-1 - MPROVEMENTS RELATI NG TO HOSE This invention relates to
hose, and nore particularly relates to conposite hose having an

i nproved outer gripping nmenber. The invention is especially concerned
wi th hose which can be used in cryogenic conditions. Typical
applications for hose involve the punping of fluids froma fluid
reservoir under pressure. Exanples include supplying of donestic
heating oil or LPGto a boiler; transp?rtlng produced oilfield
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layers of the tubular body comprise fabric layers formed of a polyester such as
po]yéthy]ene terephthaléte. The intermediate sealing layer provides a seal to prevent the

fluid from peneirating the hose, and is typically a polymeric film. S
The retaining wires are typically applied under tension around the inside and outside
surfaces of the tubular body. The retaining wires act primarily to preserve the geometry of .
the fubular body. Furthermore, the outer wire may act to resirain excessive hoop
deformation of the hose under high pressure. The inner and outer wires may also act to

resist crushing of the hose.



Anot her hose is described in GB-2223817A. The hose described in this
publication is a conposite hose conprising an inner helical netallic
core, a plurality of layers of plastics nmaterial fibres and filns
wound on the core, at |east one |layer of glass cloth and at | east one
| ayer of alumniumfoil disposed adjacent one another and wound onto
the plastics material, and an outer helical netallic former. This
hose is said to be SU|tabIe for trangportlng fl ammabl e fuels and

oi | s. Various inprovenents to Conposite hose are described in
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The use of a flexible non-rigid material makes it easy to wind the outer gripping
member around the hose, especially in comparison with a conventional steel outer gripping
member, which is inflexible and rigid. It will of course be appreciated that the conventionai
steel gripping member can be wrapped about the hose, but this is does not fall within the
normal meaning of flexible, i.e., "able to be bent easily without breaking.” A conventional
steel gripping member requires a special machine capable of winding the metal around the
hose, whereas the flexible gripping member could in principle be wound around the hose
by a human operator, although a machine would still normally be required to achieve the

1 correct level of tension. In the preferred embodiment the outer gripping member has
sufficiently low bending stiffness that it is incapable of supporting its own weight in the
longitudinal direction of thereof.

It will of course be appreciated that the flexibility of the outer gripping member
should be sufficient that it can be wound around the rest of the hose without bfeaking, and



Thus, the outer gripping nmenber can be |ike a rope or ribbon which
can be wound around the hose, w thout the necessity of applying the
| arge bending forces required to wind a conventional steel gripping
menber around the hose. The preferred properties of the outer
gripping nmenber, in addition to the mninmal bending stiffness, is
that it has high tensile strength, it is creep resistant and/or has
m ni mal torsional resistance. Tﬁese properties enable the
outer gripping nenber to be easily woutd around the hose, while at
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outer rei i HbRidrYiBpifg member fo the rest of ihe hose, Second, the material of the outer
gripping member is more elastic than a conventional steel gripping member, therefore does
not have a sudden failure point - instead failure is more gradual. Third, the outer gripping
member can lead to an improvement in the burst resistance of the hose because, owing to
the minimal bending stiffness of the outer gripping member, it is possible to increase the
thickness of the outer gripping member, and therefore its strength, compared with a
conventional steel gripping member, without affecting the ease of its application to the rest
of the hose - on the other hand, if the thickness of a conventional steel gripping member is
increased, it eventually becomes impractical {0 wind it around the hose.
|t will, of course, be appreciated that additional layers may be provided between the
tubular body and the outer gripping member, which would be applied before the outer
gripping member is wound around the tubular body.
Most preferably the tubular body comprises a sealing layer sandwiched between



Preferably, the hose further conprises an axial strengthening nmeans
adapted to reduce deformation of the tubular body when the tubul ar
body is subjected to axial tension, and the axial strengtheni ng neans
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

axi al tensioning. In a particularly preferred enbodi nent, the
failure strain of the tubul ar body apd the axial strengtheni ng neans
are within the range of 1 to 10% e preferably the failure strain
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It is particularly preferred that the axial strengthening means is made of a non-
metallic material, especizily a plastics material - suitable materials are discussed in detail
below. This is because metallic materials are unlikely to have the desired strain
characteristics.

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

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

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



Preferably the axial strengthening neans conprises a generally

"tubul ar sheath fornmed 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 may be provided with
two or nore tubular sheaths in order to further inprove the
performance of the hose under axial tension. In a particularly
advant ageous enbodi nent the axi al stre%gt heni ng nmeans is provided in
the formof a generally tubular braid.™Tn this specification the term
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longitudinally extending fibres or yarns, for increased axial strength).

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

The materials of construction of the hose should be selected to enable the hose to
perform in the environment for which itis intended. Thus, there is a need for the hose 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 o withstand repeated flexing, and fo
withstand the axial stresses caused by the combination of the hose and fluid weight. Also,



The main purpose of the or each reinforcing layer is to withstand the
hoop stresses which the hose is subjected to during transport of
fluids therethrough. Thus, any reinforcing |ayer which has the
required degree of flexibility, and which can withstand the necessary
stresses, will be adequate. Also, if the hose is intended for
transporting cryogenic fluids, then the or each reinforcing |ayer
nmust be able to withstand cryogeni c t.enperatures. We prefer
that the or each reinforcing layer i'S forned of a sheet of material
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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 polyalefin
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 average



The UHMAPE nost useful in the present invention will generally have a
parall el orientation greater than 80% nore usually greater than 90%
and preferably greater than 95% The crystallinity wll generally be
greater than 50% nore usually greater than 70% A crystallinity up

to 85-90%is possible. UHWAPE i s described in, for exanple,
US- A- 4344908, US- A-4411845, US- A4422993, US- A-4430383, US- A-4436689,
EP- A- 183285, EP-A-0438831, and EP- A0215507. It is parti cuI arI y

advant ageous that the or each reinforcing I%er conprises a hig
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to the axPa1%88rection of the hose. The purpose of the sealing
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made by extr ui”ﬂﬁ’ Riefefred g e or each reiniorcing layer comprises a woven fabric
formed of fibres arranged ina weft and warp direction, We have found that itis particularly
advantageous if the or each reinforcing layer is arranged such that the fabric warp direction
is at an angle of less than 20° to the axial direction of the hose; we also prefer that this
angle is greater than 5°. In the preferred embodiment, the or each reinforcing layer is
arranged such that the fabric warp direction is at an angle of from 10° to 20°, most
preferably about 15°, to the axial direction of the hose.

The purpose of the sealing layer is primarily to prevent the leakage of transported
fluids through the tubular body. Thus, any sealing layer which has the required degree of
flexibility, and which can provide the desired sealing function, will be adeguate. Also, if the
hose is intended for transporting cryogenic fluids, then the sealing layer rmust be able to



W prefer that the sealing layer is forned of a sheet of material

whi ch has been wound into a tubular form by w nding the sheet

material in a helical manner. As with the reinforcing |ayers, this
nmeans that the or each sealing | ayer does not have nuch resistance to
axial tension, as the application of an axial force will tend to pull
the winding apart. The sealing |ayer may conprise a single continuous
| ayer of the sheet material, or may gorrprlse two or nore single
continuous |layers of the sheet mater However, nore usually (and
dependlw@mdmoémi@tdmpm'amm hose) the or each layer of the sheet
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each reinforcing layer provides reinforcement against hoop stresses, and the sealing layer
provides a sealing function. We have found that the UHMWPE materials are most suitable,



Accordi ng to anot her aspect of the invention there is provided a hose
conprising a tubular body of flexible material arranged between | nner
and outer elongate gripping nenbers, wherein the tubul ar body
conprises a sealing |layer and at |east one reinforcing |ayer, and
wherein the outer gripping nmenber is made of a flexible polyneric

mat eri al capabl e of bei ng wound around the tubul ar body. The hose
according to this aspect of the inventjon may be provided with any
desired conbi nati on of the additional'?éatures described in relation
to the hosgertiagiady they NEEMA=NTISRRC Epprduc. Theseinmteridl have also been found
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mandr el . positioned between the tubular body and the outer gripping member. In an another
preferred embodiment, the axial sirengthening means is provided within the layers of the
tubular body, and a further axial strengthening means is also provided between the tubular
body and the outer gripping member. ' .

When the hose is intended for cryogenic 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 andfor 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 fubular body. A
particular suitable form of insuiation 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 elongate gripping members,
wherein the tubular body comprises a sealing layer and at least one reinforcing layer, and
wherein the outer gripping member Is made of a flexible polymeric material capable of
being wound around the tubular body. The hose according to this aspect of the invention
may be provided with any desired combination of the additional features described in
relation to the hose according fo the first aspect of the invention..  According to another
aspect of the invention ihere is provided a methed of making a hose comprising:

(a)  winding an elongate inner gripping member around a tubular mandrei to form

an inner coil;

(b)  optionally wrapping an inner reinforcing layer, in sheet form, helically around

the inner coil and the mandrel; )

(¢)  wrapping a sealing layer, in sheet form, helically around the inner reinforcing



Preferably, the outer gripping nenber has sufficiently | ow bending
stiffness that the outer gripping nenber is incapable of supporting
its owmn weight in the longitudinal direction of thereof. Desirably
the outer gripping nenber is provided in the formof a flexible rope
or ribbon. Preferably, the nethod further conprises the follow ng
step, between steps (d) and (e): (dl) pulling a tubular axi al

strengt heni ng sheath over a free end of the mandrel, so that the
mandrel extends within the axi al stréhgthenlng sheath then pulling
t he axi al strengtdyeni ng sheath along the mandrel so that it at |east

partially covers the bod wherein Lal  strengtheni
sheath is ao(ggt ewr?QP'ﬁigﬁc@’tﬁ%f% Fﬁﬁfr’% Y8 ’E‘%@e%t?ﬁfﬂ"a?’e[&%a@;g ﬁ?ﬂ@i}dqﬁ}?e
tubul ar body is suedljrgdagst. to axial tension, and is adapted to exert a
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in order to ,grovi grity.
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| ayer s sandvgkhi mmavisgtie hugelfeyethe mandtelscri bed above. In the
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t he |nn§frthégbpfor0| ng | ayer; then the outer reinforcing |ayer, in
sheet formy TS wapped around the sealing layer. Usually a plurality
of sealing ResiallyWeibdtebgripgipg neamber is provided in thrifosm ciya figxible rope or
st rengt l.ng sheath nmay be the sane as the axial strengthening
sheat h descri bed above, and is.preferablgl a braid. Preferably
the inner arftieferably, thermpibicd furthenbemprisasdhafoipwing step, hetwsen steps (d) and
configuratl L) haV| ng the sane pitch, and the position of the coils of

the outer gri
‘P) pulhng a tubular axial strengthening sheath over a free end of the mandrel,

so that the mandrel extends within the axial strengthening sheath, then
pulling the axial strengthening sheath along the mandrel so that it at least
partially covers the tubular body, wherein the axial strengthening sheath Is
adapted to reduce deformation of the tubular bedy when the tubular body is
subjected to axial tension, and is adapted to exert a radially inward force on
at least part of the tubuiar body when axial strengthening sheath is subjected
to axial tension.

Preferably the gripping members and the sheet material are applied under tension in
order fo 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 shee’f form, is wrapped helically around the inner gripping member 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 gripping members are applied in a helical
configuration having the same pitch, and the position of the coils of the outer gripping



-11- menber are positioned half a pitch Iength offset fromthe
position of the coils of the inner gripping nmenber. The hose
according to the invention may be provided with any of the features

of the hose described in our W01/96772, WD 2004/ 044472 and WD

2004/ 079248. In particular, the hose may be provided with an end
fitting as described in our W01/96772 and WD 2004/ 044472. In
the above described aspects of the |nVﬁﬂt|on the gripping nenbers
typically each conprise a helically wound gripping nmenber, such that
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mat ri X. the coils will quickly destroy the structural integrity of the hose.

In accordance with the invention, the outer gripping mefnber is made of a flexible
nen-rigid material. The cuter gripping member may be rainly or entirely a polymeric
material, particularly polymeric fibres, or may be mainly or entirely a metal , particularly
metal fibres, such as a metal (typically steel) cable, wire or rope, provided that the
gripping member is flexible and non-rigid. in an embodiment, the outer gripping member
is a combination of a metal, particularly metal fibres, such as steel, and a polymeric



The flexibility of the outer gripping nmenber should be sufficient to
enable it to be wound around the hose. This use of the flexible
outer gripping nenber nmakes it possible to produce a hose with high
strength without increasing its weight and bendi ng resistance. This
makes it possible to apply higher tensions to hold the hose structure
together and it mnimses the spring back associated with the netal
wires described in the prior art, I~ch 1s caused by the elastic
conponent of bending stored in a bent™ netal vire. In addition, with
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Fl owr at es from 1000 /h up to 12000 nB/ h are typical. The hose

accordlar'i‘é;a)to the I nvention can also be provided for use with

corrosive rm‘h@rhbgé acccﬁ-umb ta?thétdif@ﬁtﬂarﬁ&hﬂie pideided éncesd ia afmld’emdetytcﬂ
t he acconpaa%/ drawi n

(i agr aFPSBAHGUEN ESJeTRErEs Ahowe S08°G oAt eR b 92C 36.48PaF At o
the i n‘f@rﬂbé{%ﬂn@lﬂel’é@l 640 \§&th s iiBbRPEIdAdd BNimaterial, the hose can be used at

temperatures below -20°C, below -50°C or even below -100°C. For example, for LNG
transport, the hose may have to operate at temperatures down to -176°C, or even lower.
Furthermore, it is also contemplated that the hose may be used to transport liquid oxygen
(bp -183°C) or liquid nitrogen (bp -196°C), in which case the hose may need fo operate at
temperatures of -200°C or lower.

The hose according to the invention can also be provided for use at a variety of
different duties. Typically, the inner diameter of the hose would range from about 50 mm to
about 600 mm, more typically from about 200 mm to about 400 mm. In general, the
operating pressure of the hose would be in the range from about 500 kPa gauge up to
about 2000 kPa gauge, or possibly up to about 2500 kPa gauge. These pressures relate to



Figure 2 is a schematic cross-sectional view of a hose according to
the invention; Figure 3 is a sectional view show ng the arrangenent
of a reinforcing |ayer of the hose according to the invention;
Figure 4A is a sectional view showi ng the arrangenent of a tubul ar
axi al strengthening sheath of the hose according to the invention,
the axi al strengthening sheath being in a relaxed condition;

Figure 4B is a sectional view show ng ﬁ?e arrangenent of a tubular
axial strengthening sheath of the hose according to the invention,

the axi al K%%%’F&&-@%Qﬂg%@?@%mofsgeh&%é urdt %l‘eggﬁrg'?\ﬁﬁlcﬁ%ﬁt bé%@veral times

Figures 5 our |ca ions hose according to
the presegteatarydinei wohimetric flow raﬂegiﬁpen@s uperethe figiskmedig, @T‘Palee%LE@vaNd the

Showi Nt PRtk BovAes i ooty af@&ﬁ@bdwnwﬁ akdigpicayent i on;

Figure 7 1s a cross-sectional view sho an i nsul atlon | ayer of t he
hose of Fi gur eTl® hese geessdieg tcuﬁt&dnvent@n@an also be proyiged far useowih epreosive

stresses LR MILCR,an QQ.%ﬁ"%ﬁ'éoécﬁdﬂorm' | y subjected to during use. The
hoop stress iIs designate e arrows HS and is the stress that
acts tangent.dw?retn@eﬂﬁ@%@?adsﬁém FAcopTRaNYing drawingm & WRICKY stress is
desi gnat ed by rf.g@reaf fs%"@ch@ﬁaﬁeglé_?%rﬁ@ﬁoﬁﬁé@ﬁ'é Nﬂlﬁpﬁ@sﬁéés%s%%lch)the hose
along the len of the hose H | exi ng stress is designated FS
and is thacesg @@@W@l'@‘f‘ﬁrﬁl@ﬂ@&yﬂ@rﬁ-\m@ in@Perdoniongi t udi nal axi s of

the hose H whefigid 38 4 éc‘ﬁ’éﬁ%ﬂc E%sk@&t%@ﬂﬁbwﬁﬁ be%se b§c&§§IPQ@ ?ffeeiﬁvérﬁon

and is a tvmstlng stress wnich acts about the |ongitudinal axis of

the hose. The FigWen ¢ saqtiend view alwwﬁteair’cmsemaf el tainfercigdayar ehihe
appl i ed rﬁtggeaédc},grd,,q%me%gm,pr of the hose H The hoop stress
HS is generated by

ressure of the fluid in the hose H. '(Is'lg@amal
stress AS is dzégfé'ﬁaﬂédlsb? $acdiongl cWey, ghayring e rar@ngemgnt 1ok 4 delap,gxial

al so by t&pengthkfhing 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;

Figufes 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; ‘

Figure 7 is a cross-sectional view showing an insulation layer of the hose of Figure
2; in greater detail; and

Figure 1 shows the stresses to which a hose H is normally subjected to during use.
The hoop stress is designated by the arrows HS and is the siress that acts tangentially to
the periphery of the hose H. The axial stress is designated by the arrows AS and is the
stress which acts axially along the length of the hose H. The flexing stress is designated
FS and is the siress which acts transverse to the longitudinal axis of the hose Hwhen it is
flexed. The torsional stress is designated TS and is a twisting stress which acts about the
longitudinal axis of the hose. The crushing stress is designated CS and resuits from loads
applied radially to the exterior of the hose H.

The hoop stress HS is generated by the pressure of the fluid in the hose H. The
axial stress AS is generated by the pressure of the fluid in the hose and also by the



conmbi nati on of the weight of the fluid in the hose H and by the

wei ght of the hose Hitself. The flexing stress FS is caused by the
requi rement to bend the hose Hin order to position it properly, and
by novenent 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 |ess ggpable of w thstanding the axial
stresses AS. For this reason, when prior art hoses were subjected to
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outer surface of the outer reinforcing |ayer 16. he tubul ar
body 12A8nd the tubul ar sheath 20 are di sposed between an i nner
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coiled wire 24, made of a flexib I¥ such as UHWAPE, The inner
and outigyenrfipp.ds Figireda @&em%ﬂcafd@%%‘é‘ﬂ g@"ﬂ‘ﬁ"‘&?"”'ﬁ'ﬁé?“%[?'é’@ﬂgé’@*te fIPdm
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whi ch aF’QUFPPIrl?&'}"aP%"%WmUcaI ly in Figure 1 and are designated by
the ref er enqpe RugE1@borABfses a tubular%bdyﬁﬂu.lhﬁihlc@ﬁlphgéﬁn ﬁx@erlréim@rcﬁrima%i

around the outer sul vent | onal
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14 and 16 COtﬁ%o? V\&ve frF\ % Qfaq&ﬁ/]nthe c material, such as
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war p dithehslixawof tW cailsat a | ow angl e, of |ess than 200 and typically
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or i ent aindane désigrmeted by dre eferefce winmgral 200er 15 is substantially

I dent i caI f

outer rei nt AP ITRIAPR et SRR 8ol Eineblior iE AT einBucethydBfmay

angl € d&fkaa comentionarinswdaiiicomaterigl, | sugbrasld plastics foam, or may be a material
described below in relation to Figure 7.

The reinforcing layers 14 and 16 comprise woven fabrics of a synthetic material,
such as UHMWPE or aramid fibres, Figure 3 illustrates the inner reinforcing layer 14, from
which it will be clear that the inner reinforcing layer 14 comprises fibres 14a arranged ina

. warp direction W, and fibres 14b arranged in a weft direction F. In Figure 3 only the layer
14 has been shown, in order o improve the clarity. We have unexpectedly found that the
axial strength of the hose 10 can be impraved by arranging the inner reinforcing layer 14

such that the warp direction W is at a low angle, of [ess than 20° and typlcally around 15°



The sealing layer 18 conprises a plurality of layers of plastics film
whi ch are wapped around the outer surface of the inner reinforcing

| ayer 14 to provide a fluid tight seal between the inner and outer
reinforcing layers 14 and 16. The hose 10 further includes a
reinforcing | ayer 21 di sposed between the sheath 20 and the outer
wires 24. The reinforcing |ayer 21 may have simlar characteristics
to the sheath 20 and the tubul ar body [12. The tubul ar sheath
20 is formed of two sets of fibres 20a and 20b which are braided to

forma tuhloihtla) S h8 nE0OHS T S G dReFBHIR mbbll WGe 5.

Figures only 't ar shea has
i mprove t thestrmtu:te;andﬁmen’atlan efthpautes repgorsinglayen’ 8 lssubstantialy identinale the

o e, 2 her bl )8 ™4 A Sl Hr OBRERrtolchattirofel Bl bOXRe

t ensi oni ng can contract novi € spaces
28. This astardﬁferantvfmyn tthe Bngletedfor e dnrer réisfodiingrsyer 146f the tubul ar

thereby 1 hor eabtngcdig evor i spPbet agy el dfut & HiesdS i Veyen e
hos §| éLIOO nﬁ'ragwed aldrshtbesutdreutfatrididhe a’rmatdmfﬁfmmmayérfi ;12;3 gjrrm\gugfg Iﬂtljidltlrg]] ht
Froure 6, Seopresls iEEeh RulsLidhmhind B3P Bt oves °t ne

resi ﬁt ance of TitBlmstad()tfhmérllrmkudmg as@m&ssm@fayam disposkd bptvestendiss siddth 20
As own

I ayz rs 185:@%@@6@& \.ﬁqr g{ 'ﬁfealleu}'%grch'@ng%gr%nerﬁg)( S%\ﬁi&ﬁglﬁg %\#&%}eh&t%s% the
ori ent ed ShAWPE) anchirer fubulaetody th a plurality of |ayers 18b of afilm

made of a Secoﬂ%tﬁm % af%@{%@eﬁ':}_@oogeiggﬂgﬂ#%&rﬁ%@@gﬁg&gﬁe{rﬁ braided

having a differe ness ayers
wr apped atodiond a thbulaubesid. sihis scshowh inréguremdA andi4H oircthage F'wees anly the

provi de. abl it Bb 38 HecHShUER MY dien @ARhrABSHOULRY. TRURTIE Shihs 26
i YR Foinoten @MBrABhURRY, BFaf e Shitts

| ayers 14 a nent1oned above, ers 1
necessari b@twaawwetsgtm‘ fipresad(lgeand 20baso tb.)at \eharaﬁwe\tt@hﬂ@@he@th 20%aubjected fo

exanpl e, 8%1 il té@i@’ﬁé%b%%@gﬁt%gﬁ go‘g‘éaﬁé&ﬁ%@ﬁq?ﬁ ifg ﬁﬁcﬂ‘ﬁ% a?é&q 2l '}'h:é Qggln

layers 1 arran I nsul ati on
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[ npr ovin e resi stance o ose

e ng stre
i nsul at i nf@ethﬁée ABJigunseti W%WE&@PH'%W@E@‘GZ%BRWi'@ﬁ@n%\cqlﬂﬁi@ﬁ | ayer
26a which is fopnadiy |e@er~;é@s swabrngfbaﬁpﬁem'.g*rcag@é 6b¢ﬁ8 p'?anQUr?gfthe

poured, or otherw se applied, over the tubular d'the outer
wire 24. sselieg layay EH%HFH@V‘?% fhe fesisanceth nee Fcawrfl%@ %ttﬁSﬁsFSaam thg hoop
matri x widthlsaHai ch the outer wire 24 |s enbedded. This hel ps to keep

the outer wire 24 fixed in gosmlon preferred enbodi nent, the
i nner | ayer 26% SheWpiR icyerSywilesealing |B¥Rﬂ§'|8é'§”iﬁ'i@ﬁ%?ﬁ““ra“ty of layers 183 of a

film made of a first polymer (such as a highly oriented UHMWPE) interleaved with g
plurality of layers 18b of a film made of a second polymer (such as PFTE or FEP), the two
polymers having a different stiffness. The layers 18a and 18b have been wrapped around
the outer surface of the inner reinforcing layer 14 to provide a fluid tight seal between the
inner and outer reinforcing [ayers 14 and 16. As mentioned above, the layers 18a and 18h
do not necessarily have to be arranged in an alternative fashion. For example, all the layers
18a could be arranged together, and all the layers 18b could be arranged together.

The insulation layer 26 is shown in greater detail in Figure 7. shows the insulation
layer 26 in greater detail. The insulation layer is primarily concerned with improving the
resistance of hose to the flexing stress FS, and with insulating the hose

The insulation layer 26 comprises an inner layer 26a which is formed of a



The insulation |ayer 26 includes a |ayer 26b over the |ayer 26a. The
| ayer 26b conprises a fabric fornmed of basalt fibres. The | ayer 26b
provi des nost of the insulating properties of the hose 10. The
i nsulation |ayer 26 further includes a | ayer 26c¢c over the |ayer 26b.
The | ayer 26c conprises an UHMV PE such as DYNEEMA or SPECTRA. The
pur pose of the layer 26¢c is primarily to provide strengthening

agai nst hoop and flexing stresses. The insul ation | ayer 26
further includes a conpression | ayer 26d. The purpose of the
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seal i ng
prowded over the gas-containing polyurethane layer. The further polyurethane layer could

additionally, or instead, be provided within the [ayer26d. It is also possible for the layer 26a
itself fo contain the gas bubbles,

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

A plurality of layers of the plastics films 18a, 18b making up the sealing layer 18 are
then wrapped around the outer surface of the inner reinforcing layer 14. Usually,
the films 18a and 18b would have a length substantially less than the length of the hose 10,
so that a plurality of separate lengths of the films 18a and 18b would have fo be wound



The outer reinforcing layer 16 is then wapped around the sealing

| ayer 18, such that the warp direction Wis set at the desired angle
(which may be a, or may be sone other angle close to a). The tubul ar
axi al strengthening sheath 20 is drawn over the outside of the outer
reinforcing layer 16. The further reinforcing | ayer 211s then w apped
around the sheath 20. The outer wire 24 is then wapped around
the further reinforcing layer 21, in ofgler to provide a helical
arrangenent having a desired pitch. The pitch of the outer wire 24
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) Sl ghal e
is then be sprﬂﬂﬁ‘eﬂ’ W@%f?rﬁ'@gﬁﬁeéﬂgﬁili‘%‘ﬁépa?d iidnd J@ieﬁre%'ir@ FHET 18 PUFD it
to form atiedfhm deshdingy RVt at th@ deRiréd eﬁg:e Sﬂhrbﬁm b&le, B eyl QMebther

wire 24. The resin may then be left to en rder to form,

he
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basalt fabric |ayer hen wrapped around the pol yurethane | ayer
26a, and EhRatuRRANPE | ayer 26c¢ is then wapped around the |ayer 26b.

Finally, the crauessiirimd faxr@én@%‘aé@a@m !h@@urﬂié@?elﬁﬁﬂzlﬁg?‘lﬁ?érﬁﬁﬁorderto
The ends of the hose 10 may be sea s| eeve onto
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to 5D show t hree | icati for t of Fj es 5A
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i nventi on, (_HJ r&]h ?{{]l es LNG froma storage tank of the FPSO
102 to a Rigy'e fsa‘?ﬁé;'%“ $h8 LNG carrier 104. In Figure 5A, the hose
lobl i es gbng A b@ly&e&ldrevfe‘smfw?oegl e ﬁriszyﬁdeo@;thé beenORfackf (Igﬁe]ec llfeinforcing
subner ge e the sea ] eve n FEigure 0
voar t be leirTAls i Brrestaatng v e i Bitim Bt Gt T 2t LTt
Wi t hO:Jt gmml ma;euhaﬁd;eaéfe?mom Jiin odd@riafgrrﬁfhetlbperlzﬂa Tiay resirmayshe aerstd
to a lan tor
be used | BRI brtetd s @ bheintgfiande o HipRs freteln 1
shown i n Bbasgtrfelric kybp 2868. is Then hwagpetiagrobed dise golyorethignegleperc2@mdand the
nqn- CryooasiMwee Pa?)eF bé’_c_p & then wrapped around the layer 26b. Finally, the compression layer
26d is applied over the layer 26c.
The ends of the hose 10 may be sealed by crimping a sleeve onto an insert inside

the hose 10. This termination is generally applied after the hose 10 as been removed from
the mandrel.

Figures 5A to 5D show three applications for the hose 10. In each of Figures 5A to
5C a floating production, storage and offloading vessel (FPSQ) 102 is linked to a LNG
carrier 104 by means of a hose 10 according to the invention. The hose 10 cariies LNG
from a storage tank of the FPSO 102 to a storage tank of the LNG carrier 104. In Figure
5A, the hose 10 lies above the sea level 108, In Figure 58, the hose 10 is submerged
below the sea level 108. In Figure 5C, the hose 10 floais near the surface of the sea. In
each case the hose 10 carries the LNG without any intermediate support. In Fig 8D the
LNG carrier is linked to a land-based siorage facility 108 via the hose 10.

The hose 10 may be used for many other applications apart from the applications



19 Cains: 1. A hose conprising a tubular body of flexible materi al
arranged between el ongate inner and outer gripping nenbers, wherein
the tubul ar body comprises a sealing |ayer and at | east one
reinforcing |layer, and wherein the outer gripping nenber is flexible
and non-rigid, has a sufficiently | ow bending stiffness such that it
is incapable of supporting its own weight in the |ongitudinal
direction thereof and is forned froql a flexible and non-rigid
material with a flexibility sufficiemf to enable it to be wound
around b e '

f or med EIPO%W% iy gb ?rab%%ei}r{? S’P’dw&t E%s?n P.]tgpe% I ge mg{;.?,{ggé %laga(’}"gﬁn{)cryégf nic
wth themnﬂkms gri pping nenber. 2. A hose accordlng to claim 1,
wherein the outer gripping nmenber is nmainly or entirely forned of a
polyneric material. 3. A hose according to claim1, wherein the outer
gripping nmenber is formed of ultra high nol ecul ar wei ght

pol yethylene. 4. A hose according to claim1, wherein the outer
gripping nmenber is mainly or entirely forned of a netal. 5. A hose
according to claim1l1, wherein the outer gripping nenber is provided
in the form of



a flexible non-rigid rope, wire, cable or ribbon. 6. A hose
according to claim1, wherein the outer gripping nmenber is in the
formof a yarn fornmed of a plurality of untw sted or tw sted
polymeric fibres. 7. A hose accordi nPQto claim1, wherein the outer
gripping menber is in the formof a flexible non-rigid nonofil ament.
8. A hose according to claim1, wherein the inner gripping nenber is
formed of a netal. 9. A hose according to claim1, wherein the inner
gri ppi ng nmenberg;gs.f ormed of a steel. 10. A hose according to claim
1, wherein the inner and outer gripping nenbers conprise helical

=~ CcoH-Ss: - -t -A- hagee erpdsith- 1 gbiilar bedyadimMexdhle ivbene bifanbdiebatvitlbtl biatigateasher

conpri ses Ak oLt@%ﬁBpiﬁg%n{b%,nJhgfeﬁli thSubular body comprises a sealing layer and at least one
reinforcing layer, and wherein the outer gripping member is flexible and non-rigid, has a
sufficiently low bending stiffness such that it is incapable of supporting its own weight in the
longitudinal direction thereof and is formed from a flexible and non-rigid material with a flexibility
sufficient to enable it to be wound around the tubular body and wherein the inner gripping
member Is formed of a rigid material that is relatively inflaxible compared with the outer gripping

member.

2. A hose according to claim' 1, wherein the outer gripping member is mainly or enfirely

formed of a polymeric material.

3. A hose according to claim 1, wherein the outer gripping member is formed of ultra high

molecular weight polyethylene.

‘.

4, A hose according fo claim 1, wherein the outer gripping member is mainly or entirely

formed of a metal.

8, A hose according fo claim 1, wherein the outer gripping member is provided in the form of

a flexible non-rigid rope, wire, cable or ribbon.

€. A hose according to claim 1, wherein the outer gripping member is in the farm of a yarmn
formed of a plurality of untwisted or twisted polymeric fibres.

7. A hose according to claim 1, wherein the outer gripping member is in the form of a

flexible non-rigid monofitament.

8. A hose according fo claim 1, wherein the inner gripping member is formed of a mefal.

9. A hose according to claim 1, wherein the inner gripping member is formed of a stesl.

10. A hose according to claim 1, wherein the inner and outer gripping members comprise
helical coils.

11, A hose according fo claim 1, wherein the fubular body comprises at least two reinforcing

layers, and the sealing layer is disposed between two of the reinforcing layers.



| ayers, and the sealing |ayer is disposed between two of the
reinforcing layers. 20 12. A hose according to claim1, further
conprising an axial strengthening nmeans conprising a generally
tubul ar sheath formed of a sheet of erial provided in a tubular
shape, such that the tubular sheath can maintain the integrity of its
t ubul ar shape when subjected to axial tension. 13. A hose according
to claiml1, wherein the axial strengthening neans is provided in the

formof a ner,
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i s incapabl e of supporting its own weight in the Iongitudinal

direction %f t IAEE gccor%@g to clal 3g\aha e(fno{hgla)g sEren O?mrg T?agifsbclrowdﬁ%w {j? gi d

out er grl ppl gg g
rope, Wi rdom %Q@G@Wtﬁ‘qulﬁb Ad- 17. A hose accordl ng to claim 16,

wherein the outer gripping nmenber is in the formof a yarn fornmed of

a plurality of Alﬁgée"‘écﬁrﬁ Btal®, t%ﬁ@.@m%' 6(1'55? l]_ipglné 'ﬂ'QE‘]Gé forhfed opblpé)ﬁﬁne

accordi ng erein the outer gripptng menber i s
formof a W"ﬁeéﬁ?’ MBmWS'ﬁeﬂFyreﬁ?d nonof i | ament .

15. A hose according to claim 4, wherein the outer gripping member has sufficiently low
bending stiffness that it is incapable of supporting its own weight in the longitudinal direction of

thereof.

16. A hose according to claim 15, wherein the outer gripping member is provided in the form
of a flexible non-rigid rope, wire, cable or ribbon.

17. A hose according to claim 16, wherein the outer gripping member is in the form of a yarn
formed of a plurality of untwisted or twisted polymeric fibres.

18. A hose according to claim 16, wherein the outer gripping member is in the form of a
flexible non-rigid moncfilament.

19. A hose according to claim 18, wherein the inner gripping member is formed of a rigid
material which is relatively inflexible compared with the outer gripping member,

20. A hose according to claim 19, wherein the inner gripping member is formed of a metal.
21. A hose according to claim 20, wherein the inner gripping member is formed of a steel.

22. A hose according to ¢laim 21, wherein the inner and outer gripping members comprise
helical coils.

23, A hose according to claim 22, wherein the tubular body comprises at least two reinforcing
layers, and the sealing layer is disposed between two of the reinforcing layers.



19. A hose according to claim 18, wherein the inner gripping nmenber
is formed of a rigid material which is relatively inflexible conpared
with the outer gripping nenber. 20. A hose according to claim 19,
.wherein the inner gripping menber is,jormed of a metal. 21. A hose
according to claim 20, wherein the inner gripping nenber is formed of
a steel. 22. A hose according to claim21, wherein the inner and
outer gripping menbers conprise helical coils. 23. A hose according

to claim 22% V\A}\eﬁoes acEé}@?%[t'cp léla 29OgL%he%O%rlls?ngsanagméle& qtl%e%g peans ¢

reinforcing |ayers osed
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general |y ¢4sbyl ar sheath fornmed of a sheet of material provided in a
tubul ar shape, such that the tubular sheath can maintain the
integrity of its tubular shape when subjected to axial tension. 25.
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