| MPROVEMENTS RELATI NG TO HOSE This invention relates to hose,
and nore particularly relates to long I ength hose, and to a net hod
and apparatus for making it. The invention is especially concerned
wi t h hose which can be used in cryogenic conditions. Typi cal
applications for hose involve the punping of fluids froma fluid
reservoi r under pressure. Exanples inchude suppl ying of donestic
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refuelling in_formula 1; and conveying corrosive fluid
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commonly used to transport '|ic gases _such as liquefied natura
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The present invention is directed to conposite hagses. . Rubber
hoses differ Wioowekknpusie usahassfontbadranseert phiiwidstsuchaps ligyefied grsge at

a steel RARMAGEENRE. Bleh IHYREMisEHniABAlY used to transport liquefied gases such as
liquefied natural gas (LNG) and liquefied propane gas (LPG).

Many applications of hose require the hose to be supported along its length. This

especially applies to the transport of the produced liquids and/or gases mentioned

above. Without additional support, conventional hose is often incapable of supporting
its own weight, or the weight of the fluid contained therein.
Three main types of hose exist that are used for large bore applications for

transferring fiuids at elevated pressure (e.g. at least 2barg). These are:

a 1. Rubber (rubber wraps vulcanised to form the hose body).
2. Bellows (convoluted steel tube).
3. Composite (films and fabrics between two helical wires).

The present invention is directed to composite hoses.

Rubber hoses differ from composite and bellows hose in that they do not have a
steel component on the inner surface.

Rubber hoses are typically manufactured by wrapping numerous layers of
rubber materials and some steel and fabric layers around a mandrel coated with a
release agent. Some Rubber Hoses use an extruded rubber inner liner on a mandrel as
the innermost layer and then wrap after that. Other rubber hoses include an interiocked
carcass inside the liner, for collapse resistance. The complete structure is then
vulcanised thus bonding the rubber wraps together. The complete hose assembly,
including the end fittings which are also on the mandrel and are wrapped into the hose



Rubber hoses are typically manufactured by w appi ng nunerous | ayers

of rubber materials and sone steel and fabric |layers around a nmandr el
coated with a rel ease agent. Sone Rubber Hoses use an extruded rubber
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hose. weight of the mandrel increases approximately with the square of the diameter. The
product of these two factors is the friction between the hose and mandrel as during
extraction the weight of the mandrel is taken through the hose.

Other factors affecting the ease of extraction include:

. Galling between the steel mandrel and the steel wire.

. The coefficient of friction between the two materials,

. The weight of the hose.

. The use of supporting rollers used to control mandrel defleetion.

Attempts to manufacture hoses using the traditional techniques have resulted in
hoses that have the required bore but are too short, or have the required bore and
length but have been damaged during extraction. It has also been the case that the
mandrel has become damaged during extraction and so in an industrial setting this
process would be impractical and uneconomic.

Composite hose is described in many prior art documents, including, for



The use of supporting rollers used to control mandrel deflection.
Attenpts to manufacture hoses using the traditional techniques have
resulted in hoses that have the required bore but are too short, or
have the required bore and | ength but have been damaged duri ng
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According to one aspect of the lnventlon here is provided a hose comprising a
tubular hose portion extending continuously between two end fittings, wherein said
hose portion comprises a tubular body disposed between inner and outer gripping
members, wherein the tubular body comprises at least one sealing layer and at least
one reinforcing layer, and wherein the internal diameter of the hose portion is at least
200mm and the length of the hose portion is at least 30m.

It will be appreciated that the hose portion extends continuously between the

end fittings. Thus, the hose according to the invention is distinct from prior art hose



-4- conprising shorter |engths of hose which are attached together in
sequence by attaching the end fittings together. In a preferred
enbodi nent, the length of the hose portion is at |east 31m nore
preferably at | east 32m The hose portion is desirably at | east 35m
in length. The I ength of the hose portion nay be nuch | onger than
30m depending on the requirenents. Thys, the hose portion m ght have
a length of up to 50mor even up to 6om The |length of the hose
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wherein said hose portion comprises a tubular body disposed between inner and outer
gripping members, wherein the tubular body comprises at least one sealing layer and at
least one reinforcing layer, and wherein the internal diameter of the hose portion is at
least 300mm and the length of the hose portion is at least 5m.

In a preferred embodiment, the length of the hose portion is at least 8m, more
preferably at least 10m, more preferably at least 156m, still more preferably at least 20m,
or at least 26m. In particularly preferred embodiments, the hose portion rﬁay be af least
30m in length. The length of the hose portion may be much longer than 30m,
depending on the requirements. Thus, the hose portion might have a length of up to
50m or even up to 60m.

The inner diameter of the hose portion is preferably at least preferably at least
350mm and most preferably at least 400mm. In accordance with preferred
embodiments of the invention, the hose portion inner diameter may be at least 450mm,



at | east 500nm at |east 550mmor at |least 600mm It is unlikely to
be desirable for the hose portion diameter to exceed 750mm and
typically the hose portion dianeter would not exceed 600nm

Most preferably the hose portion has a length of from8mor 10mup to
about 50m in conmbination with an inner dianeter from400nmto 600mm
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t ypi cal . working temperature of the hose may be at least 40°C, or at least 60°C, or at least
80°C or at least 100°C, up to a maximum of 200°C or 300°C.

When the hose is intended for use at low temperatures, the working temperature
of the hose may be from 0°C down to -200°C or -220°C. Typically the working
temperature is -20°C or below, -40°C or below, -60°C or below, or -80°C or below. For
cryogenic applications, the working temperature will typically be from -100°C to -170°C,
-200°C or -220°C. A working temperature range from -100°C to -220°C is suitable for
most cryogenic applications, including the transportation of LNG, liquid oxygen (bp -
183°C) or liquid nitrogen (bp -196°C).

In general, the working pressure of the hose is be in the range from about 500
kPa gauge, or 1,000kPa gauge, up to about 2,000 kPa gauge, or possibly up to about
2,500 kPa gauge. These pressures relate to the operating pressure of the hose, not the

burst pressure (which must be several times greater).



A preferred working tenperature and pressure would be from-100C to
-200C at a pressure from 500kPa gauge, preferably 1, 000kPa gauge, up

to 2,000kPa gauge or 2,500kPa gauge. The hose according to the
i nvention can al so be provided for use with corrosive materials, such
as strong aci ds, Accordi ng to anot her aspect of the invention

there is provided the use of the hose _cé@scri bed above in the working
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publ i cat \tq8% 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 tubuiar braid
around the tubular body, or within the structure of the tubular body, the braid will exert a
radially inward force on at least part of the tubular body when subjected to axial
tension. The braid is preferably in the form of a tubular sheath which is applied to the
hose structure by pulling it over the components of the hose that have already been

arranged on the mandrel.



The hose descri bed above can be nmanufactured by a nethod and

apparatus, as described further below, which nakes it possible to

make hose of |onger | ength and dianeter than has previously been

possi bl e. Accordi ng to anot her aspect of the invention there

is provided a nethod of manufacturing hose conprising a tubular hose
portion extending continuously between-two end fittings, wherein said
hose portion conprlses a tubul ar body sposed bet ween i nner and

outer grippin rs a d the ul ar _bo ris

| ayers and |n%h8d8§‘ Yeing §¥ rs a?‘?%'@gqé rar rﬂfe%falﬁ gg%ﬁé%%around the
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| ayer of tﬁe t ubul ar body, "wi nding the outer grip Ig nmber around
t he secoh@se.cThd bees may lastl@de Cm@mrymﬁga grqt@@;ygdayarﬁ. redergbiyt there iggat least

the. manapap PSRyl ololfindFR BB dRbind MRy ! 20 1 Ted Detore
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density or mxtu estheref ln one | ar | . .
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that the mandrel as sufficient radi al sti ness th ose
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this, inonea ‘enbodi € nman
mat eri al diaawtangthanrlmslmembuéiwheghsndvbﬂhw us (E) to den3| ty (p) in the

range 0.1 to 10 GPa. nB/ i.e.qi ASGa, nmefres/.
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of E/p fand plusesastdeaniong W'@QHQY@W%??@%&Q%@'"W&'% layes wheyein said

mat eri al 1
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mandr el weapning, ffr§t of theetayess eélthe t@maromdyzerognd g/ ivger gripping iImember,
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and a depgdd ffoinththeardepe 1.0 to 3.0 I\/g/rrB Typically, the conposite
mat eri al conprises carbon, glass or polyneric fibres disp tgsed W t hin

a suitabl e polNerend fitingsi are preferably %Pi’?d ksforgofpreeving hgphess dasy the
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or mixtures thereof. In one particularly advantageous embodiment, the mandrel is
cardboard, i.e. a board made of paper pulp.



The mandrel may be provided in one continuous |length, or it may be
provided in a plurality of mandrel sections of shorter |ength, which
are assenbled on sjte to formthe conpleted nmandrel. The purpose of
this is to facilitate transport of the nmandrel. Typically the mandrel
is of substantially cylindrical shape. The I ength of the
mandrel will typically be approxi mately 1000 to 2000 nm | onger than
the length of the hose portion that it™s desired to make on the

mandrel. The -9- outer dianeter of the mandrel w H&' t.%@i &alﬁa be th
substanti al | y“’! thenfepgiaciyergi compasite fogett df PaFICHIREYHEDA ﬁB .%l?lsure at
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mandrel can properly Stﬁppogt the hose during construction th
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made of the same no ic materi rive shaft is

pr ef er abThus.eit uwilldbe @ppheciatedecthah the wgostaprefere ramge ohddpais from 0.8 to 3
proj ecti E_%,erpld/ I ch can be connected to a drive notor, whereby
rotation of "t He Wrive shaft causes rotation of the or each pl ug and

t her eby r ot at Tha veludshef Efnébretardiveardsaral highf density fobyetoylenaf whish are two

I nvention that the.mandrel is r.otated whil e, part all, of ,t } 3
and/ or o[IPi‘?”%? rFl?&"{’JT'ﬁ riy &’I"%‘Jegwaftﬁbéﬁeirﬁaw%&e‘%@na%@ lr'r&n%?%lﬂﬁ &Rdh Mg
Pr ef er abtespebBvely.i M waILerof Ep forave gecr avt harrirgenatedal, stainlesd steal) is about
alternatiye §,.drive shaft may not be present, and the rotation of

t h
t he rrand?QIGFr’\%V‘ driven by rotating one plug or both plugs (if

present) using tH@edEirdiendtBhéds, it may b8 d¥dfableefcelis€® CofipRrite Msterialshe.c.,
mandrel is a sacrificial nmandrel, in order to aid renoval of the hose

fr om t hefipgadtisnosedivitin & reats R tha mandiel {eePeaita WAIRFEIS 3 (3o of E/p
rmandr el Bl-‘és?afbr 'siéigl'egg_ ét@@lé E{ldﬂfé 1de?1§@¥ rignﬁﬁgﬁglohfer.f TR Wid ad difegnative

hose; any plugs an rive t can b enoved before sacrificing t
mandr el . eMbediveenty e majeriad of the maindeel hag arf bip isxdhapaege gPd9iddi Ghain’/Mg

UL, 7 DRLYEASANG B B BbET B 0 SRS CAIER) 15 Lanballer gt
whi ch t heompriskssetarban, dless or polgperic;fiboes gispeseat wihinta suitableapdympec matrix.
S G0 Boble AR e VAR e 8Bk le b por ot
make t henyapet el i@ perect§ ipobsiblemrdhe! masdrel to include metallic or ceramic fillers.
Thus the invention encompasses the use of a cardboard mandrel with a metallic or
ceramic filler. The bulk of the mandrel, however, remains non-metallic.
The mandrel may be provided in one continuous length, or it may be provided in
a plurality of mandrel sections of shorter length, which are assembled on site fo form
the completed mandrel. The purpose of this is to facilitate transport of the mandrel.
Typically the mandrel is of substantially cylindrical shape.
The length of the mandrel will typically be approximately 1000 to 2000 mm
longer than the length of the hose portion that it is desired to make on the mandrel. The



conventional, and other conventional techni ques not described above
could be used instead. It wll be noted that sacrifice of the mandrel
causes it to be destroyed, which neans that it cannot be reused. This
is still very economcal, as the mandrel according to the invention
can be made of an inexpensive recyclable material. Anot her
techni que for renoving the mandrel, when the mandrel is nmade froma
mat eri al which can be weakened by cont@ct with an appropriately

selected fluid, is to t the ndrel jn order fo weaken it wih_,the
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extendi ng continuously between two end fittings, wherein said hose
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cylindri - | ] ndrel, around which the hose may be
arrangedfg‘%e&%ﬁdﬁgia@ko@é&e " each end of the mandrel, the plugs being
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t he appamandee! froay berdrbempby swatieg dné \pdugrot bothapluga di drésentpising théaalrive
drive shaf In the prior art, the manufacture of conposite

hose is @?L%sive carried out using carbon steel or, nore usually,

st ﬁi nl ess st ellalonmpr@fd@t@d eﬁfmddiglmem,amenﬁan@eeis @%ﬁrmwll a’t?ﬂlré]];mtohraalyto aid
ot her materials u sui t abl e. ye unexpecte ound t hat
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car bon s@r@drivastell cambd ramoved defors wedficing the suandipk Jhesmaadrel may be
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nor mal | y De 'use re 1s a consi derable
savi ng. stressed in order to cause sactifice of the mandrel; or providing it with a perforation,

along which the mandrel can be forn apart; or-providing it with a zipper structure,
whereby dragging the zipper along the length of the mandrel causes sacrifice of the
mandrel. The precise means used to make the mandrel a sacrificial mandrel is



Furthernore, the non-netallic mandrels according to the invention can
be renoved fromthe conpl eted hose much nore easily than the prior
art steel mandrels. The non-netallic nmandrels according to the
i nvention are nmuch lighter than the steel nmandrels used in the prior
art. This neans that they are easier to mani pulate and transport. It
al so neans that the non-netallic nandrﬁés do not require the sane

| evel of support that is required for Steel mandrels. This eases the
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In another preferred embodiment, the mandrel is removed by unscrewing it from
the hose. The can desirably be achieved by applying a torque to the drive shatft, while
holding the hose against rotation. This technique is particularly suitable when the hose
inner structure includes a helical member, as the helical member can create a slight
indentation in the mandrel, which aids unscrewing the mandrel from the hose.

In an embodiment the mandrel may be pre-coated, prior to assembly of the
hose, in order to assist with removal of the completed hose from the mandrel. The pre-
coat may serve to reduce the friction between the mandrel and the completed hose.

According to another aspect of the invention there is provided apparatus for
manufacturing hose of the type comprising a tubular hose portion extending
continuously between two end fittings, wherein said hose portion comprises a tubular
body disposed between inner and outer gripping members and the tubular body
comprises at least two layers and includes at least one sealing layer and at least one
reinforcing layer, wherein said apparatus comprises a hollow substantially cylindrical

" non-metallic mandrel, around which the hose may be arranged, a plug disposed at
each end of the mandrel, the plugs being fixed to the mandrel, wherebytorque applied
to the plugs is transmitted to the mandrel to rotate the mandrel about its longitudinal
axis, and a drive shaft extending longitudinally along the interior of the mandrel, the
drive shaft being connected to the plugs, whereby torque applied to the drive shaft is
transmitted to the plugs to rotate the plugs, the drive shaft projecting outwardly from the
piugs and mandrel at least one end of the mandrel. 7

The mandrel preferably has the same construction as the mandre!l described

above in relation to the method according to the invention.



Figure 4 is a cross-sectional view of the apparatus shown in Figure
3. In Figure 1 a conposite hose in accordance with the invention is
generally designated 10. In order to inprove the clarity the w nding
of the various layers in Figure 1 has not been shown. The hose
10 conprises a tubular body 12 which conprises an inner reinforcing
| ayer 14, an outer reinforcing |layer 164 and a sealing |ayer 18
sandmﬁched bet ween the Iayers 14 and 16.” A generally tubul ar sheath

20, which pro S osed a
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20a and PEBovad isemdhe completed hqsefr@mcrh laommaasibfrth@m hejpriararsstesl maa@lfels
in Figures 4ATROGoABnfa1ALhRI Zccording to the invention are much lighter than the

steel mandrels used in the prior art. This means that they are easier {0 manipulate and
transport. It also means that the non-metallic mandrels do not require the same level of
support that is required for steel mandrels. This eases the manufacturing process for
the hose.

One particularly important advantage of the mandrel according to the invention is
that it is practical to make them longer and/or of greater diameter than the prior art steel
mandrels. Thus, as described above, it has not been previously possible to make to
make a working composite hose at lengths above approximately 256m to 30m, or at
diameters above about 200mm to 300mm. A working hose is one which can be used in
its normal operating conditions without leaking.

Thus, it has not previously heen possible o make working composite hose,
having any significant diameter, in lengths greater than 25m to 30m.

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

Figure 1 is a schematic cross-sectional view of a composite hose according to
the invention;

Figures 2A, 2B, 2C and 2D show four applications of hose according to the
present invention;

Figure 3 is a perspective view of an apparatus for use in manufacturing hose,



The sealing layer 18 is shown in greater detail in Figure 6 of

W01/ 96772. The sealing |l ayer 18 conprises a plurality of |layers of a
filmmade of a first polynmer (such as a highly oriented UHMAPE)
interleaved with a plurality of layers of a filmnade of a second

pol ymer (such as PFTE or FEP), the two polynmers having a different
stiffness. The layers are wapped arougd the outer surface of the
inner reinforcing layer 14 to provide a fluid tight seal between the

i nner anc.jl S&?ﬁ{ﬁffﬁi‘?f'me%eg ﬁ(%/ers 14 and 16. It will -13- be
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provided to %Prot ion of the drive shaft 306. It wll be

appreci ated t ipay JRakfe spdudher reaipseng layergdrot shewe) pispgsed

304, whi t AR 8L : t
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ly t
10- 60 r pHnilanehasppiPristias f@ﬁhﬁﬁhﬁﬁﬂ,ﬂ ?Hbé@d e tubulanbodwui@r el 300 causes
large radial fiRf GfRdrOheath 20 is formed of two sets of fibres 20a and 20b which are

braided to form a tubular braid. This is shown in Figures 4A and 4B of WO01/96772.
The sealing layer 18 is shown in greater detail in Figure 6 of WO01/96772. The
sealing layer 18 comprises a plurality of layers of a fiim made of a first polymer (such as
a highly oriented UHMWPE) interleaved with a plurality of layers of a film made of a
second polymer (such as PFTE or FEP), the two polymers having a different stiffness.
The layers are 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, It will



-14- be directed against the nmandrel. For exanple, the inner wire 22
is typically a non-flexible rigid steel material which has to be
wound around the mandrel using a machine. Thus, it is inportant that
the mandrel 300 has sufficient radial stiffness that the hose portion
can be forned on the nandrel w thout causing any substantial change
to the cross-sectional shape of the naqgrel This is inportant,
because if the mandrel deforns inwardly, the hose will be deforned,

d |1 t I
mandr el 6F EHBCGBbEAY Sob it e rRSier, T TBvae Bireagt fuaihe ype of
havi ng ampoipmarops.; #idees aiot ﬁa@é toYmumgle&wUQﬁlﬂhM‘é d.@rehptyﬁ@%fbmyﬁ@r as
descri bed aboxﬁ bq%sn %hlﬁr Ch{]d ues be apparent to the skilled
per son. ReSth OF des dose bﬁ a7ged HEIngpihgr and, Jittingo 20 |ghown in
now be desgilrbBest WOd /96f2r shger b@db@&.tfe@rm%btﬁ)dmmh% ThB'éddaﬁthHgs are

t he apparatus 300 is set |anI ace, and the drive notor
oper at ed lustraiadachematicatyniiigursobaad are designated th r@f@'en;a@ hemeralss.

step, the i nnF Cgaréé 8A43 S K We@ragiﬁﬂgadt ec&%rfgg'ﬂ% ﬁASﬁaSﬂ)? In erécﬂ gq%rb%l}rgs 2A

provi de a hel ar rangerrent havi
t he out eto dCagdloatingfpro @C’tm}n@tw’lagewdcmﬁﬂoedlpgnmselo(ﬁﬂfﬁahéﬁﬁ rigdinked to a

t | f i | 14 ] ,
Lhen w nbGHEEER 164 pldfealfS6r 4 flose' 58 akRBEind Buls ShEridniehoss thRares
t Ihat \lfva{ de:":c frclamtaa e’mrai?e fanied)fl taetF‘tFP&O?l!@lQI tbeai%tar@egtana oliz the LNGAct:arrler 104. In

ural ity S 0 astics,filns in
geal i ng ﬁg?’é? %%h?ehqsl‘?ea v!ﬁegp%%‘?}’ SaiGURGR (e d‘@% E ﬁgqrﬁg%g’g‘fhec ﬁgse 10 is
i nner re@smf;me:geﬂgaélawahe béa lgzilaidr?y (4)? Ft ré E?fgh%gos@gbﬁlda@yat geér thendifriice

S S

bst ant | | th
;Fufaﬁln t b%ey o &arg%?rﬁ hfeﬁe i%aﬂﬂﬁﬁﬁ%e LNGwiheutranydnicssmediale aweport.
around t hﬁFlgrEthé m@rcéﬁer is Ilnked s Ié?\‘étlﬁ‘éséﬁ;tmar‘@.;'é‘?b&ﬁtgl 'I‘"@ée\ﬁa 1% hése 10.

t hen wapped around the sealing |ayer ,
directi on WiShaehosg thanagshe ek!ls%db"e Ry cﬁhﬁhﬁﬂp@c@ﬂonﬂ apayt firiom the

S0 s ar Sppatofs Showf i fofles ZRTe 2R HRINGHH Riay He S04 HCONBGerRE Eik hon-

20 is dra over the out s E-6ut 6r Tei e
desi red, CWﬁgemQDDW@ﬁOn%lnforC|ng | ayer 21 is then puIIed over t he

sheat h 20. t ire 24.is en d,, ar.ou f urt her
ornt or o ng 1 FlgureBDS aftFhndl HPp2bi S sbA e MARP RS Rk The oo datus
havi ng a3@ksianetle piiterh.in The mistidd atcdigotd ehe iventidd mRuUMAKIMG' TR hose

be the sama% 1't ﬁ'}?oltChlilOf the inner wire 22, and the position of
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may be interrupted | e 'any sheath | ayers are appl
appreciated that the drive shaft 306 can transmit torque to the plugs 304, which in tum
can transmit torque to the mandrel 302 to rotate the mandrel 302. Typically the mandrel
will be rotated at a rate of 10-60 rpm.

The application of the hose 10 to the mandrel 300 causes large radial forces to



The ends of the hose 10 may be sealed by crinping a sleeve onto an

i nsert inside the hose 10. This termnation is generally applied
after the hose 10 as been renoved fromthe nmandrel. . The ends of
the hose 10 are sealed using the end fittings 28. Wen the end
fittings 28 are in place, the hose 10 may be renoved fromthe nmandrel
302 by any desired neans. In one enbodigent, the mandrel 302 may
sinply be destroyed, for exanple by tearing. In another enbodi nent,

the d rj he .. mandr el in the

oppost t o 08 Jisied gl 1€ Aaidiel. o ebimdif R B i 22,8 PEaly a non-
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end fittings, wherein said hose portion conprises
di sposed bt Wk p Belest a anandsat @ﬂthgranm@mpterﬁaﬁher st;ffnﬂserletmselleet an material
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t he | engtdferahct te thweemposite hosé $0f INtAIBGhb@pparatus 300 is set in place, and the
drive motor 308 is operated to rotate the mandrel 302 at the required rate. As a first
step, the inner wire 22 is wound around the mandrel 302, in order to provide a helical
arrangement having a desired pitch. As noted above, the outer diameter of the mandrel
302 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, c.

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 18 would have a length substantially less than the length of the hose 10, so
that a plurality of separate lengths of the films 18 would have to be wound around the
inner layer 14,

The outer reinforcing layer 16 is then wrapped around the sealing layer 18, such
that the warp direction W s set at the desired angle (which may be o, or may be some
other angle close to a). The tubular axial strengthening sheath 20 is drawn over the
outside of the outer reinforcing layer 16. If desired, the further reinforcing layer 21 is
then pulled over the sheath 20.

The outer wire 24 is then wrapped around the further reinforcing layer 21, in
order to provide a helical arrangement having a desired pitch. The pitch of the outer
wire 24 would normally be the same as the pitch of the inner wire 22, and the position
of the wire 24 would normally be such that the coils of the wire 24 are offset from the
coils of the wire 22 by a distance corresponding to half a pitch length; this is illustrated
in Figure 1, where the pitch length is designated p.



50m 4. A hose according to claiml, 2 or 3, wherein the internal

di anmeter of the hose portion is at |east 300mm 5. A hose according
toclaiml1l, 2 or 3, wherein the internal dianeter of the hose portion
is at |l east 400mm 6. A hose according to claiml1l, 2 or 3, wherein
the internal diameter of the hose portionis from400mmto 600mm 7.
A hose according to claim1, 2 or 3, whgrein the length of the hose
portion is from30 to 50m and the internal dianmeter of the hose

o bt o ATAIA SOy o NGRS GO B8E B 3 A5
hose por £Ddo faompresie coatibg bverahe shdsthd2G pndg ik bmbmn d4niTee resid may then
out € 9 bRLRY, BERU o oMAFSE gt %, EYRARL RORHBETS! R oo
i nt er nal adidusetibed ¢ WDe2005044472 nety bs pﬁbwﬂ@@%lro@rﬁwlfﬁ@ abtbrtdifface of the
| engt h ofhthtﬁztbose portion is at |east 5m )

It will be appreciated that, during the wrapping steps described above, the
mandrel 302 is rotating, so each layer simply needs to be laid onto the mandrel 302 in
the desired place, at the desired angle to the longitudinal axis of the mandrel 302. Any
layers which comprise a sheath (such as the layer 20 and the further reinforcing layer)
are drawn onto the mandrel and the underlying hose, and are pulled longitudinally to
the correct position; rotation of the mandrel 302 may be interrupted while any sheath
layers are appiied.

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 are sealed using the end fittings 28. When the end
fittings 28 are in place, the hose 10 may be removed from the mandrel 302 by any
desired means. In one embodiment, the mandrel 302 may simply be destroyed, for
example by tearing. In another embodiment, the drive motor 308 is operated to drive
the mandrel 302 in the opposite direction to the direction when the hose 10 was
applied. This causes the mandrel 302 fo unscrew from the hose 10.

After the hose 10 has been removed from the mandre] 302, the mandrel 302
may be discarded. The plugs 304, the drive shaft 306 and the drive motor 308 may be
retained for use with another mandrel 302.

It will be appreciated that the invention described above may be mod:f:ed within

the scope of the claims,



-17- 9. A hose according to claim8, wherein the I ength of the hose
portion is at |least 10m 10. A hose according to claim8, wherein the
| ength of the hose portion is at |east 30m 11. A hose according to
claim8, 9 or 10, wherein the internal diameter of the hose portion
is at | east 400mm 12. A hose according to claim8, 9 or 10, wherein
the internal dianmeter of the hose por[h nis from400mmto 600mm 13.
A hose according to claim8, wherein the | ength of the hose portion

i's from#&)ﬁr&&&é%m and the inner dianmeter of the hose portionis
from 400 00mm 14. A hose according to any preceding claim

further conprising an axial strengthening neans adapted to exert a
radially, inward force on at |east part of the tubular body when the

axi al st ?en_gt‘ﬁ %@gcq’feaﬂ@nw BL%&‘%CHQS@ pertigniexdtending coniimipushsbetveen two
hose accendliffithds? i ddid MRS BbRioh rﬁéﬂisge%; ﬁttH_ﬁﬂI%&gﬁ'axncﬁ%é%s%%sbeween

conprises a braid in the formof a tubu eat
accor di ngneb apdpuien grippingSnemiersi wheresn theotubasarbonly compriseest feast one

seal i ng i 1C | nf or ci | ayers.. 17.. A hose
accor di nég]@i‘@bA%@é}%rﬂgcéagﬁé%%mfamiﬁw% agéﬁ\ﬂ%r%m&ﬁe HH@FE’IF‘W&‘%F" of the
hose portion is at least 200mm and the length of the hose portion is at least 30m.

2. A hose according to claim 1, wherein the length of the hose portion is at least
35m.

3. A hose according to claim 1, wherein the length of the hose portion is from 30 to
50m. |

4, A hose according to claim 1, 2 or 3, wherein the internal diamefer of the hose

portion is at least 300mm.

5. A hose according fo claim 1, 2 or 3, wherein the internal diameter of the hose

portion is at least 400mm.

6. A hose according to claim 1, 2 or 3, wherein the internal diameter of the hose

portion is from 400mm to 600mm.

7. A hose according to claim 1, 2 or 3, wherein the length of the hose portion is
from 30 to 50m, and the internal diameter of the hose portion is from 400mm to
600mm.

8. A hose comprising a tubular hose portion extending continuously between two
end fittings, wherein said hose portion comprises a tubular body disposed between
inner and outer gripping members, wherein the tubular body comprises at least one
sealing layer and at least one reinforcing layer, and wherein the internal diameter of the
hose portion is at least 300mm and the length of the hose portion is at least 5m,



pressures above 500 kPa w thout |eaking. 18. A hose according to any
preceding claim which is capable of operating at pressures above
1000 kPa wi thout |eaking. 19. A hose according to claim17 or 18,
which is capabl e of -operating at tenperatures from-100C to -220C

wi t hout |eaking. -18- 20. The use of a hose according to any
preceding claimat a pressure fron150Qﬁga to 2,500 kPa wi thout
Ieakage of the hose. 21 The use of a Se accordlng to any one of

cl ai ns to 19 at a asure from31, Q00kPa to 2,000 kPa w t hout

| eakage 8f t he PRRgea % inghto leln S inghe denrgathichthe hese portien i at least
tenperatygpg.from-100C to -220C. 23. A nethod of manufacturing hose
conprising a tubular hose portion extendi ng continuously between two
end fittings, wherein said hose portion conprises a tubular body

di sposed et V‘ﬁ%ée”é‘@éor@nﬁ%e%lg im &' Wﬁ%ﬁlﬂﬁ élﬁ@ geq-u?tﬁ o thpg% J;P;é?@éé'glrsl ﬁtgleast

body conprises at | east | ayers’ an I"eas

| ayer and0mt | east one teinforC|ng | ayer, wherein said nethod
conprises wi nding the inner gripping nenber around a non-netallic
mandrel, wapping a first of the |ayers of the tubular body around

t he inneflgr i.@piotsg ammbcﬁng tovckhpi S10 ar JecAndreit tHdRitdrR¥Paianfdtet B€the hose
t ubul ar f| rst layer of the tubul ar body, w nding the
out er gr'i.’(.ffg?4 ml'ld the second reinforcing |ayer, applying a
respective one of the end fittings[1l] to each end of the hose

portion, 2and renoving the hose fromthe mandrel.
. 12. A hose actording to claim 8, 9 or 10, wherein the internal diameter of the hose

portion is from 400mm to 600mm.

13. A hose according to claim 8, wherein the length of the hose portion is from 10m
to 50m, and the inner diameter of the hose portion is from 400mm to 600mm.

14. A hose according to any preceding claim, further comprising an axial
strengthening means adapted to exert a radially inward force on at least part of the
tubular body when the axial strengthening means is subjected to axial tensioning.

15. A hose according fo claim 14, wherein the axial strengthening means comprises
a braid in the form of a tubular sheath.

16. A hose according to claim 14 or 15, wherein the tubular body comprises a
sealing layer sandwiched between two reinforcing layers.

17. A hose according to any preceding claim, which is capable of operating at
pressures above 500 kPa without leaking.

18. A hose according to any preceding claim, which is capable of operating at
pressures above 1000 kPa without leaking.

19. A hose according to claim 17 or 18, which is capable of Operating at
temperatures from -100°C to -220°C without leaking.



24. A nethod according to claim23, wherein the mandrel has
sufficient radial stiffness that the hose portions can be fornmed on
the mandrel w thout causing any substantial change to the
cross-sectional shape of the mandrel. 25. A nethod according to
claim 23 or 24, wherein the mandrel is formed of a paper based
material, a wood based material or a p[ﬂftics pol ymer based material,
or mixtures thereof. 26. A nmethod according to claim 23, 24 or 25,
wherein the mandrel is cardboard. 27. A nethod according to any one
of clainms 23 to 26, wherein the mandrel is -19- fornmed of a materi al

havi ng agpati crhefus@ema h%sy%ébkbﬁné(@ ahg gﬁ%&eﬂs%cr&@ a%%gsﬂagsu;%’\ﬂcﬁg%o%kpa

to 10 GPa. rrB/Nﬁvé gi ga Pascal
accor di nép 2608 %Wéh@ﬂtléﬁbﬁgﬁoﬁﬁlethﬂ% wherein -the mandrel is

formed of a material having from0.8 to 3 GPa.nB/My. 29. A net hod
according to claim23 or 24, wherein the mandrel is made of a
conposi t 81mat TEheaJsehaf/arig)w aetdrdingftoYamnghs oftethiings? ()19t ot deissdure from

(p) int ndaden5|ty|ntherange10
to 3.0 23%?&%%0%3%6(5)5& &‘8&%@@%9%8‘ BOSEy one of claims 23 to
29, wherein the mandrel is of

22.  The use according to claim 20 or 21 at a temperature from -100°C fo -220°C.

23. A method of manufacturing hose comprising a tubular hose portion exténding
continuously between two end fittings, wherein said hose portion comprises a tubular
body disposed between inner and outer gripping members and the tubular body
comprises at least two layers and includes at least one sealing layer and at least one
reinforcing layer, wherein said method comprises winding the inner gripping member
around a non-metallic mandrel, wrapping a first of the layers of the tubular body around
the inner gripping member, wrapping a second of the layers of the tubular body around
the first layer of the tubular body, winding the outer gripping member around the
second reinforcing layer, applying a respective one of the end fittingsi) to each end of
the hose portion, and removing the hose from the mandrel.

24. A method according to claim 23, wherein the mandrel has sufficient radiai
stiffness that the hose portions can be formed on the mandrel without causing any
substantial change to the cross-sectional shape of the mandrel.

25. A method according to claim 23 or 24, wherein the mandre! is formed of a paper
based material, a wood based material or a plastics polymer based material, or

mixtures thereof.

26. A method according to claim 23, 24 or 25, wherein the mandrel! is cardboard.

27.- A method according to any one of claims 231026, wherein the mandrel is



substantially cylindrical shape. 31. A method according to any one
of clainms 23 to 30, wherein the mandrel is hollow, so that a drive
shaft may be di sposed longitudinally within the mandrel. 32. A

met hod according to any one of clains 23 to 31, wherein a plug is
di sposed in at | east one end of the mandrel, the arrangenent being
such that the plug is fixedly secured_#&_the mandr el , wher eby
rotation of the plug causes rotation of“the mandrel. 33. A nethod

S i St sl P B e 81 AL e e
proj ect iglg 161D bk $H/NRIY.BSgi§a FREABE e nldasparit OF . wher eby

rotation of the drive shaft causes rotation of 'the or each plug and
thereby rotation of the mandrel. 34. A nethod according to any one

of cl ai 23 Lo _tihe els i 82 .SaGlLL HE Ci et el :
or dor -t o255 4 dndfiop "Gt fla} °aF UCh et 8 Rb b0 iheBHIHE Imardhel is
accor di figrrhed ahg noateriaf having fror@.8tio BGPavindMei.n t he nandrel is pre-
coated, prior to assenbly of the hose, in order to assist with

removal of the conpleted hose fromthe mandrel.

29. A method according to claim 23024 wherein the mandrel is made of a
composite material having a ratio of Young's Modulus (E) to density (p) in the range 20
to 22 20 GPa.m*/Mg and a density in the range 1.0 to 3.0 20 Mg/m>.

30. A method according to any one of claims 23 to 29, wherein the mandrel is of

substantiaily cylindrical shape.

31. A method according to any one of claims 23to30, wherein the mandrel is

hollow, so that a drive shaft may be disposed longitudinaily within the mandrel.

32. A method according to any one of claims 23 to 31, wherein a plug is disposed in
at least one end of the mandrel, the arrangement being such that the plug is fixedly
secured to the mandrel, whereby rotation of the plug causes rotation of the mandrel.

33. A method according to claim 32, when dependent upon claim 32, wherein the
drive shaft is preferably secured to the or each plug, and has a projecting end which
can be connected to a drive motor, whereby rotation of the drive shaft causes rotation

of the or each plug and thereby rotation of the mandrel.

34. A method according to any one of claims 23 to 33, wherein the mandrel is a

sacrificial mandrel, in order to aid removal of the hose from the mandrel.

35. A method according fo any one of claims 23 to 34, wherein the mandrel is pre-
coated, prior to assembiy of the hose, in order to assist with removal of the completed

hose from the mandrel,

36. A method according o any one of claims 23 to 35, wherein the mandre| has an



36. A nethod according to any one of clains 23 to 35, wherein the
mandrel has an -20- outer dianeter of at |east 200 mm 37. A nethod
according to any one of clains 23 to 36, wherein the Mandrel has an.
outer diameter of at |east 300 mm 38. A nethod according to any one
of clainms 23 to 37, wherein the mandrel has a length of at |east 5m
39. A nethod according to any one of glqains 23 to 38, wherein the
mandrel has a ' Iength of at |least 30m 40. Apparatus for

manuf actu n he onprising a tubular hose portion

ext endi /Y Eifdﬂ? f?&?gl%} %é@ﬁ"'ﬁwo end fittings, wherein said hose
portion conprises a tubular body di sposed betmeen I nner and outer

gri ppi ng_nenhers _and the tubul ar bod | ses_at | east

and incl%adesAa’ﬁ’ﬂ@?s?“iﬂf@'@é&lﬁ”ﬂg%%%@ﬁﬂa 23t Fé hersa ﬂ%’ |n?ﬁr5¥'8(ﬁ an
layer, r%f[{iméﬁr%f@p[@gsaggg nGANPri ses a hol | ow substantial ly

cyli ndrlca non-netallic mandrel, around which the hose may be

arranged, a plug disposed at each end of the nandrel t he plugs being

fixed tqgt he{\”}’ﬁ?ﬁ{e% ac 8 nﬁtb% é@%oﬁ%@%@d §’)1e\Nﬂéﬂé?§tHesmandrel has a

transm tted man Ne mand dbout

| ongi t utlingé obal lsasiim. a drive shaft extending I ongi tudi nal Iy al ong
the interior of the mandrel, the drive shaft being connected to the
pl ugs, whereby torque applied to the drive shaft is transmtted to

the plugs toArmbiHod atsoreingds.aryenalbf ¢lirebas to p8,0) whtrehgtieunaatidhas a
fromthe plugs and nandrel at |east one end of the mandrel. 41.

Appar at '@é’gﬁb@iﬁtd?ﬁﬂ 3PNc| ai m 40, wherein the mandrel has suffici ent
radial stiffness that the hose portions can be forned on the nandrel

wi t hout causi ng any substantial change to the cross-sectional shape

of the 4gandr@pparaiis fosgpaniseciiringhesea c&dh@rtmangoman%ma.afﬁumelafﬂ%eeﬁqwon
the nané%ghdi%%o%‘ﬁmbﬁél?'ﬂetween two 'end fittings, wherein said hose portion comprises

a tubular body disposed between inner and outer gripping members and the tubular
body comprises at least two layers and includes at least one sealing layer and at least
one reinforcing layer, wherein said apparatus comprises a hollow substantiaily
cylindrical non-metallic mandrel, around which the hose may be arranged, a plug
disposed at each end of the mandrel, the plugs being fixed to the mandrel, whereby
torque applied to the plugs is transmitted to the mandrel to rotate the mandrel about its

+ longitudinal axis, and a drive shaft extending longitudinally along the interior of the
mandref, the drive shaft being connected to the plugs, whereby torque applied to the
drive shaft is transmitted fo the plugs to rotate the plugs, the drive shaft projecting
outwardly from the plugs and mandrel at least one end of the mandrel.

41. Apparatus according to claim 40, wherein the mandrel has sufficient radial
stiffness that the hose portions can be formed on the mandrel without causing any

substantial change to the cross-sectional shape of the mandrel.

42.  Apparatus method according to claim 40, wherein the mandrel has sufficient
bending stiffness to keep it straight enough that adjacent corrugated sections of the
hose portion can be brought into substantial alignment around substantially the entire

circumference of the ends thereof prior to securing the corrugated sections together.



bending stiffness to keep it straight enough that adjacent corrugated
sections of the hose portion can be brought into substantial

al i gnment around substantially the entire circunference of the ends
thereof prior to securing the corrugated sections together. -21- 43.
Apparatus according to claim40, 41 or 42, wherein the mandrel is
formed of a paper based material, a wogd_based material or a plastics
pol ynmer based material, or m xtures thereof. 44. Apparatus according

to clai mA43, ekt b C oar.d. : :
accordi ngjff'JS to Z‘ﬁ@’ a@%@soﬁgﬁrﬁ'ﬁ@h@hﬁo %Q?\Rﬁg’e‘fvnéﬁr’eﬁ%ﬁ{@?‘ Efai'é formed of a
formed obaperbbesd ahatessl, agveod based ofatddaing’ s phstios pslytigr hasedeansiarial, or
(p) in the ran %0.3 to 10 GPa.nB/ My (i.e. giga Pascal x
met r es/ r‘rﬁljétﬁf%% eredls.  Apparat us according to any one of claims 40 to
44, - wherein the mandrel is fornmed of a material having from0.8 to 3
GPa. n8/ My. 47. Apparatus according to claim40, 41, or 42, wherein
the mandéé i APpafdusRCcsorEBigiesiaim ddrwhergin Memagdrgl isRardbeArdyoung' s
Modulus (E) to density (p) in the range 20 to 22 20 GPa.nB8/ My and a
density in the range 1.0 to 3.020 M/ n8.
45.  Apparatus according to any one of claims 40to 44, wherein the mandrel is
formed of a material having a ratio of Young's Modulus (E) to density (p) in the range

0.3 to 10 GPa.m*/Mg (i.e. giga Pascal x metre*/megagram).

' 46. Apparatus according to any one of claims 40to 44, wherein the mandrel is
formed of a material having from 0.8 to 3 GPa.m®/Mg.

47. Apparatus according to claim 40, 41, or 42, wherein the mandrel is made of a
composite material having a ratio of Young’s Modulus (E) to density (p) in the range 20
to 22 20 GPa.m*Mg and a density in the range 1.0 to 3.0 20 Mg/m®,

48.  Apparatus according to any one of claims 40 o 47, wherein the mandrel has an

outer diameter of at least 200 mm.

29,  Apparatus according to any one of claims 40to 48, wherein the mandrel has an

outer diameter of at least 300 mm.

50. Apparatus according to any one of claims 40 to 49, wherein the mandrel has a

length of at least 5m.

51.  Apparatus according to any one of claims 40 to 50, wherein the mandrel has a

length of at least 30m.

s2.  Apparatus according fo any one of claims 490 31, wherein the mandrel projects
outwardly from the plugs and mandref at each end of the mandtrel.

53. Apparatus according to any one of claims 40 1o 52, further comprising a drive



48. Apparatus according to any one of clainms 40 to 47, wherein the
mandrel has an outer dianeter of at |least 200 nm 49. Apparatus
according to any one of clains40 to 48, wherein the mandrel has an
outer diameter of at |least 300 mm 50. Apparatus according to any
one of clainms 40 to 49, wherein the nmandrel has a |l ength of at | east
5m 51Apparatus according to any one afgclains 40 to 50, wherein the
mandrel has a length of at |east 30m 52. Apparatus according to any
one of Chﬂﬁﬂ?aﬁ@n% & Blrotatdhf gh@eghgﬂﬂandrel projects outwardly from
t he plugs and nan at eac end of the mandrel. 53. Apparatus
according to any one of clainms 40 to 52, further conprising a drive
notor arranged to rotate the drive shaft.



