
uncured YEsi n may be applied to the hose by spraying, pouring or

pai nting. TrEgcHARheRc filREofUNE eAlthgnRiris prefdrebigpohesnide ef psipsiefber
surface of the tubular body and the outer gripping nmenbers, and then

cured i ATYPIOROWATor m a sol i d, flexible coating. The mechanism of

curing ma T
g may hﬁ/hgp@k%pongﬁft ﬁ&lﬁrrﬁofﬁb%eanng layer d;h%‘éb% dBRdrhide A% RARg

to a layer und er grip mber and also to any | ayer

provi dele an atiphatiopodranide fauch a@fa n péé mayrketan arometic p@lypmﬁeew@bas

t hat at . he | ayers adjacent the cured resin matrix is
capabl ea%??a&nﬁlp%ﬁapg; |ntgg cryogeni c tenperatures, so that, if the resin

mat ri x cr ackweqwefey that cmwbe)fm@/ijgznmienc flkemq)efrtaelseemg laher iadj padyerhefin ander
hol ds the,res rix to virtue of the hesi.on bet ween t he
resin n&lait ?Qo%ﬁﬂgﬁ%' aQ%l?e SqflNog¥e" ‘§@JE\° ORI ure i s

achi eved \Ahe@ultgbuél p%'lﬁﬂ’é?lr%f urrcmaer aspdlystayiehs, abgphspyied be padibacgsie

| ayers. have al so found that certain_materials can provjde
hose wi bqam@@@mealcprya gerrlymes ar tarpemep Hareely Pagfejabiy the peyafic film is

t enper a r%éc% g}mg f
basm;I t rgé)galyb ovli ‘A'W'ﬁ”é%ﬁ”‘f@bg%f% I'ns u{g{jly&ghﬁ Eﬁ?élgéiﬂ?lgggaand
fibre f abst psferablydheaipolysitayléne s a highSudieglkes svekii golyetngens, espexially

2009/ 036%55 i c(lllog Q3R in yeater detail above. The preferred parameters of the

UHMWPE (molecular 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 polytetrafluoroethylene (PFTE); a fluorinated

ethylene propylene copolymer, such as a copolymer of hexafluoropropylene and



under the trade designations BT-5, BT-8, BT-10, BT-11 and BT-13. The
preferred thickness of the fabric is fromabout 0.1 mmup to about

0.3 mMm | f\wgegjofo8des @ Plurality of layers of the basal tohahhdobiBYs be
enpl oyed. We have al so found that the insulation properties of

basalt fabrics inprove under conpression, therefore we prefer to
provi de a conpression |ayer around the basalt fabric, which serves to
conpress the basalt |ayer. The 4ighsul ation |ayer may further

i nclude |l ayers made of other insulation nmaterial, such as polyneric

foars, ité?ra?lgg#oteiﬂ?}}l‘eﬂﬁo é%@?flp&%@kr&f&qe%?rﬁ@?bgﬂyfég%z Cavailable fréﬁf' BLPDRI

that the insulation urt t one reinforcenent
| ayer. Fheromodiics asdentthe dreele maye cloafioni EEPa os ynflhwiniatep bygresarbosuec h

oy b, REATO Rkl fork o e g s e e BB, TN,
| ayers PFAl ArothebslitbidedieriahBIBOTRE, eariesizrly biathr HONFE. These fims may be

particular|ly preferred that the reinforcenent |ayer of the insulation
| ayer i 5248 Q)F%#%\Jsmmf QV{}?I@Wlﬂgar wei ght pol yet hyl ene (UHMAPE), such

as DYNEEMA op cpEaElRAne apafifs taydP ednittiRes: a plurality ASTohE% & 846 bEthe

enbodi nent of the i'nvention involves a |ayer conprising a {)I astics
mat er i aPolagriadilmasincemembedimeniteihe. layers may ke airanged &9 that ke fipt ard
prefera e i £ t i ci-al
<" appi e B AU e hioubfl RS FIARES of B'acklify RYBF HARVER 7518
| i qui d hot the ang ipossiblesamrdrageeatt. iInhandtbeudmandsmosnt allHbe ldyesy iohthe first o

cure. Agajn, the curin ta l,.ace si | v by | eayi coat ed
hose t o DalvHies ey ¢ URitRl AP B AT s 3t TR el b ot e SRR
active means|tsull; bf ssurbeaid fpreciated thadtrao@ahab vhbbethersaglimgelayers may be

i ncorporated by injecting the gas into the plastics material, before
sprayi n@,ro‘Wﬁqe it is still inaliquid form The resultant |ayer of

gas-cont ai ni perRlARf ithS sBBEIRY Ifer AR U Riseb R 18805 HeCIagbr partially or
structuralﬂeg;opertl es of the plastics material itself, suCch as good

wear anéntieliseomplsisg anmetal batmeipkexigaor eutrbttanet tharaof. inrtpisospagification

e o L
otherwise. Thus, the metal 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 metallic film. The metal may be, for example, aluminium oxide. The
polymer may be, for example, a polyester.

Suitable polymer coated metal films inciude the films available from HiFi
Industrial Film, of Stevenage, England, under the trade names MEX505, MET800,
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 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 to prevent material loss transporting gases.



hose capable of floating in water and with evenly distributed
buoyancy along its length. Preferably the gas-containing plastics

material igoeRuyesaey by a further layer of plastics mat get@ipaoo¥sesd
does not contain any substantial anount of gas bubbles. Preferably

this further layer of plastics material is bonded securely to the
gas-contai ning WD 2009/ 034364PCT/ GB2008/ 003135 -18- |ayer. The
further layer of plastics nmaterial pgy be the sane plastics materi al
as the gas-containing |layer. Preferably the further |ayer of plastics

materi al Ca%‘tl’?éﬁh?féégiﬂé%%@ﬁéﬁmg layer is thBPk BohBYiSéSa® UHANAFE, ¢ﬁhe

mat eri al by tec tues other than spraying, such a
pour i ngJHl\gﬂWl?lESﬂghng Iae&!tlslﬁ@mmi of heat shrinkaplessipeds, 8 igaet ﬁ?ﬂ% fQ,rstgg

e Somes UL S PGS ool SUPO5, o EBRIDERE moce o
pr ef er diHyvvapRr oxi mately 1. 2.

Preferably, the sealing layer comprises at least two polymeric films of different
materials, and at least one of the films comprises an ultra high molecular weight
polyethylene.

Another preferable embodiment of the invention relates to a cured resin matrix
disposed around the tubular body, the outer gripping member being at least partially
embedded in the resin matrix in order fo restrict relative movement between the outer
gripping member and the rest of the hose.

The cured resin matrix must have sufficient fiexibility to allow the hose to bend to
the extent that is required for the specific applications of the hose. Clearly, some
applications may require more flexibility than others.

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 basalt fibres provide particularly good insulation.

Suitable basalt fibre fabrics are available from the Sudaglass Fiber Company



The hose typically has a specific gravity of around 1.8 w thout the
gas-containing layer. Preferably the hose has an overall specific

gravity ofwbesmsnifzgn 1, preferably | ess than 0.8, aftepcpmhdogadiien
of the gas-containing |layer. The PU coating thickness may be, for

exanpl e, about 4-8 mm preferably about 6 mm The gas bubbles are
preferably | ess than about 2mmin dianeter. In particular the
invention may include a |ayer conprigyng a cured resin matrix, as
descri bed above, in addition to a gas containing layer. In this
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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 still in a liquid 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



Fig. 1 is a perspective view of a hose according to the invention;
and Fig. 2 is a schematic cross sectional view the hose shown in

Figure 1. W02009/()ﬁr35£f |y, the hose 100 conprises el ongaberigabfbofisk
outer gripping menbers 102 and 104, which are preferably arranged in

a coiled helical form and are preferably wires. A tubular body 106
and an axial reinforcing braid 108 are arranged between the gri pping
menbers 102 and 104; the braid 108 sygrounds the tubular body 106.

The tubul ar body conprises an inner reinforcing |ayer 110, and outer

rei nf ongidiaTh@¥&inek iyt p@as'ii%é'nﬂafisnélaﬁw bd ¥e 3amaniedichehnees ddde

i nner and outer reil n%or cing layers 110, "112. An outer
pr ot ectdagegantainingt iayer. I%‘?ﬁ&fahlﬂihg (furtbemteyer 19 niasiics materialrsemerises af

t he ho led with an end fitting 200. The inner gripping
menbe rsp%&gfrlgtsh%grgef erably made of a conposite material which expands

| ongi t udi nalBoth tayecaf plasdics watéréal tanebe)ammlred@w@@nmxasmmmrthMraﬁng,

preferably nmade of a ¢ e or a non-conposite polyneric material
whi ch %ﬁ%@é&%’”&?ﬁ B@B?ﬁ?arextrusnon It will be appreciated that the

i nvention dmsmdleaé&vmayrw ueed rfbrini thd bubblesNintheircan aiteigenite an
clainms., -20- CLAIMS: . A hose (100) conprising a tubular body

(106) dneR gasi bl e mat er | aI arranged between inner and outer elongate

gri ppi ng mmggéfa‘gg n%.%ofﬂ;) of MHRY sbryuﬁﬁthéﬁ@%n&nﬁa %rém O Fﬁ!éé@b!y

menbers is n tertal which on cooling, expands in
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layer. Preferably the hose has an overall specific gravity of less than 1, preferably less
than 0.8, after application of the gas-containing layer. The PU coating thickness may
be, for example, about 4-8 mm, preferably about 6 mm. The gas bubbles are preferably
less than about 2mm in diameter.

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 layer to replace 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.

The hose may be provided with an end fitting at each end thereof. The end fitting
may be of the type disclosed in our earlier patent applications WO01/96772 and
W004/079248, the contents of which are incorporated by reference.

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
temperatures below -20°C, below -50°C or even below -100°C. For example, for LNG
transport, the hose may have to operate at temperatures down to -170°C, or even lower.
Furthermore, it is also contemplated that the hose may be used to transport liquid
oxygen (bp -183°C) or liquid nitrogen (bp -196°C), in which case the hose may need to
operate at temperatures of -200°C or lower.

The hose according to the invention can also be provided for use at a variety of



are made of a material which expands on cooling. 3. A hose according
to claim1, wherein only the inner gripping nmenber (102) is nmade of a
mat eri al Wlobebweespands on cooling. 4. A hose accordi Nn@ctr@u3hiRloiB1ds
wherein the outer gripping nmenber (104) is made of a material which
contracts on cooling, or does not substantially change | ength on
cooling. 5. A hose according to any preceding clai mwherein the
inner gripping nenber is made of a cegposite material, 6. A hose
according to claimb5, wherein the inner gripping nenber is made of a
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mat eri alym) 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 several 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 strong acids,

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

Fig. 1 is a perspective view of a hose according to the invention; and

Fig. 2 is a schematic cross sectional view the hose shown in Figure 1.

Briefly, the hose 100 comprises elongate inner and outer gripping members 102
and 104, which are preferably arranged in a coiled helical form, and are preferably
wires. A tubular body 106 and an axial reinforcing braid 108 are arranged between the
gripping members 102 and 104; the braid 108 surrounds the tubular body 106. The
tubular body comprises an inner reinforcing layer 110, and outer reinforcing layer 112
and a sealing layer 114 arranged between the inner and outer reinforcing layers 110,
112. An outer protective/insulative layer 116 surrounds the braid 108. The ends of the
hose are sealed with an end fitting 200.

The inner gripping member 102 is preferably made of a composite material which
expands longitudinally on cooling, while the outer gripping member 104 is preferably
made of a composite or a non-composite polymeric material which contracts on cooling.

It will be appreciated that the invention described above may be modified

within the scope of the claims.



8. A hose (100) conprising a tubular body (106) of flexible materi al
arranged between inner and outer gripping nenbers (102, 104), wherein
the inner gripping nenber (102) is nade of a conposite material which
expands on cooling, and the outer. gripping nenber (104) is nmade of a
conposite material or a non-conposite polymeric material. -21- 9. A
hose according to claim@8, wherein the outer gripping nenber (104) is
made of a material which contracts on cooling, or which does not
substantially change | ength on coolingo- 10. A hose according to any
preceding claim wherein the inner and outer gripping nenbers are
formed asCGEAME: 11. A hose according to any preceding claim
wherein the inner and outer gripping nenbers are helical. 12. A hose
according to any preceding claim wherein the tubular body (106)
conpri sesia refiPse dil PRy sagrrisingna tabyambodyg( 1108y ef flexitlld. matelials@ranged
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13 wher ei pnbRgdidl d88&Rn &iid S s; is wapped around the inner
gri ppi ng rre?rber (102). : 15. %ﬁ;ﬁiaﬂé%m%@%%ﬁdi ng to claim12, 13 or 14,

wherein there are a plurality of sealing |ayers wapped around the
I nner grippi nga H@ég&!cording to claim 1, wherein both the inner and outer gripping members
are made of a material which expands on cooling.

3. A hose according to claim 1, wherein only the inner gripping member (102) is
made of a material which expands on cooling.

4. A hose according to claim 1, wherein the outer gripping member (104) is made of
a material which contracts on cooling, or does not substantially change length on:
cooling.

5. A hose according to any preceding claim wherein the inner gripping member is
made of @ composite material.

6. A hose according to claim 5, wherein the inner gripping member is made of a
composite material including carbon or aramid fibres.

7. A hose according to any preceding claim, wherein the outer gripping member is
made of a composite material or a non-composite polymeric material.

8. A hose (100) comprising a tubular body (106) of flexible material arranged
between inner and outer gripping members (102, 104), wherein the inner gripping.
member (102) is made of a composite material which expands on cooling, and the outer
gripping member (104) is made of a composite material or a non-composite polymeric
material.



16. A hose according to any preceding claim further conprising an
axi al strengthening neans. 17. A hose according to any preceding
claim wherein the axial strengthening neans conprises a tubul ar
braid (108) extending along at |east part of the length of the hose.
18. A hose according to any preceding claimfurther conprising an end
fitting secured to each end of the hose. -22- 19. A hose according to
any preceding claim wherein the |ongitudinal CTE range for each

gri ppi ng menber which expands on cool-2hg is from bel ow zero to -4x

10- 6 Ki.
8. A hose according to claim 8, wherein the outer gripping member (104) is made of

a material which contracts on cooling, or which does not substantially change length on
cooling.

10. A hose according to any preceding claim, wherein the inner and outer gripping

members are formed as coils.

11. A hose according to any preceding claim, wherein the inner and outer gripping

members are helical.

12. A hose according to any preceding claim, wherein the tubular body (106)
comprises a reinforcing layer and a sealing layer.

13. A hose according to any preceding claim, wherein the tubular body (106)
comprises a sealing layer (114) arranged between inner and outer reinforcing layers
(110, 112).

14. A hose according to claim 12 or 13 wherein the or each reinforcing layer is
wrapped around the inner gripping member (102).

15. A hose according to ciaim 12, 13 or 14, wherein there are a plurality of
sealing layers wrapped around the inner gripping member.

16. A hose according to any preceding claim, further comprising an axial
strengthening means.

17. A hose according to any preceding claim, wherein the axial strengthening
means comprises a tubular braid (108) extending along at least part of the length of
the hose.

18. A hose according to any preceding claim further comprising an end fitting
secured to each end of the hose.
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19. A hose according to any preceding claim, wherein the longitudina!l CTE range for
each gripping member which expands on cooling is from below zero to -4x10° °K".



