AXI ALLY REI NFORCED HOSE This invention relates to hose, and
nore particularly relates to hose having inproved axial strength. The
I nvention is especially concerned with hose which can be used in
cryogeni ¢ conditions. 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 platformto the cargo hold of a ship, or froma
ship cargo hold to a | ancdA¥AbbY BEBNRQRRCERHOSHel i vering of fuel to
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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 fo
prevent the fluid from penetrating the hose, and is fypically 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 {o 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.
0076540A1. The hose described in this specification includes an intermediate layer of



bi axially 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 |layer of glass cloth and at | east one
| ayer of alum niumfoil disposed adj-2eent one another and wound onto
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preferably there are five or 'six Strips, four or
si x st r eplenéipg glpng-te length of the hose.

By means of this arrangement, the axial strengthening means improves the
ability of the hose to cope with axiai 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 to 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 fwo, three, four, five, six, seven, eight ormore
strips. More preferably there are three, four, five or six strips, with four or six strips being



nost preferred. Preferably each axial strengthening stripis
made of a fabric having a warp and a weft. Mrre preferably, the warp
of each axial strengthening strip is arranged at an angle of 0 to 10
to the longitudinal axis of the hose. Still nore preferably, the warp
of each axial strengthening strip is arranged at an angle of 0 to 5
to the longitudinal axis of the hose. Mst preferably, the warp of
each axial strengthening strip is arBanged at an angle of 0 to 2 to

t he | ongi tudi nal axis of the hose. The strips may be held in
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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% fo
50% of the hose circumference underlying the strip, i.e. 80% to 50% of the



It is preferred that each individual strip has a width such that it
covers from about 5% to about 20% of the total circunference of the
underlying part of the hose. It is preferred that the axial
strengthening strip does not extend around the entire circunference
of the hose. It is also preferred that the axial strengthening strip
I's not provided in the formof a tube around the hose. In the
preferred enbodi nent there are a pludality of strips arranged such
that they have only a slight effect on the bending
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preferably aligned with the longitudinal axis of the hose.

The hose may be provided with a fubuiar axiai strengthening braid, as described
in WO01/06772. 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 - suitable 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 ulira 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



-5- 700 kN for an 8" (200 mm dianeter 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 |ayer(s) are the sane
material as the axial strengthening nmeans, nost preferably UHMWAPE.
The materials of construction of the hose should be selected to
enabl e the hose to performin the environment for which it is
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t he wal 906N feran 300 mmmatiameter Apss Itds pretepliothat Hie hesslstiab siifaikye and
repeate I; ; L G i4&b S fLr &S i he
coﬁbi nafta |f gﬁneegéfrﬁtgﬁé@ﬂ%g%ﬁsg%wﬁ?% \%Pﬁyﬁﬁé T%hé;?ésﬁ?ﬁﬁhg hosg@ﬁp?‘cxﬁ@

i nt endetpyets) asethensamamsgieniali asgther §6¢)caliicogthpuing sneante mestapretrably

shoul d Eﬁ-}hﬁ’\ﬂ@%tbl e of operating at extrenely cold tenperatures w thout
any significant reduction in performnce. The main purgose of

the or each Ti matarielsref comsiaictionsottbe Wpseedtoslidbet seiediesbie eablsstoeoshi ch
LS );éfo%‘#?h ﬁn%.te%%c}rﬂngl&{%%iﬁ{ %@%&gﬁ&ed‘?fhﬁé,mé‘é E;té‘ﬁéé‘éﬁagfm%se
Thus, any reinforcing layer whic as the requi'red degree o

f 1 exi bi ta by,ablnib ansporicereswirishd tfwits herethreugrs withgquideakageesl thai fluid be

q ' > Lo Y )
i ui'do, TURGHT Bl o858, Tiiere B A5 F ot for MEMRBIG LBREUIBARRG
cr yogenilexing mpdtawiihssnd the axial Segsee Censcrlbyttha bembinatatdf the hnéoatd ng

tubal ar 9SS el T Hdse s MERRAHLRL S o BOn BB R, %)
means t hateriaeshmuldbe tapabilabbopeErating atestrerdelg sokidkenipavaturasohithout any
resi stance..t o axc'?uack t ensi as the application of an axial force

] . n
Wil | teﬂgn'pﬁarﬁtﬂ? BN rW&QC%(part. The or each reinforcing | ayer
may conpri seTre siarrgb@rpom}o'f e oS ebe}yminfofcmgﬁleye?‘seﬁa um?]aarhdathe bd)op"r{ay
conprise two or . e, single, contjnupus |ayers t sheet materi al .
Fonpyer Sranses Miane pord b PR TRl SR g SR e e
or eaCharInlay@ﬁfoﬂﬁng Pﬁeﬁh\&ﬁﬁh has ehé abquird| @bdg@ }‘o@rfmmﬁw,lmcpwrt?m} i:aryh of
separate | engths of sheet nateri arran ong, the |en t he
ose. - WHhStaTH e EEos G BBt A el MORR P fighefed ot
conpr i sganspoftRigr £r9ogdhies Fluids e tieinitey o euely esinfordig tayefhAustr beasdle to

reinforcjng | ayer may be a natural or synthetic material. The or each
rei nfor‘&’iﬂ?éa'icg%j/wgeir%‘y@ﬂm‘?ﬁpﬁly formed of a synthetic polymer, such

as a pol yestige prafeitPhttREbeeachireRfqsihy Riyefis formdt 6f S3Hddt et matcEal vy
may be provided in the form yarn, fromwhjch the

f fib , Ir. |
fabric has keesgyeund infog tubular %fw@ﬁnr'igﬁag ﬁ{e S@ﬁ@ﬂﬂﬁtﬁﬂﬁk iprechefigal ager.

conpri Segis AL YRR or ddiiTelrforcmgRayet 86&Dhot Hab YRldWe8REance to axial
t erepht hal at e. Wh he or each reinforcing | ayer conprises a

pol yani f&e,siomﬁihﬁtapﬁwﬁgg Otg.ﬁn gripblers will oy prbEe winEinogspartniied, or

it may DeraBinfdrGAE idyer MY ¥8MbHS: a SR BRiiMPUSTABT 8f the TRE N HatRaN or

exanpl e, the or each reinforcing | ayer may be a

pol y- ( pPREAYMETiEd WephinREs SiRvigeornynavsdayereEvl iR sheeh matesiaddHewaies,

mar k) . more usually (and depending on the length of the hose) the or each layer of the sheet
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In the preferred embodiment each reinforcing layer comprises a fabric, most
preferably a woven fabric. The or each reinforcing‘ layer may be a natural or synthetic
material. The or each reinforcing layer is conveniently formed of a synthetic polymer,
such as a polyester, a polyamide or a poiyolefin. 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 |ayer conprises a polyolefin, then it
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seari ngpjiyaeti on, will be adequate. Also, if the hose is intended for
transporti ngi ryogenic fluids, then the sealing |ayer nmust be able to
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highly oriented UHMWZPE, such as that available from DSM High Petformance Fibres
BV (a Netherlands company) under the irade name DYNEEMA, or that available from
the US corporation AlliedSignal Inc. under the trade name SPECTRA.

Additional details about DYNEEMA are disclosed in a frade brochure entitled
"DYNEEMA,; the top performance in fibers; properties and application” issued by DSM
High Performance Fibers BV, edition 02/98. Additional details about SPECTRA are



The sealing |layer may be made fromthe sane basic materials as the or
each reinforcing layer. As an alternative, the sealing |layer may be a
fiuoropol ynmer, such as: polytetrafluoroethylene (PFTE); a fluorinated
et hyl ene propyl ene copol yner, such as a copol yner of

hexaf | uor opr opyl ene and tetrafl uoroethyl ene

(tetrafl uoroet hyl eneperfl uoropropyl ene) avail abl e from DuPont

Fl uor oproducts under the trade nane “Tefl on FEP; or a fluorinated
hydrocarbon - perfluoral koxy - avail able from DuPont FIuorogrodu ts
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more heat shrinkable sealing sleeves (i.e. tubular in form) which are arranged over the



-9- axial strengthening strips (preferably nore than two, e.g., three
or four) is also provided between the tubular 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 it may be in the formof a tube
pul | ed over the tubul ar body. The additional |ayer may be a
protective Ia¥§¥ﬁpa reinforcing layer, or both. Preferably the axial

st r engt hBASHE! 28Y8hderl i e the additional |ayer. When t he

hose is int GW@ﬁréféchawﬁ@%aimgb@F@J dopirise8 &, pilrAsly dfloveSaphiry) Egdsanft O
provide insulation over the tubular body. The msﬁg ation éfm d be

b
provi dedfiBePURiAPIY fera iosid ke fideaghd lavees, MAsE PR Al IPasha /P % EPdi de
the out egwhdrg preTé\@b?{% ot 1 @ Ry8RY INGRARIcESBeBLRTd BlerGRAY Sithhraeald, Y

used to provide insulation in Cryogenic equi pment, such as a

synt het i 8. 8aff.rRitrerre dayers of ﬁ@-ﬂ%@fweémﬁ it the eimier 8f layerecdRpenefi ng
Means 1 Sysonine €+e°r9ll BrOut et B id HRiEHINARHABINARY S 1 rsGRIT BES
the insulation [ayers and maintain their structural integrity. The

axi al stieavitachaually, R leyersaebueel, wilds susligienti Die frigiapss af gacklayaiely

provi ded;d %dq;é t | t ' nmeans between t he

out er g?qmag\l’dr’?g %@@rgﬁﬂéﬁ§ﬁ%ﬁeﬁj€ﬁgpg@gwﬁ%gért i cul ar suitable
form of i nsultawilloef ¢@Irge,0v @ppreciataduthehsioredban lonpegesling layer may be
Accor di ’}90\3‘ gpnot her aspect of the invention there is provided a hose
conprisi‘ng a tubular body of flexible material arranged between inner
and out-er gr Amsiiinylatkprefeged adodiment pkthe ssaling laperdy deseriped belovat

arranged i n SopreSteh@HERngLB oSS Adhhey LR EmE et Bt or
each- r eiegcbreinfogcinglager. TBus it willgedcisardhatt thawxiehstrgngingringsirips, the or
S e Yk Pobrdy A8 Fpnd Sl Bty ATUSRREATORE S dpeni e
hose. Theniposrd. dtowevel, thge foom bfihs casipewtd roéstikeliffenerdin order topgovivie the
fesor i bagt i, Brdiefiohe B RRE bR R PR Rt T AR bRy
t he i nvéntdtion, the or eachAmtfodtinygayer paoiddsereirdspertenbagdime hiony etressess,
L e R e L
sheet mathaeiiald aremonsh suitaide, patticliarly ine MNEEMA dntl BEEOTR prgdugipiThgse
e SaBihA Bb HBh Bl R e SR B8 Pl o
t he parameters of the UHMWPE (molecular weight range, etc) discussed above in relation
to the reinforéing layers, are also appropriate {o 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 possible for the axial strengthening strips to be provided within the layers of
the tubular body. However we prefer than each axial strengthening sirip is positioned
beiween the tubular body and one or more reinforcing layers and the oufer gripping
member. The reinforcing layers lying over the axial strengthening strips provide a
protective covering sheet below the outer gripping member. In another preferred
embodiment, 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



-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 (Orenoving the hose fromthe nmandrel.

Preferably the gripping nenbers and the sheet naterial are applied
under tension in order to provide the hose with good structural
integrity. Preferably the sheet material in step (b) conprises
two reinforcing | ayers sandw chi ng agsealing | ayer, as described

above. In.th ferr enbadi npnt, an inner i nfor g l.ayer,
sheet f ol Sﬁg QXE Fgrlﬁﬁ% Preigl 'H?@ﬁ?ﬂi‘ WRes- Qnﬁlﬂaa BF‘%’H\B 'Er@SCPr%ﬁ%'é‘?d and

t he mandseteern fh%rtulﬁth@' beRiglanAghd aier grtﬂﬁhgﬁ'ﬂéﬁibef orm is w apped
then the outer

el nfor o) ng. NILpS ARReaRERfrorHRoroe e bR ey Han 68 praded
| ayer. L@Jéa{hlexuﬁmm@lanwnaém%aﬂith@eukaywwg/meh@eperhg%ehmeﬁal layer

Each axi al strengtheni ng stri he same as th

st r engt HBRY PRyWERRPE 8royed dhe %@H[aﬁb%@r it may be jytbe &raefia tibepullesavennd
out er grth@mbﬁmar BSH{P%@ a@ﬂﬁoﬁﬁ%s}e‘?%dyrbeaa &@fécﬁ@é aﬁ@:ﬂ&&&%\f&&h%f&%ﬁér ng

the sane pitch osition of "the I X

i s posi thoéihé;’defﬁ&lbﬂy fae axta siranstharinoottrpsetnderlisnthe wddq@g@altlam of the
helix of theywHunehe Hob®R MerFREDSF 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 provide 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
formed of fibres arranged in a weit 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 described in relation fo
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



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 |ayer is preferably a polyam de, a
pol yol efin or a fluoropolymer. When the polyneric filmof the
sealing | ayer conprises a polyan de-1%hen it may be an aliphatic

pol yam de, such aﬁﬁﬁ nglgn, or it may be an aromatic pol yam de, such
as an aranid conpB®H@POdY  \n prefer that one of the polymeric

films of the geal {ul‘ﬂapin@)é@nrou!té'gﬁfuﬂﬁé bf@h%iéno%weédﬂ%ma?éd@{enﬂ{g s

polyneric fil of the sealing layer is a uoropolgner.

Sui t abl e pol Y@ ef $eRaNpGteRNEIS LT st hrserpduned ipsiepddbgpfene or

pol ybut yI ene @onopalorigitne Bbsr&6ARAL WERkrp! terpol yner thereof.
Preferably the polyolefin filmis nonoaxially or biaxially oriented.

More pr ef er abrgferablyethg gripginsr membersa apd the shestanateriahare apdied under
prefera i i o { ght pol yet hyl ene,
Bopect T T R tE IR Rc o with BBq PN PO bove” The
preferred paPkfemblysigs shass mateialbe giapl(bk cbaprises b reinfmyeing doysrs

di scuss L I t i i . I
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however reipigaging isgeh iysheet forrs, is vrapped iakeaiE atsund thainnkegsmdng mgmbay er
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rei nf or &g Bend@Theitnt BEREI AR Ged o % WEMPEILURE by e
pL ovic de res e Dwglmﬁh@mthadn@mdaiow@ layeydn shé&itﬁjrim, t?vra{aﬁad atechd n
the for : .10 the

trans poﬁeg%aa?{m% Hgg}‘{‘.'[ﬁ%%@é P Hgéfﬁ?%%%;%h@ ’:aé?{lf %ﬁwﬁ\%ﬁﬁﬁ&ds to be
provi ded i n Radhomdal einérgihdrang step melydetiursansead thegxial sipaidgtheatng sthgse

pr oduct |1y provided in the formof a solid block which can
be furtﬁ%?g"‘g?g%gg‘éééd in order to obtain the material in the required

form The fiPreferayyly be prrextuared obier deippinggmamnbbisnafd lappwdd it Benglieaf ace

o oot 0 BT By bbb ©
pol yt et isgfositionanbhaifa pitud €I Effsetdroht the posidbec the hsthestehPnABYYHRMg

copoly r ékmh as a copol ynmer of hexafl uoropropyl ene and
tetrafl an(? ‘hyl ene (tetrafl uoroethyl ene-perfl uoropropyl ene)

avai | abl e f rRefcbatinictfberostpsodyieing (d))deid adtidriahdgyor qumicherhbe beFEP;
1 uor oph SIRGAR GIRIFROre PriuE Waneetardton BeAbdrcketicas fimgrte
made bystestigthesirgnstass, Bytelrlativeindhe additional layer may be a tube which Is pulled
over the tubular body.
Each polymeric fiim 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 polymeric films of the sealing layer is a polyoiefin and
that another of the polymeric films of the sealing layer is a fiuoropolymer.
Suitable polyolefins include a polyethylene, polypropylene or polybutylene
homopalymer, or a copolymer or terpolymer thereof. Preferably the polyolefin film is
monoaxially or biaxially oriented. More preferably, the polyolefin is 2 polyethytene, and



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 the |layers of the second polymer, or
Vi ce versa. We prefer that thelpolyneric flits of the sealing

| ayer are for ?f a sheet of materjal which has been wound into a
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wrapped around the inner reinforcing !ayer 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 jeast iwo heat shrinkable sealing sleeves (i.e. tubuilar in form) which are



In the above described aspects of the invention, the gripping nenbers
typically each conprise a helically gripping nmenber, preferably a
wire. Preferably each gripping nmenber is in the formof a coil. The
helices of the gripping nenbers are typically arranged such that they
are offset fromone another by a distance corresponding to half -13-
the pitch of the helices. The purpose of the gripping nmenbers is to
grip the tubular body firmy therebdween to keep the layers of the
tubul ar body intact and to provide structural |ntegr|ty for the hose.
The i nn&FrapgrRs QYEE %&elwqré@mmcyn%eyerf 6ﬂee§ééw9pe © fepestiionid beymagenf ti c
st ai nl egyidr&®ImAErial um nium |f desired, the wires may be gal vani sed
or coated wth a polymer. The inner gripping nenber can performthe
function of BiRss6IPg Aot sranpyises At leastdwe daferens aimecd thesearsyreierably
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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. Rockwooi [ayers may also be provided here {o 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,

In the above described aspecis of the invention, the gripping members typically
each 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 haif



Ref erence is now nmade to the acconpanying draw ngs, in which:

Figure 1 is a schematic diagram showi 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
arrangenment of a relnforC|ng | ayer of the hose according to the

I nventi on; Figure 4A is a persfiéctive view showi ng the

arrangenent of axial strengthening strips on the hose; Figure 4B
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flexing iwdseess FS i's-caused by the requirement to bend the hose Hin
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2 our o Harsngsdhe Host SAaBECO, ARAFIPIES PADEIITER JPENJa a0, r oven
desi gnatigferl BurtHefmore, it is also contemplated that the hose may be used to transport liguid
oxygen (bp -183°C) or liquid nitrogen {(bp -196°C), in which case the hose may need to
operate at temperatures of -200°C or lower. '
The hose according to the invention can also be provided for use at a variety of
different duties. Typically, the inner diameter of the hose would range from about 2
inches (51 mm) to about 24 inches (610 mm), more typically from about 8 inches (203
mm) fo about 16 inches (406 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 the operating pressure of the hose,
not the burst pressure (which must be several titmes greater). The volumetric flow rate
depends upon the fluid medium, the pressure and the inner diameter. Flowrates from
1000 m¥h up to 12000 mh are typical.
The hose according to the invention can also be provided for use with corrasive
materials, such as strong acids,



-15- order to inprove the clarity the winding of the various |ayers
in Figure 2, and in the other Figures, has not been shown. The
hose 10 conprises a tubul ar body 12 which conprises an inner
reinforcing layer 14, an outer reinforcing |layer 16, and a sealing

| ayer 18 sandw ched between the |layers 14 and 16. Axial strengthening
strips 20, which provide axial - stren% heni ng, are di sposed around the
outer surface of the outer reinforcilfty | ayer 16. The tubul ar

body 12 and Strlﬁ ?@Jﬁ (g gosed bet ween ,an |nner helically

coiled wire meé No madeda the.agqo)PaRying §raiyings. sywhithe i nner and
outer wires E@un@rﬂds%cl&?érﬁaidicﬁmam%hamﬁgﬁﬁé piirfefie Stfedsod foﬁfﬁ'hcf'ftﬁé‘ﬂb%‘e
anot her b%{q@ndl sfance corres ond| n% to half the pitch length of the

hel i x of© Jnvention m $HbIRCERd 1B 9PPEYIER: 26 i s di sposed around
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| ayers RkéscddstorfhERRE iientign/en fabrics of a synthetic material, such
as UHMAPE or aramd fibres. Fi igure 3 illustrates the inner

rei nf or ci ng M@ AAI%2 PEISPREIME iaw showipd theseapgement i axiat steengthesing

r ei nf or stipgoh BeHoskd conprises fibres 14a arranged in a warp

di rection W and fibres 14b arranged in a weft direction F. In Figure
3 only the IFgHER 4B4s pRSNIseesd sastiomof one ¢fitbe exiabstrangthwning stéps;| arity.

Ve have unexpagéedhysbodnhddad shbf 8 {ddahééﬁo%@%f%%{é& d@sﬁh@g he

be i nproved by arranging the 1 nner reinf'orcing |ayer
war p di Presentdivenlions 388 a | ow angl e, of |ess than 200 and typl caI I y

around 150 di*éﬂ% isoggé badi X{, a
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addi t i endlresuitd @om 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 requirement to bend the hose H in orderto

position it properly, and by movement of the hose H during use. The torsional stress TS

ls caused by fwisting of the hose. Prior art hose is generally capable of withstanding the

hoop stresses HS, the flexing stresses FS and the torsional siresses TS, but is less

capable of withstanding the axial siresses 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 & hose in accordance with the invention is generally designated 10, in



reinforcing and/or protective layer 30 is preferable provided between
the strips 20 and the outer gripping nmenber 24. As shown in
Figure 6, the sealing layer 18 conprises a plurality of |ayers 18a of
a filmmade of a first polyner (such as a highly oriented UHMAPE) -
interleaved with a plurality of layers 18b of a filmnade of a second
pol ymer (such as PFTE or FEP), the two polyners having a different
stiffness. The layers 18a and 18b hal® been w apped around the outer
surface of the inner reinforcing |layer 14 to provide a _flujd tight
seal bet @identoimprove herclaiythewieding ef the wariusdpvess B 2eangl in Bie ollker
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is at 0° to the longitudinal axis of the hose. As shown in figure 4A., an additional



The hose 10 may be used for nmany other applications apart fromthe
applications shown in figures 5A to 5C. The hose may be used in
cryogeni ¢ and non-cryogenic conditions. It will be appreciated that

t he invention described above nay be nodified. -18- CLAI MG 1. A
hose conprising a tubular body of flexible material arranged between
an inner and an outer gripping nmenber, the tubular body serving to
transport fluid through the hose and‘ﬁo pr event f|UId Ieakage through

the body, t ubu),ar bod ri.sing_a reinfo C|n
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be arranged together.

The hose 10 can be manufactured by the following technique. As a first step the

-— inner wire 22 is wound around a support mandrei (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 innet wire. 22 and.the support mandrel, such that warp
direction W is set at the desired angle c.

A plurality of layers of the plastics {lims 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 18hb would have to be
wound around the inner layer 14. The films 182 and 18b are preferably arranged in an
alternating fashion through the thickness of the sealing layer 18. Typically there might
be five separate layers of the films 18a.and 18k through the thickness of the sealing
layer.

The outer reinforcing iayer 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 o). The axial strengthening strips 20 are then laid over the outside
of the outer reinforcing layer 18. 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 cuter 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



6. A hose according to claim1, wherein the axial strengthening
strips do not extend around the entire circunference of the hose.

7. A hose according to claim1, wherein the tubular body conprises an
i nner and outer reinforcing layer, and the sealing |ayer is

sandwi ched between the inner and outer reinforcing |ayers. 8. A
hose according to claim 1, wherein the or each reinforcing |ayer of

t he tubul ar body, and the axial streh Theni ng strips are all nade of

t he sane 0 t el’l accord
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accordi ngemgo claim?2, wherein there are four to six of said axial

st r engt hEHIHHE d diopm ‘}5’@ mandfel. A hose according to claim 11, further
conpri sing aniighdt of thietesd '189%&5!5 s@ale%%mglaﬁwuﬁﬁmgwo sﬁaﬁbnqﬁ Fighe

hose, and wherein the ends the tubul ar body and the axi al
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o not extend around the entire circunference of
carrier 104 by means of a hose 10 according to the invention. The hose 10 carries LNG
from a storage tank of the FPSO 102 to a storage tank of the LNG carvier 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.



14. A hose according to claim13, wherein the tubular body conprises
an inner and outer reinforcing |layer, and the sealing |ayer is

sandw ched between the inner and outer reinforcing |ayers. 15. A
hose according to claim14, wherein the or each reinforcing |ayer of
the tubular body, and the axial strengthening, strips, are all made

of the same polyneric material. 16:18A hose according to claim 15,
wherein the or each reinforcing |ayer of the tubular body, and the
axi al strengthening strips, are all nade of UHWPE. 17. A hose

according to claim 16, wherein each individual strip has a width such
that it coggngmg:.om about 5% to about 20% of the total circunference

of the underTyirng part of the hose.
1. A hose comprising a tubular body of flexible material

arranged between an inner and an outer gripping member, the
tubular body serving to transport fluid through the hose and to
prevent fluid leakaﬂe through the body, the tubular body com-
prising a reinforcing layer and a sealing layer, wherein the
hose further comprises a plurality of axial strengthening
strips extending along the length of the hose and being made
of a fabric having a warp and a weft such that the warp is
arranged at an angle of 0° to 5° to the longjtudinal axis.

2. A hose according to claim 1, wherein the width of the
axial strengthening strips is such that the axial strengthening
slrips, in combination, cover from 20% to 50% of the hose
circumference underlying the strip.

3. Ahose according to claim 1, wherein said axial strength-
ening strips are equi-spaced around the circumference of the
hose. )

4. A hose according to claim 1, wherein there are four to six
of said axial strengthening strips.

5AMmmmm®gmdmm1mmmwmmmmymmﬁ
(itting disposed at each longitudinal end of the hose, and
wherem the ends the tubular body and the axial strengthening
strips are fixedly secured to each end fitting.

6. A hose according to claim 1, wherein the axial strength-
ening strips do not extend around the entire c1rc1nnference of
the hose.

7. A hose according to claim 1, wherein the tubular body
compnses an inner and outer rcmforcmo layer, and the seal-
ing layer is sandwiched between the inner and outer reinfore-
ing layers.

8. A hose according to claim 1, wherein the or each rein-
forcing layer of the tubular body, and the axial strengthening
strips, are all made of the same polymeric material.

9. A hose according to claim 1, wherein the or each rein-
forcing layer of the tubular body, and the axial strengthening
strips, are all made of UHMWPE.
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10. A hose according to claim 1, 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.

11. A hose according to claim 2, wherein there are four to
six of said axial strengthening strips.

12. A hose according to claim 11, 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.

13. A hose according to claim 12, wherein the axial
strengthening strips do not extend around the entire circum-
ference of the hose.

14. A bose according to claim 13, wherein the tubular body
comprises an inner and outer reinforcing layer, and the seal-
ing layer is sandwiched between the inner and outer reinfore-
ing layers.

15. A hose according to claim 14, wherein the or each
reinforeing layer of the tubular body, and the axial strength-
ening strips, are all made of the same polymeric material.

16. A hose according to claim 15, wherein the or each
reinforcing layer of the tubular body, and the axial strength-
cning strips, arc all made of UHMWPE.

17. A hose according to claim 16, 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.



