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hose, and nore particularly relates to conposite hose having an

i nproved outer gripping nmenber. The invention is especially cohcerned
with 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 domestic
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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.



Various inprovenents to conposite hose are described in our

W001/ 96772, WD 2004/ 044472 and WO 2004/ 079248, the contents of which
are incorporated by reference. FR2235324 di scl oses a flexible
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The use of a fiexible 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 inftexible and rigid. It will of course be appreciated that the conventional
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 he 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
. 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 br'eaking, and



These properties enable the outer gripping nmenber to be easily wound
around the hose, while at the sane tinme enable it to maintain a high
w nding tension to press against the inner |ayers of the hose.

It is envisaged that the outer gripping nmenber will preferably be
provided as a solid (i.e. non-hollow) nenber. In a preferred
enbodi ment the outer gripping menber ig formed of a plurality of
yarns each thenselves fornmed of a plurality of tw sted or untw sted
fibres. tanaopaitbrithabendingsbedserappliettie thaibese whep wep witheydbreakiag.

fl exi bl f

outer ari por niiedaEBURE o BERB e el artd i alodor B MFi cal BE wound
aﬂd/ ?r bpefqmﬁrthe)hossbwdﬂmﬁ thatrmcésmsn' difl apphomg thegliacyepbérydieg rfmrc?}ﬁreciuired to
the fibre nents. or s e use
of a erW"'E{m%ﬂBY?rH'i%BPLBtS% EPPYY %F{%r%%g%ﬁ\ﬁgsgeen found t

confer a nunbghe pfefaedpraEtie®vtthecn@ogigpindweenbancior gualitadn togha minimal
conventi I ppi

I I t , . First, the h -
ranut act BrodingBigeste sthatHREER Rote Srengindfs s <Apr a0t gt e minima
gri ppi ngigreigharrekRtdze, rest of the hose. Second, the material of t he

outer gripping nenber is nore elastic than a conventlonal st ee
gri ppi ng menbgheset prepettiss engblesths QUIATSIEPROJNRIMBST P9 ¢Asdy M@PHE’ around the

i nst ead f,8éd Wifilelat tHPESME rn?r%'é“ablé_h*té FhairttEiR éji‘rlbﬁﬁwr%h@@rf%%ﬂ“f@fﬁﬁﬁs &gHinst

| ead to an i'nprovenent In burst resistance”of the hose because,
owi ng totWBnﬁﬁ[ﬁVﬁﬁIOfB%HO% stiffness of the outer gripping nenber,

it is possibl él—*\hﬁageﬁ%&t EH{e{PHﬁb g%né?ﬁbér}?!ﬁll ﬁf&f@r’ab /B é)@'b{?ﬂefi as a solid

menber, and t I'ts s ared wth a co I ona
st eel gr(i@phng—h@ﬁmaamenvbetrhout affect| ng the ease of its application

to the rest of - h ”?l? [ ng f .
conventi onal I&t%gfe%ﬁ?gﬁnﬁtg&r@ tfﬁtal @tﬁﬂ@r@jm%h‘ er}ai\glefér;]t ua ?{/8 p]lﬂallty of
becones yampeaeath ttelmdedves focmed oba plunality didwisbsdor untwisted fittresd |hlan afternative
course, be a pre iated that .additional Llayers. 8y, be . row n
Che. ¢ ubuPOBBRLAE PHIE oGt PIPRY e, e ErBito HofS gt i "an
ED(F;' i ed EI@érﬂéﬁ\]{d mglﬁdmmgﬂhénﬂﬁ@%ﬂmﬁ@mehﬂoeﬂmy@afm?d df h‘cjmgitubmbbﬁibres
ody. Most efera ri ses, a, sealing, | ayer,.
eanthui TR BLAHIEEPONTHENENRboUR X RNIT B 0ingly Maljungir e fores may
Pr ef er abhy mdriagiidngsas by mataMpireses an axi al strengt heni ng nmeans
adapted to reduce deformatlon of the tubul ar body when the tu | ar

body is subjetheHse 8f fiexlblq BaRigi odRpOTIRING MeaMbhasRRaRRMRG iheenfer @
is furt hﬁumBQﬁBF %@véﬁa@é@ro\/eﬁ cbﬁﬂio@ffté Ylob@"iﬁécﬁp&%'hﬁg eP@oﬁ»Irthi%ﬁéF sﬂé@f buter

of the tubular dy whén axi al strengthening neans is_subjected
axi al t egRpRING ﬁ@mber First we&%amn@mraamgfafau@ﬁén@@cﬁe@#ﬁdzﬁ%m it l&&?@lerto

oL b £ BROT D ot TR0t 10 BELl o0 AL A Bt

i s in exgrpEnoMmebtberts mots elast!caﬂhan@mpog@‘ﬂpcaltséeqjgnaplng 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 to wind it around the hose.

It 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



By neans of this arrangenent, the axial strengthening means inproves
the ability of the hose to cope with axial stresses, and at the sane
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Preferably, a further reinforcing layer is provided between the outer gripping member
and the axial strengthening means.
The ultimate strength of the reinforcing layer(s) is preferably between 100 and 700
kN for an 8" (200 mm) diameter hose. 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



It is also preferred that the braid extends all the way around the
circunference of the tubular sheath. However, it is possible for only
part of the circunference of the tubular sheath to be provided in the
formof the braid. The braid nay be provided in a biaxial form
(i.e. in which the braid is forned of only two intertwining fibres or
yarns) or in a triaxial form(i.e. in which there are also
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The materials of construction of the hose should be selected to enable the hose to
perform in the environment for which it is intended. Thus, there is a need for the hose to be
able to transport pressurised fluids therethrough without leakage of the fluid through the
walls of the hose. There is also a need for the hose to withstand repeated flexing, and to

withstand the axial stresses caused by the combination of the hose and fluid weight. Also,



When the or each reinforcing |ayer conprises a polyamde, then it may
be an aliphatic polyam de, such as a nylon, or it may be an aromatic
pol yam de, such as an aram d conpound. For exanple, the or each
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[ ess than 2 to the axi al di rection of
t he hose; thanstbemreeemh refrdorcing Byangbmprises eepolyestemhaers it is prefeeably

Phat ol BIRREWTEPhmalels. T on7s L' B ngl e of from 10 to 20, most

pr ef er abl y Whentthéor ¢arht feinfasdired |ayer eotipoisenfa pdlgarhilee then it may be an
aliphatic polyamide, such as a nylon, or it may be an aromatic polyamide, such as an
aramid compound. For example, the or each reinforcing layer may be a poly-(p-
phenyleneterephthalamide) such as KEVLAR (registered trade mark).

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

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



The purpose of the sealing layer is primarily to prevent the | eakage
of transported fluids through the tubular body. Thus, any sealing

| ayer which has the required degree of flexibility, and which can
provi de the desired sealing function, will be adequate. Also, if the
hose is intended for transporting cryogenic fluids, then the sealing
| ayer must be able to -8- withstand cryogenic tenperatures.

The sealing | ayer be made fromthe sane basic materials as the or

each re m@ewarguengyéabov,w%om el oo 640 GoEarrayoualheabarey 620 400
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sui t abl earranged 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 funciion, will be adequate. Also, if the
hose is intended for transporting cryogenic fluids, then the sealing layer must be able to



-9- particularly the DYNEEMA and SPECTRA products. These materi al
have al so been found to work well in cryogenic conditions. The
preferred paraneters of the UHMAPE (nol ecul ar wei ght range, etc)

di scussed above in relation to the reinforcing |ayers, are al so
appropriate to the axial strengthening neans. In this regard is
shoul d be noted, however, that the pgraneters of the UHMAPE used in
the axi al strengtheni ng neans need not be the sane as the paraneters
of t hewithitiREcysgenicriemperatuneaf or ci ng | ayers. It would be
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conbi nation of the additional features described in relati o\n to trﬁa
hose accor dVA@refsr that the $%quaé®eetstcompﬂﬁﬁ%ainlfer@hftvmﬁveri@)ng aygrsQy film.

anot h%ﬁref’eﬁgagtmérta vidifid bE¥ABESIINaYA18! RotSpRfdtublyeticasiBlers, ahd Shikhbes

a hose conprising: (a) wnding an el ongate innér gripping nmenber

ar oundpreferakiyipbleanttileyerst b procticeaths sraling dayer manonapiseottaPPy40, 50, or
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the inner coirl and the ndrel; (c) wapping a sealing layer, in

sheet dfdhenhoke] butdt fs/urlikebnthat ore ihen 10@ilaiass ol be required. Usually, 50
layers, at most, will be sufficient. The thickness of each layer of film would typically be in
the range 50 to 100 micrometres.

It will, of course, be appreciated that more than one sealing layer may be provided.

A particularly preferred embodiment of the sealing layer is described below.

The axial strengthening means may also be formed of the same material as the or
each reinforcing tayer. Thus, it will be clear that the axial strengthening means, the oreach
reinforcing layer and the sealing tayer may all be formed from the same basic compound.
However, the form of the compound must be different in order to provide the required
function, i.e., the axial strengthening means provides an axial reinforcement function, the or
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,



-10- layer; (d) wapping an outer reinforcing layer, in sheet form
helically around the sealing |layer. (e) wi nding an el ongate outer

gri pping nenber, forned of a flexible polynmeric material, around the
outer reinforcing layer to forman outer coil; (f) securing the ends

of the hose produced in step (e); and (g) renoving the hose fromthe
mandr el . Preferably, the outer gripping nenber has

sufficiently | ow bending stiffness that the outer I p menber 1S
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a tubul aj_ axia rengt heat d of, t.h

S0 that  Fniearer SrBRanE e I f1ie Feoardi i STpufgre Bhicty THBUT et the
t hen p:ﬂ baghdtos cﬁﬁ@Ul—MW@Eﬁd@mh tte stslatiengiheningirheamanabdeaiot be thdsdme
St r ongt nehingpanERtersicl T M e s SRS IO e ¢ ubul ar
body when theyt iuhud ae Jh:@gbblé ﬁar&H@JaRra sitehgthaning méansicors pﬁﬂ/d:iedswﬁhm the
adapted to exert a radi al i nward force on at | east part of

tubul ar lsyess ohthe tbiular kadye iigweyar M BrRERN Waf‘sth&ﬂij'@c‘it@ﬁ'gfh?“meﬁleans is

tensi on. positioned between the tubular body and the outer gripping member. In an another
preferred embodiment, the axial strengthening 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 and/or outside the outer wire. The insulation may comprise material
conventionally used fo provided insulation in cryogenic equipment, such as a synthetic
foam material. Itis 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 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 to the first aspect of the invention..  According to another
aspect of the invention fhere is provided a method of making a hose comprising:

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

an inner coil;

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

the inner coil and the mandrel;

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



Preferably the gripping nenbers and the sheet nmaterial are applied
undor tension in order to provide the hose with good structural
integrity. Preferably the sheet material in step (b) conprises
two reinforcing |ayers sandw ching a sealing layer, as described
above. In the preferred enbodiment, an inner reinforcing layer, in
sheet form is wapped helically arq%nd the inner gripping nenber and
the mandrel; then the sealing layer, 1n sheet form is wapped
helically aroundawnﬁ inner reinforcing layer; then the outer
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with any of "the features of the hose described in our WX01/9

WO
2004/ 04447 Prafrtalip tiae@uiaywmg mﬁmparrhawﬁsﬁmntw@wm@émaﬁyﬁws Thattfe

2004/ O P Bt | oS ofEBEDNREs bin M Ethe R amatyiCRlon

t he grafghenegf.nenbers typically each conprise a helically wound

gri ppi ng [ r ael i
Shuhi o2, TSR SO IRY AR s SHblaad B LTI, ol sl by
arrangédbosuch that they are offset fromone another by a distance

Cor 1 2=POn D3 e - B 5P HEPRRE ol O

keep the | gggrs of the tubular body intact and to provide structural
integrity f t he hose, Telnne r er s referably a
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the distincti ong, %ﬁtay‘%ﬂglo he preferred inner gripping nmenber and the
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it is bent Rrefesalflgite gripping inpmbiersiand thelsbeefeeatefiaaraappleddindetieasion in

support erea he,out er.. ari PR equi res the support of
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nmetal (typi re or r rovi
sheath descrlbed 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



-12- material, particularly polyneric fibres, such as UHW\PE.

Most preferably, the outer gripping nenber is nade of UHWAPE, as

descri bed above. Alternatively, the outer gripping nenber nay be made
of Kevlar (RTM or polyester. The outer gripping nenber nmay al so

i nclude reinforcing fibres such as glass or carbon in a matriXx.

The flexibility of the outer gripping_gpnber should be sufficient to
enable it to be wound around the hose. This use of the flexible
out er gr mepilbbey arepositionas bslfiatpilshdendih effset fird dirrositienbaikih@icors af i inner
strength easing its weight and bending resistance. This
makes |tgw9)é'§§ﬁ%ﬁ1 %]r apply higher tensions to hold the hose structure
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t
ccor di ngUEHer R Bos. duealy fenBEatREN e SLBCRATY interdols pat i
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gauge, or possib t o about 2500 kPa gauge. These pressures relate
to -13-between the preferred inner gripping member andthe outer gripping member is that it will
independently retain any shape it is bent into (e.g. a coil) without the need for any
additional support, whereas the outer gripping member requires the support of the rest of
the hose, and also a tension applied to the ends thereof, in order to maintain its shape.

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

In accordance with the invention, the outer gripping mernber is made of a flexible
non-tigid material. The outer gripping member may be mainly 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 operating pressure of the hose, not the burst pressure (which
must be several tinmes greater). The volunetric flow rate depends upon
the fluid nmedium the pressure and the inner dianeter. Flowates from
1000 nB/h up to 12000 nB/h are typical. The hose according to
the invention can al so be provided for use with corrosive material s,
such as strong acids, Reference is new made to the acconpanyi ng

drawi ngs, in which; Figure 1 T's a schematic diagram show ng

th h
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sheat W@EIhaoMRd 419 he$R-ened conditi on; Fi gures 5A, 5B, 5C and
5D show f Ourm@egé bEfe ﬂ&&l@%uf&?%‘? ﬁhﬁ%éﬂnﬁgr kbR p@é@iﬁ% prBYiedY 4 on;
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acts out the on t udi nal axis .of t e crushjng stre |
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of thednasifly bk done by increasing the wire diameter (strength is proportional to square of
diameter. i.e. area), but this disadvantageously significantly increases the bending

stiffness (stiffness is proportional to diameter o the power four i.e. second moment of

area).
The hose according to the invention can be provided for use in a wide variety of

conditions, such as temperatures above 100°C, temperatures from 0°C to 100°C and
temperatures below 0°C. With a suitable choice of material, the hose can be used at
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 -170°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 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 50 mmto
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



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 -14- 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 npvenent of the hose H during
use. The torsional stress TS is caused by twi sting of the hose. Prior

art hose,ls i i .
fhe 11 exiHeSoFRRIE bl bRIG I o hartal BIRY Brocclfe (iEh FhisPBESpy 03! tmes
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The probl em ofhevhbbs taaodidivg tohibedniattiontdapsales baAPrbvded éamusowite dobrgsive
t he presentt inventjion. In Figure 2 a hose in accordance with the

i nvent | oA RLC ﬁ#@g&@%ﬁ%ed 10. In order to inprove the clarity
the wi ndi ng ORefdigndenisi rBmiadi &b the dcdontiEinging, drawihgsintvaisicht her

Fi gures, has not been shown. The hpse 10 ,con'Pri ses a tug‘ul a,cf_l
body 12 whi chFigHii iSaschpmalindiagram snericge PaPePloHTessss Lo wgrch the hose
rei nfOrCé&ﬂ)rﬁiﬂ?%tH@inv@ﬂﬁbrﬂn@?@e‘ﬁQ}jéc@é@m dpergifgsiiwi ched between the

| ayers 14 and_16. A generally tubul ar sheath 20, which provides axial
st r engt heni ngFigHes ail%g@%@naa@gmsméﬂ@lﬁl ¥ievsefrd hege agcardisada the invention;
rei nf orci ng llaigﬁFe é@sgsecﬁona—rk}%\n} M]ﬁ? tll?é’?bfa St dilereiiBIIRY layer of the
sheath 20 are di sposed between an innel helically coiled wre 22,

made of bessdiccoatidgdn thrineentml;i cal ly coiled wire 24, nmade of a

fl exible pol yg C i LRe o d | ;
are di sposed @55%3‘ ?%2@ Sgr(_;ﬁmg f\éle?’ Pb@&nﬁgngﬁaﬁ%h@m&/{?d%?%gﬂg%%%al
cor r espostaengihdrind ahéathioé tine hade deeoudihg fthe myeniédn, theafxial strengthéring sheath
The hose, al so_ i ncll udﬁs ﬁ@&l fittings which are illustrated
scherrati%%fpgff' ?ﬁeﬁ?‘a FR"MUMNd are desi gnated by the reference nuneral
200. ArFigosu 48 iioma Iseptionalbview dhepingetheasoangerbat ofitartubuiae axial

24. The insul ati.on | ayer be a copventional insylati mat.er i.al

such s SroscuEniag sheiior 359 hekp oo uhe b elelt MeBbiA SupafipiiRt sheatn
rel ati onbéifg i gtiGAtehed conditiohhe reinforcing layers 14 and 16 conprise
woven fabrics_of - a s;%n he icdﬁieéial, such as UH E or aéiam'fd

fibres. Figurddgresd ANd 31 show four 2ppligalions RENPSR AHCOIANg 19 {hg,present
whi ch i t;yehdore cl ear that the inner reinforcing |ayer 14 conprises
fibres 14a arranged in a warp direction W and fibres 14b arranged in
a weft directfigwes isigcrepgaedionabyiey shawingdhe g sealinglaysl i hosgrrcording to
or der tothleW@Yi% the clarity. W have unexpectedly found that the

axi al strengt of" the hose 10 can be i nproved by arrangi n? the inner
rei nf orci ng |Rigeie 7is sooBs-shelionahviewghowing ae trisglationlayes of the hege of Figure

angl e, oé; ih%?éatépé&aﬁpaﬁd"d typically around 15

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 siress is designated
FS and is the stress which acts transverse to the longitudinal axis of the hose H when it is
flexed. The torsional stress is designated TS and is a twisting stress which acts about the
jongitudinal 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



-15- to the longitudinal axis of the hose 10. This angle is indicated
by the synbol a in Figure 3. The structure and orientation of the
outer reinforcing layer 16 is substantially identical to the inner
reinforcing |layer 14; the angle a for the outer reinforcing |ayer 16
may be the sane as, or different from the angle a for the inner
reinforcing |ayer 14. The sealjyng | ayer 18 conprises a
plurality of |layers of plastics filmwhich are wapped around the
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and are designated by the reference numeral 200.

e other

An insulation layer 26 is disposed around the outer wire 24. The insulation layer may
" be a conventional insulating material, such as a 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 to improve the clarity. We have unexpectediy 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 less than 20° and typically around 15°



pol yur et hane whi ch has been sprayed, poured, or otherw se appli ed,
over the tubular body 12 and the outer wire 24. After hardening, the
pol yuret hane | ayer 26a forns a.solid matrix within which the outer
wire 24 is enbedded. This helps to keep the outer wire 24 fixed in
position. In a preferred enbodinent, the inner layer 26a is provided
wi th air bubbles therein. The |nﬁglation | ayer 26 includes a
| ayer 26b over the |layer 26. The | ayer 26b conprises a fabric forned
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18a, 18bth Sﬁg10u5wﬁ@45esi1qmgthaéwau®e@i¢e29 mwwm@ﬁ %prtsi}mm the

outer surfac Y ;

T8a and 180 v A0 16% Ut i Greatthtiordf in e Y Thé it the
t he hosesedlingdayarhl& imprples td teﬁlamc@etpfah@teetOItbﬁgkevimgcﬁtretsm:S anaﬁhqeaop
and 18b8%PLa§ ﬂ_@ave to be wound -17- around the inner |ayer 14. The
films 184 @and 18b are preferably arranged in an alternating fashion

through the tAs slhoves i Bigutde, theaealing lagget8 t8mpliges aaidrglitytmé‘taa/ers t8d of a
be fi Vesfzrrg Ei%ﬁe S%fﬁrts {/rgtﬁgfsuch as a]h Shlano%e%}?ed bwm)tmperleaved with a
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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 layers 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 detai! 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 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 |l ayer 16. The further reinforcing |layer 21 is then

wr apped around the sheath 20. _ﬁge outer wire 24 is then wapped
around the further reinforcing layer 21, in order to provide a
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to 5C a floating production, storage an a veSsel SO 102
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shown dver thedayas2Bofiotiortivés.imphevehine hsizioh propeeiibs andahy basysney aftle hose

non- gr%/oqglg nsltlﬁ fﬁﬁﬂgrl }miol%?éthaﬁela&er (not shown) not containing gas bubbles may be
provided 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 263
itself to 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 [ess than the length of the hose 10,
so that a plurality of separate lengths of the films 18a and 18b would have to be wound



CLAIMS: 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 conprises a sealing |ayer and at | east one
reinforcing |layer, and wherein the outer gripping nenber is made of a
flexible non-rigid material capable of being wound around the tubular
body. 2. A hose according to claimi1,_qmherein the outer gripping
menber is mainly or entirely formed of a polymeric material. 3.

hose aCCQF naqhé ﬁm%my@ 1401‘he2ﬂmwaaeaﬁa 13%@%&@@113} mmm@h@ltehﬁatmg
do | ecul ar wei ght yet h%_l ene. . hose

forme
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entirely edi n
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stiffness thaThe oufies re:nioa@agleyeo GMb@mmanp@duat@erheﬁ@aim@tlayeﬁ 18hauch that

| ongi t ud
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accordin toan regedin ereln_.t outer. grippin e

1 Pt hButesranior S Javer foor ik Fgnen Fejoriing 340 2 uisdnpS PUAPRs around the
twi sted prdatRepic fibres. 8. A hose according to any one of clains 1

to 6, wherein_the outer plng menber is in the formof a
non-ri gi d rmn qwlatﬁémreﬁgs W@BP%%}UGF’H@GWE%S? rﬁpmlﬁﬁgf%f( mrﬁerfo

wher ei n derH‘ﬁéluﬁi éﬂBhﬁ@nEﬁm@f nd # dééll“é?ﬁﬂtcﬁf TRe pitéH &F tﬁBb@fér@JlreVQH Wéuld

Is rel at ylnf exi bl e"conpared W th the outer grlpplngme

10. A hoB@fn@aiWchQﬁh@gSQmeﬁythQrm@écﬁfﬁbe e yirenBdrach heneosmﬂme@f the wire 24
gri ppi ng,mRRImiafly bR 1t tie B&ilAtthe wire 24 are offset from the coils of the wire 22

by a distance corresponding to half a pitch length; this is illustrated in Figure 2, where the
pitch length is designated p.

A polyurethane resin is then be sprayed over the outer surface of the reinforcing
layer 21 to form a resin coating over the reinforcing layer 21 and the outer wire 24. The
resin may then be left to harden, in order to form the layer 26a. The resin may be aerated:
before hardening (typically before spraying or painting) to provide gas bubbles therein. The
basalt fabric layer 26b is then wrapped around the polyurethane layer 26a, and the

+ UHMWPE layer 26¢ is then wrapped around the layer 26p. Finally, the compression layer
26d is applied over the layer 26¢c.

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 (FPSO) 102 is linked fo a LNG
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 carrier 104. In Figure
5A, the hose 10 lies above the sea level 106. 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 without any intermediate support. In Fig 8D 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



11. A hose according to any preceding claim wherein the inner and
outer gripping nmenbers conprise helical coils. 12. A hose according
to any preceding claim wherein the tubular body conprises at | east
two reinforcing |layers, and the sealing |layer is disposed between two
of the reinforcing layers. 13. A hose according to any preceding
claim further conprising an axi al §ﬁ£engthening means conprising a
general ly tubul ar sheath fornmed of a sheet of material provided in a
-20- t a : hg b h t t I i idh- :
i nt egr%wnoin ﬁpgﬁgugﬁﬁgrséhgbg en sgblj%eg?g%qég; a |glﬁmtbg§1§?d(§]n§@8%?]c
A hosecarciitimngi ng to any preceding claim wherein the axial
strengthening neans is 0 provided in the formof a generally tubul ar
braid. 15. A nmethod of making a hose conprising: (a) w nding an

el ongate i nner gripping nenber around a tubular mandrel to form an
inner coil; 5 (b) optionally wapping an inner reinforcing |ayer, in
sheet form helically around the inner coil and the mandrel; (c)
wrapping a sealing layer, in sheet form helically around the inner
reinforcing | ayer;



(d) wapping an outer reinforcing layer, in sheet form helically
around the 0 sealing layer. (e) winding an el ongate outer gripping
menber, formed of a flexible non-rigid material, around the outer
reinforcing layer to forman outer coil; (Osecuring the ends of the
hose produced in step (e); and (g)remawing the hose fromthe nmandrel.
16. A hose according to claim 15, wherein the outer gripping nmenber
Is mainly or entirely formed of a polyneric material. 17. A hose
accor di ngCLAIMSAi m 15 or 16, wherein the outer gripping nmenber is
formed of ultra high nol ecul ar wei ght polyethylene. 18. A hose

accor di ngl.t’ohedcabmptiSing aindrudsir voth ef Bextilele ngutdriap amangae hiteeen slongdtaimeior
10 enti r ednd duosrnegpping memisdrglwhetdn i tabsler Bodyocatiprged o seahiyig daer ahd at
cl ai ms 15eis0 oilSreivbriny laydrhgndonh&einghé pRengippidbaembass sialdé o€ b €iRkible

| ow bendimgi-15didl tfabemBcdplEle of beihs woltB@aRhEthe fubstippeds.i ng its own
weight in the longitudinal direction of thereof. 20. A hose according
to any ong @Boéé'a%bdfﬁlné% EHmeQ wﬂ@%fn%@o&@?gngﬁﬁlﬁﬁ nﬁﬁu’b&pﬂs%lﬂgr@%ﬁuﬂeﬁl
provi ded ﬁ)ﬁngcﬂﬁ-sﬁ fligxible non-rigrd rope, wre l'e or

ri bbon. accor |ng to any one of clainms 15 to 20, wherein
the out ers. %;}Iltpsgl D98t clalI lirb &vl’h%r iy o%ter ]grl 15@1&81’13@?@ fgrmc% of ultra
plurali tyh ﬂ:cWar welght poly erEI’I

4. A hose according to claim I, wherein the outer gripping member is mainly or entirely
formed of a metal.

5. A hose according to any preceding claim, 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.

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

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

8. A hose according to any one of claims 1 to 6, wherein the outer gripping member is in
the form of a flexible non-rigid monofilament.

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

10. A hose according to any preceding claim, wherein the inner gripping member is
formed of a metal.

11. A hose according to any preceding claim, wherein the inner and outer gripping
members comprise helical coils.

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

13. A hose according to any preceding claim, further comprising an axial strengthening
means comprising a generally tubular sheath formed of a sheet of material provided in a



-21- 22. A hose according to any one of clainms 15 to 20, wherein the
outer gripping nenber is in the formof a flexible non-rigid

nonofil ament. 23. A hose according to any one of clains 15 to 22,
wherein the inner gripping nmenber is formed of a rigid material which
is relatively inflexible conpared w t820t he outer gripping nenber.

24. A hose according to any one of claims 15 to 23, wherein the inner
gripping nenber is formed of a netal. 25. A hose according to any

one of cltabwer S@pe,suckyihaiihe tetiukertsheath nmemagltanpﬁtengtegety@rltswgbtflmah@mﬂ
of a st eeWhen spfjectad msaldesomdi ng to any one of clains 15 to 25,
wherein the inner and outer gripping nenbers conprise helical coils.
27. A nmet hod koeacchirdigg toadimrecedthgaflainl, aihsRinl the taRiaP Grenbthehing imeans is 0
conpri si ngotided inaht MMnnd agepfallpRbUWeLhaRl eps (d) and (e): (dl )

pul ling a tubul ar axial strengthening sheath over a free end of the

mandr el , ﬁpAhHahO&Bﬁmgﬁﬂggﬁbﬁﬁ%hgﬁgﬁ g thin the axial strengthening
sheath, then pulling the axial rengt heni ng sheath al ong the mandrel

so that i, at \ln‘ﬁélﬁlé aHaeﬁ tgﬁtle 1Xne?%}ég}§1§%%‘i‘nbtei’8}6hﬁ& 391?6%)’ rﬂﬁﬁ%fe?'taff‘f&ﬂl an

axi al strengtngg is a to reduce mat 1 on

t ubul ar body en he tubular body |s subj ected to axial tension, and
i s adapt to exer a radiall force on eas t of e
tubul ar b@hy AR ol P LRNSo FL IR bRl Ghplhe
t ensi on. ‘E@ﬁé?hﬁ lg to any one of clalns 15 to 27,

wher ei n the COI|S .and the sheet material are aP pl i ed under te05|oh.
29. A net(Bbd aW@PRIEE Bgscaling yerpir shget dprp nirelieally aroped thenwpe reifping
i nner and out d#yetoils are applied in a helical configuration having
substantially the same pitch, and the position of the coils of the
out er coi(d) ar evippEng ko e tefbreangplayehinl shagtthrmofHebietllyf around: the 0 sealing
position of tHayetoils of the inner coil.

(e) winding an elongate outer gripping member, formed of a flexible non-rigid
material, around the outer reinforcing layer to form an outer coil;

§3) securing the ends of the hose produced in step (e); and
(g) removing the hose from the mandrel.

16. A hose according to claim 15, wherein the outer gripping member is mainly or
entirely formed of a polymeric material.

17. A hose according to claim 15 or 16, wherein the outer gripping member is formed of
ultra high molecular weight polyethylene.

18. A hose according to claim 15, wherein the outer gripping member is mainly or 10
entirely formed of a metal.

19. A hose according to any one of claims 15 to 18, 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.

20. A hose according to any one of claims 15 to 19, wherein the outer gripping member is
provided in the form of a flexible non-rigid rope, wire, cable or ribbon.

21. A hose according to any one of claims 15 to 20, wherein the outer gripping member
is in the form of a yarn formed of a plurality of untwisted or twisted polymeric fibres.



30. A nethod according to any one of clains 15 to 29, wherein the
axi al strengthening sheath conprises a tubul ar braid.

21-

22. A hose according to any one of claims 15 to 20, wherein the outer gripping member is
in the form of a flexible non-rigid monofilament,

23. A hose according to any one of claims 15 to 22, wherein the inner gripping member is
formed of a rigid material which is relatively inflexible compared with the outer gripping
member.

24. A hose according to any one of claims 15 to 23, wherein the inner gripping member
is formed of a metal.

25. A hose according to any one of claims 15 to 24, wherein the inner gripping member is
formed of a steel.

26. A hose according to any one of claims 15 to 25, wherein the inner and outer gripping
members comprise helical coils.

27. A method according to any one of claims 15 to 26, further comprising the following
step, between steps (d) and (e):

(dI } pulling 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 body when the tubular body is subjected to axial
tension, and is adapted to exert a radially inward force on at least part of the
tubular body when axial strengthening sheath is subjected to axial tension.

28. A method according to any one of claims 15 to 27, wherein the coils and the sheet
material are applied under tension.

29. A method according to any one of ¢claims 15 to 28, wherein the inner and outer coils
are applied in a helical configuration having substantially the same pitch, and the position
of the coils of the outer coil are positioned half a pitch length offset from the position of
the coils of the inner coil.

30. A method according to any one of claims 15 to 29, wherein the axial strengthening
sheath comprises a tubular braid.



