AXI ALLY REI NFORCED HOSE This 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 in .
cryogeni ¢ condi tions. Typi cal applications for hose involve
the punping of fluids froma fluid reservoir under pressure. Exanples
i ncl ude supplying of donestic heating oil or LPGto a boiler;
transporting produced oilfield Iiquids and/or gases froma fixed or
floating production pl at AZIALLY REBNFQRGEDNOSESf a ship, or froma
ship cargo hold to a | and-based storage unit; delivering of fuel to
racing cars, especially during refuelling in formula 1; and conveyi ng
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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 the strength to carry the fluid therein. Conventionally, the
inner and outer layers of the tubular body comprise fabric layers formed of a polyester
such as polyethylene terephthalate. The intermediate sealing layer provides a seal to
prevent the fluid from penetrating the hose, and is typically a polymeric film.

The retaining wires are typically applied under tension around the inside and
outside surfaces of the tubular body. The retaining wires act primarily to preserve the
geometry of the tubular body. Furthermore, the outer wire may act to restrain excessive
hoop deformation of the hose under high pressure. The inner and outer wires may also
act to resist crushing of the hose. _

A hose of this general fype is described in European patent publication no.

0076540A1. The hose described in this specification includes an intermediate layer of



-2- biaxially oriented pol ypropyl ene, which is said to inprove the
ability of the hose to resist the fatigue caused by repeated fl exing.
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 material fibres and filns
wound on the core, at |east one | ayep- of glass cloth and at | east one
| ayer of alum niumfoil disposed adjacent one another and wound onto
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By means of this arrangement, the axial strengthening means improves the
ability of the hose to cope with axial stresses. In addition, the materials of the tubular
body and the axial strengthening means are advantageously compatible so that they
each perform in a similar manner when in operation, so that no single component is
subjected 10 excessive stresses and strains. This means that the materials of the
tubular body and the axial strengthening means respond to strain in a similar manner.

The axial strengthening strips are particularly useful in a hose for hose
applications where the hose is suspended between two points and the hose is taking
its own weight plus weight of fluid without any intermediate support.

The axial strengthening strips are preferably equi-spaced around the
circumference of the hose. There may be two, three, four, five, six, seven, eight or more

strips. More preferably there are three, four, five or six strips, with four or six sttips being



-3- nost preferred. Preferably each axial strengthening strip
I's made of a fabric having a warp and a weft. Mre preferably, the
warp of each axial strengthening strip is arranged at an angle of 00
to 100 to the longitudinal axis of the hose. Still nore preferably,
the warp of each axial strengthening strip is arranged at an angl e of
Oto 5 to the longitudinal axis of tBe hose. Mst preferably, the
warp of each axial strengthening strip is arranged at an angle of 0
to 2 taonsdigrdfemned.t udinal axis of the hose. The strips may be
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t o 50%jebcribRE in WO01/96772 and WO 2004/044472. For example, the strips may be
secured within the hose tubular body gripped by the end fitting, which may be retained
by the end fitting by gripping by mechanical retention, or by swaging or crimping or wire
binding with or without the application of epoxy resin within the end fitting. in one
embodiment the strips may be terminated separately (for example, as shown in
WQ02004/044472 or using a ring where the strip is taken around and sewn back on
itself.)

The width of the axial strengthening strips is preferably such that the axial
strengthening strips, in combination, cover from 10% to 90% of the hose circumference
underlying the strip, i.e. 90% to 10% of the circumference is preferably not covered.

In a preferred embodiment, the width of the axial strengthening strips is
preferably such that the axial strengthehing strips, in combination, cover from 20% to
50% of the hose circumference underlying the sirip, i.e. 80% fo 50% of the



-4- circunference is preferably not covered. For exanple, for a 200nm
hose with a total strip coverage of about one third and three
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The hose may be provided with a tubuiar axial strengthening braid, as described
in WOO01/96772. The tubular braid may be disposed, for example, between the axial
strengthening strips and the tubular body, or between the axial strengthening strips and
the outer gripping member.

It is particularly preferred that the axial strengthening means is made of a non-
metallic material, especially a plastics material - suitabie materials are discussed in
detail below. This is because metallic materials are unlikely to have the desired strain
characteristics.

Itis 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



The tubul ar body preferably conprises at |east one reinforcing | ayer
and at | east one sealing |ayer. Mrre preferably, there are at | east
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This means that the or each reinforcing layer does not have much resistance to axial

tension, as the application of an axial force will tend to pull the windings apart. The or
each reinforcing layer may comprise a single continuous ayer of the sheet material, or
may comprise two or more singie continuous layers of the sheet material. However,
more usually (and depending on the length of the hose) the or each layer of the sheet
material would be formed of a plurality of separate lengths of sheet material arranged
along the length of the hose.

In the preferred embodiment each reinforcing layer comprises a fabric, most
preferably a woven fabric. The or each reinforcing' layer may be a natural or synthetic
material. The or each reinforcing layer is conveniently formed of a synthetic polymer,
such as a polyester, a polyamide or a polyolefin. The synthetic polymer may be

provided in the form of fibres, or a yarn, from which the fabric is created.



In the preferred enbodi ment each reinforcing | ayer conprises a
fabric, nost preferably a woven fabric. The or each reinforcing |ayer
may be a natural or synthetic material. The or each reinforcing |ayer
is conveniently formed of a synthetic polyner, such as a polyester, a
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The UHMWPE most useful in the present invention will generally have a paraliel
orientation greater than 80%, more usually greater than 90%, and preferably greater
than 25%. The crystallinity will generally be greater than 50%, more usually greater than
70%. A crystallinity up to 85-80% is possible.

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

[t is particularly advantageous that the or each reinforcing layer comprises a
highly oriented UHMWZPE, such as that available from DSM High Performance Fibres
BV (a Netherlands company) under the trade name DYNEEMA, or that available from
the US corporation AlliedSignal Inc. under the 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



It is particularly advantageous that the or each reinforcing | ayer
conprises a highly oriented UHWWE, such as that avail able from DSM
H gh Performance Fibres BV (a Netherlands conpany) under the trade
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windings apart. The sealing layer may comprise a single continuous layer of the sheet

material, or may comprise two or more single continuous layers of the sheet material.
However, more usually {and depending on the length of the hose) the or each layer of
the sheet material would be formed of a plurality of separate lengths of sheet material
arranged aiong 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



i nner reinforcing | ayer. W prefer that the sealing |ayer
conprises a plurality of overlapping layers of film Preferably there
woul d be at |least 2 layers, nore preferably at least 5 |layers, and
still nmore preferably at least 10 layers. In practice, the sealing

| ayer may conprise 20, 30, 40, 50, or nore layers of film The upper
limt for the nunber of |ayers depenfls upon the overall size of the
hose, but it is unlikely that nore than 100 | ayers woul d be required.
LBuaIIﬁmmﬁOehﬁyanghﬁm# nDst, will be sufficient. The thickness of

eachlayer film ically be in the range 50 tp 10
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sui t ablggyigayticul arly the DYNEEMA and SPECTRA products. These

mat eri al s have al so been found to work well in cryogenic conditions.

The pref er r Adoastieuwarn retereid embodirmanbef thedieatng tavends ¢emcripaa §elovet c)
di scussed aE?Xﬁ?%IQI §t@n§ Hé}{]néeﬁné ﬁ% n I Of e olf a?ne ﬁfa?er%'l ;égthe or

appropriate e axi nmeans. 'S regar
shoul d dzeh mﬂh’?emcm@dnwveThus hia.mllﬂalee:lqzmrthabiﬂwera;uaifs‘crengthelﬁmwﬁnpsdheiom-
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llayers Tying over axi al Stren ening strips provide a protective
cover i rgddhe eealingl layertprevides ersepling finefoneYiechave teuad dhaighe pHEVEYR R

oo MRRbe i AT ol BRENGEEIR Y SPECERAT BB e
t ubul armdtedyls hand atdo bmh‘ounmtofwmﬂ(h%ll irr &yogenic conditions. The preferred
parameters of the UHMWPE (molecular weight range, etc) discussed above in relation
to the reinfording layers, are aiso appropriate to the axial strengthening means. In this
regard is should be noted, however, that the parameters of the UHMWPE used in the
axial strengthening strip need not be the same as the parameters of the UHMWPE
used in the reinforcing layers.
it is possibie for the axial strengthening strips to be provided within the layers of
the tubular body. However we prefer than each axial strengthening strip is positioned
between the tubular body and one or more reinforcing fayers and the outer gripping
member. The reinforcing layers lying over the axial strengthening strips provide a
protective covering sheet below the outer gripping member. In another preferred
embadiment, at least two axial strengthening strips (preferably more than two, e.g.,
three or four) is provided within the layers of the tubular body, and at least two further



axi al strengthening strips (preferably nore than two, e.g., three or
four) is also provided between the tubul ar body and the outer

gri ppi ng nenber. It will be appreciated fromthe foregoing
that an additional |ayer may be provided over the tubular body, and
underneath the outer gripping nenber. The additional |ayer may be

wr apped around the tubular body or i-8-may be in the formof a tube
pul | ed over the tubular body. The additional |ayer may be a
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the i ngRRtdeRNn further de®RIGYIGWNY to anot her aspect of the invention
there Is provided a nethod of nmeking a hose conprising: (a) wapping

an inner grigAsirdigg feansdheraspeatiotéhe ivantion thareiis erovidd a oepmimprising
menber T o U aindoP ki b e BT ek o Wier atR Pl Bo e e
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the formed of fibres arranged in a weft and warp direction, characterised in that the or each
reinforcing layer is arranged such that the fabric warp direction is at an angle of less
than 20°, more preferably less than 15°, and most preferably less than 10° to the axial
direction of the hose. The hose according to this aspect of the invention may be
provided with any desired combination of the additional features desctibed in relation to
the hose according to the first aspect of the invention.
According to another aspect of the invention there is provided a method of
making a hose comprising:
(@  wrapping an inner gripping member around a tubular mandrel;
(b) wrapping a sheet material around the tubular mandrel and the inner
gripping member fo provide a tubular body formed of the sheet material:

(c) laying a plurality of axial strengthening strips along the length of the



-10- tubular body (d) wapping an outer gripping nenber around each
axi al strengthening strip; (e) securing the ends of the hose produced
in step (d); and (f) renoving the hose fromthe mandrel.

Preferably the gripping nenbers and the sheet naterial are applied
under tension in order to provide the hose with good structural
integrity. Preferably the she: material in step (b) conprises
two reinforcing | ayers sandwi ching a sealing |ayer, as described
above. In the prebetaréddgnbodi ment, an inner reinforcing layer, in
sheet forn1 s mwa ed helicall t he inner '

! ' nber . and
the. mandr el (Df hoNAHRSSRLPYACTRE)E Moot ahound Pathyis SR Pttt i

helically a(é)undsédwng lﬂﬁ@éndis?bmw@ﬂ@s@@rbeﬁk%\d in &t@(dh;hencout er
reinforcing layer, -in sheet form is wapped around the sealing

layer. Usuaffty arepnqying fheyhase f@&th%@aﬂﬁ%r s woul d be appli ed.
Each axial ~sldepghhen gﬂaﬁl%gﬁe ¥rsD&nd ise SREE: té mﬁ‘é'ﬁ:{glled under
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hel i x efndwiehingeseating lppemngs oegdrthed above. In the preferred embodiment, an inner
reinfarcing layer, in sheet 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.

Each axial strengthening strip may be the-same as the axial strengthening strips
described above.

Preferably the inner and outer gripping members are applied in a helical
configuration having the same pitch, and the position of the helix outer gripping member
is positioned half a pitch length offset from the position of the helix of the inner gripping
member.

Preferably, between steps (c} and (d), and additional layer (which may be
protective, reinforcing, or both) is wrapped around the tubular body, over the axiai
strengthening strips. Alternatively, the additional layer may be a tube which is pulled
over the tubular body.

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 hylon, or it may be an‘aromatic polyamide, such as
an aramid compound.

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

Suitable polyolefins include a polyethylene, polypropylene or polybutylene
homopolymer, or a copolymer or terpolymer thereof. Preferably the polyolefin film is

monoaxially or biaxially oriented, More preferably, the polyolefin is a polyethylene, and



Preferably, between steps (c) and (d), and additional |ayer (which
may be protective, reinforcing, or both) is wapped around the

tubul ar body, over the axial strengthening strips. Alternatively, the
additional |ayer may be a tube which is pulled over the tubular body.
Each polyneric filmof the sealing layer is preferably a polyam de, a
pol yol efin or a fluoropolymer. -1™Mhen the polyneric filmof the
sealing | ayer conprises a polyamde, then it may be an aliphatic
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under the tpPrderabbend ekhlimy Riyer cbihgsizetid miurakty didapedeobyaahkof dise on
or by Blalymerlg 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 ail 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 filn 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 {east two heat shrinkable sealing sleeves (i.e. tubular in form) which are



Preferably, the sealing |ayer conprises a plurality of |ayers of each
of the polynmeric films. In an enbodi nent, the |ayers nmay be arranged
so that the first and second polyners alternate through the thickness
of the sealing |layer. However, this is not the only possible
arrangenment. | n another arrangenent all the layers of the first

pol ymer may be surrounded by all thd2tayers of the second pol yner, or
Vi ce versa. We prefer that the polyneric filns of the sealing
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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 fayer and the outer metal layer - the aim of this is to
create a thermal annulus between the two metal layers,

In the above described aspects of the invention, the gripping members typically
gach comprise a helically gripping member, preferably a wire. Preferably each gripping
member is in the form of a coil. The helices of the gripping members are typically

arranged such that they are offset from one another by a distance corresponding to half



A further netal |ayer may be di sposed outwardly of the sealing |ayer.
Preferably, the further netal |ayer is disposed between the tubul ar
body and the outer gripping nenber. Rockwool |ayers nay al so be

provi ded here to inprove the thermal insulation, preferably between
the sealing layer and the outer nmetal layer - the aimof this is to
create a thermal annulus between thei3wo nmetal |ayers. In the
above described aspects of the invention, the gripping nenbers
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have t dBW@Faélﬁl’@S é’ﬁ'qwéﬂp@{ WithrasUitakiohaice efrpeter lﬁ' tag &i9se GRabe used at
Fur L her i Rrathibs Io2idl SR° g:oeéragm 5t @ b bEIG - "i@@%rlfdfel‘)@n‘rﬁ@%FENG
t ranspor I qU| oxygen ) or [rquid nitrogen ( 1960, in
whi ch desepoiiethedsesentpy rfeve boopsrateatdentperatbpas: down de &)70 200 EVEN

L over - douer EoPRETRREHESAY CPbBit el AS B0 BRTSBRRS BRI
di anmet edgxygén (prm BBEE) ovdiglid mﬁm fopen®EaE) Lih whitinedeesthehbsemayt weaxbiout

24 |nches (610 , hore th[{)J g fromabout 8 inches (203 mm) to
about 19PS#BRblePRYBLRY Of 2P0 EREIWEr t he operating pressure of the

hose woul d RegiHdsk %cé@ﬂ{betoftﬁé MRv2RasH cépgisls%@ $1BUEEd Fdt Use A ROKicRPS0

kPa gauge, or possibly up to about 2500 kPa ﬂauge These pressures

rel at e diferentedidijasr éwpwgllsprtégsmeé cigmetes of e hosm Woultk rangesiorprabadil e
(whi ch , Hﬁgg (BF R BIHout DERRALE @Hsmm ), Pite YHIUTR o aboGME hBhes (203

depends nedi uny t ressure i nner
Fl ow atram) ta about 06 tha@s (4 0 ming . Im;m@rsﬂzl e aperatiygipcadsure of the hthe woukle

O e e g e Db e WisnGe R B eBBLF b ¥ Y2 Suech Bossivty up
o about 2500 kPa gauge. These pressures relate to the operating pressure of the hose,
not the burst pressure (which must be several times greater). The volumetric flow rate
depends upon the fluid medium, the pressure and the inner diameter. Flowrates from
1000 m*h up to 12000 m®h are typical.

The hose according to the invention can also be provided for use with cotrosive

materials, such as strong acids,



-14- Reference is now nmade to the acconpanyi ng draw ngs, in which:
Figure 1 is a schematic diagramshowi ng the principle stresses to
whi ch the hose according to the invention nmay be subjected in

operati on; 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 d#-the hose according to the

I nventi on; Figure 4A is a perspective vipM/shomyng the

ar r angenent Referendeds newrreade hethicrarcotmpapgingdirawisghoiseyhich:  Fi gure 4B

. i . iy _ heni rips:
Figures 5a P Ehsaogs ERBa e SPOuRh e el R SRS PR hese < o
t he prasm@nding v the ineenticanday be subjeE’teglunenpérag}sma ;:r otSﬁ- sect | o?al vi ew
i ' i on;
i gur o 1" SHILSEHE AarPedblt offs e iaa RUGE Sliove AReAa ) T by
to during Lﬁﬁureﬁhg alzeetfiord! VRESsHowisP S GRheemant éf@re?ﬁf?ﬁegﬁ%%‘ge%@hé S
a

the stress that acts tangentially to the péeriphery o e H The
axi al BegecacsordingiisthgiRYEHIOBy the arrows AS and is the stress which

desi gat od HeTe RS e RS By sHRONE danGRfsit BEAP bRy
| ongi tsfdpsan thexhesesf the hose H when it is flexed. The torsional

ongi £ udi ndlCUSE SreuERGe Sl AR A S i SuEneEenlS SiRed o5
and resul t Figuregniloats Hppht 3D spdvabliyapSlickhens st AbsOTacebrdiliftdde
H present invention; and

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

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

The hoop stress HS is generated by the pressure of the fluid in the hose H. The
axial stress AS is generated by the pressure of the fluid in the hose and also by the
combination of the weight of the fluid in the hose H and by the weight of the hose H
itself. The flexing stress FS is caused by the reguirement 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.

In Figure 2 a hose in accordance with the invention is generally designated 10. In



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 conbination of the weight of the fluid-in
the hose H and by the weight of the hose Hitself. The flexing stress
FS is caused by the requirenent to bend the hose Hin order to
position it properly, and by novenernt5-of the hose H during use. The
torsional stress TS is caused by twsting of the hose. Prior art hose
i s genesrdbtty lmpmb lifee clériyithdretraing ofdhé taridusdayess irelsigute Hendtmthe other
flexi n Stresses and,the torsional stresses TS, but is |ess

capabl %‘f'reﬁn iﬁ?s’ﬂoat GCATNPWE: axi al stresses AS. For this reason, when

prior art hoehosere @Hﬁbr@é&%&ub@lafﬁd&@ﬁ’lm@hﬁi’i d@tﬁ}:ﬁ!&;@ean%érheworcmg
generally had to be suppaorted, to mnimse the ﬁél al stres es AS.
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the varrous layers In In the other Figures, has not
been stdspused around fhh@utmrwrm@e@rﬁrhlmv@teermnfpmw &yebd@y 12 which

conprises a ner 1
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i spose round  t ter s of the orcin
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hel i calday trel It&ﬁiie\wgfreof%ﬁe%ﬂxaﬂtr@t&cﬂg hel i cal ly coiled wire 24. The

i nner and ouPer W res and 24 are disposed so that they are, offset

from one anémnmul@t;ﬂrdamrs?cﬁaﬁé@p@éetﬁ éwﬁdh%guwwﬁw the "b‘i'-'ﬂ%?l‘imﬂ@(ﬁft h
of the fcoﬁ\%tﬁﬂéf Psulating matefls i %%41 ald QrbléQth%rfo%% & & §p5§§d

around e ou er wre £ on ayer be a conventional
i nsul atrmaigriatdescriled belumnaslaaorptcaﬁlguresﬂoam or may be a materi al

described b OWI reI t ion ure 7. h Lnf.orcl .
ayers 14 antetentsnie e nd tEbRedscporenaplREel § STk Bhergy
as UHMAREh ek UHMWF!E bt Breesid fibrée! Fgweidlillwdiated £ ihher fehfercing layer 14,
rei nforcing | ayer fromwhich it wlt be c|ear that the inner

rei nf orf'iﬂnhg"h'qyérW‘ﬁA)ec‘éfﬁﬁ"r that dhe jiypes SeuRICg: IgKele &4 i GPMPHRgE Jibres 14a
direct 'aQ%eﬁYed Hhwht Z{ch]ﬁ'e%néﬁ'waé cPﬁlﬂ@QmS‘ ara \Qgé& irf m@%dn@en&n Flm Frdgdr e

3only t ayer as beens inord nprove the clarity.
Ve haveé onbrxmeclaeer >14fbamdveenashqwm ixorgler storrmm@%e dhetqi@itnoy\ée t@vean

be i nprqve he
Ce. b LaE o RS B Ao LGS TR ASE RS i
around tA&iriner t&ﬁokcﬂn@la&adﬁﬂ&hclamaﬁ thod wal'pedtlmmenw is Elhasiowaraggb o less
|nd|cated , Lhe S\ ain estru re angd.orientati.on
of t ho 8 &5°  WPGARY ApLRty gt 4 e onaial e e PadRio: IR eLS
i nner rr%l@ét@ﬂ CHy“ﬂhe' Aol ldin Figurangl Fhed sfrodtutd @ngUbRsntagd M botited Batter
| ayer 16 may bé the sane as, or different from_ the angle a for the
i nner reinfdreing iaygr ﬂ(é!;@rubgt@ntially identical to the inner reinforcing layer 14; the angie o
for the outer reinforcing layer 16 may be the same as, or different from, the angle o for
the inner reinforcing layer 14,
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 fiuid fight
seal between the inner and outer reinforcing layers 14 and 16.
Figures 4A and 4B illustrate the axial strengthening strips in greater details. The
strips 20 are made of a fabric having a warp 20a and a weft 20b. The warp is at 80° to
the weft, and the strips 20 are arranged on the hose such that the direction of the warp

is at 0° to the longitudinal axis of the hose. As shown in figure 4A., an additional



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. Figures 4A and 4B illustrate the
axial strengthening strips in greater details. The strips 20 are nmade
of a fabric having a warp 20a and a-Mft 20b. The warp is at 90 to
the weft, and the strips 20 are_arranged on the hose such that the
directi mmfgwcirtqmwdi@'rmo@gtlm lager 8@ istpiefaraigrrawrashetyers the stins 2Aead.

As shov‘ﬁ\eidﬁtéﬂﬁfﬁb@gﬁﬁgmﬁagpgﬂddi tional -16- reinforcing and/or
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first step the inner wire 22 i s wound around a support mandrel (not
shown) , P8 ATaRIRogethST-ovi de a helical arrangement having a desired

pi teh. The ciRnRicertoRfan'tnEHRBRtiedBytieblciang REPARTE. RS i stignheed

internal dianeter of the hose 10. The inner reinforcing layer 14 is
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ol ar al 158 STESbrha R 5, dRgiolCoithy THEWBRRIG, Br e suprdit mandrel
seal i ngedrmgpondsBiodnedédirn inteapsd eltbragtouofdthe hesa i) erhesinnéaenfatinghayer
inner rejnforcing |ayer 14  Usuall. he .filns 18a an 8b ul.d have
" engt T ST iReaRiyouid e RS with2? afg the Sk aRdet el Spivdl o
pl ur al ididecobn FeRMALEtHLMHIRE Mgld e filns 18a and 18b woul d have to
be wound around the inner |ayer 14. The filnms 18a and 18b are

preferably & plaiafupfiayesnotihediartics fitng Hahi18R realdea gp theeealing (ayiesd8
A . . . :
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| ayer . thefilms TBeearslit@y wodd e ailength aylataniilly ssstiban thedpneit ohthednade

th i t hat i i i

tosi 1 odl g BARlokaiy, B Sk dR shOfia I Blic o Al oy pdlie 6o

a}z g :]_hQN@iﬁdadrOSrﬁd tfieghrh@ﬂhiy@“ B rrhgsmﬁrmag elt’lﬂ Hel_a__akabcbjayaeryt arfemgedtins 'adg
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wire 24 woul d nor nal sane as the pitch of the inner wre

and thdaymsition of the wire 24 would norrmally be such that the coils
of the w reT%é outer reinforcing fayer 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 axial strengthening strips 20 are then laid over the outside
of the outer reinforcing layer 16. The ouier wire 24 is then wrapped around the further
reinforcing layer 21, in order to provide a helical arrangement having a desired pitch.
The pitch of the outer wire 24 would normally be the same as the pitch of the inner wire
22, and the position of the wire 24 would normally be such that the coils of the wire 24



-17- are offset fromthe coils of the wire 22 by a di stance
corresponding to half a pitch length; this is illustrated in Figure
2, where the pitch length is designated p. The ends of the hose
10 may be sealed by crinping a sleeve onto an insert inside the hose
10. This termnation is generally applied after the hose 10 as been
renoved fromthe nandrel . The ddds of the hose 10 nmay be seal ed
using an end fitting 200 shown in Figure 2. Figures 5A to 50 show
three apfs disetifions the collshef feswireR2 by acdistanes crirgsipeylimnie balf@ piich

floatin 0 i i 21s

[ niced B58G° HIERR R TR BRI bR EEORGE SoBTded Pl e

i nvention. Tites bodeoflthechose ¢8 rh&Ché seated Bt aimgiegtaasiecod cnte afrMB@It
102 to a storage tank.of the.L carrier 104. .1n_Eigyre, 5A .the hose
T0°1 1 esmstevEe fase dih i tammigaion, & denstalt Rlieq Alepiie oat 1ps bEsH
submer geghdhebamnt e $eadtegvel 106. In Figure 5C, the hose 10 floats
near the surface of the sea. In each case the hose 10 carries the LNG

wi t hout any Thedsetiiae Bosq ppatay.besealsdgisitg anend g &PP sepwn &1 Figkieed
to al a%.*i@@%%%ﬁ%hqﬁgﬁo\&@ﬁﬂ i lif:&%ng!f& thB% o888 i]r‘peacmof FighiaR 310RE
e use or phl t t he

10 ‘may many ot ner cations apart fromt
appl i cabCarfbatihgpreduntien,pivrege BadiaffiGOingitessabEE® Sy Gdais lisked toa LNG
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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 5B, the hose 10 is submerged

below the sea level 106. In Figure 5C, the hose 10 floats near the surface of the sea. In

---- each case the hose 10 carries the LNG withouf any intermediate support. In 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.



CLALIMS: 1. A hose conprising a tupular body of flexible material
arranged between an inner and ‘an outer gripping nmember, the tubul ar
'‘body serving to transport fluid through the hose and to prevent fluid
| eakage t hrough the body, the tubular body conprising a reinforcing

| ayer and a sealing |ayer, wherein the, hose further conprises a
plurality of axial strengthening strfﬁ% extendi ng al ong the | ength of
t he hos A hose according to claim1, the wdth of the axial
strengtﬁ&ﬁﬂﬁ§=strips is such that the axial strengthening strips, in
conmbi nati on, cover from 20%to 50% of the hose circunference
underlying the strip -3. A hose according to claim1 or 2, wherein
said axilal shhesgepenrisigas tubplar heey @‘dt@mbl%m&"wl arrenged batween an inner

ci rcunf

ol o m POPaRr B Rmec ¢ UARE, BSALEVRR bt dRboRRAE RN the
strips. hoseBand\tchpmmcmmdﬂewage taroyightee &didpgtred Aibularvilieivecompising a
axi al stre hen| ,gEHéA ps.are nmade of fabri %@lngawarp and a
weft, ff& lgye éﬁeél"“% aryéﬁg)'i”‘r?éﬁ'ﬂﬁbe E’PF‘? STRRTISER FoRfuERtLRF
angl e o rfdﬁ# 6. A hose
anOI’dI é\ﬂgggkgﬁ&égﬁg:iﬁl %% al Q@ 9???efrén§g1n%¢lﬁgr}%§%an end fitting
di sposed at each Iongltudlnal end of the hose, and wherein the ends
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the entire circunference of t hose.
circumference underlying the strip

- - 3 A hose according to claim 1 or 2, wherein said axial strengthening strips are equi-

spaced around the circumference of the hose.

4. A hose according to any preceding claim, wherein there are four to six of said

axial strengthening sirips..

5. A hose according to any preceding claim, wherein the axial strengthening strips
are made of a fabric having a warp and a weft, the warp of the axial strengthening strip
being arranged at an angle of 0° {o 5° to the longitudinal axis of the hose.

6. A hose according to any preceding claim, further comprising an end fitting
disposed at each longitudinal end of the hose, and wherein the ends the tubular body
and the axial strengthening strips are fixedly secured to each end fitting.

7. A hose according to any preceding claim, wherein the axial strengthening strips
do not extend around the entire circumference of the hose.

8. A hose according to any preceding claim, wherein the tubular body comprises an
inner and outer reinforcing layer, and the sealing layer is sandwiched between the inner

and outer reinforcing layers.



8. A hose according to any preceding claim wherein the tubul ar body
corrprl ses an inner and outer reinforcing | ayer, and the sealing |ayer
is sandwi ched between the inner and outer reinforcing layers. -19-
9. A hose according to any preceding claim wherein the or each
reinforcing |ayer of the tubular body,,and the axial strengthening
strips, are all nade of the sane pol y1rfger|c material. 10. A hose
according to any preceding claim wherein the or each reinforcing

| ayer of the tubular body, and the axial strengthening strips, are
al | madg, of NHWPEccordiing 1 dh9pPe @ng slang mﬁr%r@fﬂlfhé)éx%fa%ﬁ'réiﬁfc%lﬁé};lﬂyerof
wher ei n _each i ndivi dual StI’IP has a W dth such that it covers from
about 5tertgbulBbpedyz@vsldhe exa a’tmthmmg;ﬂﬁp%raéﬁ@& rgde ofdhe parpe pplymaeric

part of rﬁalf'griéﬂose'

10.  Ahose according to any preceding claim, wherein the or each reinforcing layer of

the tubular body, and the axial strengthening strips, are all made of UHMWPE.

11. A hose according to any preceding claim, wherein each individual strip has a
width such that it covers from about 5% to about 20% of the total circumference of the

underlying part of the hose,



