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15 In order for the hose to be sufficiently flexibie, any given length must be at least
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The present invention is directed to composite hose.

The structure of composite hose generally comprises a tubular body of flexible
material arranged between inner and outer helically wound retaining wires. It is

20 conventional for the two wires to be wound at the same pitch, but to have the windings
displaced by half a pitch width from one another. The tubular body typically comprises
inner and outer layers with an intermediate sealing layer. The inner and outer layers
provide the structure with the strength fo carry the fluid therein. Conventionally, the inner |
and outer layers of the tubular body comprise fabric layers formed of a polyester such as

25 polyethyiene 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

30 hoop deformation of the hose under high pressure. The outer wires and particularly the
inner wire 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
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conposi tige RA§Rudinal axis of the elongate member.

The or each reinforcing member serves to improve the crush resistance of the
hose. This serves to protect the hose from handling or impact damage. In addition, if
the elongate member is arranged to provide a sealing layer, the presence of the or
each reinforcing layer enables the hose to operate at higher hydrostatic pressure than
would be possible using conventional composite hose.

Preferably, the reinforcing member is made of a flexible material that is stiffer
than the material of the elongate member.

The material stiffness of the reinforcing member may be that of a metallic
material such as stainless steel with an elastic modulus of, e.g., 200,000 MPa; or

aluminium with an elastic modulus of, e.g., 70,000 MPa: or a composite of reinforcing



Preferably, the reinforcing nmenber is nmade of a flexible materi al
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The or each reinforcing member may be a rod or tube provided within, or affixed
to the surface of, the elongate member. Each rod or tube may be a metallic material, for
example, steel, or may be a composite material. The or each reinforcing member may
have any suitable cross-sectional shape, for example circular, elliptical, square or
rectangular. The or each reinforcing member may be solid or tubular (i.e. having a bore

extending along the length of the reinforcing member,).
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of engagement" @P¢ BMhREINAPYt Higr intarangaging Eretipment one lengitndieakadgeisng
conpri sggh j Jap=b Al ' f ach

nt erengé’g?%ﬁ“ffﬁf AR AT o on bh e odloB GGyl o 8 preventne
2008/ 01 T@66HicTs GBROSIPPITROHYLT-Gigagbmegt witle oadgmotifercThi HorarResiay Be

i nter en%@g@v&ﬁ B{? ftoPSxa%BEr urt%rsgﬁiywoeqding, chemical solvent bonding (i.e. using a
solvent which forms a reactive bond with the material of the elongate member). The
choice of chemical solvent depends on the material of construction of the elongate
member. Examples of suitable adhesives for PVC include Steimax Flexible PVC
Solvent Cement, Bostik PVC Weld Cement M5417 and Bondloc PVC Weld Cement
S1800. Examples of adhesives suitable for polyurethanes and thermoplastics include
Bondloc $1400, and Araidite adhesives, such as Araldite 2018 and Araldite 2026.

In another embodiment, the configuration of the interengaging formations is such
that the formations can interlock with one another in order to prevent the formations
from slipping out of engagement with one another. In this embodiment, the
interengaging comprise interlocking formations.

It is preferred that each interengaging formation comprises a profile arranged



It is particularly preferred that the profiles are such that when the
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P y sln one embodrn¥enjf the ch mber is a longrtudmally extending chamber. A.

plurality of chambers may be arranged at spaced intervals along the length of the

elongate member, or, alternatively, the chamber may extend substantially along the
length of the elongate member. The chamber serves to improve the buoyancy of the
hose. The chamber also serves to improve the thermal insulation of the hose. It is
possible for more than one longitudinal chamber to be arranged along the same length
of hose. For exampie, an arrangement with two adjacent chambers both running
longitudinally along substantially the entire length of the hose is particutarly preferred.

The or each chamber may be of any desired shape, but it is preferred that the
shape is cylindrical.



The total volume occupied by the chanber is preferably in excess of
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a cryogenic conduit, a relatively slim (in thickness) layer may be optimal. For

deployment in liquids, such as on the sea, considerably more buoyancy and flexural
rigidity may be desirable and both the buoyancy chamber and the interengaging
mechanism may be more substantial.

Another advantage of the invention is that the hose may comprise two separate
sealing layers, specifically the sealing iayer of the tubular body and the sealing layer
provided by the elongate member. This provides a sealed volume within the hose body
that can be monitored for the purpose of determining leaks through the hose.

In one preferred embodiment, the elongate member has a thickness greater than
the distance between the jongitudinal edges.

The elongate member may be provided between the tubular body and the outer



In a preferred enbodi ment, the inner and/or the outer gripping nmenber
is/are provided with a profiled cross section in order to reduce the
hose friction factor. Particularly preferred profiles include an oval
cross- sect VO U4He or a semi-circul ar cross-secti ondCHERAR/003059
aligned to provide the | east resistance to the flow The hose
according to the aspects of the invention described above may al so be
provided with one or nore of the feattf-es of the hose al ready
described in WO01/96772. These will be described in greater detai
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is subjected to excessive stresses and strains. This means that the materials of the
tubular body and the axial strengthening means respond 1o strain in a similar manner. A
bend strain (for a cylindrical component) of at least 3% is generally needed for the type
of hose applications primarily envisaged by the present invention. While, inter-layer siip
and the straightening of helically oriented components will account for some of this slip,
there will still be a resultant strain in the order of 1% acting on the structural



Preferably the axial strengthening neans conprises a generally

tubul ar sheath formed of a sheet of material provided in a tubul ar
shape, such that the sheath can maintain the integrity of its tubular
shape wherW@ah]8é¢8ed t o axial tension. The hose may be RSTEH28EPOFHS? h
two or nore tubular sheaths in order to further inprove the
performance of the hose under axial tension. It is preferred that the
axi al strengthening nmeans is providedsin the formof a generally
tubular braid. In this specification the term"braid" refers to a
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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. in the preferred embodiment, the reinforcing
layers and the sealing layers are wrapped around the inner gripping member.

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 same material as the axial strengthening means, most preferably
UHMWPE.

Preferably the axial strengthening means comprises a generally tubular sheath
formed of a sheet of material provided in a tubular shape, such that the sheath can
maintain the integrity of its tubular shape when subjected to axial tension. The hose
may be provided with two or more tubular sheaths in order to further improve the
performance of the hose under axial tension.

It is preferred that the axial strengthening means is provided in the form of a
generally tubular braid. In this specification the term "braid” refers to a material which is
formed of two or more fibres or yarns which have been intertwined to form an elongated
structure. It is a feature of braid that it can elongate when subjected to an axial tension.
It is a further feature of braid that, when provided in a tubular form, its diameter will
reduce when the braid is subjected to axial tension. Thus by providing a tubular braid
around the tubular body, or within the structure of the tubular body, the braid will exerta
radially inward force on at least part of the tubular body when subjected to axial tension.

It is preferred that the entire tubular sheath is provided in the form of the braid.
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of the tubul ar sheath to be provided in the formof the braid
is al so ref rred that the braid extends aII the vvay(laﬁg
e
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part of the CI rcunference of the tubul ar sheath to be provided in the
formof t he braid. The braid g}/ be provided in a biaxial form
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| ength of th e or each’|ayer eet materia

formed gfregsddl witigt iHeyhaske is epbjeated tb enghd Fanspshefdtuidmtherétarougny §hged

al ong tg%ylrg% trgngfla{;e?rewnlc?\ehas the required degree of flexibility, and which can
withstand the necessary stresses, will be adequate. Also, if the hose is intended for
transporting cryogenic fluids, then the or each reinforcing layer must be able to
withstand cryogenic temperatures. '

We prefer that the or each reinforcing layer is formed of a sheet of material which

has been wound into a tubular form by winding the sheet material in a helical manner.
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 fayer may comprise a single continuous iayer of the sheet material, or

may comprise two or more single continuous layers of the sheet material. However,



In the preferred enbodi ment each reinforcing | ayer conprises a
fabric, nost preferably a woven fabric. The or each reinforcing |ayer

may be a I synthetic material. The or each rei i er
is convenir\gh%@mflgsrtﬁﬁed of a synthetic polyner, such as ﬂa&%ﬁ%’@@é&g a
pol yam de or a polyolefin. The synthetic polyner nay be provided in
the formof fibres, or a yarn, fromwhich the fabric is created.
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about 1,000,000 to 6,000,000. The UHMWPE most useful in the present invention is
highly oriented and would usually have been stretched at least 2-5 times in one
direction and at least 10-15 times in the other direction.
The UHMWPE most useful in the present invention will generally have a parallel
orientation greater than 80%, more usually greater than 80%, and preferably greater

than 95%. The crystallinity will generally be greater than 50%, more usually greater than

70%. A crystaliinity up to 85-90% is possible.
UHMWPE is described in, for example, US-A-4344908, US-A-4411845, US-A-

4422093, US-A-4430383, US-A-4436689, EP-A-183285, EP-A-0438831, and EP-A-



In the preferred enbodi ment, the or each reinforcing | ayer conprises
a woven fabric formed of fibres arranged in a weft and warp
direction ound that it is particularly advant | e
or each re\Vﬁe’S&Z"\iﬁ%{H ayer is arranged such that the fabfﬁqsz(?%é?@m&sg
direction is at an angle of |less than or equal to 200 to the axial
direction of the hose; we also prefer that this angle is greater than
or equal to 5. In the preferred enbadiltent, the or each rei nforcing
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may be made by extrusion or by blowing.

We prefer that the sealing layer is formed - of a sheet of material which has been
wound into a tubular form by winding the sheet material in a helical manner. As with the
reinforcing tayers, this means that the or each sealing layer does not have much
resistance to axial tension, as the application of an axial force will tend to pull the
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 along the length of the hose. If desired the sealing layer may comprise one or
more heat shrinkable sealing sleeves (i.e. tubular in form) which are arranged over the
inner reinforcing layer.

We prefer that the sealing layer comprises a plurality of overlapping layers of
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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 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

most preferably the polyethylene is a high molecular weight polyethylene, especially
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ste Preferably, the sealing layer comprises a plurality of layers of each of the
polymeric films. In an embodiment, the layers may be arranged so that the first and-
second polymers alternate through the thickness of the sealing layer. However, this is
not the only possible arrangement. In another arrangement all the layers of the first
polymer may be surrounded by al the layers of the second polymer, or vice versa.

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

Preferably, the sealing layer further comprises at ieast one layer partially or
entirely comprising a metal, a metal oxide or a mixture thereof. In this specification
references to metal containing films includes metal oxide containing films, uniess stated
otherwise. Thus, the metal layer may be a layer of metallic film (i.e. a separate iayer
consisting substantially entirely of a metal, a metal oxide or a mixture thereof), or a
polymer coated metallic film or a metallised polymer film. We prefer that the metal layer
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Another preferable embodiment of the invention relates to a cured resin matrix
disposed around the tubular body, the outer gripping member being at least partially
embedded in the resin matrix in order to restrict relative movement between the outer
gripping member and the rest of the hose.

The cured resin matrix must have sufficient flexibility to allow the hose to bend to
the extent that is required for the specific applications of the hose. Clearly, some
applications may require more flexibility than others.

The resin matrix preferably comprises a synthetic polymer, such as polyurethane.
It is especially preferred that the resin matrix is made of a material that, prior to curing,
is capable of being applied in liquid form to the hose. Typically, the uncured resin may

be applied to the hose by spraying, pouring or painting. This enables the uncured resin
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the sealing nmber i s, adapted to seal against the tubular body
i ndependent |‘&gcﬂfe*fahﬁ‘aé§1ﬂ neyiatign layer futhar inddes ajdeamt anetrniorosmeand

the i nngyermeRdRlinforcement layer may comprise a synthetic polymer, such as a polyester, a
polyamide or a polyolefin. The reinforcement layer may be made of the same materials
as the inner and outer reinforcing layers of the tubular body, which are described above.
It is particu!arly preferred that the reinforcement layer of the insulation layer is an ultra

high molecular weight polyethylene (UHMWPE), such as DYNEEMA or SPECTRA, as
described above.

Another preferred embodiment of the invention invoives a tayer comprising a
plastics material having gas bubbles therein.

The plastics material is preferably a polyurethane. it is preferred that the plastics
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receive the outer wire therein. Preferably, it is the hose engagi ng
nmenber FEPPIAENPEH-2r ansferring neans which is provided with the

hel i | ; i faBrd i
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conprises a | erring plate, ich is typically disk shaped,
havi ng dayeaperefasaldy Huaiptsechasarr evasallzpecifie dadly of lnssdhat buyhferpablydass

has a syrfagce engageable w.th th : ' ; ds
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| oad t r ansfor exdmgleNERe 8- ef, prefbiaplyfaboube mm.teudsd ubblesade preferably
transferring rod secured between the plate and the end nenber for

transf er®35ifan saerd 28R HlRE'§iPate to the end nenber. A tightening
menber,  suchyas, e iifithe FRBnRSH MEPIHCHRE NBydrlR8mbASing a cured resin matrix, as

described above, in addition to a gas containing layer. In this construction, the gas
containing layer would typically be disposed outwardly of the cured resin matrix. It is

possible for the gas containing layer to replace the cured resin matrix, such that the gas



The inner nenber preferably has a hose end which is adapted to extend
within an end portion of the hose, and a tail end renote fromthe
hose end. The end nenber is arranged on one side of the sealln
nenber, ad}’”&c?&%{“l%sﬁ% tail end, and the hose engaging K B2ET7003059
arranged on the other side of the sealing nenber adj acent t he hose
end. Preferably the outer surface of the inner nmenber is provided
with at |east one WD 2008/ 017866PCT/1@2007/ 003059 -20- formation

t hereon which is adapted to engage said part of the tubular nenber,
bel ow t heordaiairignigyei hgs e egrippingaoienihersrenladdedt Wetan itapesivist trelgtive

seal of the tub e it nore difficult for the
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proj ection extendin CI rcunferential ar ou he, ou I f

D e e S enl 3L ohSunfh e, Subel G AShodt o

formati ogsiling membed Bdﬁgﬁ@@ W& 'seBr 8f %ééteGa@rwcm Rfarobodynfilly rSId @b
the hose 1s provided w an end fitting which conprisés; an inner

nenber adegnderenge b@tvmegrmwhag meaber apdtheinnaryneinbayi and Hsenssate:ioathd
a seal i g%ﬁslfé}ﬂn?qﬁé)a}n%dac}a%téoeﬁ:l Bré‘ﬁsféreiﬁél IB%%é b%\%ﬁh&%ﬁ%d’ Yinner
e |1 nner ne er,; 1 ng

bet ween € Seafing ring and t erein the sea
nmenber coembesasuah ae@nn&gthart sa@jd amid! Iaammrﬁmwmrme séai'rng member

conpressing,the sealin i,ht o .seal | ng,, enga ald a
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decrease the conpression force of the conpression nenber against the

seal i ng tiewpebody independentlpaithp Aepligatien obmyatipaghPSWERB e ipteard Hie
menber ﬁélrggtngglabl e against the sealing nenber in order to
|
selectlvely I'ncrease or decrease the conpression force of the
conpr essi on rfeefeaabiathaisealing hembenisiadgptedib eeal at least partiof therfobier body

erovabl CRRPA BTy i Beteen the SERitE mERRel afy REhEChtge

present i nvemhigihdr Adrebdrss m@femtﬁt?GMammuﬁcﬁinaﬁéatcar@eﬁ@swlrngmmber
t he conponents of the end fitting “ﬁ Eerabl , the ﬁonpresstl_]

menber ii&PERIBPYIN the f@ffﬁﬁf%'@gtalﬁ'ép?éé?ﬁ@ § g ApgryLenihggen, so

directiq ﬁétuéautar bod éﬁfb%rc?é?ﬁﬁed bR R Y SHe QdrRMIehe ihePmember and
adj ust abl e |arrete and further conprises a tightening neans which

can applike mneosedaceoitbeliog t he di aneter of the conpr essi on menber,
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We prefer th orrpr essi on e i'Ses
j ubi | ee ji¢kifumber of ways. For example, in one embodiment, the sealing member may be

provided in the form of a split ring which can be fightened to provide an adequate seal.
In another embodiment, the sealing member may simply comprise a sealing ring which
is an interference fit with the inner member.

However, in the preferred embodiment, the sealing member comprises an inner
sealing ring and an outer split ring which can be tightened in order to force the sealing
ring into engagement with the tubular body and the inner member. in this embodiment it
is preferred that the sealing ring is an interference fit with the inner member, in order to
further improve the sealing. |

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

of polytetrafluoroethyiene (PTFE).



In a preferred enbodi nment, the conpression nenber is nmade of a

mat eri al which contracts |less than the sealing ring when subjected to
cooling. This provides an advantageous way of making the hose

descri bed B&% 6)9 013888 seal i ng ring and the conpression TR 2"%%93%3
any suitable material. There are a nunber of materials WO

2008/ 017866PCT/ GB2007/ 003059 -21- which have the desired difference
in contraction under cooling. W preﬂ@r that the conpression nenber
is stainless steel and the sealin ing is polytetrafluoroethyl ene
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surface seal 1S preferred that the or each formation
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load transferring member preferably further includes a load transferring rod secured
between the plate and the end member for transferring loads from the plate to the end
member. A tightening member, such as a nut, can be provided on the rod.

The inner member preferably has a hose end which is adapted to extend within
an end portion of the hose, and a tail end remote from the hose end. The end member
is arranged on one side of the sealing member, adjacent the tail end, and the hose
engaging member is arranged on the other side of the sealing member adjacent the

hose end. _ .
Preferably the outer surface of the inner member is provided with at least one



-22- outer wire and the tubul ar sheath and/ or outside the outer
wire. The insulation may conprise material conventionally used to
provi ded i | at | I n cryogeni c equi pnent, such as a Jégz g m
mat eri al . %?ﬁp@%ﬂ?%?erred that the axial strengtheni ngslyr?grté %{)7200 q%go
provi ded around the insulating |ayer to conpress the insulation

| ayers and maintain their structural integrity. The axi al

strengtheni ng neans around the insul a2Pon | ayer is preferably

provi ded |n %ddltlon to. the axial strengthening nmeans between the

outer griBEFHIGNIEHERR WANRD 16 RE2pleH (P 8RO3ERISAId papi&f thedubuler ments) b=low
form of itRSEEAL Mgl PhdPbOY ddﬂ%?rrﬁﬂloi’l"gcfsngrlmg%v? the Qgél% Wpaigamgmber

According to anot her aspect o nvent her e
met hod ofangdkmate & mﬂig diftmtdei the hopulara)emivamip ba@uﬁecgﬁrmrlnmah,gemf@aﬁner

Tt ert ar MR end REHBnd Ak ok I R hab el gredetb P BRy Forpries &
provi de arajedjlmh&lxtémmg ticuredreptiallyh@oahe ee SBELEINT Ge éﬁhe%rﬁa‘??ﬁé}ﬁbér

gripping ubuI dy to forman outer coil; (d)

d.th
wr appi nngﬁn%ﬁ%ﬁgér%gar}%%gF hr%%"ﬁ%&? B&lioahove around the outer
coi |, wher ei ninthetiRlr PRIREE %ﬁm&@fmérﬁ oP Bl ifFALbN) \é{lﬂ)s@r c{ela% n%)r? '

coi | such t hat the opposing | ongitudinal edges o er
are in afn@bifing whichqompyiees aphner memaarg@imd tommunmosagfm@ashpamany

formatio £ t,0 ement,. with one
anot her ; w? ﬁqgg%%n%{dt%geg%ﬁ @EFB{j%&eﬁg(gggﬁ'r%dﬁiszd’%i%ﬁogf’gﬁ“?ld?r begy
r enovi ngb@tWeehﬂma‘amogmm@anMdmnﬁr member; wheFBiatiee sy n@ﬂwé?ﬁtﬁlﬁ%oh@)’@éss
hel i cal or%agonu nuo ei t her. abov O{OHEeI ow t he el ongate nenber in

the cros3>SELEGHa" acompr?—ﬁsé‘?rb'?‘a OBRIsSEINgdpR s lnglrwgsmi@ﬁeelu)g
conpr i sesndagemiei Witdr St pdraye i mu@wmwana theald e@%r‘?%erﬂﬁer is

descri bed above. In the preferred enbodi nént, an inn rernforcrn
layer, itfohéanable agsingt fhessqaﬂia@p“@mhﬁém ety selestively tﬂa@as&rms ldecr@ebe md

hel 1 cal 1570 o he? PR o meliboP JEher (e Reolrl HERERT

rei nforcing limgee prefarr%eeﬂaoﬂment the cmmmd)rameumdr tsl”t&gm@'&dbiélggamst
ot hod AbeerafadrdBeh ol B TS RT P GliBisredie ShPpirssie Teice
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In another preferred embodiment, the compressu)n member and the sealing ring
are removably securable to the hose.

Thus, in accordance with the present invention there is no unrecoverable plastic
deformation in the components of the end fitting.

Preferably, the compression member is adapted to compress the sealing ring
equally in all directions.

Preferably, the compression member is of adjustable diameter, and further
comprises a tightening means which can apply a force to reduce the diameter of the
compression member, thereby compressing the sealing ring within the compression
member. We prefer that the compression member comprises a split ring or a jubilee
clip.

In a preferred embodiment, the compression member is made of a material
which contracts less than the sealing ring when subjected to cooling. This provides an
advantageous way of making the hose, as described below. The sealing ring and thé

compression member may be any suitable material. There are a number of materials



WO 2008/ 017866PCT/ GB2007/ 003059 -23- the features of the nethods

3I reaflybd?ascrl bed in WO01/96772. These will be described in greater
et ai e ably the follow ng step is perfor

steps (b) ‘&ﬁ&“@@‘f s b)(|) pul ling a tubul ar axial st rgﬁ’g}‘ﬁ%@ﬂ””
sheath over a free end of the mandrel, so that the nandrel extends
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be particularly suitable.
Preferably the outer surface of the inner member is provided with at least one

nless s

formation thereon which is adapted o engage said part of the tubular member, below
the sealing ring. The or each formation stretches the film, which acts to improve the seal
of the tubular member and to make it more difficult for the tubular member to be pulled
from between the inner member and the sealing ring; the stretching makes a more even
and smoother film surface under the seal. It is preferred that the or each formation
comprises a projection extending circumferentially around the outer surface of the inner
member. Desirably, there are two or three of said formations.

it is preferred that the sealing ring is an interference fit with the inner member.

In a preferred embodiment, the end fitting further comprises a load transferring
means as described above. .

The hose engaging member may transfer loads from the hose simply by virtue of
the frictional forces between the hose and the hose engaging member. However, it is
preferred that the hose engaging member is adapted to secure a part of the hose which
is folded back over an outer part of the hose engaging member. This arrangement
makes it possible for the folded part of the hose to transmit loads to the hose engaging
member. The folded part of the hose may be part of the tubular body, but itis preferably
an axial strengthening means in the form of a braid, as described below.

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



(h) allowing the resin to cure. It is preferred that the steps (Q)
and (h) are performed between the steps (d) and (e)

Preferably, th t hod further conprises applying an insulation |ayer
over the cWOSABOILESH  The i nsul ati on | ayer preferably CP&%&F@%”%O’
fabric fornmed of basalt fibres, as described above. In step

(c), the tubular body may conprise a tubular body as described above.
In particular, the tubular body may .i4%l ude one or nore insul ation
| ayers made of conventional insulation material and/or_nade of the

basal t f pltes wirgkanidcthe deleyipbelipaiib gue/or oWSIdRO g YL ERCTGEEYFFPO03B% 9
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hose to s n-air, ma , or accelerated, by
acti ve neacisasasyntasticfeami materiain ltanprefereddhat tberxia!l strensdihening meanes is

e AR50 b BB s e PR B DR e AR,
wire; (]heddioniung iitbgrity EBharakial strengttemirfgomsass amlund tie asulatien dagring
cont ai ni ng _gas bubbl es_t herein; . .
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 detait below.

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

()  wrapping a gripping member around a tubular mandrel to form an inner

coil;

(b)  wrapping a sheet material around the tubular mandrel and the inner coil
order to provide a tubular body formed of the sheet material;

(¢)  wrapping a gripping member around the tubular body to form an outer
coil:

(d)  wrapping an elongate member, as described above around the outer coil,
wherein the elongate member is helically wound around the outer coil
such that the opposing longitudinal edges of the elongate member are in
an adjacent or overlapping arrangement, and bringing the formations on
adjacent or overlapping edges into engagement with one another;

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

)] removing the hose from the mandrel.

There may be other layers, helical or continuous, either above or below the

elongate member in the cross-section.

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

The method according to the invention may also be provided with one or more of



It is preferred that the steps (i) and (j) are perforned between the
steps (d) and (e). The termaerated is used to nean that the

resin has eeRGiaged With a gas, whereby, upon curing..fig 3k,

forms a solrd material containing gas bubbles therein.

above, the gas may be, but need not necessarily be, air. In a
preferred enbodi nent, the nmethod includes the follow ng steps:
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seal i ng Whererterasef e refbeds gigadyceseibadia W@Bt@gﬁ%gﬁw il bedesdrived
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e

therealong up to an end o Hose, then SGCUI’I_&? the rest of the
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an open s?r%%g%fen%ngeshg(a)ﬁlerjescribed above, and is preferably a braid.

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

When the hose is intended for cryogenic applications, then it is desirable to
provide insulation over the tubular body. The insulation could be provided between the
outer wire and the tubular member and/or outside the outer wire. The insulation may
comprise material conventionally used to provided insulation in cryogenic equipment,
such as a synthetic foam material. One particularly suitable form of insulation is
described below.

in one preferred embodiment, the method further includes the steps of:

(g) applying a curable liquid resin over the outer surface of the tubular body

and the outer wire; and

(h)  allowing the resin to cure.

Itis preferred that the steps (g) and (h) are performed between the steps (d) and
(e).

Preferably, the method further comprises applying an insulation layer over the
cured resin. The insulation layer preferably comprises a fabric formed of basalt fibres,
as described above.

In step (c), the tubular body may comprise a tubular body as described above. In
particular, the tubular body may include one or more insulation layers made of

conventional insulation material and/or made of the basalt fibre fabric described above.



(p) applying a sealing ring over an outer surface of the tubular
body; and (q) applying a conpression nenber over the sealing ring,
and conpressin WO 2008/ 017866PCT/ GB2007/ 003059 -25- the sealin
menber i nt §OKAWYAR0 engagement with the tubul ar menber Pﬂéclﬂ%wqog%gr

menber using the conpression nenber. Preferably, the
conpression nenber is made froma material which contracts |ess than
the searing ring when subjected to co@ﬁrng. Preferably al so, the
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possible a particularly preferred manufacturing process. I n
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conpressi ve f@{ ce %EQ}I e b%l) 1 r%e conpr.essi on _magbe_r is reduced. Wile
the cooling i ¥ mai #CYNEGE BHA 1@ 615 B4 8 spld plasiighreatingispniaiing gas
conpr essi on nenberpiibbldshBareigadj usted to bring it back to
approximately the sanme | evel as before the cooling, and then the

t enper at ur e i § 5 prefestegdat tira stepsye pad thgremertaspir detwasnthestensnids and
desi red. Igé)t is preferred that the cooling cycle is applied at |east

two or three tines and that each tine the end fitting is cooled to
t enper at ur es aie fesmsieraed e s toreeamthert thedresipeltaat hewm ¢hempedt withinayRf

t he hose i hpi.que, has .t hree i nportant. benef.its. First,
1 the: nuEed. BRST OB e e Bt 4 TR 80k RS g brbge e,
then t heAseabérit@drdbioge th lgat ee) e badeéd ABHecees@mEBsi A from the
conpr essi on ryenber bu}ég\“ rtue of the thermal expansion of the sealing
member whi ch i Prefesied gmirdiment e MRthoddorvdrp the fellavdne ateps:

Second, the hgpe Wdnbsi iANSheRbLA; ENES GH ' at

t enper at ur esrtaf I\gﬁaglto Slgg\él‘ﬁc;\ﬁv as %ﬁgé@goﬂ ge nterrp%lrtg?hpg& This is
particul arly (Usef glanutieeha ides transéerisg treabe taise duien sorfyemeithe hose; and

or ot or bl y s o au i BERFIERE! B A hiE STt hiiiehgay. °

subj ect ed i n Rrbieratdg theaxiahstengtienirg metbeditlarhpedBy Hedbad W@n@l’éﬁﬁr@'
| ess, nore preferably -100

that the cooling.te rature is -50C or

or Iess,mﬁﬁ’EF@Pﬁlﬂl‘e %ﬁg’%d{dggﬁrr'%maeﬁW@'W'”gé@.afﬁfﬁ%}@ﬂy, t he
cooling is canyi ethidiag bakk the iubblizd 2Rzl EOGRIN hﬂé?a{ |
tenperature %a{\ be aﬁ;@ | ow as about a— f%C@ E‘rYW&T ir%%rmtﬁ'ﬁg%%érpgf the
possi bility of cr 8 teasfaning Meapsich reduced, or even elimnated, by

utilising therbishalchis Shd BRSHBEPMLASH D% dBfe ORRL SRR G IRe,

provide the hose with good structural integrity. ,

Itis possible for the hose to be removed from the mandrel before the end fitting
s disposed within it. Alternatively, the end fitting can be disposed within the rest of the
hose by sliding the inner mandretl therealong up to an end of the hose, then securing
the rest of the hose to the end fitting while the end fitting and the rest of the hose
remain on the mandrel.

A separate end fitting may, of course, be applied to each end of the hose.

in another preferred embodiment, the method includes the following steps:

(0)  disposing an inner member in an open end of the hose; |

(p)  applying a sealing ring over an outer surface of the tubular body; and

(@)  applying a compression member over the sealing ring, and compressing



- 26- We prefer that the inner nmenber is made of a materi al
whi ch contracts |less than the sealing ring when subjected to cooling.
Thi s has thg effect that cooling the end fitting causes the seali 9

ring to gr O3 ker nenber nore ti ghtly, thereby |n1})rct3r\’ﬁlf?607t"]rqé°5

sealing of the end fitting when the hose is operated at | ow

t enper at ures. Preferably the coils and the sheet material are
appl i ed under tension in order to prodf-de the hose with good
structural integrity In the above described aspects of the

i nvention, the gr.tb@ﬁa@mm@b@r iy pealinoyenssgamephiyith dee Bundarirgmber
grippi ng menper, %ﬁ%hé’hﬁf&?ﬁ%@ér"E‘:gﬂ?ucﬁi‘%ﬁg{éﬁt@‘gﬂ%é\‘nb@r The helices

of the wires aretyplca y arrange ey are offset from
one anot her U?reéerdblgtthacerrrpmss&spmambagistrnaddn@frbrrt#mmq@emaiIwhuﬁh ¢cordracts

{ner cbet e PR e enso Al LBk b el ErRiny Hhbane et

provi de giefibet iHchldeb %trﬁgérhé ﬁbrfaﬁfusﬁrhg?t J)@Bﬁve fures applibodtettBe sealing
gri ppi ng nmenmbers may for exanp steel, austenitic

st ai nl es@ngataeéphtd#ngalsmﬁrhwﬁﬁ'y lswta%% fﬁ'feEF’e ?ﬁéh@rqomrﬁﬁ%w%ernﬁ%e
gal vani Sﬁrﬁaﬁ}n‘?ﬁg 5 r nglgil %éﬁﬂ@ﬁ]arly preferred ﬁ'naM‘ﬂndaEtulPiﬁ W&‘%@' ated

that alt the gripping ers may have a
consi der abl e Ib éhlsmrecassr é‘rﬁgctbmpttelseloarmamgenﬁnapnirﬁdtihethwSeébﬂ@ mingoinds

means t the n f.Qr

rorat i vorard: e P dRerBh e AINARR BB S eastne
coils vmédonﬁglb;acﬂé yrHiesiusey ttidiseading nadniserlto cnmtegjt rélptivef totthe chimpesssion
I n an inportant hfl cation of . the hose @efg ed above,. the hgereis

may be p}F%RF'P%dNWF Y 4% RPRRTERSIVEpIoNEE AR he ORESYPR PpTR
menber n@yycdLNENETRE @ookify W ﬁmﬁﬁmeQUEW@rcéhmréﬁsn}eh%r@é HHpRES by the

menber, and provides the hose with sti further inproved crush
resi st ameomprassion mempegisithen regdivstasde bﬁ@@y:t beckinapeawinaislythrsame kel

and. Secodgh ERRL Bgh NG TEHeS el RRABIBELARI Prrdldy - HiPERIGHAPLY aPolied

hel i cal I'y evel o
nodi f i cadsimany fimeaes degi@ac k isprefer@ddhitdne asgingtcyclt id a;mhenl\m letaisbiwo or

th [ ded ) i ppi

| nt er medMEEa e B A FEROMERE S BURLR GRIRpo T RErIEr g 5Ca
first tupudannd ostyn@d Bb%&.h@ Qempbetirel of fhedhSROSREs hadhMeaR hhS thideer
gri ppi ng nenber and the internedi ate gripping nenber, and a second

t ubul ar ipasianifoenediei bl e material is di sposed between the

e o oL, PSR B S o8I D e, ror

i nt er medhasealgi ringi wilh revenessdditionat dmmm&sson @'pnmbem@mmﬁﬁmon thehireber by

e e SR R0 0P TSR R B o L
coohng is removed.

Second, the hose will have substantial seal energisation at temperatures at least
as low as the cooling temperature. This is particularly useful when the hose is to be
used in cryogenic applications. Thus, the temperature to which the hose is cooled is
preferably as low as the temperature to which the hose will be subjected in the use for
which it is intended. In general, we prefer that the cooling temperature is -50°C or less,
more preferably -100°C or less, and stiil more preferably -150°C or less. Preferably, the
cooling is carried out with liguid nitrogen, whereby the cooling temperature can be as
low as about -196°C.

Third, the possibility of creep failure is much reduced, or even eliminated, by

utilising the hydrostatic stress provided by the compression member.



At | east one, and possibly both of the tubular bodies nmay incorporate
a sealing layer. Preferably at | east the outer tubular body
I ncorporates a sealing |layer. Each tubul ar body contains_at | east

flexible rgpﬁf’@f‘]&?’;ﬁ@ | ayer, which nay be the sane as tf?é:T((F%Q?WOéO” "

reinforcing layers described above. Preferably, at |east one, and
preferably both, of the tubular bodies conprises a sealing |ayer
sandw ched betmeen I nner and outer reﬁﬁforC|ng | ayers. The tubul ar

body in this f the invention nmay have the sane features as
Che”t ubul ar - bl BiRe dhatiaRinaBbEber s MAdeTs mafkEial WGk e less ian

i nt er neditaé %eﬁl[ﬁ@ﬂi@’ﬁh@@%’gﬁfe%téd}”@'L‘E)%hrlig’ ﬁﬁﬁcﬁa§9@%ﬁ§& tﬁath%]dlﬁ:lg the end

grippi ng nember, nost preferably a helically wound wre
of the wiftig qaysepthgrsealingdng tendripdhe ey mismber ynare Sgbihe theseby imprbemg

e e £\ SRalhRr DU tRE Wheh S ARBob Ll VR el Gl

|ntegr|ty or t I e,
steel, aust enPteferabtyahe]buQ;sam taelshest radterialrdre abplidd Wk t@tkiod iR®rder 1o

gri ppi ng 1e) S TR al vani or coated with a polyner.
Accor di n@rﬁe"(’) W?é% Wé@ﬁ%@fj Sg Cf”ﬁ% RGNt i on there is provided a
met hod of mklnﬁ@e@b@@@s@:ﬂﬂ@ﬂ agpe.% of(tﬁé inVEAEH, ik ﬁ'ﬂﬁdlﬁ&f;negﬁﬂé?gsgm%allya

menber around a tubul ar mandr el forman inner
first sh&@ehsRMRISEA h@icatmpmmaam?m@r é:@osmfﬁfer@blyamheltda&y wmotad ‘MIJ'BI Then

or der { 0 nBfc@Ylofifhebifdsiafd tygpl mggfra s iRl ark B SNER 85% bls®rby m

(c) wapping a second gri er -aroun
an i nt er melisiance aopiebpondig wapbfpthagrtdw ofdoo helicebeEhe pra:tpeseaalf tW\mm:dsitche

oy 1 or HB8EerLoRRP I Berhiiodt e P bty B RibA uibleng

menber aanditechrovide strbetledt ifeghity fo? thehtReaThe inner and outer gripping members
may be, for example, mild steel, austenitic stainless steel or aluminium. If desired, the
gripping members may be galvanised or coated with a polymer.

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

In an important modification of the hose described above, the hose may be
provided with a third gripping member. The third gripping member may, for example, be
disposed outwardly of the elongate member, and provides the hose with still further
improved crush resistance. The third gripping member may be the same as the first and
second gripping members described above, and is preferably a helically wound wire.

In a still further development of this modification, in accordance with another
aspect of the invention, there is provided a hose comprising an inner gripping member,
an intermediate gripping member and an outer gripping member, wherein a first tubular
body of fiexible material is disposed between the inner gripping member and the
intermediate gripping member, and a second tubular body of flexible material is
disposed between the intermediate gripping member and the outer gripping member.

in an embodiment, a third tubular body is disposed between a further

intermediate gripping member and the outer gripping member, the further intermediate



outer coil. In an enbodi ment, the nethod includes the
follow ng additional steps, after to step (d) and prior to step (e):
(d1) wappi f th gripping nmenber around the tubul 0 to
forma fuB@ﬁgW%@H%%%nediate coil; and (d2) w apping a1ﬁﬁqéﬁ§%@@%b9
mat eri al around the tubular mandrel and the WD

2008/ 017866PCT/ GB2007/ 003059 - 28- further I ntermedi ate coil order to
provi de a thi rd t ubul ar body forned o’/ The sheet materi al .

Steps dl and. d g q%? epeat ed t i de further ers of sheet
oo o RGP R er e CREP oS AwBrRlte Second aardard vy Bodiqan
practice, it mrea@{mﬂreelarrdtpbﬁérb@%hw Brtthbh'@dulértu%% él'slrﬁ'ch dr&@%lé mgn
practice. irst, second, third and f ourt gri ppli ng me

are pref é3¥sh| @feé%raghraﬁitl%ﬁtrtpe icwtaittipalRr body incommeatts ressealingclayet. &adh

L, T o AR N A B B
t he i nvefhd fdﬁxfhiarﬁmferqmgday@redieémbadmowe Rrevardely \etlé=at ynofand preferably
condrtro ratures above 100C, er res fromOCto
700C andBPlngbih BPusr e boRsid R SSaitia eies B BHsed towett Bresand
t he hoseontnrdisforsegliagérst TN RISy heih@/\ésp%ef@f th@hrﬂ)@nnéﬁﬁr@rha%qﬂe
bel ow - 100C. _For exanple, for LNG transport, hose may have

oper at e StME draikrestas tae tiar hogly desobe b%’@en I ower. Furthernore, it

., 0 Cont TR b AR HRIRELR 5CARPER Ll

hose myh@i@gagmnprm)megtb@r anostegprpterably edwliodlly- 200G wire| Tivepurpose of the
wires is to grip the tubular body firmly therebetween to keep the layers of the tubuiar
body intact and to provide structural integrity for the hose. The gripping members may
be, for example, steel, austenitic stainless steel or aluminium. If desired, the gripping
members may be galvanised or coated with a polymer.

According to another aspect of the invention there is provided a method of

making a hose comprising:

(a)  wrapping a first gripping member around a tubular mandrel to form an
inner coil;

(b)  wrapping a first sheet material around the tubular mandrel and the inner
coil in order to provide a first tubular body formed of the sheet material;

{c)  wrapping a second gripping member around the tubular body to form an
intermediate coil;

(d)  wrapping a second sheet material around the tubular mandrel and the
inner coil order to provide a second tubular body formed of the sheet
material; and

(e)  wrapping a third gripping member around the tubular body to form an
outer coil.

In an embodiment, the method includes the following additional steps, after to

step (d) and prior to step (e):

(d1) wrapping a fourth gripping member around the tubular body to f'orm a

further intermediate coil; and

(d2) wrapping a third sheet material around the tubular mandrel and the



The hose according to the invention can also be provided for use at a
variety of different duties. Typically, the inner dianeter of the

hose woul m about 2 inches (51 nm to about | 00 0
nm , nored}v?%?%qu%{?‘?from about 8 inches (203 mm to abﬁﬂ@aﬁcé@é
(406 mm. The hose dianmeter is usually at |east 4 inches (102 nm,

nore usually at |least 6 inches (152 m‘bg.__ In general, the
operating pressure of the hose would g I n the range from about 500

kPa gauge up to ab 4 auge. , These essur rel at o the
operating pressure of &ggrﬁgaz?tgﬁ(? O_fq‘leé t%BF%‘FJ%?@Eﬁ@@UMPEH%W e
several tines greathergheeliimaterzlunetric fl ow rate depends upon the

fluid nedium the pressyre apd the inner dianeter. Flowates from
1000 n8/h up tsge o 'H%B@ F@RARIRAP provide iurthadayersof abesimatageleod

t he i nvenjoit®orGaiitadha Rortiéh r@s%‘t’érﬁ:@d%@évéﬁﬁﬁ gv\é.&iéeﬁﬂ& hﬂﬁ&e‘gth%&hif&kﬁer
such as strong acids, Reference is now made to the acconpanying
dr awi ngs,St&R% WipHle ke required impgRatisel i s a schematic di agram showi ng t he

A R b e

Fi gure 2ideptialschematic cross-sectional view of a first enbodi ment of
3 is a sectional

.ah ccordin o_the inventiopn; . Fi gur |
v?eWOZﬁof/ivi ng ffﬂ%ﬁfgi,ﬁgﬁ t%gr[:{ sge?té?%?réﬁi%i%&%% st segondigadibisetubular
accor di ngoties thepicfarably isobstantially idént@dr € 4A is a sectional view
show ng t he rangement of a tubul ar axial strengthening sheath of
the hose aCC(a)‘hEﬁ Pesa arcprbing iaibatnvention ean bapravided femdepchinmi wige shrety bf

Shon'ng (T L SaaEAS e Bhures shove D0 BBl AT R e oiicEhe
t he hosetearesatdiasgbalow OP@. Withensuimble dHodeaofirphtedal eRghdentaiohs head Bt
being i nte%i;}eirgtme% eeqov(\f: Oibqbt l)gl%@v -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. Tyﬁically, 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
mmy} to about 16 inches (406 mm). The hose diameter is usually at least 4 inches (102
mm), more usually at least 6 inches (152 mm).

In general, the operating pressure of the hose would be in the range from about
500 kPa gauge up to about 4000 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 corrosive
materials, such as strong acids,

Reference is now madé to the accompanying drawings, in which:

Figure 1 is a schematic diagram showing the principle stresses to which the hose

according to the invention may be subjected in operation;



Fi gures 5A, 58, 5C and 5D show four applications of hose according to
the present invention; Figure 6 is a cross-sectional view
showi ng the a sealing |ayer of a hose according to the invention;

Figure 7 | WORYBMIBES sectional view showi ng a second emfEdiFRAIN7/49805%

hose according to the invention; Figure 8 is a schematic cross
sectional view of an end fitting for a hose, according to the
i nventi on; Figure 9 is a cross?8ectional view of a first

enbodi nent of a elgngate reinforcing | ayer for use in the hose .
according to I gVeASCHRMalR gross-sectiongl yigve ofi g firs embodiwent etaihoseal

view of gceepmRtoWPRIdbMRAt of .a elongate reinforcing layer for use
in the hose according to the invention. Figure 1 shows the

stresses to whiggre diskkasetional siemoshemiingths abjaagereenttad adeinforging $eyer ditae
hoop str¢l§§? iaé q%ﬁbg@ﬂ%qgvé%okhe arrows HS and is the stress that
alty to

acts tangenti e périphery of the hose H The axial stress is

desi gnat ed byFighe dArieves sAStiand view tshewiHgr esammgdmatt s axusliby axial
al ong the stress i s designated FS

| ength of, the e H The flexin , :
o Ds' 1 R ERBaS Shealf ohaE nobs hbcarics gt Fueriny e o Abstrana ey
t he hoseshbaheBirgtin kSebkexednditldie torsional stress is designated TS
and is a twisting stress which acts about the |ongitudinal axis of

the hose. Thei@vigsfiBrig asepelipnal yieye showiageiheGarangemant wfta tabdar lamiatls
appl i ed i I e. . The_hqo tress
B & e aping Shech? o thE hbet aBloriB b BREmipion, el etal HopeR e
st ress Ashdath feingiras éightbped kenditiegsure of the fluid in the hose and
al so by the 2008/ Q17866PCT/ 007/003059 -30- _combi nation of the
wei ght yof t he '$47aP g’% %ét ﬁg ﬂgégfﬁ fouy applicationgif hope arsorlirg: tothe
itsel f. draeedtliognfign:stress FS i s caused by the requirenent to bend

the hose Hin order to position it properly, and by noverment of the
hose H durind/di48.6 ¥he ergrsisenlignal viaus showingsthear sealing layersel aghase

t he hoseccBFdify iothb iMRatord-S deneral |y capable of w thstanding the
hoop stressesﬁq-ls, t he ﬁﬁ%x’i ng stresses FS and the torsional stresses

TS, but is | &gredpad eross-sectidrsl aieti slgowihg aasec@hd dmestieenASf aFwse

this re : .Qr.art hoses were subjected to |arge axi al
stressegasc%@'dt'%?qagwgrgéﬁ' had to be supported, to mnimse the axial

stresses AS. Figure 8 is a schematic cross sectional view of an end fitting for a hose,
according to the invention;

Figure 9 is a cross sectional view of a first embodiment of a elongate reinforcing
layer for use in the hose according to the invention; and

Figure 10 is a cross sectional view of a second embodiment of.a elongate
reinforcing layer for use in the hose according to 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
tangentialy 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 transverse to the longitudinal axis of the
hose Hwhen it is flexed. The torsional stress is designated TS and is a twisting stress
which acts about the longitudinal axis of the hose. The crushing stress is designated CS
and 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



The problem of wi thstanding the crushing stresses CS has been sol ved
by the present invention. In Figure 2 a hose in accordance with the

i nvention %@ﬁ{]ﬁ‘i&%kl y designated 10. In order to i nprw&,%ﬁoﬁdo%'sbty
ev e

the winding o arious layers in Figure 2, and in the

Fi gures, has not been shown. The hose 10 conprises a tubul ar
body 12 which conprises an inner reinforcing |layer 14, an outer
reinforcing | ayer 16, and a sealing I'%@[er 18 sandw ched between the

| ayers 14 and ?.6. A, gener gnl t ybul ar reinforci ng brai d 20, which
pr ovi des CATPLEISE PEHTR Werhe) th U8 18 323 BaseFoaiitiby e ‘weioht ot teffse b1
the out eitsélRTAE BEGHE Strb e iskBused by the TEfuitemRiH il ?Q@g&}ﬁie%%séi’ﬂﬂgg?c%r i

tubul ar braid 20 are di sposed between an i nner y CcO
22 and aRO¥lREE PIRERTANH\pYcapvesenhbitae hase rdring nee. Thedomitea] sinbss<ES

22 and 2 i - et _fraom pne .anot her. by a

di st anceéc%pfgeedsj%%ﬁg?ﬁ’g 0331%1@%% %ﬁ@é‘pl Ogﬁ%{ é%be[rﬁﬂyo pf“'ﬁ'% &t i?pa&fj'r\gﬁlée

coi | s. hoop stignsehdt®: the fitxing stressasdi Sidag tha tebiongastestes TS0 bet Rdess

| ayer 30_di.spo caround the i.nsul atiop.l ayer  26. The details of the

el gngat e” asr‘?gee(?fe‘g'aqa%?réd}?ﬁ)[hes%aﬁ%r%ﬁsqﬁ 'Sﬁr gg@{h'?oﬁ?ﬁ‘s?'hé%’/h%ﬂ Brgh@rhhoses

Fi gur es Qemnsublésted e l@b@%l%i@@é’&ehsﬂwﬂ‘éﬂe’rﬁ@%aﬁ fc?beQ.fpﬁ)%ﬁed, to
y e

el ongate strjp.of material which is helica wolund around t
i nsul at i BRIMigE dhe ayal siresses Afje reinforcing | ayers 14 and 16 conpri se

woven fabric f j i r.aram
(bros, P gurcegrBRHLiAlstarigthe Bhusr ThASer KIS Bleflad oy e
whi ch i tPregernt imengibraln Figuare 2 lehdsenieraaccerdenee avitrgtheaiyesntich ROYEHdraIfs

fib : j di L. W . and fib . 14b _ d i
2 vt dERpIADAE beRalfibRs ke viciite crae s davesnbuiguren
order t @, ianpimthe dther Rijark| iyas Mk beaMehonraxpect edly found that the

axi al strengtl_E Bf tHS hose 10 C@ be i nproved by arrangi ng the inner
rei nforcing I'458P58 4V SABRIBERT MOWEr RafY 1dwhich sasmpriaes @ndener reinfiprcing
angl e, Qdyer @5 san WMRPRARLRHGESRRGE/ éjﬁ%’l na?@é{)@%ﬁ%ﬁeﬁ18%£hﬂ%ug§89é%t\$%$@he

typically around 10 to the longitu _ the
angl e i fYerdildatnd 1By A wensiath dubwan reimorpime HBaid T2e which cprovieleanakial

i ent at. ; j i 16 .i bst.anti.al |
Ctentt osrofgBnihlie SBLed Sl Bitel Efoe'Sh g offe? PR o130 s 16.
outer rei nf ofied hupullanyiedy 1@ aredthectubiier Seit 28%re alspdbéd %éﬁ/ll?éerf éfls)fiﬂnérhe
e sealing |ayer

angle a for . the inner reinforcjing |layer 14, Th, y

5 conp PPl BSied 5 24 ShinS il Ael Y splkt viea 261 The innpeaPep dormbigped
around Phear@uperars Wismeedado tHe thénare oSl fhGi Hik | Ogj de
aflud tight s:artl l;e;?ﬁeen ot he i nf\v;r eand %‘u?gﬁ ?%r? g%r% %a?ga§¥%4

and 16. correspongihg tphalf theppitpiylengts ¢f thecheltef she oeilsher rei nf or ci ng
braid (not sfplsedd ; i t outer, wire
24. The further rsee;j 1n¢%?®?ﬁ89@?§iggﬂ%@Sggéﬁﬁﬁﬁggg%rﬁwgp%ﬁeﬁ Qf‘)%‘?
The t ubtedrsutationdayey 26s Thedetats of the atpngatesmembii B0 es: @@tahand iRBlyure
whi ch ase, hr.ai I t ubyl ar id. This is shown in Figures
4A and %BbLR tﬂ%’pg ﬂeeégowéﬁ@r%sn f@h@'?ﬁ%?'&t“g@?dﬁﬁmfﬁr RACHRRIses a
shown, ieinforcde elohgatenripyfanatedalattadh it YielidNg WD uRE Br&PRORS Ir%glalﬂgﬁ Y%@P
the sets,of fibres 20a and 20b, so that when the tubular braird 20 1s

subj ect to axial tensioning the fibres 20a and 20b can contract

movi ng i nt 0 THRSeFRAERE 1RBrs Tk AFLdny SR thBrids!of at g

di aneter of the tubul gra%%r_;l d 20, \/ﬁ?%%eg%useggﬁq&t%atsgam%gﬁ Rgliy

the t ubiHcA@sBHIMVIRE of Reareidyibiasc Figass 8 ¢iustretestthe atner dinfortieg fdyiey 1and

bur st - f . Fi A4 h t t ubul braid 20

: ﬁr fheq{cﬁgm%eg uélF(I)E) i%\lg%ﬁt_h%?the Infer Feir orcﬁng\i\ésyer hl% céjm;lajrisae[s ﬁl:gr%Is 14a
arranged in a 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
unexpectedly found that the axial strength of the hose 10 can be improved by arranging
the inner reinforcing layer 14 such that the warp direction W is at a low angle, of less



The sealing layer 18 is shown in greater detail in Figure 6. The
provi sion of the sealing |layer 18 inproves the resistance of hose to

the fl exi S and the hoop stress HS.
Fi gure 6, rgRéB@sZ@?%GEg | ayer 18 conprises a plurality ofa}g%%;hf@?of
a filmmade of a first polynmer (such as a highly oriented UHMAPE)

interleaved with a plurality of Iaye\r%g 18b of a filmnade of a second
pol ynmer (such as PFTE or FEP), the t pol ynmers having a different

stiffness. The |l ayers 18a a ve bee a d.aro r
ur f ace tban d RN BIhER ABT AP habetaanaLs BORGLOR8RLThIErEH &
seal betygendhng {h'é” misdld, fHERfure 8 mhergiuttureastRy sridrtaidisl of Ghe Atiter
ment i oned above, ayers 18a and 18b do not necessarllﬁéhave to be

ar r angedeinforaing aayeen fﬁn &taube’taﬂh@'m identicelde thedanen reinfyicing faveT 11 4y1ae 8anglg 4

coul d b range e I r d
C oget horfo Bk BLAE FbREEN] Fiver T HAR b hSemBXS, S, dfehbhid. B Hlgeas |
WO 2008/@@]«&(@6@3’%@2@@%@0@059 -32- materials. The hose 10 can
be manufactured by the fol]ow n

t echni t,.St t he i nner
e D5 e waDREeHIRIRCR! S CHEBTECSAmaNY aldyeln BhARs e i 48
provi de ANASR) FLesfofsh IBjérci2-to pPhsvidl #amd dghtof
t he supp v@'?Pﬁéd ﬁg‘r'lg‘lélﬂ{:orres gf'ralgi'@f;/tgéﬁqgr desi rmci}] i Sr,ltern(z)a-f5 dll arreterﬁ%f
t he hoseseabbetihen fhesner i weciaijorcigdayera tanthi vvrapped ar ound

o set a1 ndraseps di iRy e SRR Ceinierl SR HEERmdRidsen T

pl asti cpetwedrbthkBeraidl 3D arrahhelg)utq] wites %aThmgmrﬂyeelnfmmag draitenay be
wr apped around the o ﬁ% surface of the inner reinforcing |ayer 14.
Usual | y jdantigaktp|thg br nd 18b woul d have a | ength substantially |ess

than the | enghb t%ul&rhﬁrahpgs id o bt Setdloffialdst zoaabnsamr ahizh are
lengths of the fil 18a and 18b woul d have to be d .around_t he

i nner | @y@decim forne Wbulﬁﬁb% Tanfdis sBewR e FigHEaSAABD 4 rrRMRSE FiEUES
al ternat} qutﬁg glg]ulgptﬁrtan{)%lggs REn A& nﬁsc?rdglf toi @r&?@ilﬂe"&ah@)@ﬁeﬂﬁam

Typi cal | >'7' I've separate |ayers 18a and
18b t hr gpgted :rfetaetmeek Hessete b fitlres 288mbihg0h apdhat when thetweulathieist 20 is

Cuch ¢ natbRrt el aubiER 1 TBRE.R0L AHE 0u G BBy nBUEG B e
ot r engt REae %ﬂ?ﬂﬁﬁgt‘?? ‘é"?ggd’ v %@Mha)d'?rggméfﬂmmm i 20,
rei nf gr hig C?Eé@é? it igstighterzaroypg ”EP'&[ EO(N ﬁ i'@%{ﬁp}' m;eqsgwglq&?g FrPERed

ar ound RaHeerf BlriRPBEAd 20 aithe
t he fur{"ﬂsgﬂg?glggg etsﬁléreboftgfled 20, qulg[uﬁeezfégptgvr\{gpﬁgpal dpiBs not

provi dedi);htenadoodd;tiomo provide a helical arrangenent having a deS| red
pitch. The p' t. i

the pitch of b'ﬁéef‘ gy%q;éelsfsm d&éﬁ%ﬁ)u%ﬁiﬂ?ﬁg@% t-ﬁﬁe\&nnﬁ”& vvoul d
nor mal | Wehihgsldgdr t8hiaipraves th@rés%taxﬁcetd‘iéaom tethedleaing stiebs &S dncothethioep
coils of the vm re 22 by a distance corresponding to half a pitch

| engt h; StrR#SHPs i1l ustrated in Figure 2, where the pitch length is

desi gnated paggshown mTFh?w%rBjﬁlefﬁeallﬂg?IaD@rs‘FB d&n@mﬁ\%%lmm&w |elygrscigarapang

a sleeve onto an iInser i nsi de the hose 10 termnation is

gener al Ifilm apasisi &fcn st pelyies (sm@@easm higblypaiante HEMBYPE dnetisrvedanith @) .

R LR LN R L O T ol

i nprove hybgolyhid hyving hdif@nd]tfsiltfmsngﬁ@@yemﬂﬁa aws18b basubaan wrﬂm@ed

menber %(r)ozunrt]:iat\l{l!e rEau’(ear srllo age %?ﬂ‘ne inner rem%rcmgalayer 14 {o provide a fluid tight seal
between the inner and outer reinforcing layers 14 and 16. As mentioned above, the
layers 18a and 18b 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. Furthermore, the layers do not have to be made of different



WO 2008/ 017866PCT/ GB2007/ 003059 -33- end 202b. The end fitting 200
further includes a sealing nenber which conprises a PTFE sealing ring

204 and a inl steel split ring 206 around the PTE | ] ring
204. aﬁﬁ%a%ﬁﬁ%?itting 200 further includes a Ioadéﬁéﬁﬁ@@ﬁﬂﬂﬁg
means conpri ses a hose engagi ng nmenber 208, a |oad transferring
menber 210 and an end nmenber in the formof a disk-shaped plate 212.
The | oad transferring nmenber conpris88 a di sk-shaped plate 214 and at

| east one load transferring rod 216. In figure 2 there are two of the
rods 21Gnatbuslsit is possible to provide three or nore of the rods

216. A tightening n n .e r 12
and 214 hgve é‘g’é%m%a'k% ﬁfﬁ%ﬁ@gyﬁ@d@@qwi{}gf%hﬁﬁ%ré%é. %t?‘%eﬁfwé
rods 216nner wire 25&%@!@ Srodhd d supperitrandrer Mot dﬁdww irhoajeetd qmr@usde a
212b, and the tail end 202b of the inner gb grov e th
aper t ur delica rrangesieny hpwng & searedpitsl Ther @Wt?rhgf tﬁ? “29(535
and 2122:85855?%&51% Eﬁé@Ln?er%Q?dtérﬂefeP@fthéhbsé"P@ ﬁ%ﬁnéﬁf retrﬁ@rcln@ﬂﬁyer

menber I gure ere are |X|ng bolts
associ atldds #parwiappsd atoundithe ninet wise 23 mpedlae suerprt Wéﬂdﬂeé\ﬁé’ﬁh tiat vigpe,

fixing bolts an S ertures could be provided.

The hosd Eﬁt&ﬁéﬁpa ﬁﬂﬁéﬁ,‘g%a@eqeg @é)g\n ded with an inner helical recess

in the form afp@amReveBy2QH thehplaticarimaden ties mmn@uptmemgmns

wire 24 of the hose 10 therein. The inner rrerrber@fZ F E i‘%‘( |‘(jied W t h
StFNhIaY R

an out eerélencHRPPREaOINH A] AEter SHRRGHO IR BVESE St ed
tor ece‘tlﬁeefn{rﬁeﬁ 8'51'31‘38 M 8B ld%xﬁe*g%ﬁgtﬂ Su!)§tamtéllér AN tﬁ@f?fheflé@@hﬂfﬂiérr%sg

t hat er an outer wres %r ooves 208a and
202d ar d0sgathexd auyunahﬂyfofasepammlaneﬂ@tof the films 18a *an@ TBAvepUIddREe o be2

is provided with t j :

| it oa oiag Arahe B8 PEh BV £ el s 12 LG B8R AAAGANY farfiel in an

i mpr OVS attﬁﬂaﬁ@fdsﬁ@n@ﬁroﬁbh tlﬁeltbﬂﬂkaewmfrtbe sedlhgdayeridn Tyblezllmﬂnere rmgﬁier
202 and the sealing rin 04, an rev t ubu me
fromi nQé\f@Ptséﬁﬁ'@e @é?rﬁg"fﬁﬂ? If'E’EF’ E ngi?ppgﬁ%e S neﬁglf ﬁ'&%eaqggl s
secur ed the end fitting 200 as follows. The inner nenber 202 is
“threaded’into the end of the hose 10, so that the hose 10 lies_cl ose

to the pl at eTha outemieinforsing layerr18 inthenavraprad areund Herssaling kyeels. sysh

ey el AU ol SEFEL O e ISR 8RR o Wty et

t he i nnetheraimgry cld3dk tdey otk ubelag ey ssefiBening draid 820 lsTcurawnnemraheon

Vo 2008/08’[%%%63‘?!%{3%? r%?n%r%?n%qg?er '1?64The further braid (if required) is then wrapped
around the braid 20.

The outer wire 24 is then wrapped around the further braid (or the braid 20, if the
further braid is not provided), 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 piich of the
inner wire 22, and the position of the wire 24 would normally be such that the coils of
the wire 24 are offset from the coits 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.

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.

The ends of the hose 10 may be sealed using the end fitling 200 shown in Figure
8. In Figure 8, the hose 10 has not been shown, in order to improve the clarity. The end

fitting 200 comprises a tubular inner member 202 having a hose end 202a and a tail



26 is also cut back to this point. The inner reinforcing layer 14 is
al so cut back at this point, or at some point before the inner

rei nforci I r..14 reaches the sealing ring 204. Thi t
the sealin Olzgli}@fws%g directly engages the outer surfaczpaﬁ(%]zﬁ@(pgq?%r
menber 202. The rest of the tubular body 12, however, is allowed to
extend al ong the inner nenber 202 between the i nner rrenber 202 and
the sealing ring 204. The hose3éngagi ng nmenber 208 is then
tightened to cause it to cla %ovm on the hose 10 brlng it into firm
engagemeint 202bh Thient Gitting1200 ToRben ickides @ %“9 mampergHbieh SaMPREES B

I nduces & 8¥nd g PEF B i) rinkay
, @Eﬁﬁ%lﬁﬁt é@ 5L 2 sBidiB& 8888pHQing' n e &MY Ry

in the ofces are transmtte romthe hose engaging
menber 208, to the plate 214, to the rod 216, to the plate 212, and

to the tail nner 02 Th r

is pulled ba 98{78%&" gohgﬁﬂ?erqu}%gﬂ ﬁ'és“ﬁ%‘é‘ %agl n neggn%e}}O%g
208, an%n?%lﬁ@%n%&%,m @h@@’ah@l’@&lr‘%&ﬁ@m%ﬁﬂmmﬁ grmemeetin e form
surface hose enga

i ngi_ The tuhul ar body 12
ext ends ofindtsk-shrpesdatery 2 iThg lmtraa&feewgtrﬁeﬂﬁeé ECBRESRA Ag ﬁ%e%ymred
208 and C#EZIIW& ?OQ?%KS t&%ﬁ%&p&ﬁ@%ﬁ%%at [ighir D thdrb Ree @\Qﬁof'tlﬁe rodgy

tlghteng in or I'ncrease t rce applied on the tubul ar
12 by t a6smalit asngossﬂnig tdﬁmwde three ditraorend tlﬁe tqurajezedlgr‘gemm@nu’rcz)‘@ isd

t | t t i d

204"t o BuHISCE EaPaEeH 1t ePla A Hoe 2k TSRS b 2 TRE b lnc

(Z:Sgpres%#cﬂ?@%wﬂlytr@nﬁafmseal ing ri ngt 204 byI t he- spI it ring
is reduce ile e split rin a seal,i.n r|n re

at a relativeénhg Pla@\?i%ﬁﬂéﬁﬁ?m@v'd?hg‘“"g@pleft”?qsr%eéﬁeéng§h %220%

tightengd ., J&%éﬁg@@i@t@gﬁb\ﬁ&dtﬁ% parlupeEh AOFiirgedlte ZQUléxﬁeHdthrough

condi ti ons, where onpressive force on the seali ri nﬂ
i ncr eas & fpertires H@Z_lfpiﬁnd B&@i@%&c@re BepdateiZdr terthe &ail ¢ﬂ€b§Q2§1© pgdnner
relative tg t S t g
For t he edie 292 Mt eoPefiods s rina B2 AERM SR abatly oy k]
of the @nbeddp Aﬁéﬁat@dstﬁetwﬁer andolee fiigiag bolts 2Xkamkasdoctatedasertutes heuld

hose 10 aroun the sealing ring 204. The sealing ring 204 provides

the renBPRERMI&} the seal i ng of the hose 10. Fi gures 5A to 5D

show three appl hoad &midgindmehiber hos® Br8videa w weaclh inhefhalicar®cds inthsC
a floating production, storage and of fl oadi vessel,  (FPSQ) 102 is

| i nked fQIrT‘aOfIQ{IQD‘@ﬁrZQBéerQh afy aderind @ fecgiveoBe oHbeviEe 24ididhe Bosthd0
| nvent | ﬁw’égeﬂh?hé‘ ﬁ%nft%rr ﬁbﬁilé%c cfeﬁ%ﬂ B%?ﬂ@lléﬁ??é‘ce%g ”1’, ﬂf‘e %Prﬁgf

102 to or age arri er In Figure 5A hose
10 lies ad@meezoaem arevalapidibto legeive die mneswmeh%Q Heseinl WIltbevseen
2008/01 86 007/ 3059 -3 ubner t I

' Fi quABIGS ey e (08 RS 20G OHELIIER 22 S00 P4c oSSy e 2088 SR 2638,

case thgréwg%ea(y,yq-@qfra ;ﬁ&htzgﬁgthl}g@ Wi t hout any internmedi ate support. In
Fig 50 the LNG carrier is Ilnkedtoﬁg t%nd based stor.age fa |I| 108
wd i es;gl

vi a t he hoselh®inner membg{20z,isPre dWQsEFUPYRrandAl PG Pns
appl i Ca%f&ﬂ%rg%&eo‘ Jrﬂi@rmlfs@a%b i 8@ BhS PrOfEbAS bDQelééﬁlefiﬁetrﬁpr@%

The hose may be used 1 n cryogenic and non-cryogeni c conditions.
Ref er enthe semlingwf thedebuiar megipes 18 betwesn iHaMRST danenbes2&2and Bigasealingw

of one enb t t he el.gn i 0
corpr 1 5889 20k e e gt fathSel ReBlE Bhthadeilent b OB Ul Einof
ext endi pgsittpyancy chamber 34 and a | ongitudinally extending
rei nforcing nenber 35. The profile 32 has_ o i tudi nal es
36 and 38. AThehefe Lp ﬁﬁPllif?dé&#‘@rﬁndrfgfm%f%q gg@’i‘ 8 JF f’i @ﬁ"&@ gﬁg
42 i's | Ettﬁr%(%ﬁ%d YHtb ﬂ1eaerfoe§fﬁﬁéhbé’@1§débeth§ﬁhe$\%se Eeq.aswsg% tr@bné@smd
42 is provi a respective retalnin nmber :
The inner wire 22 is received in the grooves 202d and the ou’ter WIre 24 is recewed in
the grooves 208a. The inner and outer wires 22 and 24 are cut back so that they do not

extend along the inner member 202 beyond the grooves 202d and 208a. The insulation



The formations 40 and 42 are arranged in opposite directions, so
that, when the layer 30 is helically wound around the rest of the
hose 10, the formations 40 and 42 can interengage, as shown in Figur
9. The ret WORHPIMsfbers 44 and 46 prevent the formati cﬁg’ﬁ%m%@s‘%
from becom ng di sengaged. Ref erence is now nmade to Figure 10
whi ch shows a cross-sectional view of another enbodi nent of the

el ongate reinforcing | ayer 30, whi ch3fas been designated 130. The

| ayer 130 conprises a continuous profile 132. The rofile 32 has
0pposi n@BIu@agotcuUbam’EOé*dg@§1n13§hﬁﬁm813%nf°ﬁ9"l‘g)wﬁf iSRlPP FUEbaERIithIg

et 1300 3g d SRR pdl LR it refid Sh G R W bRotie BERRENNY fing
glrJ 21;1 [ It ﬁ ggamrggm?gnt ?talt ihgrseam#g;lazamﬂ diveztly emghoes teseder sugiape ahibe iz,
whon, |t Ao 0208 lash O R dubune a2l FRGRT 1 AonBR G ERRRERGRGRe |

and 1 nt g 2PaRGMH MDD behieerT BeassER B 200hend el deglingiting@0#s such
that when the projections and recesses are mterengaggg%t here is no

space bet weehhe hese Qj'igﬁﬁtﬁgdﬁgmh?ﬁbz%'é thepptightened topalis B oW N
d 142 t:
an g%r q%%r Hﬁ@ﬂﬁg ithi ﬁrﬁ?ehﬁamn i BeNRek ’Fmsl'hes:%t% Aig, arehifien

the |ayer |caI therest of the hose 10, the
formati tigisteddd) varich xﬂldm;asammmamléagﬂ@em tmhbogent Grderehy takinw @mansmlay
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Fi gure Zuriduews thebosreengagingimestier 808a hose according to the
invention. ln fi e el i

Iho\s{e 3|10 conﬁ?q@gg{aébﬁrﬁ]&gﬁfﬁﬁ %r{roiggﬁg}%% mqj%%i%{g%]})?%s%ggﬁa?ﬁ?\%r
Irel nf OE meltﬁg:ér@me][anermé natsﬁZ‘IS‘ haad H)gersﬂlghmned e ep.ltteln?rQéISrIMlgbtamgd n|1|
ayer (not specific sho S in e no C ca
Shovn) | Seisas Brisass Siadbite eRTeHare fun TR b2 e St lind REF 2Bscy

may further Tﬁbcéhﬂjﬁttlﬁg 9@0%ﬁdehxbobtéattb@r|oweemb@re@urﬁgashfcﬁmdinl¢rﬂgén Th!s
speci fically shown), Wwhich provides axial strengthenin

di
within oausesdumeealing rionR8f te apteact relativelyamera than the il Hag Iﬁéel"&@%ﬁg
Th bul

i e S Y

wire 32 n 1 ntéerne ed W re 324.7 The inner and
out er gk¥mipitmgspiit rieg 202 anditid: S2dinarieg 804 pesd@ relativelgiow iesypeipirafthe et

of *the. et figa e iR TEEREE THECRMRRERS P thsh Afted REGE I dnbiRd" "
t ubul ar cHQkibR33wheriesp Beasbrasressive fohse manerselaHﬁg mg |hgrreesseé mycvintite ef tB24.

The second tubul ar body 332 nay be |dent| Ef(s)r g%t{l rst tubul ar
body 31 greaten expatsien ot $pRling Ming 4 relghve © 1§ ?§B ween an outer

hel ical ly coplied, deIré?esetﬁ@ eﬁa%ﬁﬁﬁ%ﬂ {AE BbeBdD af iR ﬁ@elé &Rjdgih zqcrﬂlah'ﬁb@r.\l\@&i e

324. The interne te and outer “gripping wres 4 and 326 are .
di sposegrovizies Isametstwynmofdhefer\d@ﬁ therhmee @98, amd)hehlés tdhipke agfiad fosprsein the

[ dest pote 1Sarplneseritp Pag &0 RESEIE i RedFbiilef heyae00et Sins.
di sposegea%?w%etmeow er gripping wire 326. Al ter nativel y an

insulating layer or other covering |ayer co ﬂ Browd roun Ahe
outer gri ppﬁﬂgur@ﬁ,s@\tgggshowthreeapphcatlonsfort e ose1 Ineac |gures

to 5C a floating production, storage and offloading vessel (FPSO) 102 is linked to 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



It will be appreciated that the invention described above may be
nodified. -37- CLAIMS: 1. A hose conprising a tubular body of

flexible erjal_arranged between inner and outer grippin negbers,
wherein t@bﬁ(g@ 1?%?ther conpri ses an el ongate nenber S 09370;98(§Png

| ongi tudi nal edges, the elongate nenber being helically wound around
t he tubul ar body such that the opposing |ongitudinal edges of the
| ayer are in an adjacent or overl appBhg arrangenent, wherein each

| ongi tudi nal edge includes a formation capable of interengaging wth
a coopersabinegydddraiat therses ieveh 06 ppbiguredC dhghesril fivate age’ thamdraseef

t he el ongat e nber 1.S.provi . [ ' : l.ch
Lt ends 15 11 Aen caiee RS Seaf eetied BR TNGARGR el B ihisRe ERBhoM!n
hose acqqy sib Mige t RGCdamianis linkehietei lant-besed steeade feeilityl Wecviagherbase0i s
a netallic material or a co ite material, ,.3. A Ii]t se ccoF{P(g‘iin[ to
claimi or 21hahese]Hmenae Jeadiar &y aina:applcaligiis andiath HERAGHENY
menber i i&Qn MPact used in fryBesEic ageofich-88/0benic
claim 1,Sﬁ%&gm,agmm§§;\ei n t'hzhil%ggg?%)}n\,gﬁgl us of y?ﬁe or each o8

rei nf or congjtioreaber is from 50,000 MPa to 200,000 MPa. 5. A hose

according topany. brecadlNdadd & BhudChhlch shBfs & @Sdd SedtRfll Hewr ohe
embodiment of the elongate reinforcing layer 30. The layer 30 comprises a continuous
profile 32 which contains one longitudinally extending buoyancy chamber 34 and a
longitudinally extending reinforcing member 35. The profile 32 has opposing longitudinal
edges 36 and 38. A longitudinally extending interlocking formation 40 and 42 is integral
with a respective edge 36, 38. Each formation 40 and 42 is provided with a respective
retaining member 44 and 46.

The formations 40 and 42 are arranged in opposite directions, so that, when the
layer 30 is heiica!ly wound around the rest of the hose 10, the formations 40 and 42 can
interengage, as shown in Figure 9. The retaining members 44 and 46 prevent the
formations 40 and 42 from becoming disengaged.

Reference is now made to Figure 10 which shows a cross-sectional view of
another embodiment of the elongate reinforcing layer 30, which has been designated
130. The layer 130 comprises a continuous profile 132. The profile 32 has opposing
jongitudinat edges 136 and 138. A longitudinally extending interengaging formation 140
and 142 is integral with a respective edge 136, 138. Each formation 140 and 142
comprises a contoured profile having projections 140g and 142a and recesses 140b
and 142b, such that the projections 140a can be received in, and interengage with, the
recesses 142b, and the projections 142a can be received in, and interengage with, the
recesses 140b. The configuration is such that when the projections and recesses are
interengaged, there is no space between the formations 140 and 142.

The formations 140 and 142 are arranged to face in opposite directions, so that,
when the layer 130 is helically wound around the rest of the hose 10, the formations
140 and 142 can interengage. The formations 140 and 142 may be secured together by

any convenient bonding means.
The profile 132 has a corrugated shape which makes it easier for the member



el ongate nmenber is from10 MPa to 3,000 MPa. 6. A hose according to
any preceding claim wherein the elastic nodulus of the material of

the reinfoggei Sgper Is at least 15 tinmes the el asti I f
t he materié’ 2@%/0?2 el ongate nmenber. 7. A hose accord&rf%? 0@2?9059
preceding claim wherein the total cross sectional area of the

rei nforcing nmenber or nmenbers is less_than half the total cross
sectional area of the elongate member36- -38- of the reinforci ng

menber or, nbers is Iegs t.harg or equal to one quarter of the total
cross sedp? ShatCORrBase PPRAUNEIYAERt e menber. 9. A hose according to

any precedi ngrisd @irforcivg fayair 130 ilddet @'Ior?g’it%?naﬁg‘?@itéﬁ&ﬁﬂ; ré‘ﬁfﬁﬁiﬁ m%aﬁq%er
reinforcing nenber or nenbers is less or equal” to one™tent €
total cr é)%g I Bighretfhadditienalosr aligemnagive fepationsionthereinkdcingniensteer 135 are
accordin ) | al rej S cti area of
the el onglgicgtera}e t@%%‘% n{& Een%h?é réqué\r%’gfg‘eﬁn oﬁgsﬁg{%@n‘ﬁ% ?B&rgslf\g

subst ant i al | yigisast simwsadmotbert srabbéimghhobh hose oy ® thelidverNoROsE
' menber is a

ggf%d'r g@uﬁsero 1@“{%’@0;3%%&? éjér?eqraw gelsrﬂna\{\gf § 1e d Q'h% eoscra%l‘l chggn%lrirs]gs a first tubular
body 312 which comprises an inner reinforcing layer (not specifically shown), an outer
reinforcing layer (not specifically shown), and a sealing fayer (not specifically shown)
sandwiched between the reinforcing layers. The tubular body may further include a
generally tubular reinforcing braid (not specifically shown), which provides axial
strengthening, is disposed within or around the outer surface of the outer reinforcing
fayer,

The tubular body 312 is disposed between an inner helically coiled wire 322 and
an intermediate helically coiled wire 324. The inner and outer gripping wires 322 and
324 are disposed so that they are offset from one another by a distance corresponding
to half the pitch length of the helix of the coils. The hose 310 further comprises a
second tubular body 332 disposed around the inner helically coiled wire 324. The
second tubular body 332 may be identical to the first tubular body 312. The second
tubular body 332 is disposed between an outer helically coiled wire 326 and the
intermediate helically coiled wire 324. The intermediate and outer gripping wires 324
and 326 are disposed so that they are offset from one another by a distance
corresponding to half the pitch length of the helix of the coils.

if desired, a reinforcing layer like the reinforcing layer 30 may be disposed
around the outer gripping wire 326. Alternatively an insulating layer or other covering
layer could be provided around the outer gripping wire 326.

It will be appreciated that the invention described above may be modified.



12. A hose according to any preceding claim wherein the reinforcing
menber has a circular, square, rectangular or elliptical
cross-sectional shape. 13. A hose according to any preceding claim
wherein the reinforcing nenber is made of a flexible material that is
stiffer than the material of the el ongate nmenber. 14. A hose
according to any preceding claim wherein the interengagi ng
formations are arranged so that, mhe%7interengaging, they provide a
continuous waterproof seal. 15. A hose according to any preceding
claim @h&IMEh each interengaging formation conprises an interl ocking
formati on, capable of |ocking the formations together once they have
been brought together. 16. A hose according to any preceding claim
wher ei n1el onghbdee comprising atibubhe bodyt of flesibiet matptal eieseed behvesarnneaad

th h chanber h ' h ft t of
el ongat BB BARG Targbers; WHEFIN SHe PREE Ul GrLT e RamAprbERy TR ds,
accor di gyifPosding 188yiRkinkl edydeeieisiorgatd esbednen@helically wbosedround

chanbers cont'ains a gas, a foam or_ an aer at_eq pol émer ]]9. " A hose
accor di the wbuler diody s6ch thatothe1eppogingr lonaitydieal €dges qfibedayscarm n an

chanber g .bot b running .l ongi | b i@kl e
engt h %ciljgﬁ% %l@%élgﬁghﬁe%%%ﬁgéﬂ@hﬂ Ynir@iRge OB haMidiRd! é’déé’ﬁic@urﬁé? 8
formation capable of interengaging with a cooperating formation on the opposing

longitudinal edge, wherein the elongate member is provided at least one reinforcing

member which extends along the longitudinal axis of the elongate member. .

2. A hose according to claim 1, wherein the or each reinforcing member is a

metallic material or a composite material.

3. A hose according to claim 1 or 2, wherein the elastic modulus of the or each

reinforcing member is from 20,000 MPa to 250,000 MPa.

4. A hose according to ¢laim 1, 2 or 3, wherein the elastic moduius of the or each
reinforcing member is from 50,000 MPa to 200,000 MPa.

5. A hose according to any preceding claim, wherein the elastic moduius of the

elongate member is from 10 MPa to 3,000 MPa.

B. A hose according to any preceding claim, wherein the elastic modulus of the

material of the reinforcing member is at least 15 times the elastic modulus of the

material of the elongate member.

7. A hose according to any preceding ciaim, wherein the total cross sectionalarea

of the reinforcing member or members is less than half the total cross sectional area of

the elongate member.

8. A hose according to any preceding claim, wherein the total cross sectional area



20. A hose according to any preceding claim wherein the tubul ar body
conprises a reinforcing layer and a sealing layer. 21. A hose
according to any preceding claim wherein the tubular body conprises
a sealing | ayer arranged between inner and outer reinforcing |ayers.
22. A hose conprising an inner gripping nenber, an internediate

gri ppi ng menber and an outer gripping_nmenber, wherein a first tubular
body of flexible material is disposedbetween the inner gripping

menber and the internedjate grippi ng nenber, and a second.tubul a
body of of fheXPIFRCIGBAMEST FMembpsee FsB i F 1Rl Fe Nl ddhélota

grippin : L®ho8fd BeinBer Menber.  23. A hose according
to clai %%@%%ﬁ?#ag&ttﬁ?rdntgubul ar body is disposed between a
further internmediate gripping nenber and the outer gripping nmenber,

t he further jnternediat LIPRI : i ]

second &nd t%%PﬁeFﬁ%ﬁﬁﬁﬁt‘ggﬁyg}seggd'gg%ih h@@%rgg\c@%?‘%lgﬁgg?%gé a?‘% %%gor
23, whepgihe rainfdremgtmenserodr hbmbetstisless dyeduektoi oved tedts obthsdatal ntpss

| ayer. 25. A hose according to claim?22, 23 or 24, wherein each

t ubul ar se@sigpali arepiEe %9“@%&@?‘3@?@' flexible reinforcing layer. 26. A
hose according to claim 22, 23, 24 or 25, wherein at |east one

t ubul ar body -40- conprises a sealing |ayer sandw ched between i nner
and out &0. r e hbse atavgdihgiceany. preosdingclaies evheeeio the ¢1gs¢ eedirpaisriea githe

S g L S A o o ol

along the length of said members.

11. A hose according to any preceding claim, wherein the reinforcing member is a

solid rod or a tube.

12. A hose according to any preceding claim, wherein the reinforcing member has a

circular, square, rectangular or efliptical cross-sectional shape.

13. A hose according to any preceding claim, wherein the reinforcing member is

made of a flexible material that is stiffer than the material of the elongate member.

14. A hose according to any preceding claim, wherein the interengaging formations

are arranged so that, when interengaging, they provide a continuous waterproof seal.

15. A hose according to any preceding claim, wherein each interengaging formation

comprises an interlocking formation, capable of locking the formations together once

they have been brought together.

16. A hose according to any preceding claim, wherein elongate member includes at

. least one closed chamber, and the or each chamber has a density lower than that of the

rest of the elongate member.

17. A hose according to claim 16, at least one of the closed chambers contains one



28. A hose according to any one of clains 22 to 27, wherein the

I nner, outer and internediate gripping nmenbers each conprise a
helically wound wire. 29. A nethod of naking a hose conprising: (a)
wrapping a gripping nenber around a tubular mandrel to form an inner
coil; (b) wapping a sheet material around the tubular mandrel and
the inner coil order to provide a tubul ar body forned of the sheet
material; (c) wapping a gripping neib€r around the tubular body to

form an outer Ll .Wrappi.ng an el ongate nmenber, as defined in
any one 8‘?"‘85%&%8 ie’{g%}ci@ﬂm% the outer coil, wherein the

el ongate nmenber is helically wound around the outer coil such that
t he opposi ng | ongi tudi nal edges of the elongate nmenber are in an

adj acent 1%r ~ 8\RRIEAHSPIIPCIP CLalg fei(! 7, wiinereliy atriepshgne htthe slasetichasbens
adj acent. ai@’&@é&?h{é&fﬂ&?ﬁer‘a@a%c@'}gsgemsnt W th O?gr 2283/!1%; ) ﬁ,g)

securing the en hose produ I'n step (d);
hose fromthe mandrel.

19. A hose according to claim 16, 17 or 18, wherein there are two adjacent chambers

both running longitudinally along substantially the entire length of the elongate member.

20. A hose according to any preceding claim, wherein the tubular body comprises

a reinforcing layer and a sealing layer.

21. A hose according 1o any preceding claim, wherein the tubular body comprises

a sealing layer arranged between inner and outer reinforcing layers.

22.  Ahose comprising an inner gripping member, an intermediate gripping member
and an outer gripping member, wherein a first tubular body of flexible material is
disposed between the inner gripping member and the intermediate gripping member,
and a second tubular body of flexible material is disposed between the intermediate

gripping member and the outer gripping member.

23.  Ahose according to claim 22, wherein a third tubular body is disposed between a -
further intermediate gripping member and the outer gripping member, the further

intermediate gripping member being disposed between the second and third tubular

bodies.

24. A hose according to claim 22 or 23, wherein at least one of the tubular bodies

includes a sealing layer.

25. A hose according to claim 22, 23 or 24, wherein ear.:h tubular body includes at

least one flexible reinforcing layer.

28. A hose according to claim 22, 23, 24 or 25, wherein at least one tubular body
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comprises a sealing layer sandwiched between inner and outer reinforcing layers.

27. A hose according to any one of claims 22 to 26, wherein the inner, outer and

intermediate gripping members each comprise a helical gripping member.

28. A hose according to any one of claims 22 to 27, wherein the inner, outer and

intermediate gripping members each comprise a helically wound wire.

29. A method of making a hose comprising:

(@)

(b)

(c)

(d)

(€)
(1}

wrapping a gripping member around a tubutar mandrel to form an inner
coil;

wrapping a sheet material around the tubular mandrel and the inner coil
order to provide a tubular body formed of the sheet material;

wrapping a gripping member around the tubular body to form an outer
coil;

wrapping an elongate member, as defined in any one of claims 1 to 10,
around the outer coil, wherein the elongate member is helically wound
around the outer coil such that the opposing longitudinal edges of the
elongate member are in an adjacent or overlapping arrangement, and
bringing the formations on adjacent or overlapping edges into
engagement with one another;

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

removing the hose from the mandrel.



