WO 01/96772 PCT/ GBOL/ 02562 -1 | MPROVEMENTS RELATI NG TO HOSE Thi s invention
-relates to hose, and nore particularly relates to hose having inproved

axi al str h,__The invention is especially concerned wt I can be
used in ‘853’3}3@7&% conditions. The invention also relates [}(ﬂﬂzﬁgoelﬁvﬁét’?%ihtti ng
fora hose, and to a nethod of making a hose. Typical applications for hose

i nvol ve the punping of fluids froma f{uid reservoir wunder pressure.
Exanpl es i ncl ude supplying of domestic heating oil or LPGto a boiler;

transporting produced qpBheNEMENHS R G g dgom a fixed or floating
t%m%%ﬁ# ,

production platform roma ship cargo hold
to a | and-based storage { unit; delivering of fuel to racing cars,

especially during refuelling in formula 1; and  conveying corrosive fluids,
such as sul phisrinveatieq. refates JoviRdse. kanavinare pardiculasly felates te hasanguing of
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flexible, ang 3| ven |length nust be at least partially conStructed o
f | exi bloca mathed af snaking.a heed-rigid materials. The structure of such hose

enerally c rises a_ tubul 0 f | bl terl arranged between an
?nn‘er ané oﬁ{@Pa ﬁ)lgzattlpgs\ﬁ{};\(gséjg}v%ivrﬁ th%ﬂhﬁ)@ggqﬁt‘ u[dssaflr%rﬂltz ironalVAYor the
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by halt a piteh width from one another. The tubul ar body typically conprises

i nner madspatieg progesed wilfielddiguida anadigases duumn ientixadgefloatingpr ioand
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terephthal ate. The internmediate sealing |ayer provides a seal to prevent
the fleprvayinrgnspepive dluidey sURB asos@phe@ars!. t ypically a polyneric film The
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pr eser gy temepergboepSuchofiosdiés tatnmhanly usay. toRtanspariimeficdhgasest sucivase may

The | i e daues oo -S0 eyt IneehelBonae g Bl toni ng of the hose. A -

hose of thig GaBRIGthEYRRE 1B HieSGHLRRMy B XBHE, ARG ERBEh RIRE bea]tiQRstno-
partially constructed of flexible materials, i.e., non-rigid materials.

The structure of such hose generaily comprises a fubular 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 another. The tubular body typically comprises

( inner and outer layers with an intermediate sealing layer. The inner and outer layers
provide the structure with {he strength fo camry 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 fo
prevent the fiuid from penetrating the hose, and is typically a polymeric film.

The retaining wires are typically applied under tension around the inside and
outside surfaces of the 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.



WD 01/96772 PCT/ G801/ 02562 -2 0076540A1. The hose described in this
specification includes an internediate |layer of biaxially oriented

pol yprop ich is said to inprove the ability of thepl@ %7g6e75| st
t he fatlét(gﬂg?ﬂzgd by repeated flexing. Another hose is desc %

GB-2223817A The hose described in this publication is a corrp05| te hose
conprising an inner helical netallic cetre, a plurality of |ayers of
plastics nmaterial fibres and filnms wound on the core, at |east one | ayer of

gl ass grerroand The henslestrbddinahisdpeifivationuntildel a0 inpararstiaty lagensf one
anot her and wound onto the plastics material, and an outer helical netallic

f or mer bna)ha&y Qm@tedsocgmr@pvlenﬁe which saRiIctcr igtprova e abiifef thedasedp eesistel s

and oi l not her in GB-1034956A. The hose described in
this éfb?)lf‘ﬁi" efB‘ﬁ“?% §H rgp%@fe;{#&egﬁrqglose or conduit, i.e., it is intended for
carrying el egidihepl hydd 85 désiriRd ihaopimRINgA. ' ’RSPR6SE deddritieds in ARis?

result of this, the considerations involved in the design of this hose are
conpl embycﬂ{ncbrﬁ m@mmpmheth@ecmpdangtarunger helitaieoeiatic ¢are, Agderallysafr i bed
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surroundi ng the neoprenggﬁose v) a nylon cor p | ed y to the
sheat h ontw)hapmhmasnaueapblami am outmr hdlieahyietallic tordnamn Thishieosehisasdid tabed (vi )

an outer _he al | rr d afound the canvas w appin The
br ai deéuﬁﬁ?élf%ﬁﬂ%‘tsﬁoﬂ ‘?a)b}?%Fg'(%vﬁ E)nvol utions of thgpi nger\(m' re by
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the hose. Many applications of hose require the hose to be supported al ong
itd | ermg)phcat‘ﬁn is arsplectrigal roap pr ceedulﬁ lﬁhetrsnratﬁgpedtfomameg plesdicat dieisqui ds

and/ or ti aboyve ut addi n u onvent onal hose
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capabilities of hose, ecially the[Q)é/pe of hose described in
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need f u all, or with a nmuch reduced requirenent for
supporﬁb?’%ﬁésﬁ‘ocgogﬂpésﬁl tabl e for both cryogeni c and non- cryogenl C

appl i cati ongj) an internally arranged helically wound wire;

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

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

(ivi  anylon cord applied helically to the sheath,;

(V) a canvas wrapping around the nylon cord and the sheath; and

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

( The braided metal sheath is made to follow the convolutions of the inner wire by
temporarity winding a further wire around the sheath during manufacture of the hose.
_ Many applications of hose require the hose fo be supported along its length. This
aspecially applies to the transport of the produced liquids and/or gases mentioned
above. Without additional support, conventional hose is often incapable of supporting its

own weight, or the weight of the fluid contained therein.

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

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



W have also found a way to inprove the sealing |ayer in hose of the type WO
01/96772 PCT(GBOI/02,62 -3- described above. In hose of the type descri bed
in EPOO7R%4QA4 At 1S inportant that the wires are maintaigpedgikhybirg, correct
position. In general the inner and outer helical wres are l|ongitudinally

di spl aced rel ative to one another by a distance equal to about half a pitch

| engt h. This arrangenent has been four# to provide the best structural
integrity. However, one of the problenms with this sort of hose is that

r epeat gdsértad atbwean cause the coils of the wire to be displaced out of the

proper alignnent. The present jnvention also relates to inprovenent to an
out er porti bnhege phthe descrihed én 6E107654@ dbisdmportant that theewises aren of

he h ) [ f : T ) f h y bed |
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reinforcing | ayer is wapped around the tubular nmandrel and the inner coil;

a sealdngth.| Byier airangessméchas bend fonadi imerovide her besigsirugteral infegrityer

i nf [ I d d th | i , ut ' '
w appedioeden e Be MOBRET ERahRgor GURFST 5 et FFRRtehlERNgaan CH4e ends
of thefﬂ@%tﬁf@thé%% B8l pBYHiSIAERY BOE oM itReh@Rgnimicht! emoved from the

mandr e e present invention also relates'to ah I nprovenent in the
t er mi nat i onThé présenténdsntiin albe reélates. tloBmpaoygmenktomroviige particaxdfthe type
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is provided a hose conprising a tubular body of fléxible material arranged
bef weetedhnisgie: andnoat wireds Wsappryl Awmnsta tubuihemaindreltie forss anfioneheoil; an

Cubul alTEsa e, RV B AP EY TBRE8 06 kB g dhl B T ot < ne
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force on at 1least part of the tubular body when axi al streng;fhe_ni ng nmeans
i s subMezpsd arouaditae SeaEng jayRT RS OUiRr wirpds wrapped pypupddhe prtef reimtedingent
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is removed from the mandrel. :

The present invention also relates to an improvement in the termination of the
ends of the hose.

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

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

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

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



failure strain is in excess of 5% at anbient and cryogenic tenperatures. By
nmeans of this arrangenent, the axial strengthening neans inproves the WO

01/96772_PCT/ /02562 -4 ability of the hose to cope w ' <8} resses,
and at ?Wgﬂgﬁ%l me can contribute to ‘the structural intljteégrflétﬁgﬁé; gthe hose

during axial tensioning by pressing against at |east part of the tubular
body. In addition, the materials of th& tubular body and the axi al
strengt heni ng neans are advant ageously conpati ble so that they each perform

in a  ghifly S thEERRY tobsie Wthapéalkdireusess ant theearigiiine canponiebute So
subj ected ‘to excessive stresses and strains. This nmeans that the materials
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strai ng of helically oriented conponents w account for sone of this
slip, sihdlae manher stfén ibeopenaéionl tsanthalt nai single tomponest i9fsubjéstadt tang on

the structural conponents, of e hose |l This ¢ e o, a.typical. .
el o exassvet R Srars ShiS megs it e Marar Ry pane whliaf batMidi axi a
st r engt heni he : il 4 ' '

ol ast 1 HE BLRSETENeio PR Hes ol StRlrng TR Ridrer /SePRE MR 2 1
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h teristics. It | ef d that the.tubuyl .and th i al
atr engEBleNE R EEA UG AT Paged Biahs ares sy ion. Wadle! sREFevaEs (P and e ni gn
ol eCUé%igﬂféJ@Eq gfﬂgggétmé@}ﬂed (diYERnts aal desshhtaersbind o thiResidiehal

bel ow. y ‘preferably conprises at |east one reinforcing % ayer
and at witestéitbe amesslkat gicpith &y the ovarefpileeting lop, thersdrusturabcamploaasts ofvo
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the reinforcing |ayer(s) is preferably between 100 and 0 kN for an 8"
(200 nmetallianeteriah@speciallyi & platiceraplasial hAvitehte paierials raprdisegsgadite  of

Foi nf ol gy LS5 bhbalin healle HEARRISH Bl o FaS B deniiiaD
means, cHRSktdeisgber ably  UHMAPE.
it is preferred that the tubular body and the axial strengthening means comprise
the same material, most preferably ulira high molecular weight poiysthylene
(UHMWPE), as described in further detail below.
The tubular body preferably comprises at least one reinforcing layer and at least
one sealing layer. More preferably, there are at least two reinforcing layers with the
(  sealing layer sandwiched therebetween.
Preferably, a further reinforcing layer is provided between the outer gripping
member and the axial strengthening means.
The ultimate strength of the reinforcing layer(s) is preferably between 100 and
700 kN for an 8” (200 mm) diameter hose. ltis preferable that the bend strain at failure
of the reinforcing layer(s) is in the range 2% to 15%. Desirably, further reinfdrcing
layer(s) are the same material as the axial strengthening means, most preferably
UHMWPE.
~ Preferably the axial strengthening means comprises a generally tubular sheath
formed of a sheet of material provided in a tubular shape, such that the sheath can

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



Preferably the axial strengthening neans conprises a generally tubular
sheath forned of a sheet of material provided in a tubular shape, such that
t he sheayhpgady7zmaintain the integrity of its tubul ar shapeweseubl ect ed
to axial tension. The hose WD 01/96772 PCT/ GB01/ 02562 -5 may be provided
with two or, nore tubular sheaths in order to further inprove the
performance of the hose under axial teéhsion. In a particularly advantageous
enbodi ment the axial strengthening nmeans is provided in the formof a

gener ainby teuprddded naitfl twbnoit ticse stpbaldri steation in ledeetanfitinar dtiprows die to a
material which is_ formed of tvvo.oL nore fibres or yarns which have been

i ntertwmﬂ‘qrﬁ’ef‘?frtﬂﬁean?% BRgER 242 tﬁ”&&"hre. It is a feature of braid that it
can el ongatfy o Waefoauhy SFHEAERAY BHERLIMERSHR axid stinBildhibgFhelfalyr e of

brai d that, n provi tubular Torm "1ts dia uce when

t he b(rj@‘bdicﬁea inuhedotradbitangeneailyttabsiaebraid Thuthi®gpprificatibn ¢ha temmbubatidbr ai d
around the tubular body, or within the structure of the tubular body, the
br ai d refemE tedematariphwngh & formedof iyacer wradibreasr yesrs wiich havedrgmr

tubul AR5 K6itn ot BERBRICRE  Alren bie & EBBHE L raulay kRan oo pG8e
possi blReh 8iibjeblad nen axiaMneidrantis adlirthbefdemet &F irhid that, twiar ?foﬁa@@-tm, to
be provided in the formof the braid. It is also preferred that the braid

ext ends tubulan fesmuals divsusiar vk redyeaiwihendhiedraid is Rebjeging tor asiabdemsion.
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fiﬁres or yarns) or in a triaxial form(i.e. in which there are also
| ohgi thethnahey sbRiasier & axiabfasIdn. yarns, for increased axial strength).

Al t hough ityi.s I i i r:angt. | | n.:Lhe
formof a | lop B rBa et b3 RPKBRIEEENStTs cRoTBBE Ak PrTBE R bt
f unct iﬁmb\éére'qﬁa pegeibieformacbhée? natrevparisiditbe iEh?ha)fitgé talbtnlehghbatgi tlmg .
means may be provided as syi taple arrangenent of cords or ropes helically
wr appeif mepﬁ@etfgﬂ@l%fra{hﬁgﬁw ‘The materials of construction of the hose -
shoul d be splkofdedrdmreathhenbifalifstentPaheld WBFLrfud i AOMUIBIERL, SOT

ded. Thus df e h 0

. . . k ]
which it is intended. , there is a nee ort ose to be ablet

t r ansgbettupnles sheatedHpiveves it kepessibleutin aly thaut of Huk sigeurmfersheet diuite
L ouqoae shBbigbe RGBS T ¢ bPull Sk need Tor the hose to

Wi t hst
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 functiona! requirements
specified above. Thus, the axial strengthening means may be provided as a suitable
arrangement of cords or ropes helically wrapped around the tubular body.

The materials of construction of the hose should be selected to enable the hose
to perform in the environment for which it is intended. Thus, there is a need for the hose
{o be able to transport pressurised fluids therethrough without leakage of the ﬂuid
through the walls of the hose. There is also a need jor the hose fo withstand repeated
flexing, and to withstand the axial stresses caused by the combination of the hose and
fluid weight. Also, if the hose is intended for use in transporting cryogenic fluids, the
materials should be capable of operating at extremely cold temperatures without any

significant reduction in performance.



flexing, and to wthstand the axial stresses caused by the conbi nati on of
the hose and fluid weight. Also, if the hose is intended for use in

t ranspor i@ sghpogeni ¢ fluids, the materials shoul d be capahbfeof2seperating
at extrenely cold tenperatures without any significant reduction in

performance. WD 01/96772 PCT/ GBO /02562 -6 The main purpose of the or each
reinforcing layer is to withstand the-Aoop stresses which the hose is
subj ected to during transport of fluids therethrough. Thus, any reinforcing

| ayer whi ch Thasmiaire puepose ed thegrreeaoh reinganicing idyer iantd wikthsthnd ahe Wodhst and
t he necessary stresses, w |l he adequat | f_the hose is intended for

. Also, e h
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nmeans that the or each reinforcing | ayer does not have much resistance to

axi al trasapoding eyoghaicafipidsc dheonther careaghi sinfoseing Wyer nagstdbe calpal to t he
wi ndi n apart. The .or. _each reinforcing |ayer nmay conprise a single
conti n%ﬁﬁ?&ngﬁyo%?mf:ﬁ%"ﬁé% "Rt eri al, or my conprise two or nore single

conti nuous Wéfﬁférepﬂwalt e 6Nedh FALRITERAL-lay&METRined JTRIshads HRthhieraRMich
depending on the length of the hose) the or each |ayer of the sheet

mat er i has weeh dvassd iptoredubttias feynn b winding theabeech matedaljn kshealicas meener.
mat erial . arranged long the lengt.n qf the hose.. In the preferred embodi ment
each rﬂ‘ﬁf%‘?épggﬁ’ta &ro'c .ieé%frégésﬂ]gjﬁyércfo%g?t h?)‘fee?\é’lcgﬂf’§’s Q&?\/tgrla’f‘ﬁ ric.
The or t2aGdh, IR AEAHIBELIbAYE An@ia bR rée Wl tehal toQulishatdislings dpre il or The
or each reinforci ng | ayer is conveniently formed of a synthetic pol yner,

a

such asaeah peinipseingrayey rpay gamndiseor s Eiraiqus layerofdhasheet mataiainer may

b d : ¢ : . . fobrie |
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i's prefRirablsualp@ncddydediagicer tiehichgtabfthe\Wisse) the opeasiaiyer of o568

| ayer conprises a polyamde, then it nmay be an aliphatic pol yam de, such as
a nyl omatefaliwoidpedfermgdal shalurality f pepatrte langths & shaet matenal ac@nssend.

s e S N T
or each rei hf tirecprefetragezmbodimnésiesaah peinjatey layet bemprisesay fdiwica 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
( polysthylene terephthalate.

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

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

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



pol yet hyl ene, pol ypropyl ene or pol ybuty(ene honopol yner, or a copol ynmer or
terpol ymer thereof, and is preferably nonoaxially or biaxially oriented.

Mor e pre{‘%r the polyolefin is a polyethylene, and gt rably the
pol yet hy en@B}SZma hi gh nol ecul ar wei ght pol yet hyl ene, especlflgplﬁyg{jﬁW\PE.

The UHMWAPE used in the present invention would generally have a wei ght WO
01/ 96772 PCT/ GB01/ 022562 -7 average motecul ar wei ght above 400, 000,
typi cal ly above 800, 000, and usually above 1,000,000. The wei ght average

ol ecubaérayRireiblecuiitvibignt absuakby,c0a0; egsicalicatiovel80®000 088 udhgiEMPE i s
preferably -characterised by a nol ecul ar \Aeigg@t from about 1,000,000 to

6,-000, 080,00 TUrpApEighd srvelisee unolasularewpiods avauld masnisusllyi excardyabput
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greater than 80% nore ustally greater than 90% and preferably greater
t han . 9ahiyThdeoteygs aab| woltld/ usuilly dever bbb $iestghedtatrieabb@-Svhesdnecmsual |y

deccr eacin ang et saskbe! S taick ieborbSr ety 10hs. S a 4450003
US- A 4430359 UBhdARORB3: B AR PABseri iy BB s 02AR07. 11

is particularly advantageous that t or eac\?r&@i%ﬁ%gém ng P/ayer c@nprl ses a
hi ghl y odentetite dréiienBian 806k, asre hesualy gréabl ehdir 66VDaNMdHrgRerBbi gramince

Fi bres BV therl ands c an under the, tr name DYNEEMA, or that
val | a1 3% ¢ R/ ey BTG nors PP EERRPE T Te, TR NG e 0 3Hhre
SPECTR%%A%%%(%E@] ¢ %Agg_mqgfggw are disclosed in a trade brochure

entitled EI{/I%\{;[ the top performance in fibers; properties and
appl i cat i onUHNIR ihgessibedingioPexdopieahle AR BE4S0BYS Sai41 t84 DA S8A-

“Spect P et B hdbar T et 6an o N PR poueP e Bd 0 B 51 06,
These ppiesdyal s have. been available since the 1980s. In the preferred

enbodi nent, the or each reinforcing |ayer conprises a woven fabric forned
of fibres altriamgeiculars aentagrpusathatdhe artaasih rajeforcine Ifimepmpasesta i s
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di r ect Bynatlethbdahes eompargl)sder the trade hame DYNEEMA, or that available from
the US corporation AlliedSignal Inc. under the frade name SPECTRA.
Additional details about DYNEEMA are disclosed in a frade brochure entitled
“DYNEEMA,; the top performance in fibers; properties and application” issued by DSM
High Performance Fibers BV, edition 02/98. Additional details about SPECTRA are
disclosed in a trade brochure entitled “Spectra Performance Materials” issued by
(" AlliedSignal Inc., edition 5/96. These materials have been available since the 1980s. |
In the preferred embodiment, the or each 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 ang’le of less than 20° to the axial direction of the hose; we aiso
prefer that this angle is greater than 5°. In the preferred embodiment, the or each
reinforcing layer is arranged such that the fabric warp direction is at an angle of from
10° to 20°, most preferably about 15°, to the axial direction of the hose.
The purpose of the sealing layer 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,



prefer that this angle is greater than 5. In the preferred enbodi nent, the
or each reinforcing layer is arranged such that the fabric warp direction
is at an wpghes@t from 10 to 20, nost preferably about 15pctmadig2axi al
direction of the hose. The purpose of the sealing layer is primarily to
prevent the | eakage of transported fluids through the tubular body. Thus,
any sealing |layer which has the requi r &y degree of flexibility, and which
can provide the desired sealing function, will be adequate. Al so, WO
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| ayer s tnghdeb@aterial would be formed of a plurality of separate lengths of sheet material
arranged along the length of the hose. IT desired the sealing layer may comprise one or
more heat shrinkable sealing sleeves (i.e. tubular in form) which are arranged over the
inner reinforcing layer.
{ We prefer that the sealing layer comprises a piurality 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. [n practice, the sealing [ayer 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.
A particularly preferred embaodiment of the sealing layer is described below.

The axial strengthening means may also be formed of the same material as the



,required. Usually, 50 | ayers, at nost, will be sufficient. The thickness of
each layer of filmwould typically be in the range 50 to 100 m cronetres.
It will, x@fyRQ4HSe, be appreciated that nore than one sealihg:kayfissiay be
provi ded. A particularly preferred enbodi nent of the sealing layer Is

descri bed bel ow. The axial strengthening nmeans may al so be forned of the
sane material as the WO 01/96772 PCTI @ /02562 -9 or each reinforcing

| ayer. Thus, it will be clear that the axial strengthening neans, the or

each r el BaeH wimprdingeayantihtibat witkhe dgal et thamyiabbtrehgthbniniBrebnothbhs sane
basic conpound.. However, the formof the conpound nust be different in
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grippi ng nenmber. I'n an another preferred enmbodi ment he axi a _
st k engtduand isgshedd Ha sojedoowedreni that ihea paramstersobihe WHd\Wituusedimtye and

a further, axi al,, strengtheni ng nmeans. .S al so provi ded between,t ar
body aRde S B ED SRR el TarPe - Seriin 8 BT e e e M ani
appl i cagé®psthetrefifolding Saydesi rabl e to provide insulation over the tubular
body. The insul ation could be provided between the ( outer wire and the

tubul ar shelweuithdemossifisfartheradislrtenginering Theannubaproddadwitonthe se
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gonpr epsnrseférpgd ierr}ﬁ)ucl IHe%rt], tlhaeye(la:gigl §Péjngr{ﬁciagiln%i nr']\eans is provided within the layers of
the tubular body, and a further axial strengthening means is also provided between the
tubular body and the outer gripping member.
When the hose is intended for cryogenic applibations, then it is desirable to
provide insulation over the tubular body. The insulation could be provided between the
(  outer wire and the tubular sheath and/or outside the otter wire. The insulation may
comprise material conventionally used to provided insulation in cryogenic equipment,
such as a synthetic foam material. lt is preferred that the axial strengthening means is
also provided around the insulating layer to compress the insulation layers and maintain
their structural integrity. The axial strengthening means around the insulation layer is
preferably provided in addition to the axial strengthening means between the outer
gripping member and the tubular body. A particular suitable form of insulation is
provided in further detail below.
According to another aspect of the invention there is provided a hose comprising
a tubular body of flexible material arranged between inner and outer gripping members,

- wherein the tubutar body comprises at least one reinforcing layer of a woven fabric



their structural integrity. The axial strengthening neans around the
i nsulation layer is preferably provided in addition to the axi al

st rengt hgy f@cans between the outer gripping nenber angdmepbdgbar body.
A particular suitable formof insulation is provided in further detail

bel ow. According to another aspect of the invention there is provided a hose
conprising a tubular body of flexibld0material arranged between inner and
outer gripping nmenbers, wherein the tubular body conprises at |east one
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conbi nation of the additional features described in relation to the hose
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of the inyvention there i s provide t hod ,.of making a hose conpri sing:

(a) w_rﬁﬂ?ph%;e chrrd@%ﬁbﬁ?dﬁrﬁ{)?ﬁ%&a‘% tﬁgrﬁ‘a\’reé\t'opo forman inner coil; (b)
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order to provide a tubular body fornmed of the sheet material; (c) pulling -a

t ubul amakini@h hetseecagtipesingy sheath over a free end of -the- mandrel, so that
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sheath to forman outer coil; (e) securing the ends of the hose produced in
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(b) conprises twehamiref os€ithgt tiey ensndishrsiéraly agthin siealdxig steeedthedng

descri bed above. In the preferred enbodi nent, an inner reinforcing |ayer,
in sheet form ishaptppeen pelingdne pxigl stigagiwsingsreatt @lonaihe mgadrel so

that it at least partially covers the tubular body;
(d)  wrapping a wire around the axial sirengthening sheath to form an outer
coil;
(e)  securing the ends of the hose produced in step (d); and
(f) removing the hose from the mandrel.
Preferably the coils and the sheet material are applied under tension in order to
provide the hose with good structural integrity.

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

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

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

length offset from the position of the coils of the inner coil.



mandrel ; then the sealing layer, in sheet form is wapped helically around
the inner reinforcing |ayer; then the outer reinforcing |ayer, in sheet

form isywyaeped around the sealing layer. Usually a pl ur@f,gg09§25§eal i ng
| ayers woul d be applied. The tubul ar axial strengthening sheath may be the

same as the axial strengthening sheath described above, and is preferably a
braid. Preferably the inner and outer-ideils are applied in a helical
configuration having the sanme pitch, and the position of the coils. of the
outer coil Accordhg) {0 anstiehaspect giithe nvehtogtierefid saividedahbbe coagprisimy of
the coils of the inner coil. W 01/96772 PCT/ GBOLl/ 02562 -11 According to
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or t poi g teteedBlie tod gV Ebid raARes sBR MR £650 aRAerSIERE  ne
hose anfd ealRY Bitough! tHedbbegkatgrachsriyeahint theit hagdhosehfilriifdresdriplsed 4 hat

the hose further conprises a generally tubular braid disposed around the
t ubul ayensvaNy tukedar diaig disposadiareunddpedubwar bady.i nvention there is provi ded

h i sj lar b f £l exibl i al d_bet)
"aner and owertte Dt aErmre o e okt DRt Rl BRSS arBulii
layer SR dTFlasane mMdetiBNgirafged BBtvAHEihnef 8h@batdghdplryPembers,

characterised in thatthe sealing |ayer conprises at-least two polyneric
fi | ns,thefiebar body Eompisieg ageadne layer sandwiched dlejween andnagmamdanoiutehe
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inghe material properties at the operating tenperature and pressure.
Pr ef eraild secdns polyererdiffarsnd feynihedirstinppdyimehe i nner film The effect of
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finite tine, allowwing the pressure gradually to dissipate. In the preferred
enbodinreRertiestH thr ePRIANNG lelineraturedndressys; Rrefecaizly the ogtsadimds stifey ent
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pol yariutst, treerpos palceftiolledrfailerefdfibe spaliygrmyer such that the stiffer outer polymer
fails while the more ductile polymer holds the internal pressure for a finite time, allowing
the pressure gradually to dissipate.

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

( | Each polymeric film of the sealing layer is preferably a polyamide, a polyolefin or
a fiuoropolymer.

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

We prefer that one of the polymeric films of the sealing layer is a polyolefin and
that another of the polymeric films of the sealing layer is a fluoropofymer.

Suitable polyolefins include a polyethylene, polypropylene or polybutylene
homop.olymer, or a copolymer or terpolymer thereof. Preferably the polyolefin film is
monoaxially or biaxially oriented. More preferably, the polyolefinis a polyethy!e}le, and

most preferably the polyethylene is a high molecular weight polyethylene, especially



When the polyneric filmof the sealing | ayer conprises a polyamde, then it
may bean aliphatic pol yam de, such as a nylon, or it nay be an aronmatic

pol yam dgg gisshi;zas an aram d conpound. We prefer that onep®@f/GBbgoszet yneric
films of the sealing layer is a polyolefin and that another of the
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PFA. These films may be made by extrusion or by blowing.

Preferably, the sealing layer comprises a plurality of layers of each of the
polymeric films. In an embodiment, the layers may be arranged so that the first and
second polymers alternate through the thickness of the sealing layer. However, this is

( not the only possible arrangement. in another arrangement all the layers of the first
| polymer may be surrounded by all the layers of the second polymer, or vice versa.

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

arranged over the inner reinforcing layer. At least two of the sleeves should be made of



pol ymer may be surrounded by all the layers of the second polyner, or vice
versa. W prefer that the polyneric filnms of the sealing |ayer are forned
of a shegd phsspterial which has been wound into a tubul apchRigH RYs ndi ng

t he sheet naterlal in a helical manner. Each polyneric f|In1nay conprise a
si ngl e conti nuous sheet which is wapped around the inner reinforcing |ayer
fromone end of the hose to the other13-However, nore usually (and dependi ng
on the length of the hose) a plurality of separate |engths of the polyneric
fil m vpdifférdst swaterthiaround the inner reinforcing | ayer, each |ength of fiIm
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Prtaf erably, the sealing '|layer further conprises at |east one layer ‘partially
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is a polymer coated metallic film. The metal may be, for example, aluminium oxide. The
polymer may be, for example, a poiyester.
Suitable polymer coated metal films include 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.
Accoarding to another aspect of the invention there is provided a hose comprising
a tubular body of flexible material arranged between inner and outer gripping members,
the tubular body comprising a sealing layer sandwiched between an inner and an outer
reinforcing layer, characterised in that the sealing layer comprises an UHMWPE. The
preferred parameters of the UHMWPE (molecular weight range, etc) discussed above



( MET800B and MET852; MET800B is preferred. A further netal |ayer may be

di sposed outwardly of the sealing |ayer. Preferably, the further netal

| ayer iswdipgposed between the tubul ar body and the outer gigmpobagezseenmber
Rockwool | ayers may al so be provided here to inprove the thermal insulation,
preferably between the sealing layer and the outer netal layer - the aim of
this is to create a thernal annul us -b#tween the two netal | ayers. According
to anot her aspect of the invention there is provided a hose conprising a
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par anet er s Brthimaspeshabthadaventiprn. hesS@é}‘l.nedaV%y@r formed ofdieaishrnkablare as
th t t
ot heBRVR T gt q¥be LKy HaSlod b 0o FRAdE OF Chfdeh PHElISialk, pliliieyoPee

sl eevegyst be insadwbf B¢ PEl for the sleeves to be made of different
materials, but they nust be made of UHWWPE. I n the npst advant ageous
embodi nent &f theh@osivadvariagepHs %@apﬁinﬁ@emta%ﬁhedawﬁml%sm spalirg laver

I f. t
Comrt ubPlie LRt Pt B nsP et Cire R Thel A eblostng §f He
seal | nignispaehpfised Se it i sedecadlat waight potyetioyigner coated netallic film
a netallised polynmer fi]lm Accordi ng to apot her aspect of the invention

thgre i s prioafaadba W@sﬁe%%ﬂqﬁr nf(j”hﬁ CORTSesShBlEY anerrenaealadl
a”angﬁgtgﬁéﬁﬁ?ﬂ hr}HS iy gb'lkﬁf ardfifPpPi ng menbers, the tubul ar body

conprising a Seal |ng ayer ed between an inner and an outer
rei nf or ci ngAteording toh‘ﬁTcabéaeas;mﬂ orfthetthaenﬂ;dsreﬂmasalls pgnvhdze;cba hosapompeisiraf

Subst AP EXp BT etergl e en e R ayeer a6 a0 U SHEKPARS TREIESF) . or
cont & B B & S B e LW BB an'inh & arf e Sk
remforcmg layer, characterised in that the sealing layer comprises at least one 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.

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.

When the hose is intended for cryogenic applications, then it is desirable to
provide insulation over the tubular body. The insulation could be provided between the
outer wire and the tubular member and/or outside the outer wire. The insulation may
comprise material conventionaily used to provided insulation in cryogenic equipment,
such as a synthetic foam material. One particularly suitable form of insulation is
dascribed below.

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

nosition, without compromising the flexing abilities of the hose,



gain - this is especially useful for cryogenic applications. In addition the
nmetal containing ( film provides good barrier properties, thereby reducing
vapour twensmeszion - this is useful to prevent material pcossBdirasporti ng
gases. Wien the hose is intended for cryogenic applications, then it

I s.desirable to provide insulation qagr t he tubul ar body. The insul ation
coul d be provided between the outer re and the tubul ar nmenber and/or
outside the outer wire. The insulation may conprise material conventionally
used to profreedingieeacthal aspest pbdeairvaniionpse provide echoss camprisingai ¢
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capabi Qﬁémeerefsdtw a BOsR! rd3iP ashiYix @idposaty erbir the v i8S hBHPVIHE Bater means
to hold the outer Wires in position, W thout conpromi sing the flexing
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aspect o he, i nventi on rovid se co risin y., of
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characggrd sed by a cured resin matrix disposed around the tubular body, the
outer Qgripping menbers being at |least partially enbedded in the resin
matrix i n OTlder:ute]:f rersirs tatot musk haVGeufﬁmim’télﬂxibﬂié}tmmwﬂrermﬂedn @nidrtpi ng
nenber rest of .the cured resin tr|x
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applications nmay require nore flexibility than others. The resin matrix
preferably Cohapesis ersatax pyaferaéﬁy corppligasa systhefic pelypeiryaucht dsepyuretharnes
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pouring or painting his enabl es the uncured resin” to be applied over t he
out er Bappplad t@rtherfw&aﬁmuwaymd?oaﬁdgméawﬁmrT@iﬁﬁ@@bmf thenriseired resid t hen
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of the resin matrj Xx. S preferred that at least one of the layers
adj ace@ﬁmgnr@a&hee@'rfem%stﬁa%ﬁ % is capabl e of withstanding cryogenic

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 1o adjacent layers.

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

Thus, according fo another aspect of the invention we provide a hose comprising
a tubular body of flexible material arranged between inner and outer gripping members,
and an inSu!ation layer disposed around the tubular body, characterised in that the
insulation fayer includes a fabric formed of basalt fibres.

Suitable basalt fibre fabrics are available from the Sudaglass Fiber Company
under the frade designations BT-5, BT-8, BT-10, BT-11 and BT-13. The preferred



tenperatures, so that, if the resin matrix cracks owng to the cryogenic
tenperatures, the adjacent |ayer holds the resin nmatrix together by virtue
of the adbhesbaym between the ( resin matrix and the adj acemctey®rozséghe nost
stable structure is achieved when both sides of the resin nmatrix are bonded
to adjacent |ayers. W have al so foun%j that certain materials can provide
hose with especially good insulation, 6parti cularly at cryogenic
tenperatures, In particular, we have found that fabrics formed of

basal tthfckbessofthevabedc geiremoabaitiOy1 gupdin tesnat Doh mthif desised. @ plurafity of

anot her as t of t i nvention we .proyide a hose conprisin a tubul ar bod
of fl ﬁv%ﬁgﬁ?ﬁﬁ?ﬁﬁﬁaﬁ?%’?% dg%gm%@ﬁg'%!'nner and oute?pgrippigng menber s, ané
an insul at iy HRLAIsIFSRRPE HOMRAtMR drobultils STedbalt (AMAGHRIbSE kg, t hat

the insulation layer includes a fabric forned of basalt fi b‘rn?;r. Sui tabl e
basal tcdmgressibabthesfacewavaticfebioepfovide eheorSpdzssiars &ayEreroutditpenyasalhder
the trade des_[énati ons BT-5, BT-8, BT-tlo, BT-11 and BT-13. The preferred WO
01/ 96 F2prigmenieRE et compiessinabR3 e he fabric is fromabout 0.1 mm up

L0 about 07 ddicialdifay fuhel ALAIYL 1fors! AYGE B Sind AR thaldlBlil ¢ MY

be enpl oye ave a at the insulatron properties of basalt
f abri csichrgy polgmenideioans) ip aediioonto thedapdds pofieagalefadrict o provi de a

conpression | ayer around the basalt fabric, ich serves to canpress the
basal t | ayélVe Argien ahthe FWI?%kayﬁéiu‘Pt{]?f K@\{mﬁ‘?ﬁ:%@@st apersintadeneeniot her
i nsul at.j i L& of il i (s)
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| east muhgamiglierdrar selyelefin. Thgeeinfdicemarit tdyarceap he Mageof s arvemiatedats
sypthetic pol yner, such as a pqlyester ol yam de. or a pol yol efin. The
el nf ATBRIHISTERR AL PR RREd G S e ipeaRaaE: Whichargdeshtbed abPrand
out er i ! ; ; b i e. It
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| ayer high awleduiamwelghgpolystrdana(Undit\ gt E ) sugk sy ENESMMNWEDECT R s
DYNEEMA or., SPECTRA, as descri bed above. The tubul ar body preferably

conpr i4&S6T8#A PRA¥E- one reinforcing |ayer and at |east one sealing |ayer.

More pref ergd yibuldreRlyasrerarablyaashplives s6eakos e f@nﬂo@MﬁP Saydrtdhd Rgeaseal i Ng
| ayer sandwi ched t her ebetween. The tubul ar body preferably has the same

f eat urane sealingdayabublare poefprabiyctivse raphvgast two reinforcing layers with the
sealing layer sandwiched thersbetweenri. The tubular body preferably has the same

features as the tubuiar body discussed above.
The tubular body may further include one or more insulation layers made of
conventional insulation material and/or made of the basalt fibre fabric described above.
[t is preferred that the hose is also provided with the axial strengthening means
(  as described above.
| According to another aspect of the invention there is provided a method of
making a hose comprising:
(@)  wrapping a wire around a tubular mandrel to form an inner coil;
(b)  wrapping a sheet material around the tubular mandre! and the inner coil
order to provide a tubuiar body formed of the sheet méterial;
(c)  wrapping a wire around the tubular bedy to form an outer call;
(d)  applying a curable liquid resin over the outer surface of the tubular body
and the outer wire;
()  allowing the resin to cure;

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



The tubul ar body may further include one or nore insulation |ayers nade of
conventional insulation material and/or nade of the basalt fibre fabric

descri bagodheys, It is preferred that the hose is also p[,@wcgg)qmu\%ft,h t he
axi al strengthening means ( as described above. According to another aspect

of the invention there is provided a nethod of naking a hose conpri sing:

(a) wapping a wire around a tubul ar -féndrel to forman inner coil; (b)
wrappi ng a sheet nmaterial around the tubular mandrel and the inner coil
order to pr{gyi deretnduibylthe fosdyrdrartrednafidtahe sheet mat erl aI (c) wapping a
wire around the tubul ar body to forman outer coil; (d) ying a curable
li qui d resiPrede@oly, Héedneﬁ}odsimm(@%mma@é anniwnararbusaylatfaﬁdaywwwtée wire;

o st e il i BTttty Weker n i Gom e e Tolthet AR E SRR T o
t he mapdd&doribBcedwhabl y, the nmethod further conprises applying an insulation
| ayer over the cured resin. The insulation |ayer preferably co;Bri ses a

fabric fornoéten (Hathw ubtiasbesy may cagpeispisdabuissbedy s desepbed pbovadn
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convenigrRBatiohAshéaktion maxeAl 24 d/aPHale srane babak srdrasat Hebdiiet AdVd.C
descri bed above. The curing may take place sinply by |eaving the coat ed hose

to stand inhe euring masatakeenieee sinply, Dyleasigdhercaatat] hose tmstaodi inaimeans
such as_heat| he cured r tri.x cont as,.bubbl es, as
descriB8Y Seque%te ot A %Cfe(?%%%i byogﬁtar? Ve m/%?‘ﬂ% %Lﬁceh 3 gte@gngo | mprovi ng the
t hermal resfiad afes! r@rwwﬁd@w@@aa@maqﬁ PBQ%@bb@soégkhéscﬁlﬁ'é@ bbrxe! ves the
J|(I i sation of a |ayer congrl sing astics material having gas bubbles

ected t Her@har aspeet of i etievgmméeiaé%&ﬂm@fowm@ thenti@wnainramst@noau de a
hoss ot s, ke iy i sl el anaeR e, e
ar ountidtRstribtdriat hemmaegas bhbblelsdafdoted thameiar | aI contai ning as bubbl es
therein. According tfo another aspect of the invention we provide a hose comprising a

iubular body of flexible material-arranged between inner and outer gripping membets,
characterised by layer of plastics maierial around the tubular member, the plastiés
material containing gas bubbles therein.

The plastics material is preferably a polyurethane. it is 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 inio the plastics
material, before spraying, while it is stili 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 cantain any substantial amount of gas bubbles.

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



The plastics material is preferably a polyurethane. It is preferred that the
plastics material is applied to the tubular body by spraying the plastics
mat er i alywoigyekisgui d form over the surface of the tubul arpd9dyei/dReN

|l eaving it to cure. Again, the curing my take place sinply by |eaving the
coated hose to stand in air, or may be effected, or ( accelerated, by an
active nmeans such as heating. The gas1Bubbl es may be incorporated by
injecting the gas into the plastics material, before spraying, while it is
still lapem Theglurthelr dayer dhelastcumatatial myy heothegesmeqriasiics natetialsdd tse

mat eri al has sqne of t eneficj al tryctura roperties of the plastics
Tat or (GHS-PoREITNG JAVFH- LS eaRPNaRE THCEID Of BLRa e S Cal B

subst i {frproved insul ation properties. It also has inproved buoyancy
causeﬂ%ﬁl{eﬁadp%sence of the gas, and can be used to produce a hose

capabl e of %maa%/m ofpiaeticsrmatatialcam bewpplisd Ujr%dﬁdh}ﬁ@bthéﬂ&@ncaprajgﬂgg its
| ength. Preferably the gas-containing plastics material is covered by a
f ur t huahagepowing Maisting o @draisiofl | whi ch does not contain any substanti al

anount of g les r.ef i r f r | ics _nmaterial
i s bonded s&iﬁ ?ﬁﬁ%blﬁcg%@agabger @%Jﬁét{ gé ﬁ"ﬁ“ﬁ%@%’%@%g‘“ﬂgﬁ %ﬁ'ﬁgéeff ahg
Iayer.ingﬁ@afsurt her | ayer of plastics material may be the sane plastics
material as_the gas-containi ng% | ayer. Preferably the further |ayer of

pl astics mathks ispecitemarayiy of thel polvefaiaare, BIOR {caparation, s dwefarably

materi al ca | ied by techniques other than spraying, such as pouring,
pai nti%%%’%ﬁ?i’ﬁ‘?bn. Any suitable gas nay be used to formthe bubbles,

I ncl udi ng ajtie hBsé BABEHIYIa9A speBfityredly.of Bheusped hvitogthsighy-ddintdiRmg
pot)yur ethane, prior to aeration, is preferably a%)%om mately 1.2. The hose
t ypi cdaysr. Raefesaklydbe hosediasan pveralinreeiig aragitypt iesathand, geafecdiy i8as ng

or of 81 Tt snAR=goR TR Gt aRing BRRE THE £y Sblifa ke Mt
The PYe;6atdaanpibi asoess-smayn, preferbioly abvatdhen. Theyasbubbies aprmeaiably

about 6 mm The%ldg)tas bubbl es are preferably I|ess than about 2mmin di aneter.
The gd@SHHHS ORWMMEIhIMBAMEEF al so may be used in the enmbodiments of hose

descri bed aRQygas boBR bbfidiig tifer by Hb 8 IHEIRbBAlAYRS SHEY ST NG
described above. 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 therain
to restrict refative movement of the outer gripping members.
( According to another aspect of the invention there is provided a method of
making a hose comprising:
(a)  wrapping a wire around a tubular mandrel to form an inner coil;
(b)  wrapping a sheet material around the tubular mandrel and the inner coil
order to provide a tubular body formed of the sheet material;
(c)  wrapping a wire around the tubular body to form an outer cail;
(d) applying an curable aerated liquid resin over the outer surface of the
tubular body and the outer wire;
(e)  allowing the resin to cure fo form a solid plastics coating containing gas
bubbles therein;

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



resin matrix, as described above, in addition to a gas containing layer. In
this construction, the gas containing |layer would typically be disposed

out war dl y, pf,fshg cured resin matrix. It is possible for tﬂ&q,/(gg‘@mcégg,tai ni ng
| ayer to rep(ace 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. ( Accordi-ng-to anot her aspect of the invention
there is provided a nethod of rmaking a hose conprising: (a) wapping a wire

around a tulyl ar raraBding thethds? Mo@thenngidedi | ; (b) wrapping a sheet
material around the tubular mandrel and the inner coil order to provide a

t ubul ar bodyhedems@esatachis useddo maaaithal theresinikaipbeeny chamadwithaugds; he

t ubul ar , bo to forman,outer coil; (d),applyin n_cur abl rated liquid
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wher ebsfe,rrru&%wgc%n £RG, Ot BOPE SO TSING a&UEHﬁF@OﬁM@J@W% tlerial Aagasd

bubbl e ' i :ahow ; r@ec%‘f'n .
necessg?ﬂtb?@ﬁﬁe%?@ogﬁﬁéﬁgﬁg”% 5ﬁ3ﬁ%§q%§§g§?&% élﬁgteﬂglﬂ?ﬂn enti@ﬁg%ﬁgp eis
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t ubul ar body of flexible terial, ar,fange between i nner and outer helical
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adapt egn%@eggg%@% Ieaét% E|coi§\rt o{git%tgéeé(?géﬁf%l% o@?gﬁgta \agé%dt g%gl%g r{%éa[rrenber
and t hpadereplied b &g hasd aaoweptneasaalingademban §T erddrig redacs caddiptiadtd,o
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seal at least part” of the tubular body fully around the circunferenc
bet weehully meoguhthengrewmfsseneg detwren Hiteseatimgbaemberived thednnapmesenbes

preferably ‘?Hg ﬁwtn%?li-rix&lnbér %yﬂﬂé%qébﬁ/%lubs%qiawSy!i%%?ilcjalr,]gngﬁwrg)géa!ing member
s preferably in the form of a ring adapted to receive the inner member therein, so that
the tubular body can be clamped between the outer surface of the inner member and

the inner surface of the ring.

The sealing between the sealing member and the inner member can be achieved.
in a number of ways. For example, in one embodiment, the sealing member may be
provided in the form of a split ring which can be tightened to provide an adequate seal.

k In another embodiment, the sealing member may simply comprise a sealing ring which
is an interfersnce fit with the inner member.

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

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

of polytetrafiuoroethylene (PTFE).



Is preferably in the formof a ring adapted to receive the inner nenber
therein, so that the tubular body can be cl anped between the outer surface
of the ispperogrenber and the inner surface of the ring. Theesbingshet ween
t he sealing nenber and the inner nenber can be achieved in a nunber of
ways. For exanple, in one enbodi ment, the sealing nenber may be provided in
the formof a split ring which can beZQTghtened to provide an adequate seal

I n anot her enbodi nent, the sealing nenber maysinply conprise a sealing ring
whi ch is afhe reesdingr emereber tpreferabiyhdasniier feeidses . ofHtve veealingn mdraber
prefe%[ed.sqg di nent,, the sealing nmenber conprises an inner sealing ring
and aifSSGtef %@Fﬁﬂa frg whi ch can be tightened in order to force the sealing

ring into efga ] | JyRes hi s
enbodi nent it %%;qu%rgﬂee?%%Hﬁéﬁ%gérggwonﬁaﬁ?%ggiﬂs an ?W?@?%ﬁ?gkﬁt
with tded itanemitiegbarsmber andean tamd Mmertber seopredv o thhe e megibdherdaner
menber, the sealing ring . and the split{ ring ma e any suitable material.
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PCT/ Gigehber ab coBflectBathseadh tie lenbieansmigfiey afdnibbas the features of the
seal i ng nenber described herejnafter. The |oad transferrjing nmeans

pref er abl y [d6npese &510R0E: BVARBAGISRAFRIABLP ergadedhg heshisnsudh agnaender and
an_end, JEINELREHAPH SabBridilinfRRBHose B 1 AHERAA TR riehsycih kAt the
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seal i ng - ne | SpoSe etween the er and e end

mﬁnbe mr?sahmglta@mdg trizen bexs & hertyzs er:%gagén@ﬁ"rerﬁbdr m-bnesfemithemrfon?esabeh@ fjtmlecéI ed
thpough the load transmttjn er. The hose engagi_.ng nenber is adapted to
enéagérwéerﬁagénﬁm%%ﬁﬂa therinad ARG Me efﬁ%fisf@fgs Hwsedricas fothees
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The hose engagli hg mne ransfers ese forces to t transterring
menbemembdr tiherdaidn proaivef e fatigbilignbeihet semi previdet ipstbefsmatieg memblee. end
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with helical recesses adapted to receive the inner wire therein, and the load transferring
means can be provided with helical recesses adapted to receive the odter wire therein.
Preferably, it is the hose engaging member of thé load transferring means which is
provided with the helical recesses.
The load transferring member preferably comprises a load fransferring piate,
which is typically disk shaped, having an aperture adapted to receive the hose
(  therethrough; plate has a surface engageable with the hose engaging member,
whereby loads can be transferred from the hose engaging member to the plate. The
load transferring member preferably further includes a load transferring rod secured
between the plate and the end member for transferring loads from the plate to the end
member. A tightening member, such as a nut, can be provided on the rod.
The inner member preferably has a hose end which is adapted to extend within
an end portion of the hose, and a tail end remote from the hose end. The end member
is arranged on one side of the sealing member, adjacent the tail end, and the hose
engaging member is arranged on the other side of the sealing member adjacent the
hose end.

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



portion configured to receive the wires of the hose. The inner nenber can be
provided wth helical recesses adapted to receive the inner wire therein,
and t heyhoadsimansferring neans can be provided with hebpgalgghRessses
adapted to receive the outer wire therein. Preferably, it is the hose
engagi ng nmenber of the load transferring neans which is provided wth the
hel i cal recesses. The | oad transferr-?ﬁg menber preferably conprises a | oad
transferring plate, which is typically disk shaped, having an aperture
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furth @%L}@pﬁ@ggﬂ?ﬁm&é ﬁ*ﬁcdifePﬁJ rbu G bee p Begun@@ﬁ g@%nﬂhgtzﬁn@md the

end ans erring omthe tot een

ti ght @eilter @itb &ie seuling amga itnetprefmred)éhalrtbelaieehcbnfdrﬂmetlbnct:orﬂ'b:&sem aer
menber preferably has a hose end which is adapted to extend within an end
porti eiejationhextapding eifemaleranialygrousgdne CT‘-K%"HWW%@%@%WHBV THETERE menber

;ﬁear ?ﬁ'gaelﬂ}‘n @'5(?%& %ﬁg hiletée fsfaaréi'fﬁrgn adj acent the tail end, and

&t s arrange e other side of the seal | ng

nenber adj agedtdiidiao drasikecadpedtr ef teablventiba thetels srivided 20mdthedi gmer
menber is provided with at |east one WO 01/96773 PCT/ GBOL/ 02562 -21

f or nemia&ingth BEESCARRPEFNgs adapted to engage said part of the tubular

menber , r i nprove the
seal of th@gtub“{agpahgr%me érﬂgnyghﬁn%)%fear Qﬁ%xfreg[d&ﬁrh? W?octroﬂt he tubul ar
menber to (bg pUWreé hgashestwaateriahardurbthe tubakzemandtet Aed dealdmg doiing. |1t
s(pref erred that e or each formation conprises a EI‘O] ection extending
citr

cunferenti al D;d%ferLﬁf@V'Ejﬁ@ Biudar RepY Irwegiofithe shesemaieri®er . Desirably,
there are ¢c o] réé&e‘g é)twr@adéggﬁerﬂq@tt%ﬁgé %ﬁjﬁgg%ﬁ %ose CheénaSpect of

t he invent provi a met ohprising: (a)
W appi ng a(dyi r er@mourm@; thehobalfmntfmmheedr&l;a:ﬁanaeteased e fotbowing(dbepsyr appi ng

a sheet material  around the tubum?) mandr el and tgﬁllnner coil order to
provi de a (el)bul HiSR9sHE #B /ST BPMPRE L ARAPSRE Ewrapping a wire

around the Ubuikréf mPAEY% Fo%dﬁ%r@é‘r’?m@%één&?% b o élﬂ%aceemme%sbhenaose
fromthe ndre characterised by t foll ow ng steps
(@) clampmg a sealing member to an outer surface of the tubutar body.

Preferably the method further includes the following step between step (b) and

()  pulling a tubular axial strengthening member over .a free end of the
mandrel, so that the mandrel extends within the axial strengthening
member, then pulling the axial strengthening member along the mandrel

( so that it at least partially covers the tubular body.
Preferably, the axial strengthening member is clamped by the load transferring
means, and the method further includes the following step after step (f):

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

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

provide the hose with good structural integrity.

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

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

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



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

| oad transferring neans to an outer surface of the hose; and (g) clanping a
seal i ngwmenb®t77t 0 an outer surface of the tubular body. Prefesmbkysat he

met hod further includes the follow ng step between step (b) and (c): (h)

pul l'ing a tubul ar axial strengthening nber over a free end of the

mandrel, so that the nandrel extends #fthin the axial strengthening menber,

then pulling the axial strengthening nenber along the mandrel ( so that it
at | easinferaing laver toen éie outel reliIckig lByes in pheedioam) s wianpagkargund the

et hodSAIPY et peralieS MHERRERT Stk 8 WhhEBL BBBIRE) . T " ol di ng back
the tubul aprafdrablysthieSRebhand BatdarRBie are wpplied as heﬂéaltd&ﬁ‘uﬁrqhﬁeﬁﬂ)ﬁ Kanpgerring
means. Preferably'the coils and the sheet material are apf) I ed under ftension

i n or dee same pitady iage thieepasdian ai the e éhe oetancil arapegitiongd fRlka gitabl y t he
sheet materi.al . Ln ste b). co | seg..t reinforging |ayers sandw ching a
seal | Il@'\qtgfgféet QQ%@%%P&B@‘B”&S%%PF’% Ofﬁbe W@P?ed enbodi nent, an inner
rei nfor ci ngt ik ayakinik Posthetodedioe fembbaPREeh PRl rmaakitel hakstenfe iR fIRg" coi |
and the mandrel; then the sealing layer, in sheet form i1s wapped

hel i céd tigpased ndhirmé. Alamatvelyo iliend AttingreaeBbe dipBe2d wittiinitee néstrafithe

| ayer; then the ouyter reinforci | ayer, in sheet form, is apped around
the  SOsPIRIGIRRHE IR Ty d SR arivy it adiad ol tpdrase,dorh Seudhgi | ed.
Pref erabl¥sit deta"A8Ee aBAhEWRT fiRig Whits ShaRild Adingarkd igd irS&d ot hgygati on
having the sane pitch, and the position of the coils of the outer coll are
posi t iremeéh daltifie manidreh | ength of fset fromthe position of the coils of the
inner coil., It is,possihle for the hose,to be.r ved from.t,he mandr el
before t he AeTePdREE PG f%gg i%%oogggu\?\%'ﬁena?ﬁ!eﬁé?%?%h??gé’lfg’?ePﬂ@eend
fitting carrnReydbenopRentbh Reiatdste dreigiprofetiaet iftaseRling bf Bleuhddurthener
mandrel therealong up to an end of the hose, then securing the rest of the

hose tiosehe end fitting while the end fitting and the rest of the hose
e o o PREREIS8 anh A B U R n s Rl sBRH A0 R |
seal | ggaig tHheenndsf af hbdwe comprising a tubular body of flexible material arranged
between inner and outer helically wound wires, characterised in that the end fitting
comprises: an inner member adapted to be disposed at least partially within the hose;
and a sealing ring adapted to seal at least part of the {ubular body between the sealing
ring and the inner member; wherein the sealing member comprises a sealing ring and a
comprassion 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
In one especially advantageocus embodiment, the compression member is
tightenable against the sealing member in order to selectively increase or decrease the
compression force of the compression member against the sealing member
In another especially advantageous embodiment, the compression member and
the sealing ring are removably securable to the hose.
Thus, in accordance with the present invention there is no unrecoverable plastic
deformation in the components of the end fitting.
Preferably; the compression member is adapted to compress the sealing ring

equally in all directions.



hose. According to another aspect of the invention there is provided an end
fitting for sealing an end of a hose conprising a tubular body of flexible
mat eri ajycafifogided between inner and outer helically woupdtE®F23562
characterised in that the end fitting conprises: an inner nenber adapted to
be di sposed at least partially within the hose: and a sealing ring adapted
to seal at |east part of the tubularzﬁody between the sealing ring and the
i nner menber; wherein the sealing nenber, conprises a sealing ring and a
conpr essi oRreferdidy, ther comppession ngertierdsaifi agjusiatge i diamederalantd fertbagenent
with said part, of t.he tubular .hod and the conpressi nber is

{1 oht evaBrsEaglickiehipRanEats BivicH SHa A PSR otk cedne TRTtST Shiflssase or
decre : j ' ' I '

eal | BRI TRTEESE, AalchyRrlbrogelty (R BEARE) PRGN heRBTeslh o1
nenbemdnsoert Vb ipeslabtieatahai costiptassicsericmipemeothprises acsie ring orsejidsitdevel y

i ncrease or decrease the conpression force of the conpression nenber

agai nélip-t he seal ing nmember In another especially advantageous enbodi nent,

the conpr eﬁ?# ﬁ;’%ﬁ% Hlae'?grreél %‘?’rt\lzﬁﬁllﬂew, t'f‘lle%r\ﬁ;%reés!’sﬁffp%%erﬁg ﬁé&g 40 the

hose. Thus, ce w e present 1 nvention

unr ec gugémdlvehigh aginteactsl ifser et e sealingericy winnesubjeated he ceolingi Thisng.
Preferablag the conpression nepber is adapted t co&ress the sealing ring
equal PRRViGesaR1 28VRRIGOREHS WANP UTRG B/ Pertoseaas17 B e2d belgwpl Becsealing t he
conpr i r : : : T

£ ont 070 RO HERAF DRI TS Ao Bpl R i Ebie Abfeil TG art ATRIBES ]

conpr gE8éGdls mﬁmnﬁiﬁ ave therdesyr fedm‘ril‘iare1 t@ss&ieﬂuy coheacteal lijm@rrdoggngvi Wheiprefdi¢hat I
conpression nenmber. W prefer that the conpressi on nenber conprises a split
rio(ng e a CPOBIEEEON | MEMAS] a’%aﬁ?ﬁ'@'@ﬁ%rl%ﬁeﬁ[ el edheniRRAlIRENt MNBheis

el e R TS i Tl DS G Lo
of maRITFE, tsueh haxs glasastilties BiRke dasb hishelThéo gralémigcresipn g rendealing ring
C e BRSNS PP AR B, e o orea mumber of
prefer thaj s bhfeGeARRESHREMNSRRMBATbArSs FiRidbES snsbas] ward ddherazealddag ring
' than the sealing ring when subjected to cooling. This feature has the effect that when
the end fitting is cooled, the sealing ring contracts more than the inner member, thereby
tightening the grip-of the sealing ring on the inner member, and improving the seal. The
inner member may be made of any suitable material. Stainless steel' has been found to
be particularly suitable.
Preferably the outer surface of the inner member is provided with at least one
(‘ formation thereon which is adapfed to engage said part.of the tubular member, below
the sealing ring. The or each formation stretches the film, which acts to improve the seal
of the tubular member and to make it more difficult for the tubular member to be pulled
from between the inner member and the sealing ring; the stretching makes a more even:
and smoother film surface under the seal. it is preferred that the or each formation
comprises a projection extending circumferentially around the outer surface of the inner
member. Desirably, there are two or three of said formations.
It is preferred that the sealing ring is an interference fit with the inner member.
in a preferred embodiment, the end fitting further comprises a load transferring
means as describad above.

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



pol ytetrafl uoroet hyl ene (PTFE). Mre preferably, the sealing ring conprises
reinforced PTFE, such as glass filled PTFE, as this helps to prevent creep.

The sealyd@y s preferably conprises 10 to 20 w % of thecgl@nsnkdsk! i ng. it
is preferred that the inner nenber is nmade of a material Wich contracts

|l ess than the sealing ring when subjected to cooling. This feature has the
effect that when the end fitting i s-€é%bol ed, the seali ng ring contracts nore
than the inner nenber, thereby tightening the grip-of the sealing ring on

t he i anebutserbizely, obfidxibierateng! afrangedlbet@hen amimmerrenben aubyr helicwige of

i tabl e I al t ai nl steel h f t b ticularl
2L 1 aHOSOPER G GBHG IR BOgY RS 0 1 ZBSBP NG IRRGST e hpes and (pPoevalgd wi i h
ui . o] . f
he OB AR L Dot e A R A R B P e ches

the ffitting addescritdd abovenprove the seal of the tubular nmenber and to nake
it nore difficult for the tubular nmenber to be pulled from between the

i nner menbéhedierPrROZGIAE MRMPPREIa iFenfer lopelRifiag fikBasesimmiede viske Cﬁnd
e T s e

outer P%fr@@@h@ﬁthbh&qsiermegagm@ renbePedapldd to sdQUre ARt bibeHoskhtgieh of
said formations. It is preferred that the sealing ring is an interference

fit ws foldedk baskarvareamauter partofpher ieseangadiodi mentbern fdisatangeriang

further_,c [1Se€ d r Ll L be ove.. Accordi ng
o andiHEs et RO R e no BE RO BaRSHIRR0S RN B e iR o
01/ 96 fsnB§ TEBASIRPEAr ofthe lrodalhidyaie patyf Ol thbeatiriboely Bl ik dreferampged
bet ween an i nner and an outer helicall wound wire, the tubul ar body

sérvi ag -axal strgnggwaing ueans it Bigyierihel absaidans descibed &slows | ui d | eakage

t hrough th , ' | ; ' end

[1teing as HeeynipEHBRRErarhat qohpitis & IEacI O libRito FRRPEhIEY (" om

t he hose szialipf aysr. Wotepreferatihetiere aré anadadtdneesibiergingriaydrs witlsehand t he
at the ho agi ng

et g TN G T AT IES A MO
For -t BT e | Gacle T the hose engaging -
menber. Théhidubethrpedy ofay figihesiechule dre marmord inswatiarb (dyars boalde obut it
s pr gc];g\;e%tﬁo%al insulation material and/or made of the basalit fibre fabric described above.
It is preferred that the hose is also provided with the axial strengthening means
as described above.
According fo another aspect of the invention there is provided a method of
making a hose comprising:
(k (a)  wrapping a wire around a tubuiar mandref to form an inner coif;
(b}  wrapping a sheet material around the tubular mandre! and the inner coil
order to provide a tubular body formed of the sheet material;
(¢)  wrapping a wire around the tubular body to form an outer coil; and
(d)  removing the hose from the mandrel; characterised by the following steps:
(e) disposing an inner member in an open end of the hose;
(f) applying a sealing ring over an outer surface of the tubular body; and
(g) applying a compression member over the sealing ring, and compressing
the sealing member into sealing engagement with the tubular member
and the inner member using the compression member,

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



an axial strengthening neans in the formof a braid, as described bel ow. The
tubul ar body preferably conprises at | east one reinforcing | ayer and at

| east  @ngysRa) Ng | ayer. More preferably, there are at |gagbehWzser
reinforcing layers with the sealing |ayer sandw ched therebetween. The

tubul ar body preferably has the same features as the tubul ar body di scussed
above. The tubul ar body may further i%%c| ude one or nore insul ation | ayers
made of conventional insulation material and/or made of the basalt fibre
fabri tesdethanithe dealigy sng when subjeetedripedolingt PrdieralMysalsostia sampresdided wi t h

specaTbeHBClLE Fare et e EY e BRIt SPRURT g VB %%g 6!
conpr 'rif\g;‘% S[Sl!t( ‘M P{IéLQa WUISbRY RINEs& Ui rﬁ’é@éuﬁhcﬁﬂ%rﬁ ' nner

coil; a sheet terial around the t and I nner
coi | aﬂfa@kgémtmai«esdpogsrbletmbamdumiw Hrexfeedd ManmaCMhagtme%l al : (c)
wrapping a wire around the tubular bodé forman outer c0|I and (d)
removi ng t e tNESrOCResn Nfe CRARRERSTION ¢ 'F%@ﬂ egyiorthe sealingning %@‘"éps
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seall over an o r surface o applying a

conpr esslifd ey b is @ueset itiee sealingugenting, toamﬂwtna@trmm tfegthel dignpealsidiy
menber into sealing engagenent with the tubuI ar menber and the inner nenber

usi ng Memeben RSy o areRBEIresPY @ ffarcgapp! '@ﬂebsemﬁ)ﬁ@wr@ﬁswnﬁ@mpgr fade
from 2%(?[?&3‘?{ Iﬁhl]%%h cSBBrtnict aiff2iB24 981 L Zodefd<EBRL fer Zapplfz% le/Zﬁ’lé han

the s ng ri en su to cool i ng. referably al'so npr essi on

nenbegoinebides nemeans them r@ai:jjustedmg btihg itb@cktessprogintaedethapamebvied t he
I|ng rin SPIitrLfJngi art Iarly swt%@for use%a'Psthe
cdrpr asveieRRaseringrAns hap e FRRRE s §ERse b IS YRe My hapRyied
prefe p S
Bl 1 88 T L ol e g By S e T and
seal i weeltm@eaaadstbbt eatkdimeita ehddsingecoaled|to ngmegchiared bt boasais€s t he

compr B85 413 drisE-aHop PRy T aHIReSs o THBRD AT dechaRHEchES WATe t he
cool i I‘}.gpbﬁaﬁ%éﬁe’ﬁtged t he conpressive force applied by the
First, if the hose is operated at temperature above the cooling temperature, then
the sealing ring will receive additional compression from the compression member by
virtue of the thermal expansion of the sealing member which will take place after the
cooling is removed.
Second, the hose will have substantial seal energisation at temperatures at least
as low as the cooling temperature. This is particularly useful when the hose is to be
( used in cryogenic applications. Thus, the temperature to which the hose is cooled is
preferably as low as the temperature to which the hose will be subjected in the use for
which it is intended. In general, we prefer that the cooling temperatureis -50°C or less,
more preferably -100°C or less, and still more preferably -150°C or less. Preferably, the
coaling 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 confracts less than
the sealing ring when subjected to cooling. This has the effect that cooling the end

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



conpression nenber is then readjusted to bring it back to approximtely the
sane |l evel as before the cooling, and then the tenperature is increased.

Thi s cyﬁldagl%ynbe applied as nmany tines as desired. It iﬁ:ﬁl&%ﬁﬁ%‘éq t hat
the cooling cycle is applied at least two or three tines and that each tine

the end fitting is cooled to tenperatures at | east 5C below the intended
operating tenperature of the hose. T#&0s techni que has three inportant
benefits. First, if the hose is operated at tenperature above the cooling

t enpetrat seadingtdfdhe @k fitiegl when thepose id opeméed at kadiemperdturesrpr essi on from

t he conpressi on er viJtue of the, thermal .expansion of the sealin

rrpnberrr\?mi Fﬁf\%ﬁtﬁ?ﬁ %@f@%&é té@ﬁ ?e{'?i‘é‘?efl%éﬁ Agpiied [afsngasiosinnderihe hose
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) S I CU

t he cobol'ing nper at ur S par | arly useful when the hose is to be

used in crippsgferislyaprl istabt ongteridhus , stépebh anpepddasy ewboraMfoedinghiyBese s
cooled is Ereferably as low as the tenperature to which the hose will be
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about -196C. Third, the possibility of creep failure is nmuch reduced, or
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has the ef ppgbridtigths amdmhd Heerbdils dletdppigdeausesicaheo ratidn hahg 0 grip
t i nner menber nore tightly, thereby inproving %/0 01/96772 PCT/ GB01/ 02562
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remain on the mandrel.

In the above described aspects of the invention, the gripping members typically
each comprise a helically wound wire. The helices of the wires are typically arranged
such that they are offset from one another by a distance corresponding to half the pitch
of the helices. The purpose of the wires is fo grip the tubular body firmly therebetween

( to keep the layers of the tubular body intact and to provide structural infegrity for the
hose. The inner and outer wires may be, for example, mild steel, austenitic stainless
steel or aluminium. If desired, the wires may be galvanised or coated with a polymer.

It wilt be a'ppreciated that although the wires making up the gripping members
may have a cohsiderabie tensile strength, the arrangement of the wires in coils means
that the gripping members can deform when subjected to relatively small axial tension.
Any significant deformation in the coils will quickly destroy the structural integrity of the
hose.

The hose according to the invention can be provided for use in a wide variety of
conditions, such as temperatures above 100°C, temperatures from 0°C to 100°C and

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



sealing layer. Usually a plurality of sealing |ayers woul d be appli ed.
Preferably the inner and outer coils are applied in a helical configuration

havi ng Wb@qugaﬂe pitch, and the position of the coils of $hgcanieisscoil are
positioned half a pitch Ilength offset fromthe position of the coils of the

inner coil. It is possible for the hose to be renoved fromthe mandrel
before the end fitting is disposed W/thinit. Aternatively, the end
fitting can be disposed within the rest of the hose by sliding the inner
mandr @mpdratieeat detpwp208Cabelend-50F° Q dreeversielonhdR0S Ec (For eganidhe, foeENGT t he
hose to the end fitting while the end fitting and the rest of the hose
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for usein a e variety of I ons, such as tenperatures above 100C,
t e{metcsanmﬁ%ﬂomﬁaogawgﬁ.ﬂﬂwemr@ssumem tortbe dpeiratin@Erespittechofdhs hiosapl e

choice of material, the hose c be used.at WD 01/96772 PCT/ (B0l1l/ 02562 -27
C enperdi tip LS BReus T Faet aore 7 SR Bhe BERaT T TG OB R dngirats 1 o
LNG  yeasisR0non IS fRSH ety NBNEpie@sORLAM theinrer ahatat Sowlanss frem 170C,
or even lqwer. Furtherngre, it is also contenplated that the hose nay be

used 00@ miftspprte 12046 & /hospgRic@p - 183C) or liquid nitrogen (bp -1960),
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var i emataials, difdheasstrodgtdoids, Typically, the inner dianmeter of the hose

wouldr angg@%rgrqch t!)so ngzmade fo the accompanying drawings,.in which:

Figure 1 is a schematic diagram showing the principle stresses to which the hose
according fo 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
strengthening sheath of the hose according to the invention, the axial strengthening
sheath being in a relaxed condition;

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

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

present invention;
Figure 6 is a cross-sectional view showing the a sealing layer of a hose

according to the invention;



i nches (51 nm to about 24 inches (610 mm, nore typically from about 8
I nches (203 mm to about 16 inches (406 mm). In general, the operating

pressuregafiskfe hose would be in the range from about S5GQ-kPaePsudge up to
about 2000 kPa gauge, or possibly up to about 2500 kPa gauge. These

pressures relate to the operating pressure of the hose, not the burst
pressure (which nmust be several tinme<8greater). The volunetric flowrate
depends upon the fluid nedium the pressure and the inner dianeter.

Fl ow at es Figone 7.B0G crBsb-agetibnalld@@O0smBiigaare insudaita layBreoflthseh@msof di ng
to the invention can also be provided for use with corrosive materials,
such Biguge Potfgaresitacdetad ahdnce is now made to the acconpanying draw ngs in

which: Fig ' |.C .fiag r pr L QG resses to
whi ch t he Tiogee &3edh SRETRIS R SaRBa Bl BLoalH AT B GHERSE: on
Fi gur gccbriihgaoihBenaémitore.r oss- sectional view of a hose according to the

i nvention; "Figure 3 is a sectional view show ng the arrangenent of a
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the arrangenent of ‘a tubular axial strengthening sh he hose
accor 8Brapd s thenstre sy wiictoactsiaxiatlnalang terlengtthefitha fose b dite fsingstresa

ti ght.engd. di ti-on; . Fi 5A .5 C.and 5D shaw f our,. l.icati f
hose. BeEGIAG F” Ahe © 1% SEaee Ml H2NE iteaate bRt <& o Bkl vi ew
showi fgkd ReuifeP R BGcl AVEE teGichd1e6ess ACESSighaRdt TS kRE is BURMIRMHrdR

01/ 96772 PCT/ GBOL/ 02562 -28 Figure 7 is a_cross-sectional view show ng an

i Nsul whichbraciageutthet argiivdiealaxis of grose: The crinestrers isidesignatedCgur e 8
to ¢ Roatierfh IERgS BEP B RAg T M PReBEE o WS AP hose i 15 normal 1y
subj ect ed Tige dgbpngresssiaS iJhenbrapd Siyites préssude of grafieid ihyhd AesaH. awe HS and
Is the stress that acts o

axial stress AS is generated by the pressure of the fluid in the hose and also by the

combination of the weight of the fiuid in the hose H and by the weight of the hose H

itself. The flexing streés FS is caused by the requirement fo 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 forsional stresses TS, but is less

capable of withstanding the axial stresses AS. For this reason, when prior art hoses

were subjected to large axial stresses AS they generally had to be supported, to

( minimise the axial stresses AS.

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

The hose 10 comprises a tubular body 12 which comprises an inner reinforcing
layer 14, an outer reinforcing layer 16, and a sealing layer 18 sandwiched between the
layers 14 and 16. A generally tubular sheath 20, which provides axial strengthening, is
disposed around the outer surface of the outer reinforcing layer 186.

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

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



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 | ength of

t he hosgghliedhe flexing stress is designated FS and is tde/seieessyhi ch
acts transverse to the longitudinal axis of the hose Hwhen it is flexed.

The torsional stress is designated TS and is a twisting stress which acts
about the longitudinal axis of the héSe. The crushi ng stress i s designated
CS and results fromloads applied. radially to the exterior of the hose H.
The h2dprst Eésarel—ISlamsa@eine@atEéti thgy tane Pisdsiem onhet arothenity andistendmwse H.

h I f the fluid he h
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probl em of withstanding the aX| al, stresses AS has heen solved by the
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The inner an oute re 011967 02362 -29 22
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i nsul at1on [fayer is disposed around the outer wire 24. The 1 nsufation
| ayerfor tmayotl{ter aetommglamraw nmesubathiegamatas; og(djffarechfram, dhphagtd @ forf oam
or ma% n@ r.ial described belowin relation to Figure 7.

e mner rein orcmg layer14.

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

The hose 10 further includes a reinfarcing layer 21 disposed between the sheath

(20 and the outer wires 24. The reinforcing layer 21 may have simitar characteristics to
the sheath 20 and the tubular body 12.

The tubular sheath 20 is formed of two sets of fibres 20a and 20b which are
braided to form a tubular braid. This is shown in Figures 4A and 4B - in these Figures
only the tubular sheath 20 has been shown, in order to improve the clarity. There are
spaces 28 between the sets of fibres 203 and 20b, so that when the tubular sheath 20
is subjected to axial tensioning the fibres 20g and 20b can contract moving into the
spaces 28. This acts in a way to try to reduce the diameter of the tubular sheath 20,
which causes it {o tighten around the tubular body 12, thereby increasing the structural
integrity and burst pressure of the hose 10. Figure 4B shows the tubular sheath 20 in

the tightened condition.



The reinforcing layers 14 and 16 conprise woven fabrics of a synthetic
material, such as UHWAPE or aram d fibres. Figure 3 illustrates the inner
rei nf or gYQgUe@yer 14, fromwhich it will be clear that therigEen2se:
reinforcing |layer 14 conprises fibres 14a arranged in a warp direction W
and fibres 14b arranged in a weft di rﬁj:tion F. In Figure 3 only the |ayer

14 has been shown, in order to inprove the clarity. W have unexpectedly

found that _the axjal, str th of the hose 10 can.be imroved by arrangi ng
t he inner rél%?%%b"%‘@yﬁ'éig?s $ROWR I, O eater pﬁ%“v@%ﬁg‘dﬁe@cﬁh%ﬁfqm$@ﬂ&ftﬁel ow
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strucktieesdBl orientation of the outer reinforcing layer 16 is
substantially identical to the inner reinforcing layer 14, the angle a for
the outer A8 $TAYEIMoKLEsrthesertng irvarid wumerises a plurality ptleyats 18aoafat he
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bet ween thé inner and outer reinforcing |ayers 14 and 16. The hose 10

f ur t héwo ipebineishaving arfiderenglifeges. The layepobtaiandfiRbdaverreaheaapped 20

char agrenih e SUlES SubfhoeianpihBs bR B Sher T b S 2 e s ey
sheat beBcés theofiRe &id buesrselrdoeing idyees 120mand. 28muhiicRedEBovar gigled to

forma tubular braid. This is shown in Fi gures 4A and 4B _ in these Figures
only tavers (Balaind $akatchnoinegesspEdhatfithDe iaranaeerintas altgrnetiee tfaghiohar i ty.
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20b cas = galctogativeng i nto the spaces 28. This acts in a way to try to
reduce the_dianmeter of the tubul ar sheath 20, . which causes it to tighten

around t he ThEHuSHAtRR HRYST 20 1 BROWB YN BIRAELGHAY N Heus T shewsdhe insulatipn ty and
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shownresistgneainé hodettaithe iflexifiggiresset S Tard pithvinsulatingthd heseseal i ng | ayer 18
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e

stress HS. GRBEIO N YR FPe CRTPIIRES BLITNY 'I%‘é(%télrz%%BW Ehptsi KEmed pf @al ity
of | ayghdrekBan®iwiich has been sprayed, poured, or otherwise applied, over the tubular

body 12 and the outer wire 24. After hardening, the polyurethane layer 26a forms a

solid matrix within which the outer wire 24 is embedded. This helps to keep the outer

wire 24 fixed in position. In a preferred embodiment, the inner layer 26a is provided with

air bubbles therein.

{ The insutation layer 26 includes a layer 26b over the layer 26g. The layer 26b
comprises a fabric formed of basalt fibres. The layer 26b provides most of the insulating
properties of the hose 10.

The insulation layer 26 further includes a layer 26¢ over the layer 26b. The layer
26¢c comprises an UHMWPE such as DYNEEMA or SPECTRA. The purpose of the
layer 26¢ is primarily to provide strengthening against hoop and flexing stresses.

The insulation layer 26 further includes a compression layer 26d. The purpose of
the compression layer 264 is to compress the layer 26b, as we have found that the
insulation properties of the basalt fabric layer 26p are much improved under
compreassion. 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



filmmade of a first polymer (such as a highly oriented UHMWAPE) interl eaved
wth a plurality of layers 18b of a fil mnade of a second pol yner (such as

PFTE okyFEs774 he two polymers having a different stiff 6-J.ayers 18a
and 18b ﬁave Z)een wrapped around the outer surface of tE§§€%}nBr?-e[&‘?ée2i nf or ci ng

| ayer 14 to provide a fluid tight seal between the inner and outer
reinforcing layers 14 and 16. As nendi-oned above, the |ayers 18a and 18b do
not necessarily have to be arranged in an alternative fashion. For exanple,

al | tdaengrizesrsn d%al swehdiheming shogitdikeoges sterath @oddéddribebieacaper s 18b coul d
be arranged together. The insulation |layer 26 is shown in greater detail in

::i gure 7. AsHeker molyyretians daven &yelr shewpn C‘@rrf]"é%iﬂb’ig gasabyd ‘ﬂ’?e‘;’iaYstPISat i ﬁn
o Pra B B B L0E Sontlha OBV ES . Bl BRI RS h Aagansdes
CONMPILBYan@Nof (HeehiosaY B A2 Mthed posy/dretizRe lafferagnﬁ@@hwm?g?aegnwmiﬁ has

been spfayed, poured, or otherw se applied, over e tubu ody 12 and
t he gasdubbigsemzy. berpravided odenthwygasenimhingmelyrathdreylayer Fand furthera

lid matrix withi i.ch, t.he outer. w 4 dded... Thi to Kk
The. Gabaretant L st Qi Gty Bhinttddn. Sep rER b SRt ad i oL NS nner
|aye%é%§§%§sﬁb18rf9i/ﬁ@%y@rt2ﬁa itdellf foubiniam thaedl hupbdiBg. i nsul ation |ayer 26

inclu ayer 26b over the layer 26a. The |ayer 26b conprises a fabric
formed of Thasuse 10 basde MhasufapperedBhtneriolpwing teobtique. Ada firaksteatthag

Dcr s Fire 2205 O 98 atdind Posunsshs Bid el St Lin bter LB OB,
or SREfIR errdigeehbeiRif o BesirbaY§ich26thd HidthbErdfl thel SuBSOY i f8ndrel

sE“r engt heni ngmagal nst hoop and flexing stresses. The insulation layer 26
f ur t Iserrespondaiissing danifaddstdroal diagratepeidheTiosephll. goednindr reiffercingtayessi on

I 26d i he. | . , f d, th h
| mealtd Sy bt BeSTe FiEin R i P2t Sy Bandiiel Bk R HarRd under
CoNpPrHgsstien W ssCaNPiessdindt hayler«.26d may, for exanple, conprise a rope or

cord which is wapped tightly around the I%r 26c. Preferably, the
conpr essi énPlealidy opgyerprbthepasiceiinmsshir, tremkingup tvnpralisgslayar 48 al

ol yare i ph A EP b d e dite® sBRtte o e B ARy 1 L3iMea over
t he ktiay8im<268h fuad flebtwen!ditmvecy kergifesiubstahéaiioase topethisi lesgtarnad théose
10, so that a plurality of separate lengths of the films 18a and 18b would have to be
wound around the inner fayer 14. The films 18a and 18b are preferably arranged in an
alterhating fashion through the thickness of the sealing layer 18. Typically there might
be five separate layers of the fitms 18@_ and 18b through the thickness of the sealing
layer.

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

The outer wire 24 is then wrapped around the further reinforcing layer 21, in
order to provide a helical arrangement having a desired pitch. The pitch of the outer
wire 24 would normally be the same as the pitch of the inner wire 22, and the position of
the wire 24 would normally be such that the coils of the wire 24 are offset from the coils
of the wire 22 by a distance corresponding to half a pitch length; this.is illustrated in
Figure 2, where the pitch length is designated p.
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buoyancy of the hose 10. A still further polyurethane |ayer (not shown) not
contai ning gas bubbles may be provided over the gas-containing pol yurethane

| ayer. T, {,per pol yurethane | ayer could additionally,,Qr.i ead, be
pr ovi ded@’\%o{l)ﬁ?n'the | ayer 26d. It is also possible for tﬁg%(%%de‘lr%tzi a itself

to contain the gas bubbles. The hose 10 can be manufactured by the foll ow ng
technique. As a first step the inner-3%re 22 is wound around a support
mandrel (not shown), in order to provide a helical arrangenent having a

desired pi t Afpolylhetitirrneisit istheh e sprapant bvarand beter SATARSHAAE Folhtorchty
desired internal dianeter of the hose 10. The inner reinforcing |ayer ™ 14 is

t hen wexpp2Htaiostng resis qoalieg aver thepindatriag layengpand hemiter wiretdh TiHeat
di ti Wi t,at_th ' I ) I 0, t f | f
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films 18a and 18b woul d have a length substantially S than™t engt h of
t he hothersinOThabasalhfakriphyenlth is tbenssppped arduntihiespafurshearid lager 286a and

18b | ound the i | 14. The filnps 18a and 18b
ire ot e GHIAWBE 18P 0aR 8 M Wl P g vt Robné Mo ens of
the sealhpes @ﬁ%y&ﬁzaﬁwia?ﬁhéa ovBefH Byghdgebe five separate |layers of the

films 18a and 18b"t hrough e thickness  of the sealing |ayer. The outer
rei nf or ci ngThaygedsld fhe tben TWrmppdae seapddyt bemepasa] anglebay entd 8n isgelt t hat

e R ek 50 b i i R A BTG e B 7

drawn QuedvddomaHEShaRded;. the outer reinforcing layer 16. The further
reinforcing layer 21 is then wapped around the sheath 20. The outer wre

24(i's then Virappdsl chinsunesa he nay beeealpdivsingrtbieregd fiflieg 200 shown inFipiret 0

b e 5 et eSO B TR SRR b i S, DhebhSn
t he pastikd 200 Wormprites v rtabdiar Wadromaaibar (2o mi%@mas&abna ) 260hh§ 0%t he

wire 24 are offset fromthe coils of the wire by a di stance

cor r esyshaPy The kaid fitingi 44hfurtimgiinciudes & sqalingl mesbeitwich conmrigaea,
e A EESREFLRASN % ASRiAREL St RARSHER R SRR 0236, g
reinfa®.ng layer 21 to forma resin coating over the reinforcing |ayer 21
and the OUt'Fhre g\'ﬁ'ldr %ﬁ%zg 28-5] ?urther includes a load transferring means comprises a hose
engaging member 208, a load transferring member 210 and an end memberin the form
of a disk-shaped plate 212. The load transferring member comprises a disk-shaped
plate 214 and at least one load transferring rod 2186. In figure 2 there are two of the rods
216, but it is possible to provide three or more of the rods 216. A tightening nut 218 is
( provided on each rod 216. The platés 212 and 214 have apertures 212a and 214a
respectively for receiving the rods 216.
The plates 212 and 214 may each be a Simonplate, the hose engaging member
202 may be a Gedring and the split ring 206 may be an Ericring.
The plate 212 is further provided with apertures 212b, and the tail end 202p of
the inner member 202 is provided with apertures 202¢. Fixing bolts 220 extend through
the apertures 202b and 212h to secure the plate 212 to the tail end 202a of the inner
member 202. In Figure 2, there are two fixing bolts 220 and assocjated apertures, but it
will be appreciated that fewer, or more, fixing bolts 220 and associated apertures couid
be provided.

The hose engaging member 208 is provided with an inner helical recess in the
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resin may then be left to harden, in order to formthe |layer 26a. The resin
may be aerated before hardening (typically before spraying or painting) to

provi deygasohtHabl es  therein. The basalt fabric |ayer 26byd W apped
around the pol yurethane | ayer 26a, and the UHMAPE Iayerbp%gGihgﬁgﬁé\% wr apped

around the layer 26b. Finally, the conpression |ayer 26d is applied over
the | ayer 26¢c. The ends of the hose -B3-may be seal ed by crinping a sl eeve
onto an insert inside the hose 10. This termnation is generally applied

af t erforfieoh@aRva0 2B abRhith srermyestctiromdchivenmedigbr wWireThe of el hekelf® hose
10 may be seal ed using the end fitting 200 showmn in Figure 8. In Figure 8,

the h in0 Thasnnet mestrersHbivs, piavidadiwithtan puer dedcalecesain the forreoénd
fitting 200 ' bul ar, i nber 202 hayi d 202 d
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206 aro the PTFE sealing ring 204: The end fittinhg 200 further 1ncludes
a | oagret spavsielny half angitoisleagitppi ses a hose engagi ng nenber 208, a | oad

t f [ mber 210 d menber in the f . of a, disk-s} d
ol at's 212, AR A NTATORIROR 1 KEOHEREON TR 3, Gaar ] ReAiggeans gk 214
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t i ght faei seglingtof288 tulsulapranbed20 bedaedn o ik iEs.mdinbep RaPen 2 id sawlingl4 have
apertures 212a and 214a r ctively for receiving the rods 216. The plates
212 aliep 5% %@/ﬁ%@éﬁ %%V%{‘t%ﬁ ' Igf aterphi gﬁ%é”%ﬁ*?&%&q(ﬂ@{ heingetlledopt gy be a
Gedri@gs-@&q the split ring 206 nay be an Ericring. The plate 212 is further
pr ovi ed With apertures 212b, and the tail end 202b of the inner nenber 202
i s provi de@hainbke dfeis seceredtbe dhdiitigg @0t as 2AOwWexTbadnérmagiber2oe

t. 202h 212 th | ate, 212 . the tajl 0 f th
e S RereRnB e ol P15 For PP B SRBH 1h B in s Elosd e A on b
aper e nd?Ulird b2 idrddeiied aPPIe§iodhed J0vt ad ENRY ouiel Wit 24 i fetefibdopl. ts 220

and associ ated apertures could e provided. The hose engagi ng nenber 208 is
pr ovi thedirapves 2B84 nkfer inhel rodlouteresss 28 ande2 Ay 0uutderk 3oR0Rt BB 02562 - 33

Lg;ren ao%eﬁcri %Povnegsth%qgr?e;y\r@a%Fn%e%@%2%j§ﬁn%qhte%r5§$eesi 2{5‘255 Qread QHé_gr Tf% lrnesu%é]o%f the
26 is also cut back to this point. The inner reinforcing layer 14 is also cut back at this
point, or at some point before the inner reinforcing layer 14 reaches the sealing ring
204. This means that the sealing layer 18 directly engages the outer surface of the inner
member 202. The rest of the tubular body 12, however, is allowed to extend along the
inner member 202 between the inner member 202 and the sealing ring 204.

The hosé engaging member 208 is then tightened to cause it to clamp down on

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

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

The end fitting 200 is then cooled fo a low temperature by liquid nitrogen. This
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therein. The inner nenber 202 is provided with an outer helical recess in
the formof grooves 202d which are adapted to receive the inner wire 22
therei Rygbipgd | be seen fromFigure 2 that, |ike the ippeicepAgqdter wres
22 and 24, the grooves 208a and 202d are spaced by half a pitch I ength p.
The inner nmenber 202 is provided with two circunferential projections 202e
which are | ocated under the sealing-$4ng 204. The projections 202e serve the
i nprove the sealing of the tubular nenber 20 between the inner nenber 202

and tda@iseshd sealing ngg 204, togodieet relativaly moeatharthe siitlrang 286rhenerfbym
end fihe CoNraER B ARAISS OThia SR 204 DY Se B3l Ae 20636 P adhe end
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wre I'n"the groov and e outer wre IS received in

the Qarpﬂpﬁﬁ? 22888 addif tightenednthe teepevatuas is2heanalRdedrte risattobabisg t hat
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i nner nenber 202. The rest of the tubular body 12, however, is allowed to
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upper surface of the hose e}ré%a%ign% menber 208. The tubul ar body 12 extends
underLNGdrose alstergas tagkadine 0RO oaragayi@gikgl thadpacaptd it Ithe nuts

210 DNGRUSE iy BRSO ek o b ShEIMIGE LIRSS e EPOLS
The equnidrgbil bgick0thd sed kel ¢06! ladFiyoresb C dine hespelildtaate nbgr fhieqriirthcaidfr ogen.
This t@sge{/ !?163?370% c%%glt%%s%z? (53 garri-e?él%he LNG without any intermediate support. (n
Fig 5D the LNG carrier is linked to a land-based storage facility 108 via the hose 10.
The hose 10 may be used for many other applications apart from the applications
shown in figures 5A to 5C. The hose may be used in cryogenic and non-cryogenic
conditions.

( It will be appreciated that the invention described above may be modified. For
example, the tubular sheath 20 could be located outside the outer wire 24. Also, the
hose 10 may include additionat 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 morz of, or
aven all of, the sealing layers 18b may be a polymer coated metallic film or

metallised polymer film.



causes the sealing ring 204 to contract relatively nore than the split ring
206, whereby the conpressive force applied on the sealing ring 204 by the
split ring 206 is reduced. Wile the split ring 206 and the sealing ring
204 are at a relatively low tenperature, the split ring 206 is again
tightened. The tenperature is then allowed to rise to anbient conditions,
wher eby the conpressive force on the sggling ring increases by virtue of the
great er__expansion of sealing ring 204 relative to the split ring 206. This
conpleﬂééLﬁEb end-fitting for the hose 10. The hose engagi ng nenber 208
provi des sone sealing of the end of the hose 208, and hel ps to take axi al
forces in the hose 10 around the sealing ring 204. The sealing ring 204
provi dgs t hejgseneomgasingfa tubtlarssalyi ciflexiblé eatediabak@ngéd detweerd frier drid show
three applications for the hose 10. In each of Figures 5A to 5C a floating
pr oduc OMERT gripiiG erabersottia tsmlafdaaﬂamprcme)semnguleyer dirpesedb atwe_emc;

carrie 1
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LNG camtaptedlredute deformaticnof tHeetubusd Bddy when ahetebiiae beddq is subjlecfb% I'n
Figure 5B, the hose 10 is submerged below the sea |evel 106. In Figure 5C

the hodeaxial fensign, anskihe adalsis niRg maansds durther adanted de exer rasiallyLo

carrie t carrier
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nmay be subjdtddrtomanal OtdisiompRhbeteed dpatiatl BoMehBe MBPlihkdt iap@s outdrown
in figures 5A to 5C. The hose nmay be used in cryogenic and non-cryogenic

condt ireiRforeing wiayerpe angpr the amxial t rttengthening erMeans dearer i fwdleabole amay be

outer wMPE (TR md8Fuet et eSVERIBM). oot 1 onal *rei ni or ci no | ayers

14,18, sealing |ayers 16 and/or tubul ar sheat hs 20. One or nore of, or even

all of, the sealing |ayers 18a may pol ymer coated netallic fllm or
met al | i%ed h%%acwndﬁ/ﬂg t5) ¢laimydy yvherme tfw axigt strengthgpingsyeansg Icomyrisesife
sealin e I I

pol yro ey bR SRk BFtpAmB of Hineid 3 itasBRATnbl et 2 ObyiatEhabe, S5
mat g5 ahatdtheanbekdr sheattecan maimtamntthe ime‘ga‘ty of itphibudamshidpey wheh Babjached &
body conprising a sealing |layer disposed between 5 inner and outer

rei nf or§H¢ENHUYRr s, and further conprising an axi al strengthening means

3. A hose according to claim 2, comprising two or more of said tubular sheaths.
20 4. A hose according to claim 3, wherein the braid is provided in a triaxial form.
5. A hose according to any preceding claim, further comprising an additional

reinforcing layer between the axial strengthening means and the outer gripping
member.

25
6. A hose according to any preceding claim, wherein the axial strengthening means
is disposed between two of the layers of the tubular body.

7. A hose according to any one of claims 1 to 5, wherein the axial strengthening

30 means is disposed between the tubular body and the outer gripping member.

8. A hose according to any one of claim 5, wherein the axial strengthening means

is disposed between the additional reinforcing layer and the outer gripping member.



adapted to reduce deformation of the tubular body when the tubular body is
subjected to axial tension, and the axial strengthening neans is further
adapted to exert a radially inward force on at |east part of the tubular
body when axi al strengthening neans is subjected to axial tension,
characterised in that at |east the inner and outer 10 reinforcing |ayers and
the axi al strengthening neans are nmadesgf an UHMAPE (ultra high nol ecul ar
wei ght pol yethylene). 2. A hose according to claim1, wherein the axial
strengt heni ng neans conprises a generally tubular sheath fornmed of a sheet
of matgrial ap i i C tdpat t shegt h
can maignt ai 'rli\ E‘ﬁ%é %ﬁggtgdr?rll L%}H) ?née%ﬁﬁ'&eglraﬁighglgg}é eﬂﬁ%stggngagt% %eam al

t ensi ostreﬁgthénhtgpmmxsoanhi e tioned andhduter eeipfarsingdayers are alirreadé ofahd

t ubul ar sheat hs. hose according to claim3, wherein the braid is
provi déamerp%[vmﬁrla@%iﬁ"ﬁ rm 5. A hose according to any preceding claim
furtiger conprising an additional reinforcing |ayer between the axial
strengt heni ng neans and the outer gripping nenber. 25 6. A hose according
t o any 1fr ec &dihogechetcordinghdéo eamy tprecedingl claim endidreini tlye nmaes andéordostersed
bet ween ,tg} of the Ia%ers of the t ula body ithé'_A hose a(tfrggrdln t o, any
one of r@INIQreipglayer eOMpFiges A WoyRN réﬂ ALNe n%ft erfjrangeCifLa var "Hldsﬁosed

bet V"ee’\héff‘&(r)%dﬁ}%%' ahd RAbreRNthe! é)dﬁ@‘nfsrd. d;@r@aeﬁbseésuehmet Ed' ng

to any one clarm5, wherein e axi al thenihg neans is |spo

bet weenlirebtk)ramnttamaaglerrﬂlleésnmamr@ﬂta;tbe Icmgltutlhm[autse:ﬁtgeil'msbng menber. 36
9. A hose according to any preceding claim wherein the tubular body, the
axi dP strengt heni ng neans and the inner and outer reinforcing |ayers are

al | madq of f(‘aﬁﬁlse §éé@rd?1§j BRIk 1@awelrah thé idier %&Bﬁgu%‘i%m@ér@& f18yeri%

pﬂeceding C wher e the i nnef and/or outer reinforcing |ayér conprlses
a woverdiépmlsedcsufcbrthaﬁtrm‘warpadmectm iarejeh amgle ofdess tham 40° teethe ldngitudinain,
and mherel or each reinforcing |ayer is disposed such that the warp
dlrectﬂﬁ§? ?‘éﬁ angl e of less than 20 to the |ongitudinal axis of the
hose. 10 11. A hose according to claim 10, wherein the inner and/or outer
reinforcing | ayer is

15 12. A hose according to any preceding claim, wherein the inner and outer reinforcing

tayers comprise an ultra high molecular weight polyethylene.

13. A hose according to any preceding claim, wherein the sealing layer further
includes at least one layer partially or entirely comprising a metal or metal oxide.

20
14. A hose according to claim 13, wherein the metal or metal oxide layer is a layer of
metallic or metallic oxide film, or a polymer coated metallic or metallic oxide film, or a

polymer film metallised with a metal or metal oxide.
25 15. A hose according to any preceding claim, further comprising an insulating layer.

16. A hose according to any one of claims 1 to 14, further comprising a cured resin
matrix disposed around the outer wire, the outer wire being at least partially embedded
in the resin matrix in order to restrict relative movement between the outer wire and the

30 rest of the hose.

17. A hose according to claim 16, wherein the uncured resin forming the resin matrix

is a material which can be applied to the tubular member in liquid form.



di sposed such that the warp direction is at an angle of |ess than 100 to the
| ongi tudinal axis of the hose. 15 12. A hose according to any preceding
claim wherein the inner and outer reinforcing |ayers conprise an ultra

hi gh ol ecul ar wei ght pol yet hyl ene. 13. A hose according to any preceding
claim wherein the sealing layer further includes at |east one |ayer
partially or entirely conprising a nmetgf or netal oxide. 20 14. A hose
according to claim 13, wherein the nmetal or nmetal oxide l|layer is a |ayer of
nmetallic or netallic oxide film or a polyner coated netallic or netallic
oxi de figd M AOfods aEt%rHﬂ:E{itoféléin 1Bl 17 r%%ﬁe??ﬁﬁtrﬂétr&ris cﬂ%ur@mé?%. 25
15. A hoSe according to~any preceding’clarm Turther conprising an
insulating layer. 16. A hose according to any one of clains 1 to 14,

further conprising a ﬁred ;cﬁs'i n., mtrix gi tsyposed around the outer wire, the
outer wWi%e HeDA§EACCOEHBY 1Bfaim 10y TdnefedBettirthen GORRPHSIRG ArninH(akionaysider
to restriCl..k J m%[ae{%\et the outer wire and the 30 rest of the
hose?S ﬁ%&'%ﬁ?@%@%ﬁl ng Ob%%llt.:’ﬁn@??%, wherein the uncured resin formng
the resin matrix is a material which can be applied to the tubular nenber
inliquid for 37 18, hose cording to claim116 or 17, wherein fhe
resin rdri ﬁﬁése&asﬁq’@mﬁ%ﬁﬁ@ %1&”?"&’%8@”%}90@ gPMpressien layer asoundztng, 1g,
furt hern | Sl : I lsgatd i.sing a fabric forned of
basal t wgﬁéﬁ%g&lﬂqﬁ%@%&d& |Hﬁ§¥'?f)e E?g@?ﬂ%{c.furt her conprising a

conpression |ayer around the basalt fabric, which serves to conpress the

basalt fabric, 10 21. A hose accarding to, claim?20,, erein the conpression
2yt Ghpr iA BeS& AN Tohgim A0, MEYaIn e COMPBBSIoR IRYaTREPraes 30 Hikee
accordi i i further conprising a | ayer of plastics

et er i aq?&ébgbtﬂn ?ﬁgg@ﬁggpgremr@én%aér, the plastics material containing gas
bubbles 15 therein. 23. A hose according to claim22, wherein the plastics
mat er i is a polyurethane. 24. A hose according to clJaim22 or , _Wherein
The' pl 22| o HRBBIAGIPIGIE8 10 AnvepreCeding riane TBAr SRS 1apTLgh Masii

| ast i Lde@hmd 1tRa! 4 G i SUL ink U ,
Phon | daafERePiaidung e WY ftiiber AR bigBics!matfial bohlining ‘Gas ToBREL. i
t he tfaghérdihl es are

23. A hose according to claim 22, wherein the plastics material is a polyurethane.

24. A hose according to claim 22 or 23, wherein the plastics material is applied to
20 the tubular body by spraying the plastics material, in liquid form, over the surface of the
tubular body, then leaving it to cure.

25. A hose according to claim 22, 23 or 24, wherein the gas bubbles are
incorporated by injecting the gas into the plastics material, before spraying, while it is
25 still in a liguid form.

26. A hose according to any one of claims 22 to 25, further comprising a further
layer of plastics material, which does not contain any substantial amount of gas
bubbles, arranged over the gas-containing plastics material.

30
27. A hose according to claim 26, wherein the further layer of plastic material is a

polyurethane.



I ncorporated by injecting the gas into the plastics material, before
spraying, while it is 25 still inaliquid form 26. A hose according to
any one of clainms 22 to 25, further conprising a further |ayer of plastics
material, which does not contain any substantial anmount of gas bubbl es,
arranged over the gas-containing plastics material. 30 27. A hose accordi ng
to claim 26, wherein the further |ayer3@f plastic material is a

pol yuret hane. 38 28. A hose according to any one of clainms 22 to 27,
wher ei #8 he Aoiepalaccosdingrtocany; oagi @l Clgims e Kvo2é. whereigsthengremallgspegific A
hose a r() Vi ' claim further conprising an end fitting
whi ch %Q‘é'@nggpéglgggéﬁ%%ﬁ@rghgﬁber 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 ciyfcunference between the sealin
menber 28hd ¢hBOSH AEFORIMG I any peceding, alakn efurthgs GOMPRIR IR €AY fmglhgﬁ'apt ed
to tra s A% ﬁ@.q.ﬁ [ ; -'-ngﬁ@ﬁ.in
or der5 @%ﬁéé,&h(ﬁ el ﬁqﬁ{rg%'ltr gﬁgP Léea %Qlfe af]i%ﬁggﬁﬂ gﬁ‘é%ﬁteﬁﬁg@?ggh\;\qgten the’ alO

seal i ngegiingpanember tadapteddo seatbalr lea’d0.paft bbdlee doboladibuglyt éullyl aromndSthe

wherein the _inner nmenber js substantiall ylindrical, and the sealin
menber Girsumferenses bptivesn he; ??@'%Hﬁ&?ﬁ%@ngé&i'%@& membelarand,angrparat

t her ei : : : f.ace
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accor diseglihg nedraber it%rder 8Dreduiter or alimmats dheiaxial heathen the hpse bebveen thenner
sealing ring and an o(:_ﬂter_split ri nrg whi ch can be tightened in order to

f or O (362ling Mgmhgr and the jnner é%ment with the tubul ar body and the inner
menber. 20 32. A hose according to claim31, wherein the split ring is

stlai nl ess steel and the seali ng ring is polytetrafluoroethylene. 33. A hose
accor didfy t A amseormecofding dioneldd®d £8, 3gherereted ninnke rheaderr Bnstibsiantiglly 25

end iR cane i SR Merter e bkie frmaa Hadgeneind BErdrgnabr IORe:  he
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menber, a 0se engagl ng er an nmenber are connected
t hr olfghthe lmndramaember and the inner surface of the ring.

31. A hose according to claim 29 or 30, wherein the sealing member comprises an
inner sealing ring and an outer split ring which can be tightened in order to force the
sealing ring into engagement with the tubular body and the inner member.
20
32. A hose according to claim 31, wherein the split ring is stainless steel and the
( sealing ring is polytetrafluoroethylene.

33. A hose according to any one of claims 29 to 32, wherein the load transferring
25 means comprises a hose engaging member, a load transmitting member and an end
member secured to the inner member, the arrangement being 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.
30
34. A hose according to claim 33, wherein 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 transferred from the hose to the hose engaging member.



transmtting nmenber. 30 34. A hose according to claim33, wherein the hose
engagi ng nenber is adapted to engage the hose in such a manner that at

| east part of the axial forces within the hose are transferred fromthe
hose to the hose engagi ng nmenber. 39 35. A hose according to claim 33 or
34, wherein the inner nmenber and the hose engaging nenber each include a
portion configured to receive the inneggand outer gripping nenbers of the
hose. 5 36. A hose according to claim 33, 34 or 35, wherein the | oad
transferring menber conprises a load transferring plate having an aperture

dapt ' - |_ad '
engagedbie v ThsErateeiuaR ealHf o By el B sk B eP sbd R oss e
fromt fmdyg&q]ﬁmﬁémamﬁhcmd_é% toertion @bafigded3ib récdins ehadapedangd dutec! ai m
36, wherein the load transferring nenber further includes a |oad

t r ansf grifpiRg Meankers @f de PeSGeen the plate and the end nenber for
transferring loads fromthe plate to the end nenber. 15 38. A hose according
to any one of clainms 29 to 37, wherein the inner nmenber has a hose end

whi ch 36 adaptre@et scodxding dovéli 33a34end3powhersin dhe tded radsferfngl nrerbet end
renote fromthe hose end, and wherein the end nenber is arranged on one side
of the Caseplisasyaneaddranderngepliate having an apertusg pdapted dedesplyagihegheieber

2 30, Siefiinigr) 3o, lete habiriFa el ehabkaRls iy e RELR SilaghitEmeniifer ™"
t ransf ewhémndy (oadesan bedcapfeaded froty thesiose engatling assabbetotkerplatee hose and

the inner nenber in such a manner that said axial |oads are diverted around
t he Heal i ng menber in order to reduce, or elimnate, the axial |oad on the

cdali ng: Hentir e SRR F3 Wdinf 96, Mifreh, | Flad WERSTam A0 ekl fuhel o

t he apphtiudesanladd trangfertinpadsd secusahbetwedote platetdiad thenend member .fod0. A
hose according to any precedi ng clai m,  wherein the UHWWE has an average 30

mol ecul Eansierie: loads Froabhesplatstaihe and meniss. 0oo.

15 38. A hose according to any one of claims 29 to 37, wherein the inner member has a
hose end which is adapted to extend within an end portion of the hose, and a tail end
remote from the hose end, and wherein the end member is arranged on one side of the
sealing member, adjacent the tail end, and the hose engaging member is arranged on
the other side of the sealing member adjacent the hose end.

20
39. A hose according to any one of claims 29 to 38, wherein the load transferring

{ means is adapted to transfer axial loads between the hose and the inner member in
such a manner that said axial loads are diverted around the sealing member in order to
reduce, or eliminate, the axial load on the hose between the sealing member and the

25 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.

40. A hose according to any preceding claim, wherein the UHMWPE has an average
30 molecuiar weight from above 400,000 to 15,000,000.

41.  Ahose according to any preceding claim, wherein the UHMWPE has an average
molecular weight from about 1,000,000 to 6,000,000.



41. A hose according to any preceding claim wherein the UHWWPE has an
average nol ecul ar wei ght fromabout 1,000,000 to 6,000,000. 40 42. A hose
according to any preceding claim wherein the UHWWPE is highly oriented and
has been stretched at least 2-5 tines in one direction and at |east 10-15
times in the other direction. 5 43. A hose according to any preceding claim
wherein the UHWAWPE has a parallel origgtation greater than 80% preferably
greater than 95% 44. A hose according to any preceding claim wherein the
UHW\PE 4ds A hasgeseeroiding iogamatpreceding dleird, whergin the UHMWPE is highly

oriented and has been stretched at least 2-5 times in one direction and at least 10-15
times in the other direction.

5 43. A hose according to any preceding claim, wherein the UHMWRPE has a parallel
orientation greater than 80%, preferably greater than 95%.

44. A hose according to any preceding claim, wherein the UHMWPE has a
crystallinity greater than 70%.
10



