WO 01/96772 PCT/ G801/ 02562 -1 | MPROVEMENTS RELATI NG TO HOSE Thi's invention
relates to hose, and nore particularly relates to hose having inproved
axial strength. The invention is especially concerned with hose which can be
used i n ¥PYERI c conditions. The invention also rel ates PET4PORERitting
for a hose, and to a nethod of nmaking a hose. Typical applications for hose
i nvol ve the punping of fluids froma f{uid reservoir under pressure.
Exanpl es include supplying of donestlc heat i ng 0|I or LPGto a boiler;
‘transporting produced I E qjﬁ froma fixed or floating
production platformt roma ship cargo hold
to a | and-based storage unit; dellverlng of fuel to racing cars, especially
during refuelling in formula 1 and conveying corrosive fluids, such as

sul phuri c anhid.invéntian ve!latesktmmb'eo anslemioos epairiculathe relammtmhbsefhé\hugds
such as liquefied gase oW tenperature. Such hose is commonly used to
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gi ven east partl aI cons exi erl al s,
i.e., tb@m@'tmicdofrm&@hmoséhe st ruct ure of such hose generally conprises a
t ubul ar of flexible material arranged between an _inner and outer

hel i cal | y | egphrations farhese inyolve th%aHmnq ohfiyids rom adluidwesarvels to be
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provi de the structure with the strength tg carry the fluid therein
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i nternedi ate Se ayer vi de's a sea reven f'rom
penet rcahiveging ltertoeses flaidd, swcl't yglsuajhwlcaaqn«hl yrrerl c film The retaining wires
are typically | i ed nder, ten round the insid nd qutside surfaces
of the t ubti el %eefe%?%fqgﬁw?ﬁaép%pfﬁwﬂﬁeﬁ»wefya ystiedaanes, Ab
geomel gy tgﬁgépﬁuffé’bﬁg'héﬁ h@%ﬁlyls corimBaf W@éé‘% Hﬁn%ﬁﬂnq%ﬂ@d ﬁ%eé‘“shchoas
restrain excessive hoop deformation of t hose under pressure. The
i nner ligodfiedinatural gas (ln‘d@)ahgdqu@ﬁedtMOpesegasétlaaju ng of the hose. A hose

of this ger?he B%er fXP ﬁxe ﬁos Sto Be %lc:fent%/u _ %,na 3? gt;f\a/% lgngbc 'n(%ffi%t'boena{1 least
| partially constructed of flexible materials, i.e., non-rigid materials.

The structure of such hose generally comprises a tubular body of flexible
material arranged between an inner and outer helically wound retaining wires. It is
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 fhe strength to carry the fluid therein. Conventionally, the
inner and outer layers of the tubular body comprise fabric layers formed of a polyester
such as polyethylene terephthalate. The intermediate sealing layer provides a seal to
prevent the fiuid from penetrating the hose, and is typically a polymeric film.

The retaining wires are typically applied under tension around the inside and
outside surfaces of the tubulaf body. The retaining wires act primarily to preserve the
geometry of the tubular body. F urthermore, 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.



WO 01/96772 PCT/ GB01/ 02562 -2 0076540A1. The hose described in this
specification includes an internediate |layer of biaxially oriented

pol yprop%loeﬁey ,Wni ch is said to inprove the ability of th ‘?ﬁ%‘é’ﬁﬁr ﬁem st

the fatigue caused by repeated flexing. Another hose is des

GB- 2223817A. The hose described in this publication is a conposite hose
conprising an inner helical netallic cpre, a plurality of |ayers of
plastics nmaterial fibres and filnms wound on the core, at |east one | ayer of
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t he hose. ny applrcations o ose require the hose to be supported a ong
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appl i cati ong) an internally arranged helically wound wire;

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

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

(iv)  a-nylon 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
temporarily winding a further wire around the sheath during manufacture of the hose.

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

We have now found a way to improve the load carrying capabilities of hose,
especially the type of hose described in EP-0076540A1, so that it can be used to carry
fluids either without the deed 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/ GB01/ 02562 -3 descri bed above. In hose of the type described in
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di spl aced rel ative to one another by a distance equal to about half a pitch
| ength. This arrangenent has been foupd to provide the best structural
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The present invention also relates to an improvement in the termination of the
ends of the hose.

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

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

In a particularly preferred embodiment, the failure strain of the tubular body and
the axial strengthening means are within the range 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
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and at time can contribute to -the structural % he hose
during axial tensioning by pressing against at |east part of the tubular
body. In addition, the materials of the tubular body and the axi al

strengt heni ng neans are advantageously conpatible so that they each perform

in a ghifl Ath&RBBEMoWHPR With AREl 2tieRBes Séhd BAthd'§amkbNFhe c‘éﬁrHB?ﬂﬁButéﬁ)
subj ected’to excessive stresses and strains. This means that the naterials

of t hetheudiuicturabiodggrity df thédosgi during aaabtermsmmlgg bgaarssssregragamstcatsieaah nin

061 & Rher ”q“ﬁf%@agﬁgroﬁ efiflohydie atetals Shibe: WAROD phshpyxal

envi s e I
oty ai ooy flefiie 2o pRYERIRRy ‘92%%@88%?‘2? %rorff‘éfﬁésiéﬁ?h AOBin g i s
slip, ditmdlae mavidr sthenl irbeparatisu| sanmasmmrsmgle d¢dreponetelr rsoisub}’éca@cﬁ rtr@g on

the structural conponents of he hose wall. This conpares to a ty
yi el d eGesiMe §iregses@ngrstiaing His rpears Mrh%m%ﬁrl§|SMér%rw@&ar hariyraﬁé axi al

S”en%g%&ra{lgtrrgggm%nrrfﬁ rtrrggﬁs%saom sr%mgs?mr@trﬁ Agge;hgﬁte;bﬁgfo?a

pI astics e nmaterials are | SCUSSG ow. This
i s beaslingricait edthponent)eof @t slease Aibl rskgedzryenady hmmedréorderse rtgde sofr &iose

characteristics. It is refer ed t hat t tublar t he axia
st r en ARERANRN SRR I J‘P}ﬁ@%@rr?ée 'f‘é(?r‘ \ﬁ@‘g 'Bfeéﬂ@%fb?"f?%f}tthé hi gh

ol CCL Ao e Bt pr?ébregrr%'n%per a%wwggéhrs il nk RS drtle fof 8 ip Il

bel ow. Yy pre nprises at | east one reinforcing | ayer
and atwrlleﬁ&be oresustaal strgin |aytlae orNrbr ef }b‘?/oea«afrraj)d)ry the hrvetusaleampomarsts dfwo
reinforcin Q}/ W th the r sa(r}gveﬂdé%fd ther bet ween.

Pr efertaﬁlhf eé(" Il VR FOMERRED ‘Z:Ia pr|c W‘? gralp QLB t he out er

gri ppi ng B‘gﬂmé@@ﬂ% heefricr] thdt rtﬁ@akmatreggmrr%q mErémsué 4t 8f §tdgengt h of
the reinforc | ayer is preferably between 100 and 700 kN for an 8"
(200 mtadjrcarmeteﬂalhesréemaﬂy Aspipsice maipdak havitatie aietiaky ree disgussatiliore  of

D RBARESRR A B S e P e B o R
rreans,chmtemmj‘ser ably UHWAPE.

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

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

" sealing layer sandwiched therebetween.

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

The ultimate strength of the reinforcing layer(s) is preferably between 100 and
700 kN for an 8” (200 mm) diameter hose. Itis 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 sheaf, ,maintain the integrity of its tubular shape.. uhj ect ed
Lo axial PelI T hose VIO 01196772 PCT/ GBOL/ 02562 -5 ?}gﬁ%@]ﬁ’?ﬁ ded
with two or nore tubular sheaths in order to further inprove the
performance of the hose under axial t#éasion. In a particularly advantageous
enbodi ment the axial strengthening nmeans is provided in the formof a
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fibres or yarns) or in a triaxial form(i.e. in which there are also
| ongi thadiyrveidrysehxestat! iegaXinbiessiasr. yarns, for increased axial strength).

Al 'though it .is preferred.to provi heg axial strengtheni means .in.the
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The braid may be provided in a biaxial form (i.e. in which the braid is formed of
only two intertwining fibres or yarns) or in a triaxial form (i.e. in which there are also
longitudinally extending fibres or yarns, for increased axial strength).

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

The materials of construction of the hose should be selected to enable the hose
to perform in the environment for which it is intended. Thus, there is a need for the hose
to be able to transport pressurised fluids therethrough without leakage of the ﬂuid
through the walls of the hose. There is also a need for the hose to withstand repeated
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 ransporgingsgfyogenic fluids, the materials should be C%@ﬁ%&ﬁm%fvs&pera“ ng
at extrenely cold tenperatures without any significant reduction’in

performance. % O 01/96772 PCT/ GB01/ 02562 -6 The mai n purpose of the or each
reinforcing layer is to withstand the-6roop stresses which the hose is
subj ected to during transport of fluids therethrough. Thus, any reinforcing
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or each reilnftaepraterey emoadipredesach phfpotied ilayert trenprisesmayfabeacamost
preferably a woven fabric. The or each reinforcing layer may be a natural or synthetic
material. The or each reinforcing layer is conveniently formed of a synthetic polymer,
such as a polyester, a polyamide or a polyolefin. The synthetic polymer may be
provided in the form of fibres, or a yarn, from which the fabric is created.

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

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

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 polyolefin is a polyethylene, and most preferably the polyethylene is a high
molecular weight polyethylene, especially UHMWPE.

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



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

More pr , the polyolefin is a polyethylene, and f ly the
pol yet h)e/yltlgngp(]i Z a high nolecular weight polyethylene, espec(c%(ﬁ/oe E.
The UHWAPE used in the present invention would generally have a wei ght WO
01/96772 PCT/ GBOL/ 02i 62 -7 average nolecul ar wei ght above 400, 000, typically
above 800, 000, and usual ly above 1, 000,000. The wei ght average nol ecul ar
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These oreseoval s have been avail able since the 1980s. In the preferred

enbodi ment, the or each reinf ormg\g Iaeg‘er conprises a, woven fabric formed
of fibres é?'ﬁa@@@@uﬁaﬁ'yaa%rttaaﬁﬂu Pat ey @ceagnre rﬁ%ﬁ‘@e%’%ﬁﬁ@*’ﬁﬂﬂﬁeﬁﬁ is
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di r ectB\o(a Bbthdrandssempeny) wuder the trade name DYNEEMA, or that avallable from
the US corporation AlliedSignal Inc. under the trade name SPECTRA.
Additional details about DYNEEMA are disclosed in a trade brochure entitled
“DYNEEMA; the top performance in fibers; properties and application” issued by DSM
High Performance Fibers BV, edition 02/98. Additional details about SPECTRA are
disclosed in a trade brochure entitled “Spectra Performance Materials” issued by
AlliedSignal Inc., edition 5/96. These materials have been available since the 1980s.
In the preferred embodiment, the or each 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 also
prefer that this angle is greater than 5°. In the preferred embodiment, the or each
reinforcing layer is arranged such that the fabric warp direction is at an angle of from
10° to 20°, most preferably about 15°, fo the axial direction of the hose.
The purpose of the sealing layeris 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 anw%‘?ll/é%ﬂzf from 10 to 20, nost preferably about 15-¢@ghhsexi al
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the sheet material would be formed of a plurality of separate lengths of sheet material
arranged along the length of the hose. If desired the sealing layer may comprise one or
more heat shrinkable sealing sleeves (i.e. tubular in form) which are arranged over the
inner reinforcing layer.
We prefer that the sealing layer comprises a plurality of overlapping layers of
film. Preferably there would be at least 2 layers, more preferably at least 5 layers, and
still more preferably at least 10 layers. In practice, the sealing layer may comprise 20,
30, 40, 50, or more layers of film. The upper limit for the number of layers depends
upon the overall size of the hose, but it is unlikely that more than 100 layers 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 embodiment of the sealing layer is described below.

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



upon the overall size of the hose, but it is unlikely that nore than 100

| ayers would be ,required. Usually, 50 |layers, at nost, will be sufficient.
The thi f each layer of filmwould typically be i 50 to
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sealing layer may be provided. A particularly preferred enbodi nent of the
sealing layer is described below The-axial strengthening neans may al so be
formed of the same material as the WO 01/96772 PCT/ GB01/ 02363 -9 or each

rei nf opCa g rbMfSicing BY&r. THUIH Wl DR dé&ahat el atifiet@rigihefihl AEB e Mh 8y
means, the or each réinforcing |layer and the sealing™ ayer " may all be

f or mededctorainfoecisartaydnasnd the sepbngdaysiomeayerll be iermed dianh thé samerbasic nust

be diff t | d ' th ' functiqn, i , th i al

ot engtBRTing Hitvey 1 BeS iR meditinbstandierentin et piddidach

rei nf ofeGhiPed k@y&lorPt @Vl tﬂ@%ﬂi@l!é’ﬁéﬁ%ﬁéﬁ'ﬂg rﬁ@éhé‘%ﬁ-mh@ a%atdzbé?‘ilSr%ﬁwfor@é?ﬂ1
des a n. W t U

e
seal ing layer provi seal i ng functi ave foun at the E

mat er i fahstiar, éhewsteaun teffoecingdayercprioaides relivefo RXANEEN e gaid s iSRG Riregsedyct s.
These eri al. have al so.been foynd to wor Il ip cr iC ndj tions.
Thes e b patpaling: et BravViges arsAIaPact ool Wdhare Tl AE e I PE

di scu ; ' -at : ' ' riate
ot namSEr AR st SiBloI8 bartiRy G DU ASPER T Bl s, MR
howeveanataribbhavbealpartzesst éosndto e kUMMNRE copagenia cohditicamsi dlhes prafegtdaeni ng

means need not t s the parameters of the UHMAP sed ip.the
ror i drErmg T et as UHOEEFa MAe S BEMBIED ot It L i S abas e P g Hoans
to be Ry idetbrdhbNhdelshare hRvesSpoebribfetd theH sl BRAYthEMNE HeEaNe IRMAfLT
than the axial strengthening nmeans is positioned bettween The tubul ar body

and t hegautiershgrigpemptednewevemn that thagaremetgisaff éhe &tHMMYBH urad in thise

axi al strengthening neans is_pravid within the layers of .. th r
body, Sl SHSngftaie BRFETs udeERGY hETiRgahinfs e part Bt Sr i SElMRER  he

t ubul afscafyh@reinfdieireiia@ersgr i ppi ng member. \Wen the hose is intended for
cryogenic applications, then it is desirable to provide insulation over the
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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 appliCations, then it is desirable to
provide insulation over the tubular body. The insulation could be provided between the
outer wire and the tubular sheath and/or outside the outer wire. The insulation may
comprise material conventionally used to provided insulation in cryogenic equipment,
such as a synthetic foam material. It is preferred that the axial strengthening means is
also provided around the insulating layer to compress the insulation layers and maintain
their structural integrity. The axial strengthening means around the insulation layer is
preferably provided in addition to the axial strengthening means between the outer
gripping member and the tubular body. A particular suitable form of insulation is
provided in further detail below.

According to another aspect of the invention there is provided a hose comprising
a tubular body of flexible material arranged between inner and outer gripping members,

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



al so provided around the insulating |ayer to conpress the insulation |ayers
and maintain their structural integrity. The axial strengthening neans

around t{g jpgw.ation layer is preferably provided in addidiepet ‘SFPG axi al
strengt heni ng neans between the outer gripping nenber and the tubular body.

A particular suitable formof insulation is provided in further detail
bel ow. According to another aspect of-10khe invention there is provided a hose
conprising a tubular body of flexible material arranged between inner and
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descri bed above. sheathhthesr eglbng e axBbefrergthening shaaéh along the mandrel so
that it at least partially covers the tubular body;

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

coil;

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

() removing the hose from the mandrel.

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

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

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

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

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



reinforcing layer, in sheet form is wapped helically around the inner coi
and the nmandrel; then the sealing |layer, in sheet form is wapped

hel i cal the inner reinforcing layer; then the outer reinforcing
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filmof the sealing layer is preferably a polyam de, a polyolefin or
fails while the more ductile polymer holds the internal pressure for a finite time, allowing

the pressure gradually to dissipate.

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

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

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

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

Suitable polyolefins inciude a polyethylene, polypropylene or polybutylene
homop.oiymer, or a copolymer or terpolymer thereof. Preferably the polyolefin film is
monoaxially or biaxially oriented. More preferably, the polyolefin is a polyethylecne, and

most preferably the polyethylene is a high molecular weight polyethylene, especially
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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 material in a
helical manner. Each polymeric film may comprise a single continuous sheet which is
wrapped around the inner reinforcing layer from one end of the hose to the other.
However, more usually (and depending on the length of the hose) a plurality of separate
lengths of the polymeric film would be wound around the inner reinforcing layer, each
length of film covering a part of the length of the hose. If desired the sealing layer may
comprise at least two heat shrinkable sealing sleeves (i.e. tubular in form) which are

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



not the only possible arrangenent. In another arrangenent all the |ayers of
the first polynmer may be surrounded by all the layers of the second
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formby winding the sheet material in a helical manner. Each polyneric film
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is a polymer coated metallic film. The metal may be, for example, aluminium oxide. The
polymer may be, for example, a polyester.

Suitable polymer coated metal films include the films available from HiFi
Industrial Film, of Stevenage, England, under the 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.

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

preferred parameters of the UHMWPE (molecular weight range, etc) discussed above



Industrial Film of Stevenage, England, under the trade names MEX505,
MET800, MET800B and MET852; MET800B is preferred. A further netal |ayer may

be di spqg war dly of the seal i ng layer. Preferably, t ERSLP8E, Met al
| ayer |§§|(aggégts7ed bet ween the tubul ar body and the outer gP‘ralerép?ng r?enb

Rockwool | ayers may al so be provided here to inprove the thermal insulati on,
preferably between the sealing |ayer -&hd the outer netal |ayer - the ai m of
this is to create a thermal annulus between the two netal |ayers. According
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inrelation to the reinforcing |ayers, are also appropriate to the sealing
| ayer. In tlitgis a@ﬁﬂt@ﬂtbeshmnt@rbe‘ thetsea|ing dayareis, forad af hegb shsinkables of
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i nvent 08 béfnéd@eogsgglm\m:g;_ayer is formed of heat shrinkable sleeves, it is
not essential for the sleeves to be made of different materials, but they

must be nade the anmaga@uwb@@lmﬂta@fem@ levigrddimeie sealmga layer
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Mol ecUfigls (e SHiesPah Vi HIEN@olddedrandiBhy pokBenagaei ng | ayer further
conprises at |east one polyner coated netallic filmor a netallised polyner

film AccorRefierably, dhet sralingsisver fethemeomprieasi anlaaséans polymar aeated hose
conpri si tubul ar I Ie mat eri al arranged between i nner and

out er 'B??agllﬁ fﬂa’) ?fe%%?tgﬁgg%gh&;q{%gﬁﬁ " body conprising a sealing |ayer
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in that the sealin er corrprlses at | east one a layer of netallic film

(i.e. atubefbady qu‘?é'rb e prRipdripnassReierainyeeaRg P@Ieygapplagr?@%@ber%» met al
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el Irlelsnforcmg layer, characterlsed 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 propertties, 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 conventionally used to provided insulation in cryogenic equipment,
such as a synthetic foam material. One particularly suitable form of insulation is
described below.

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

position, without compromising the flexing abilities of the hose.



The metal containing filmis reflective and therefore reduces heat |oss or
heat gain - this is especially useful for cryogenic applications. In
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under outer gripping nmenber and also to any | ayef provide
sur f acering nidebe dght meisturg, eicc is preferred that at |east

The resin matrix may bond to a layer under the outer gripping member and also

e OUt er

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 rasin matrix are bonded to adjacent layers.

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

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

Suitable basalt fibre fabrics are available from the Sudaglass Fiber Company
under the trade designations BT-5, BT-8, BT-10, BT-11 and BT-13. The preferred
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parti chicnéss aftherfgbgers fromeatymesrt 8t Limes uplto abeut Dcduinan., If desited @ glacaiidy bhat

fabri f dof b It fib id ticularl di | ati on. Thus,

oo LT 2 Tk LRES L P cular Ly, good | el ation, Thus,
bul b | axl | ad

L. Do 984 T oA SRR R R R I AELPP! "0

char a(‘do?rlipbréggfohntﬁér@forbhﬁe prefad tat provideagesornpedssitesiayet aboiad ftoe f'ﬂ’eiisé?ff
basalt fibres. Suitable basalt fibre fabrics are available fromthe

Sudaglfalrdc, el sepRsaliyCcoruntRss hreasaidayaesi gnati ons BT-5, BT-8, BT- 10,

BT 1L and_ i, Ehe e fhehe oo VR 014852 12, CTL G903 02507 g Hibskness of

the fabric i to a desi al ity

of | ayehssqfolymeribdsatis, frabdditionty the [®ranHysEhasék faede. al so found that the
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rei nforcenen bayer of the insulation layer is an ultra high nol ecul ar

vei ghtdeget P¥fre (UHMAPE), such as DYNEEMA or SPECTRA, as descri bed
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features as the tubular body discussed above.
The tubular body may further inciude one or more insulation layers made of
conventional insulation material and/or made of the basalt fibre fabric described above.
it is preferred that the hose is also provided with the axial strengthening means
as described above.
According to another aspect of the invention there is provided a method of
making a hose comprising:
(a)  wrapping a wire around a tubular mandrel to form an inner coil;
(b)  wrapping a sheet material around the tubular mandrel and the inner coil
order to provide a tubular body formed of the sheet material;
(c) wrapping a wire around the tubutar body to form an outer coll;
(d)  applying a curable liquid resin over the outer surface of the tubular body
and the outer wire;
(e)  allowing the resin to cure;

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



features as the tubul ar body di scussed above. The tubul ar body may further
I ncl ude one or nore insulation |ayers nmade of conventional insulation

mat eri al made of the basalt fibre fabric described
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as descri bed above. According to another aspect of the invention there is
provided a nethod of naking a hose copprising: (a) wapping a wwre around a
tubul ar mandrel to forman inner coil; (b) wapping a sheet material around
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Pr eferab et'hod furt her conpri ses applying an insul ation |ayer over

the cur ed Ih esp(c),Tthe tibakr Bbipmapyenprisehenaliby beoyas Hessrited absye: 1 or med
of basalt fibres, as described above. In step (c), the tubular body may
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According to another aspect of the invention we provide a hose comprising a
tubular body of flexible material arranged between inner and outer gripping members,
characterised by layer of plastics material 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 into the plastics
material, before spraying, while it is still in a liquid form.

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

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

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



materi al containing as bubbles therein. The plastics material is preferably
a polyurethane. It is preferred that the plastics material is applied to

the tubulary ey by spraying the plastics material, in |i i@kl Rse, OVer
the surface of the tubular body, then leaving it to cure. Again, the curing

may take place sinply by leaving the coated hose to stand in air, or may be
effected, or accelerated, by an acti«l8-neans such as heating. The gas
bubbl es may be incorporated by injecting the gas into the plastics
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gas- coauchi a8 pguiigspaioingrar exirgbions covered by a further layer of plastics

materi al , ich does not contain subst antial anpunt of. gas bubbl es.
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plastics material nay be the sane plastics material as the gas-containing
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pol yur et hane. t1h | ayers of plastics material can be applied by techni ques
ot her q%ﬂx'gﬁtg@' 6 such as pouring, painting or extrusion. Any suitable
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pr ef eraydty Prefeprdy itheahesg hasan greraliepecifigraviy 9f Ivas thars fepigferbly tpdst y of

over et Dt 4 SnroRrgR S R RIS ditaint ) Blver, iR PPN RS e,
appl i &, Ferexaimpibeag@st-48rhai, prafgrasly eboullhenrRUr ne afals by bbeCieassfdraply be,

for exanple, about 4-8 mm preferably about 6 mm The gas bubbles are
pr ef edegs than eutiam Budameis i n di ameter. The gas bubbl e contai ni ng | ayer

al so may bergseds hphRE SR IRIVE? 2t A95%e used in the embodiments of hose
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 repiace the cured resin
matrix, such that the gas containing layer has the gripping members embedded therein
to restrict relative movement of the outer gripping members.
According to another aspect of the invention there is provided a method of
making a hose comprising:
(@)  wrapping a wire around a tubular mandrel to form an inner coil;
(b)  wrapping a sheet material around the tubular mandrel and the inner coil
order to provide a tubular body formed of the sheet material;
(c)  wrapping a wire around the tubular body to form an outer 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 to form a solid plastics coating containing gas
bubbles therein;

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



descri bed above. In particular the invention may include a |ayer conprising
a cured resin matrix, as described above, in addition to a gas containing
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i nner menber adapted to be disposed at |east partially within the hose; a
seal i nigadseppbed taltst kose ar thetsaadiagimerber if ondes t@ (gsliice, obetdiynibatareen
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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.
In another embodiment, the sealing member may simply comprise a sealing ring which
is an interference 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 to
further improve the sealing.

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

of polytetrafluoroethylene (PTFE).



The inner nmenber is preferably substantially cylindrical, and the sealing
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nmenber §N@HRIgI7; SO that the tubular body can be clanped Betywss g5 out er
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nmenber, and _that the ho nber and, the en nenber. are copnect ed
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The hosenkaydypregyimpvevingrthaséaliyloddke Seatpmvided hy theadaling aresheer.i ng
menber, and.the oad sferrin nber .t ansf ese forces. t he end
nmenber. In t‘?nPEe (P f&\a%%%g}neﬁgg?% rehd té o ¥r8P§ MY RERHES ‘%ey Pass
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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 outer wire therein.
Preferably, it is the hose engaging member of the load transferring means which is
provided with the helical recesses.
The load transferring member preferably comprises a load transferring plate,
which is typically disk shaped, having an aperture adapted to receive the hose
therethrough; plate has a surface engadgeable 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



It is preferred that the inner nenber and the | oad transferring neans
include a portion configured to receive the wires of the hose. The inner

menber G ﬁ;mp; ovided wth helical recesses adapted to ﬂ@ﬁéh?fﬁo%@?
innerwi re ? erein, and the load transferring means can be provided with

helical recesses adapted to receive the outerwre therein. Preferably, it
is the hose engagi ng menber of the |odld transferring means which 'is
provided with the helical recesses. The |oad transferring nenber preferably
conpr ifsgRatior trettedn aviitieis adapipdd engagki said parttof phe &lbuladimekntsrapetbw havi ng
an aperture adapted to receive the hgose  therethrough;, plate has a surface
engagdadsealing AngnhEhees e%&gﬁ@%i@ 5mpm§rfgﬁ>$eg[}%f&§eéa?.ufSé M&RASF er r ed

from the hose e j . I LN er
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pl at e RagbEPanEtenesHiRg iy, It apsfferretinbat treads ehclofoihetian es@prieeshe end
menber. A 'Lighteni ng nenber, such as a nut, can be pravided on the rod. The

i nner prejebtion extdnstiag cicuardergnighie asnindiiecautes sadape & the iardramfiarhi n - an
end pi{é%irggygﬁgé{%gﬂgoﬁ%oﬁ%%@OFg%‘ﬂd f%rr]ﬁi.afiS te fromthe hose end. The end

menbe a e side of the sealing nmenber, adjacent the tail

end, and thedapsing @naagines asprebenf itse anvemaedteretiserotided simetheld bhe
seal i ng nenber adjacent the hose end. Preferably the outer surface of the
i nner mMatibeA hesepeeWPdedwi t h at | east one WD OV96772 PCT/ GBOV02- 562 -21

formati on thereo Lch_i [ f.ubul ar
menber , bel(%M t"ﬂr ‘ﬁgérg]lar@re??%gfn%g@%@ggg%ﬁdf%rt%{?%%ng?ép %’h?%lai nprove the
sea(of the ubulaappRigdesheanhateriatedeount tiee tueoudad diaadrdi faoid thBéntebodbiar
menber to be pulled frombetween th in?er rren&eer and the sealing ring. It
is preferred t hardento PrOVERA tHYIRRPPEN IRt PEEE Shegirapiee®lon ext endi ng
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Desirably, ( here a or three of said for ions. According to anot her
aspect of fdie i meamdvirantheterse fremne maretielacrehtadisot by tnatdlloyirg steps:
w re around a tubul a el to forman inner

ggirr}):rl ?L?g&ég%iwﬂgggﬁggﬁnﬂ% @ﬁnyerdp&%%p?rhgn{j@ﬁqr\]% OfEndrel and the inner
coi | ordento pishilfy & daububistoatymcoingad sbodibesahiaes oMeiié b arle)
pping a wre around the tubular body to forman outer coil; an

(g)  clamping a sealing member to an outer surface of the tubular body.

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

(c):

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



(d) renoving the hose fromthe mandrel; characterised by the follow ng
steps: (e) disposing an inner nenber in an open end of the hose; (f)

cl ampi ngyg yhe@d,transferring neans to an outer surface of %Q@%“fmd (9)
cl anping a sealing nenber to an outer surface of the tubular body. ‘

Preferably the nethod further includes the follow ng step between step (b)
and (c): (h) pulling a tubular axial -é2rengt heni ng nenber over a free end of
the mandrel, so that the mandrel extends within the axial strengthening
menberrgirtfoemglal/kbr;rigettbe axitai regtiommy [ayer rig smesbrmaliowrapdel aandreihe so

that it at |east partiall overs the tubul ar dy. Preferably, the axial
st r engt HW\@)’%H@&'?E'}@‘ @ﬁ?ﬁﬁrﬁéﬂ’f B?aq%}wg%wpgﬁggépﬁlﬁa means, and the

hod f ' ' e (1) i ng back
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means .th&sefrer gitdty, dritbtneopdsitiemdf theecaisasftthewiuéed clil ereaafitiricethalndgiitchensi on
in order to_provide the hose w tg:@good structural integrity. Preferably the
sheet lergiBrafiset fior tlap POsIioARFhe $O¥s M BTG4 ng | ayers” sandwi ching a
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and t hedispapdd @lithit fteAlteheativedt ithgehdyitting can Sbelspdsrdwithis the agpesk the
helically around the inner WO 01/96772 PCT/ 3801102562 -22 rejnforcing |ayer;
then thesedut Eidingihe dmerigandial thereqlaneeer to @nngnd ef theapesal thed seguting

seal i | aye Vi I lci ; [ . ied,
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havi ngemiaiveos @@ npatadel. and the position of the coils of the outer coil are
positioned half a pitch_  length offset fromthe Egsition of the coils of the
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fitting can I spose thin the rest o e ose by sliding e | nner
mandr élcseher eal ong up to an end of the hose, then securing the rest of the
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each epdiiff ahhenRoSEa hose comprising a tubular body of flexible material arranged
between inner and outer helically wound wires, characterised in that the end fitting
comprises: an innar member adapted to be disposed at least partially within the hose;
and a sealing ring adapted to seal at least part of the tubular body between the sealing
ring and the inner member; wherein the sealing member comprises a sealing ring and a
compression member for compressing the sealing ring into sealing engagement with
said part of the tubular body, and the compression member is tightenable against the
sealing member in order to selectively increase-or decrease the compression force of
the compression member against the sealing member
in one especially advantageous embodiment, the compression member is
tightenable against the sealing member in order to selectively increase or decrease the
compression force of the compression member against the sealing member
In another especially advantageous embodiment, the compression member and
the sealing ring are removably securable to the hose.
Thus, in accordance with the present invention there is no unrecoverable plastic
deformation in the components of the end fitting.
Preferably, the compression member is adapted to compress the sealing ring

equally in all directions.



The present invention relates to an inprovenent in the sealing of the ends
of the hose. According to another aspect of the invention there is provided

an end {jd §ioRg,.for sealing an end of a hose conprising gdybyhadsspedy of
flexible material arranged between inner and outer helically wound wres,

characterised in that the end fittin conprises: an inner nmenber adapted to
be disposed at |east partially wthi-A3the hose; and a sealing ring adapted
to seal at |least part of the tubular body between the sealing ring and the
i nner menbergfendisly ettie chmpsesdiongnertizeris coapiustse aliasmitémand fgrthad a
conpressi on nenber for conpressing the sealing ring into sealing epg\aegerrent
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menber is tightenable against the sealing menber in order to selectively
i ncrealé® or decrease the conpression force of the conpression nenber
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unrecoverable plastic deformation in the conponents of the en tting.
Pr ef epablidgs athadraniaoesyss syyhehmakingsthadigice @st desvipsddgiovhéhesgaling ring
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t i ght gRiteRISRANH Miiciheaissirepnliffer@niceris eohBactrtuasddriveolih@rberefdr thhe
conpr ession nenber, thereby conpressing the sealing, ring within the
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than the sealing ring when subjected to cooling. This feature has the effect that when
the end fitting is cooled, the sealing ring contracts more than the inner member, thereby
tightening the grip of the sealing ring on the inner member, and improving the seal. The
inner member may be made of any suitable material. Stainless steel has been found to
be particularly suitable.
Preferably the outer surface of the inner member is provided with at least one
formation thereon which is adapted to engage said part of the tubular member, below
the sealing ring. The or each formation stretches the film, which acts to improve the seal
of the tubular member and to make it more difficult for the tubular member to be pulied
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 ére two or three of said formations.
It is preferred that the sealing ring is an interference fit with the inner member.
In a preferred embodiment, the end fitting further comprises a load transferring
means as described above.

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



t he conpression nmenber is stainless steel and the sealing ring is
pol ytetrafl uoroet hyl ene (PTFE). More preferably, the sealing ring conprises

rei nforgegd,,FdHE such as glass filled PTFE, as this help Qw8 creep.
The sealiﬁgyrg)érng preferably conprises 10 to 20 w % of thg)cgf?%g‘gsl%}lzfﬁi ng. It

is preferred that the inner nenber is made of a material which contracts
|l ess than the sealing ring when subj@éted to cooling. This feature has the
effect that when the end fitting is cooled, the sealing ring contracts nore

t han theubuiaebodeabelexidibenatyial tirghigen herwidea gt iithaf atdanseakl helicking on
the inner nenber, and inproving the seal. The inner nmenber may be nmade of
any suveum wirgather fubulardied sty inasiodeanspast had throvghdhe hospanskiotnreveat | y
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t ubul grtime ableschieé@Wbdv/ae sealing ring. The or each formation stretches the
film which acts to inprove the seal of the tubular nenber and to make it
nore di f fi ciiie hoss engagingbuearbarengetransfepoasis frem the hose bisnplg by virtie dfhner
menber,_and .t he seal i ring; the stretching makes a nore even and spoot her
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of the inner menber. Desirably, there are two or three of said formations.
It isipreffledrizatk duer aneowerpiagot theghpse angesing fmareber This apangenhent nner
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-24 a tubul ar bod%{@o_f flexible material arranged between an i nner and an
out er afedxigldtrangtipning meres it fee fepuPrhp ady as«laach§etddalownsport fluid
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simply by virtue of the frictiognal forces between the hose and the hose
engagiShg g MdEr sagsiwgapd thﬁrqge%wgregf Plee‘ﬁ’bﬁf?d}t@‘%%pﬁf@@@}ﬁ@é‘éitﬁﬁ $RBer is
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t he fol ded Tjper tuboflart hedyosay forthemmsiide boady more tiesiaten dmpagimgde of
conventional insulation material and/or made of the basalt fibre fabric described above.
It is preferred that the hose is also provided with the axial strengthening means
as described above.
According to another aspect of the invention there is provided a method of
making a hose comprising:
(a)  wrapping a wire around a tubufar mandrel to form an inner coil,
(b)  wrapping a sheet material around the tubular mandrel and the inner coil
order to provide a tubular body formed of the sheet material;
(c)  wrapping a wire around the tubular body to form an outer coil; 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;
) 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



menber. The folded part of the hose may be part of the tubular body, but it
is preferably an axial strengthening neans in the formof a braid, as

descri bqgotaﬁ%&w The tubul ar body preferably conprises at Pb?ﬁm@ggﬁ,
reinforcing layer and at |east one sealing |ayer. More préferably, there

are . at least two reinforcing layers with the sealing |ayer sandw ched
t her ebet ween. The tubul ar body preferZbly has the sane features as the
t ubul ar body di scussed above. The tubul ar body may further include one or

nor e ijassitRin the seayieg singadeembubjeataceiat cavlialy. Prsfetatly asorahetbalprassibar nade
of the basalt fibre fabric described above. 1t is preferred that the hose
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t he conpression nenber includes a neans for adjusting the conpressive force
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sealing ri % are subjected to at |east one, cooli n&,cycl e. This causes the
seal i hglomriBerintandeshepgratindefPpPe@iY® ohdhe difiesEiidriechiiayer hagHbredy t he
corrpreh%%ioytgn{géﬁ&tgppl ied by the conpression nenber is

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 temperature is -50°C or less,
more preferably -100°C or less, and still more preferably -150°C or less. Preferably, the
cooling is carried out with liquid nitrogen, whereby the cooling temperature can be as
low as about -196°C.

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

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

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



reduced. Wiile the cooling is maintained, the conpressive force applied by
the conpression nenber is then readjusted to bring it back to approxi mately

t he sa as before the cooling, and then the tenpe IS
i ncr eagg‘éb%ﬁi@z cycle may be applied as nany tines as deé?&@o&nfo?"qzs

preferred that the cooling cycle is applied at least two or three tines and
that each tine the end fitting is coek@&d to tenperatures at | east 5C bel ow
the intended operating tenperature of the hose. This technique has three

i mpor ttRatseRRNGbF tHfe eftiMfRting WhenhBehnsise ik DpepsteatRdoiteirPEPaiuptslr € above the
cooling tenperature, then the sealing ring will receive additional
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cooling. This has“the effect that cooling the end fitting causes the
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01/96772 P 02562 -26 t seal ing,of. the end fitting when the hose is
operazee(lﬂtgt%y%g}'r?gh%@ _893%_89.0%'?? &Pls 8&@? 'PRE" €Y1 s and the sheet materi al
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sheet tHeorant dfsther lappedo rbiea figtingrwhihd tidendrfiténg and the rest of the hose
remain on the mandrel.
In the above described aspects of the invention, the gripping members typically
each comprise a helically wound wire. The helices of the wires are typically arranged
such that they are offset from one another by a distance corresponding to half the pitch
of the helices. The purpose of the wires is to grip the tubular body firmly therebetween
to keep the layers of the tubular body intact and to provide structural integrity for the
hose. The inner and outer wires may be, for example, mild steel, austenitic stainless
steel or aluminium. If desired, the wires may be galvanised or coated with a polymer.
[t will be appreciated that although the wires making up the gripping members
may have a considerable 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



reinforcing layer; then the outer reinforcing layer, in sheet form is
wr apped around the sealing layer. Usually a plurality of sealing | ayers

would b |ied. Preferably the inner and outer coils ar Llied in a
hel i cal %@&65‘& ation having the sane pitch, and the posf??gﬁogﬁ‘ﬁe coils

of the outer coil are positioned half a pitch length offset fromthe
position of the coils of the inner c@7k. It is possible for the hose to be
renoved fromthe mandrel before the end fitting is disposed withinit.
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Figure 1 is a schematic diagram showing the principle stresses to which the hose
according to the invention may be subjected in operation;

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

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

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



different duties. Typically, the inner diameter of the hose would range from
about 2 inches (51 nm to about 24 inches (610 mm), nore typically from

about 8| {203 mm) to about 16 inches (406 mm. In 4,1 he
operati r}{éagpgﬁighre of the hose would be in the range frorgnei'?l;g{(r)]ﬁ)tl,D7 0 kPa

gauge up to about 2000 kPa gauge, or possibly up to about 2500 kPa gauge.
These pressures relate to the operati-Bg§ pressure of the hose, not the burst
pressure (which nust be several tinmes greater). The volunetric flowrate

depends upqiglife7 fik W droeAssaioridl i epdwing andinkbtibANayedbhRs @bse of
Flowates from 1000 nB/h up to 12000 nB/ h are typical. The hose accordi ng

to t hdigwestitin greatan dgtais and provi ded for use with corrosive mterials,
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showi ng the a sealing layer of a hose according to the invention;
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nor rm'a|><l¥:11 Ss?rgjssegse(ijs tggngyartieg%y 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 to bend the hose H in order to
position it properly, and by movement of the hose H during use. The torsional stress TS
is caused by twisting of the hose. Prior art hose is generally capable of withstanding the
hoop stresses HS, the flexing stresses FS and the torsional stresses TS, but is less
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. In Figure 2 a hose in accordance with the invention is generally
designated 10. In order to improve the clarity the windihg 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 16.

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

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



use. The hoop stress is designated by the arrows HS and is the stress that
acts tangentially to the periphery of the hose H The axial stress is

desi gnatggsl, py,4.he arrows AS and. is the stress which act g-{6gal)¥s3! ong the
| engt h of the hose H. The fl exi ng stress is designated FS gprélﬂéﬂlhs‘atoﬁe stress

whi ch acts transverse to the longitudinal axis of the hose Hwhen it is
fl exed. The torsional stress is desigiated TS and is a tw sting stress
whi ch acts about the longitudinal axis of the hose. The nshing stress is
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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 reinforcing layer 21 disposed between the sheath
20 and the outer wires 24. The reinforcing layer 21 may have similar characteristics to
the sheath 20 and the tubular body 12.

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

the tightened condition.



materi al described belowin relation to Figure 7. The reinforcing |ayers 14
and 16 conprise woven fabrics of a synthetic material, such as UHWVPE or
aram d fwioree®s7®i gure 3 illustrates the inner reinforcingrcayesodsbss: from
which it will be clear that the inner reinforcing |ayer 14 conprises fibres
1l4a arranged in a warp direction W @d fibres 14b arranged in a weft
direction F. In Figure 3 only the Ia'gf 14 has been shown, in order to

improve the_clarity. W have unexpectedly found that the axial strength of
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polyurethane which 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 fo keep the outer
wire 24 fixed in position. In a preferred embodiment, the inner layer 26a is provided with
air bubbles therein.

The insulation layer 26 includes a layer 26b over the layer 26a. The layer 26b
comprises a fabric formed of 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¢ 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 fayer 26 further includes a compression layer 26d. The purpose of
the compression layer 26d is to compress the layer 26b, as we have found that the
insulation properties of the basalt fabric layer 26b are much improved under
compression. The compression layer 26d may, for example, comprise a rope or cord

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



As shown in Figure 6, the sealing layer 18 conprises a plurality of layers 1
Be of a filmmade of a first polynmer (such as a highly oriented UHWAPE)

interl egyef,wiHh a plurality of layers 18b of a film md@cdﬂg;?gl/ggggnd
a di

pol ymer (such as PFTE or FEP), the two polyners having er ent
stiffness. The layers 18a and 18b have been wapped around the outer
surface of the inner reinforcing |layeé¥-14 to provide a fluid tight seal
bet ween the inner and outer reinforcing |ayers 14 and 16. As nentioned

abovecompeised ayensaleeriidediBh sheaiptikoebeshantt 30 iaveribhed Beoasr anged in an
alternative fashion. For exanple, all the |ayers 18a could be arranged
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position. In a preferred enbodiment, the inner layer 26a is provided with
ai r bubbl eShe hegeilR,carhiee manufacivoad byjlee fo®wing leaiwique. Ap/@firstetepifer t he
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| ayer 26c¢ conprises an UHWAPE such as DYNEEMA or SPECTRA. The purpose of
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| ayerdighiona® isesdbatehé dusided aagld be i nsul ation properties of the basalt
fabric layer. 26b are nmuch inproved under. canpression. The conpression
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o Pockt RSB st Roeul SISy g et AIRAST SR L0,
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contajning, das QUBHe%r WY aP%e lengths of the films 18a and 18b would have to be
wound around the inner layer 14. The films 18a and 18b are preferably arranged in an
alterhating fashion through the thickness of the sealing layer 18. Typically there might
be five separate layers of the films 18a 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 tubuiar axial strengthening sheath 20 is drawn over the
outside of the outer reinforcing layer 16. The further reinforcing layer 21 is then wrapped
around the sheath 20.

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



provi ded over the |layer 26d to further inprove the insulation properties and
the buoyancy of the hose 10. A still further polyurethane | ayer (not shown)
not contwioniywgr7zgas bubbl es may be provided over the gas- eeni@eiigdS

pol yur et hane | ayer. The further polyurethane |ayer could additionally, or

i nstead, be provided within the layer 26d. It is also possible for the

| ayer 26a itself to contain the gas bdBbl es. The hose 10 can be manuf act ur ed
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illustrated in Figure 2, where the pitch length is designated p.

01/ 962P#:PCT/ GBOI / 02562 -32 A pol yurethane resin is then be sprayed over the
outer surfage oy ki SR Meludes a load transferring means comprises a hose

engaging member 208, a load transferring member 210 and an end member in the form
of a disk-shaped plate 212. The load transierring member comprises a disk-shaped
plate 214 and at least one load transferring rod 216. In figure 2 there are two of the rods
216, but it is possible to provide three or more of the rods 216. A tightening nut 218 is
provided on each rod 216. The plates 212 and 214 have apertures 212a and 214a
respectively for receiving the rods 216.

The plates 212 and 214 may each be a Simonplate, the hose engaging member
202 may be a Gedring and the split ring 206 may be an Ericring.

The plate 212 is further provided with apertures 212b, and the tail end 202b of
the inner member 202 is provided with apertures 202¢. Fixing bolts 220 extend through
the apertures 202b and 212 to secure the plate 212 to the tail end 2023 of the inner
member 202. In Figure 2, there are two fixing bolts 220 and associjated apertures, but it
will be appreciated that fewer, or more, fixing bolts 220 and associated apertures could
be provided.

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



| ayer 21 to forma resin coating over the reinforcing |ayer 21 and the outer
wre 24. The resin may then be left to harden, in order to formthe | ayer

26a. Theyd epbgriay be aerated before hardening (typicall ychrigng.&erayi ng
or painting) to provide gas bubbles therein. The basalt fabric layer 26b is

t hen wapped around the pol yurethane | ayer 26a, and the UHWAPE | ayer 26c¢C is
t hen wapped around the |ayer 26b. Fid&l |y, the conpression |layer 26d is
applied over the layer 26¢c. The ends of the hose 10 may be seal ed by ‘
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seal i ng nmenber which conprises a PTFE sealing ring 204 and a stainless
st eel 2&pBpaced Ry 2fe alteulRNdA®- PTFE sealing ring 204: The end fitting 200
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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 hose 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 tension in the hose 10, thereby taking up any play
in the system. These forces are transmitted from the hose engaging member 208, to
the plate 214, to the rod 216, to the plate 212, and to the tail end 202b of the inner
member 202. The tubufar member 20 is pulled back over the upper surface of the hose
engaging member 208, and is secured to 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 to a low temperature by liquid nitrogen. This



form of grooves 208a which are adapted to receive the outer wire 24 of the
hose 10 therein. The inner nmenber 202 is provided with an outer helical
recess kyp b7 orm of grooves 202d which are adapted to pegepvgoifae | nner
wire 22 therein. It will be seen fromFigure 2 that, like the inner and
outer wires 22 and 24, the grooves 208a and 202d are spaced by half a pitch
| ength p. The inner nmenber 202 is prmﬂi"ded with two circunferenti al

proj ections 202e which are |ocated under the sealing ring 204. The

pr oj echusestr2ialingming 204 (o npnoeet retdivelygnbiatdpaotthetsplit dbgl26, méveseby 20

bet the i nb 0 t he.. | i i 204, . | .t
P b oHaagis PP RS B ph e B e Ry RS Bctha oy B% 3 R 2B Rl
hose 10nisteamif 84 Q@gtaﬂﬁi Rk ddifnirtg 20asatlnld Sty Wtéﬁ;@ﬁaﬁ@*‘?ﬁé 202

is threaded i%ﬁ)to t%e nd of the hose~10, so that the hose 10 Ties ¢lose to
t he plspliterijl206 i lagaimtightesiade T2 tesnpeabiredd than tdlewgrbtoy ese 26 2anlaiedt t he
outer wire 24 is received in the roovetﬁ ZOS%The_inner a&bﬁ outer wires 22
and 24oadEopswiieRY$6e ERAAPTERYE FICRON NeRERI HNYHIF EReCS M iugiHes 202

beyongrég}?r ’ %%ngawriag%él %@ide%jh??bﬁfrin&@dﬁ al so cut back to

this poin e ltnner re orcing layer 1 so cut back at this point,
or at soneTar cimpletes tha ded fittimer for iefiose i BgT hahese bhgagichment e Z&&1 i ng
ring 204. This neans that th aljn er di rect engages the

but o stdassame Srelnamte B o bo% oY Fud Bebr Siakd b & casdy e,
howev [ ’9#% e { &4 Ofth E08ing M 0ATBIRRY A y@ﬁg i nner
nenbe?‘léi%aégﬂédjt e s%%fll gr%rl‘f%g 204. Thgghrose eﬂgagi ﬁﬁer;g@% 0 offgﬁ‘et hen
t i ght epelhg of thausese t0to cl anp down on the hose 10 bring it into firm

ith £h 0., Th 218 h i, gh . Whi i nd
Ceaena) ks bA% T ReSMau P SaPdey e SRgt SRS mo oA e
fKZ t Slﬁeatséhﬁngaﬂ‘ir% CRSd@tho, [SA0&IYe 464 o?ﬂdam@eeé@ewd@@?%g? Eg iSgRRkes 808, to

the rod 216, to the plate 212, anc e tail end 202b of
t he | hiN& camenb@4 bgorearthefl @ bbae 40 ansatding fothiesnpentiay ko 0 caéesipper

ot enbREg PR ORaSE SN PR ERD B2 Fid state KRBl B a0 L =
t ubul afgedn, kRe exdnds liElabovbens arki leger 100. ROFiguAbLSB, tieehbesel BRgagi ng

menber 208 and the nuts 218 have béen ti.ght ened, thﬁ split ring 206 is
ti ght evemerged klgerthesepreyaddd- imbigus? ek Kisph o1 dHoptrqaniie arraeRiph 12 by

 ope PR 200 tRRoED o CIAS A aR R . I
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 additional reinforcing layers 14,18, sealing layers 16 and/or
tubular sheaths 20. One or more of, or even all of, the sealing layers 18a may be a
polymer coated metallic film, or metallised polymer film. Similarly, one or morz of, or
even all of, the sealing layers 18b may be a polymer coated metallic film or

metallised polymer film.



-34 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
greater _expansion of sealing ring 204 relative to the split ring 206. This
conplet@k_ﬁﬂé 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 des$. t heHosereonbeising atthieulas baty 0f floxibiehmalherizd atfangedgpeteeebAnher & show

three applications for the hgse 10, In each of Figures 5A to 5C a floating
pr oduct PYRT QEPB'PQg’Be%W&f%ftFPE%‘i"HQb%)é §eMMP(IEINSE 5%6'2"9 ayer HI@@&SFQ%&M%\!@

Ca”!ﬁrinﬁ%ﬂ%ﬁ?{ dtﬁ?&%irﬁ&r(ﬁngd;%?gﬁ%ﬁﬁthei %rgbiils?n@ead axian&ir thgﬁﬁwghﬁgﬁ?ig

carries roma stora e F 2°to0 a storage tan
LNG car adapteddd .retluce BefprmatioA, oftthe thbglar body iwdenathevie buker ety iseubject€@b. | n

Figure 5B, .the hose 10.is _subpmerged bel ow the sea |level 106. In Figure 5C
the hos® 26A1tPBSRE. ARS e exeliPFardRenna Reaas s fifhes A0APISER Xt poddaly ™
car ri esinyfd dleebh HAUbast Yart BfaheBdbalee PRhEn dxial StréhdthohiRg Mbmesagrier
is linked to a | and-based storage facilit 08 via the hose 10. "The hose 10
maybe usyested toanayiabtensiompeharagterisad inpaat at leastt ore ghghecianeoveed stenn i n
figures BA to 5C The, hose Jmy, be us iLn.chyogeni.c and non-cryogeni

condl §; EorTR el oSS B Ve 480 dné P SRl esfRG cSEE IRy e
nmodi f i edHMAYPE gl}(@mp,ligh midlsculatovéight poigathyletie)coul d be | ocated outside the
outer wire 24. so, the hose 10 may include additional reinforcing |ayers
14,18, sealing |ayers 16 and/or tubular sheaths 20. One or nore of, or even

metal | Zed pargrerteefiife I ST RGRD B 4T hORshindldng doripreBe 8"
seal i nggémeraly tubtifarghedue fermis M@ sheersfataterbpioviddd inma fubulavestaipel, sech
polynmer film 35 CLAIMS 1. Hose conprising a tubular body of flexible

mat ef P athahthehieiprirheati aan maiptaim e tieetty §f itp dubigdanshare whenrabjetied &o
body Cogﬂéféhgﬂm? seal ing | ayer disposed between

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.



5 inner and outer reinforcing layers, and further conprising an axial

strengt heni ng neans adapted to reduce deformation of the tubular body when
the tubul ar body is subjected to axial tension, and the axial strengthening
means is further adapted to exert a radially inward force on at |east part
of the tubul ar body when axial strengthening neans is subjected to axial
tension, characterised in that at |east3dgone of the inner and outer 10
reinforcing layers, the sealing |layer and the axial strengthening neans is
made of an UHMWMAPE (ultra high nol ecul ar wei ght polyethylene). 2. A hose
accordigg to i { I | Al ri

gener al ?'y tu%ﬂ?%remg%%%t gﬁggrﬁ?ega|§he§%|@wh§@ ?g? qg?@élrgeggi lrtlﬁéz;gf(ulul ar
shape, sharigtiéninganeahs dandtheainrsdteanid oater mainfotcng layersi areeglt inigdeobf ithe

t ubul ar shape,K when sua%;e ted to axial tension. 3. A hose according to claim
2, conpPRBEMNNLIoMateid of said tubular sheaths. 20 4. A hose according
to clgim3, wherein the braid is provided in a triaxial form 5. A hose
according to any preceding claim further conprising an additional

rei nf or td.ng Aahese batomedingt toe agyi precedirgh gldismi wherasantheaimtharhandior eouter

i ppi ng. nber. 25 6. A h ing t di |.ai wherein th
i ol REPGIYRS SRRy S W0 R dRimEE e (e S AreREe R Wal SRS
t ubul arwBRMirection AP 3P ersiAAhEior@akh raimforeMy 18{ercisalisPosed Such tha ieharp he
axi al strengthening 30 neans is di sposed between the tubul ar body and the

out er gdirggiiongs aéabanglsof lesadban 202 to tenlgngitudingl axie obthechesen 5, wherei n
t he ial strengthening neans is disposed between the additional
reinforcing layer and the outer gripping nmenber. 36 9. A hose according to

any pre¢edi ng Hdsel d8covding ab tldife10, ukHémin Brdinet RadAY dlter FdinfoRGihy ey ds
means and the inner and outer reinforcing |layers are all nade of the sane

|
pol yner dispasgdsuch that the warpriieastian d®»atirR@nate ahlesgrtbae di0ido dhalangitudineéi n

t he i nngg. ter reinforcing |ayer conprises a woven fabric formed of
fibres g’é'?%? eegﬁcl)%éj'a warp and a weft direction, and wherein the or each
reinforcing layer is disposed such that the warp direction is at an angle
of less than 200 to the | ongitudinal axis of the hose. 10 ) ]

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

layers 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.



11. A hose according to claim 10, wherein the inner and/or outer reinforcing
| ayer is disposed such that the warp direction is at an angle of |ess than
10 to the longitudinal axis of the hose. 15 12. A hose according to any
preceding claim wherein the inner and outer reinforcing |ayers conprise an
ultra high nol ecul ar wei ght pol yethylene. 13. A hose according to any
preceding claim wherein the sealing | aper further includes at |east one

| ayer partially or entirely conprising a nmetal or netal oxide. 20 14. A hose
according to claim 13, wherein the nmetal or netal oxide layer is a |ayer of
metal |i ggor I f p ; ' lic
oxi de i1Pm Bride st erqaif 195y f7Eah¥H 1RERSET nilthete apoirile: LS
15. A hose accordlng to any precedlng claim further conpri sing an
insulating |layer. 16. A hose accordlng to any one of clainms 1 to 14, further

conpri silfig aAclipsal aceaiding fclain 6.5 hoSEd & f thar cABPAISING ani ipgulation layer er
Wre geb&g‘gﬁ #;eéaﬁibrﬁa%rrh Jilo\fb%ggl?ﬂﬁﬁéé inthe resin matrix in order to

restrict Ve m)verren tween outer wire and the 30 rest of the
hose. 17. A hose according to claim 16, wherein the uncured resin formng
t he resizﬁ matrix s a materia ied to the tubul ar

can be .appl er
in Iiqu o oseASeTdROHS SA 1o Hhar?anerl%rﬁﬁral%orapref?'Owraar%?wurﬁgﬂ?esi ]
mtr X basat vRideaGved b cOmipoess Meagisdittdolio, ¢l al m 16, 17 or 18,

further conprisihng an insulation ayer 5 conprising a fabric forned of
basal t f|bres 20. A hose according to claim19, further conprising a
ress

conpr, ion er around the .basalt fabrj whi ch serves to co

basall” PAbr i & HaRs BSOS PIaBE A0 RE oM SPMPIRPSIGIhEDEr ROTRESEDAB LS on
| ayer Cﬂ[ﬁ?fﬂn%%%uﬁd?v&’é%ﬁlapol 2|elﬁlé| ecul ar wei ght pol yethyl ene. 22. A hose
according to any preceding claim further conprising a |ayer of plastics

mat eri al around the tubul ar nmenber, the plastics material containing gas
bubbl es g‘herel n, to.claim22 Where n t tics

di h
tor T aR2 e A Beadifind X 955 oRESRRRS Sfhutsd s e houg MG S et BE RS L
the pl aﬁiatéﬁarrrarcﬁmdathe suB@Bt iriémber, #He psticy biwadsrid) 0gdhthinirkd 'gai BAbbIBs

plastics material, in liquid form over the surface of the tubular body,
t hen1Petharai.it to cure.

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 liquid 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.



25. A hose according to claim22, 23 or 24, wherein the gas bubbles are

I ncorporated by injecting the gas into the plastics material, before
spraying, while it is 25 still in aliquid 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 plastiags material. 30 27. A hose according
to claim26, wherein the further |ayer of plastic material is a .

pol yur e¢haneA fEse agcoring i aay caivhglainsadd tord , orherein ite oyverall specific

wherein k@@yBYﬁ{eaﬂésesgqggéi n@_r8§1vity of the hose is less than 0.8. 29. A
ng

hose ac%or 0 any preceding ¢laim further conprising an end fitting
which 5 conprises: an inner nmenber adapted to be di sposed at |east
partially within the hgse; a sealing nmenher adapted to seal at, 6 |east part of

the tubff-ar DERFErANCP{HIAg soRAYRIBCEENT Sliine FUTHIEE ADBRISING ARETKLUing gHehber
and the.d deBERe [sée'daﬁ; f i : ; t
trans e(r:drgéﬁ%? ) oaﬁée%@%ﬁ% to ttﬁ(qeagég@rotgéﬁ%n%egt Hségté |ngﬁhnlg(rir@§b8|g%'%rder
t o r eduseglingr meinbernadaptetdhto arabhbt lleasd part tdiehbotbubat bedy fulhe ardind &z | ng
menber and the inner, nenber. 30. A hose accqrding to claim 29, wherein the
Mner rRHerI BRI 114 $o3)d MATPEAARIR PRET SGaMPRG AL SORYRIS: ¢ he
form of Ioédgfaﬂ%f@rﬁﬁgtrﬁéaw aﬂﬁgféd"t% frAsfbna%al Io%%gbfﬁglibaqgﬁh&hoée drBahd the
tubul ar body can bé clanped between the outer surface o 15 the 1 nner
menber sealingreemiveein ederde eediice, loe eliminpte 3the axialdead andbediosg hetweenitme 29
or 3 wherein the sealjng nenber conprises an inner sealing ring and an
out e?o sﬁ?ﬁqwgrmﬂ@bﬁﬁﬁeﬁ tb%ﬂ“]fé PEEREENed in order to force the sealing ring
i nto engagenent with the tubular body and the inner menber. 20 32. A hose
according to claim31, wherein the split ring is stainless steel and the
seal i ng30.i ngAi bog®| gacerdiagl torad@irhy%enehe®d thehweraoesmbemis tsubstaptishe of

cnoag: ey neear and S SEBuE mernB: Rif N Bkt s i SRR BRLRERENED ", e
i nner  nEgher thERIMITOAMSE RN tuartEbBUSdh b8 @tarhped Bealédrtthe'diileesutface of

di sposed between the |oad transmtting nmenber and the end nenber, and
15 the inner member 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.



that the hose engagi ng nenber and the end nenber are connected through the
load transmtting nmenber. 30 34. A hose according to claim 33, wherein the
hose engagi ng nmenber is adapted to engage the hose in such a nanner 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 claim33 or 34,
wherein the inner nenber and the hose 3gngagi ng nenber each include a
portion configured to receive the inner and outer gripping nenbers of the
hose. 5 36. A hose according to claim33, 34 or 35, wherein the | oad
transfeggi ng e ri ; r I id2g; t I ure
adapt e ro TR opr AL BRIR P RF S ARrBl Ueirilep e ipcPiheZREES
engageabh@aghd mémbehezeheinghglieng partiberconfighesdehy receids thaninher tandnsiter r ed
fromthe hgse enr%a%i ngf menber to the plate. 10 37. A hose according to claim
36, wheSHRING Membeig QTARNOSRr i ng menber further includes a | oad

trans%erri ng rod secured between the plate and the end nenber for
transferring loads fromthe plate to the end nmenber. 15 38. A hose according
to any 8e oA hudsei ascaz@ingoto3dlaim3sy, G4not B8, wheeain thetlead hmnsterring seember

whi ch i s adapted t tend withi d_porti fot ,..and il end
oot o SIDR TG oio8e EARFICi Rake IR ahcARe BRCIARST AP, et b DR oi e

of the th%?éthidl@;ﬁ?‘ﬁﬁ@%!ate%@?Qts%‘éetéﬁdagéagb WiH thé®odeseh gt Tber

is arranged on - the other side of the séaling nember adjacent the hose end.
20 39. wharsdy laadocan be transieyed fromfhecheserenganing nednbanter therplatee | oad
tranf({)]erri ng neans is adapted to transfer axial |oads between the hose and
t he ner nmenber in such a manner that said axial |oads are diverted around

the seaByng RENR acBoffitfto tdhaint BBUGEhereln Md MBathitRinstdIfingXinembepafrther t he
hose between the seali n&!r_renber and the 25 inner nmenber, and wherein the
ripg r

seal i nginelidesra ileachtraps edegecared hetween: thaiplatarand g endomeetresory of
e b B eR) e REMEER e, o0 e et eIer 20 A
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 molecular weight from above 400,000 to 15,000,000.

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



30 nol ecul ar wei ght from above 400,000 to 15, 000, 000. 41. A hose according
to any preceding claim wherein the UHWANPE has an average nol ecul ar wei ght
from about 1, 000,000 to 6,000,000. 40 42. A hose according to any precedi ng
claim wherein the UHWWPE is highly oriented and has been stretched at

| east 2-5 tinmes in one direction and at |east 10-15 tines in the other
direction. 5 43. A hose according to amyp preceding claim wherein the UHWAPE
has a parallel orientation greater than 80% preferably greater than 95%

44. A h68e abcbese rarcosdingytopeayepiesgdingariaimwyeierein the WHMMEE s highly
crystal bh@htte}ﬁ %&ﬁ&?rbebh%}r&%d ilapleast 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 UHMWPE 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





