| MPROVEMENTS RELATI NG TO HOSE This invention relates to hose,

and nore particularly relates to long | ength hose, and to a nethod of
and apparatus for. making long | ength hose. The invention is

especially concerned with hose which can be used in cryogenic

condi tions. Typi cal applications for hose involve the punping

of fluids froma fluid reservoir under ,pressure. Exanples include
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transferring fluids at elevated pressure (e.g. at least 2barg). These are: '

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 bellows 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 interlocked
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



-2- body structure, is renoved fromthe mandrel by pulling and
rotating. The hose and mandrel are supported by a series of rollers
during this extraction process. Rubber hoses are typically nade in

| engt hs of up to 12m and bores of up to at |least 1.2m In
essence, the traditional nethod of manufacture for the bell ows and
conposite hose is the sane as that of rubber hose. A bellows hose
is formed in sections supported on ste& nmandrel and if insulating or
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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 deflection.

Attempts to manufacture hoses using the traditional techniques have resuited 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.

Bellows hose is described in many prior art documents, including, for example,



- 3- US2004112454 and US2004146676. As di scussed above, bellow hose is
characterised by an inner netallic inner structure which is difficult
to renove fromthe mandrel during the manufacturing process. As a
result there is a practical Iimt on the size of hose which can be
produced in the prior art, while at the sane tine retaining the

ability to operate in hostile environngpts, such as in conditions of
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Wi thint ranges di scussed above, t to the mnimum of at | east
30m According to one aspect of the invention, there is provided a hose comprising a

tubular hose portion extending continuously between two end fittings, wherein said
tubular hose portion comprises a plurality of tubular corrugated or convoluted sections
secured end to end and at least one protective and/or reinforcing layer disposed around
said corrugated or convoluted sections, 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



The inner dianeter of the hose portion is preferably at | east 100mm

or at |east 150mm or at |east 200mm or at |east 250mm nore
preferably at |east 300mm and still nore preferably at |east 350mm
and nost preferably at | east 400mm In accordance with preferred

enbodi ments of the invention, the hose portion inner dianeter may be

at | east 450mm at |east 500mm at Ieastf 550mm or at |east 600mm It

is unlikely to be desirable for the hose portion dianeter to exceed
750mm a I
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The inner diameter of the hose portion is preferably at least preferably at least



Wien the hose is intended for use at | ow tenperatures, the working
tenperature of the hose may be from OC down to -200C or -220C.
Typically the working tenperature is -20C or bel ow, -40C-or bel ow,
-60C or below, or -80C or below. For cryogenic applications, the
wor ki ng tenperature will typically be from-100C to -170C, -200C or
-220C. A working tenperature range fro§_- 100C to -220C is suitable
for nost cryogenic applications, including the transportation of LNG
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sect i onssuch hoses are not working hoses, i.e., they would not be able to operate under their
normal operating pressure without leaking.

The hose according to the invention may have a high of low working
temperature, including a cryogenic working temperature.

For example, when the hose is intended for use at high temperatures, the
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



The hose preferably includes at |east one reinforcing |ayer, and at

| east one protective |ayer, which is typically the outer |ayer.

Addi tional protective and/or reinforcing |ayers may be provided.
Typically, the protective |ayer conprises an arnoured |ayer is

provi ded as the outer |ayer of the hose. When two convol uted or
corrugated |l ayers are provided, insulatjion nmay be provi ded between
the two |ayers. In addition, or i nstea® a vacuum maybe provided in

t he spac etween the two |ayers, in ord to provide insulation.
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hose. To ack&?g%/cg tgio%ﬁ i n one advant ageous enbodi nent, the mandrel is
formed of°'® Y aving a ratio of Young's Modulus (E) to density

(p) in the rdrngehdsd prefetablERacloBéedtat (east. orgs geinfoasingllayer, and at least one
protective layer, which is typically the outer layer. Additional protective and/or
reinforcing layers may be provided. Typically, the protective layer comprises an
armoured layer is provided as the outer layer of the hose.

When two convoluted or corrugated layers are provided, insulation may be
provided between the two layers. In addition, or instead, a vacuum may-be provided in
the space between the two layers, in order to provide insulation.

The first and/or second convoluted or corrugated layers may be made of metal,

preferably stainless steel.



-8- netre3/megagram) . Preferably the ratio of E/p is greater than 0.3
GPa. n8/ My, nore preferably greater than 0.5 GPa.n8/ My, and nost
preferably greater than 0.8 GPa.nB/My. Preferably the ratio of E/p is
| ess than 10 GPa.nB/ My, nore preferably less than 5 GPa.n8/ My, and
nost preferably less than 3 GPa.nB/ My. Thus, it will be appreciated
that the nost preferred range of E/p i fromO 8 to 3 GPa. nB/ My.

The val ues of E/p for cardboard and high denS|ty pol yet hyl ene, whi ch
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that, Vmbb@tldnhén@w She'e‘hdrﬁfjg}éj?ré d&ﬂﬂgﬁll:e‘éfeibrl mefEThflt%Ei'@ctloht séé.mng the

perfectly possi bl e for the man toiIn C or cera
fillers. emee of theecoiyagied o m@wgaisg@@onhean@wnafate{e@%trmano@ectwe and/or

nowever , "t ISR o\ B (HdTH S b sofiontaliSaptols, Spehif JiiRitue one

one cont phtieuend ditlgngs, tooeach emaiyof the hwsevpattidn] and reinoviabi thg hafse from the
mandr el ﬁqea%td ns of shorter length, which are assenbled on site to
formthe corrp eted mandrel. The purpose of this is to facilitate
transport of The emndittirigs Appipteferably pptiad dsefbre $embviagbﬁ1bahbé@|ﬂ'dm the

cyllndrlcalsa ) The |l ength 0 e mandrel w]l_typical

o or Oxi WS BB10D BN O USRS b AR I BTRG g the Fose
portion frbmtthétmérﬁjrdpsi red to make on the mandrel. The outer dianeter
of the rrandrel will typically be substantially identical to the inner

di anet er of thevihde %RW‘F‘F'BWdt that third; dowtty iy et neevobiied her corrugated
mandr el . sddjiésis rﬁé]ﬁbé@ﬂ%@ér tHe!hadf J\%I t%%réé(te@ﬁf@s@?%n‘ﬁ%%rf ﬁé@?‘e‘ﬂr leRth,

200mm or 300mm't ant ageous € man
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one end 0 "mand enen erng suc
fixedly Emmaded to the mandrel, mhereby rotation of the plug causes

Cotat o of A Bl kel Aokl S Aot B ORESh e
material or a plastics polymer based material, such as high density polyethylene, or
mixtures thereof. In one particularly advantageous embodiment, the mandrel is
cardboard, i.e. a board made of paper pulp.

in the manufacture of bellows hose, it is particularly important to ensure that the
mandrel has sufficient bending stiffness to keep it straight enough that adjacent
sections can be brought into substantial alignment around substantially the entire
circumference of the ends thereof. The ends are usually secured to one another by
welding, and if there is not substantial alignment around substantially the entire
circumference, the ends will not be properly secured to one another, and there will be
an increased risk of failure during use of the hose. To achieve this, in one
advantageous embodiment, the mandrel is formed of a material having a ratio of
Young’s Modulus (E) to density (p) in the range 0.1 to 10 GPa.m*/Mg (i.e. giga Pascal x



the thickness of the mandrel (i.e. the difference between its inner

and outer dianeter) would typically be about 10 mrmmto 25mm As

di scussed above, the non-netallic nmandrel should be nmade of a

mat erial which is strong enough that the mandrel can properly support

t he hose during construction thereof. Furthernore, except for any
coating that may be provided on the inr}f_r or outer surface of the
mandrel, the entire mandrel is preferabl’y made of the sane
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the mandrel, whereby rotation of the plug causes rotation of the mandrel. Preferably
one of said plugs is disposed in each end of the mandrel. When the mandrel is hollow,



During construction of the hose, short sections of the bellows may be
pull ed over the mandrel, then welded together. The wel ding of the
bell ows (which may be, eg, 1-2 mmthick) may cause burning of the
mandrel, therefore, to prevent this, it is desirable to provide the
mandrel with a heat shield and/or a flanme retardant coating on the
outer surface thereof. According 4o another aspect of the
invention there is provided apparatus for manufacturing hose of the

type comphd #{ifihedstdiiHb aﬁaﬂmﬁomﬁé[ AffePei @NBbtBeR M3t ihABIOYSY but@tdfmeter)
two end fittings, wherein said ar hose portion conprises
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Figure 1 is a schematic cross-sectional view of a bellows hose
according to the invention; Figure 2 is a cross sections end view of
one of the corrugated |ayers used in the -12- bellows hose shown in

Figure 1. Fi gures 3A, 3B, 3C and 3D show four applications of
hose according to the present invention; Figure 4 is a
perspective view of an apparatus for uge in manufacturing hose,
according to the invention; and Figure IS a cross-sectional view of

the appapgfus tﬁgﬁﬁﬂ]ﬁ' 7 iézirﬁ)?%\’éﬁ'elé that the flui Pr]s afbeﬂé'tr Gyt o@hé}eﬂh.h@él"ssmsﬁs Wéak

accordance w t e inve s gene ) esi gnat ed 210
hose 210acetivpadidesanmldanobc Solubohmayclos’ﬁeagéleewsadayer 212 and an outer

of corrugat e U oieriR ot e gl RLRICFVEATY Sy it
to one an@tﬂmara Theatan ags?rabmﬂemﬂze%é bysappiying aetdrquetim therdrs/elsjmﬁ whlle
(or U—sha sha rru An_ | nsul. n_layer 216 .i

br ovi dechBaGcR Hoss A1y /etas0n- T 10l Rt A R A su RS yRER the hose
bet ween Fnh@r BeLONS ithidedd hélidall SiebReeds iife AelcHt undmbep chnidrddte a slight
i mprove the insulation. An arnmpured |ayer 218 |saﬁ\gow ded around t he

out er beindekation in mﬁfniaﬁﬁf%v‘@ *Phé“Q%’iﬁC&‘f‘-‘i"BE the mandre! TRM g NORE- por t
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214 in order to create t vacuum The hose 210 al so i ncludes end
fittingscas amheéacm@nﬁowolufmsbé!fl tws bellows( iafe FRyapged , inord yskirge  For
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pr oduct i oithesmandigd, eitftbrafuringachnsiructiors ef tl(eFﬁS@, @oduring rémdeeal of dh@ ose
LNG carrjer ’%04 b ans of a hose 10 according to the invention. The
hose 10 amr 8§“Ei'_ rom a storage tank of the FPSO 102 to a storage
tank of the LINGaﬁas"mbcﬁitmbﬁﬂthé minhdrel maaAbetme doasa, lmldritesasdmvcéytdﬁdhe

sea | evel 106. ure, 3 t he hos i s e a
evel 108059, i pIdg 2 2505t Wil rRGRXAY th P8 ot R RB S oh SNl S e
sea. |n gagdhnspséve ke rdiRe the fE&idn Rewbbe tﬁé\'ﬁia\ﬁdié!@hﬂ tﬁ@)completed hose.

i ntermedi ate support. In Figure 3D the LNG carrier linked to a

| and- based st@vdngecanstiuctiog of tw hese, shartissstionsof the bellovrﬁm%geepq!@d over
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non- cr y ogpemthick) omayi ¢aumeshurning of the mandrel, therefore, to preven this, it is desirable to
provide the mandrel with a heat shield and/or a flame retardant coating on the outer
surface thereof. ‘

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 tubular hose portion comprises a
plurality of tubular corrugated or convoluted sections secured end to end and at least
one protective and/or reinforcing layer disposed around said corrugated or convoluted
sections 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, whereby forque 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 piugs fo rotate the plugs, the drive shaift projecting outwardly from the plugs and

mandrel at least one end of the mandrel.



Figures 4 and 5 show apparatus 300 according to the invention. The
apparatus 300 can be used in the nethod according to the invention
for making the hose -13- according to the invention. The
apparatus 300 conprises a mandrel 302 which has a | ength and di aneter
correspondi ng the desired |l ength and dianmeter of the hose 10 and 200.
The outer dianeter of the mandrel 302 corresponds to the inner

di aneter of the hose 10 or 200. The | eddth of the mandrel 302 is

typically abo 1-2m,|l gnger than the length of the hose, 10 or 200, .
The. nandt el a0BenERENGr [HStLHY diasy e FEGP droNSHHSET, 38 NG TAANAIRS glescribed
al t hough aplohglin RIS St MdtheQ R cEidifg IFthaMernties. desirabl e. A
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304 | d of
300, and a drifvefe Y,tfhgsie\f%ﬁhéﬁﬂgoiaﬂs@gmv%ré"s{ feprgithe Blugs NG raRRdEl at each
bet ween thg e el and extends outwardly being the ends of the
mandrel 302. A drive notor 308, which may be an electric notor, is
provi ded to din e prefesedoambpdinmentd the eappasstus 3ether compriseBea drive motor

appr eci ataﬁl%{lhggttoP&gtedtﬁlevo‘?ivégﬂ%ﬁ 306 can transmt torque to the plugs
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using the apparatus 300 will now be described . with reference.tq the

bel | qws hose. 218 NeRrerallé manfRls Bearifelfo 1564 aroniare M titef ffan the
the dri vetegbinandiEl8 used apiieabrint 4r0 THX AleankhRatthBdafd e3868r & mbARulate and
required rate. irst step, one of the sections corrugated

As a f
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di aneter of the hose 210. A second of the corrugated sections ais
pul | ed otferhasge nandrel and into engagement with the first section

212a. Th f ‘ ‘ F G .

ot oss sect | onongeeRitafioan? qdfhrtids B i Hhghdel aciordinGih i1 Alention i
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Thus, it has not previously been possible to make working bellows 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 bellows hose according to the
invention;
Figure 2 is a cross sections end view of one of the corrugated layers used in the



The insulating |ayer 216 is then wapped around the inner corrugated
| ayer 212, and the outer corrugated sections 214a are pulled over the
I nsul ating--l ayer 216, and may be secured together in the sane way as
was done for the inner |ayer 212. The arnoured |l ayer is then
pul l ed over the outer bellows 212. The air between the bellows 212
and 214 is then evacuated using via thﬁ punpi ng port 220. The end
fittings 222 are then applied to the énffs of the hose 210.

When t he b%ﬂﬂﬁ%hﬁ%gg&ﬁé%ﬁﬁ@“?ew pl ace, the hose 210 nmay be renoved

fromthe sired neans, |In one enbodi ment, the
mandrel 302 najgusest3ldy 3B 8@ sandpedshdwrioex applieatibps tafehdsegacdarding to the
anot her enbodi ment .. the drive notor 308 is operated to rotate the
mandr el PFSEINVENEAt he nandrel 302 to unscrew fromthe hose 210.

After the hospigt 4higsa pefspacai® vy bf am dgraira@p doelis@ @2 manifadtarly ébse,
302 may be discarded. The plugs 304, the drive shaft 306 and the

drive mo@gFording tedhe fvendiph; for use with another mandrel 302.

It will be appipes 8li&d drdd-sddiRnaNYiBR dF 4l dE5arakReshahPverigas £e
modi fi ed withl B b S e o] ] e e O Pose
conpri sing a tulfigwe Aosdebplinws dwsexine aacergaveatwiludhe| iveriione dsn gepsrally
end fittimng i n said tubul ar hose portion conprises a plurality
of tubul Igrgg@g?ér@g%@éd or convol uted sections secured end to end and

at | east one Phethamsei 280 andiwises emirmec ituipulaagerudategdsyer at2dwand amicditer

corr Ut il SIS TS i AL TRl MRgbiINE PP 2 ARE bl
is at | egstticd8m12a2and\2éa @raeged énddotends bad meturedhtercrienandipet. @zghHayer
Of 1S 38 SR bpled S8 3R T PR3 Sl S
accor di nehstiRtioh abyerl21@ i@gr&ﬁidddméﬁ-&ééd e balcsngl2 dinanRterFgthdriere, the
hose portion is at | east 300nm . i ]
space between the bellows 212 and 214 is placed in a vacuum, to further improve the
insulation. An armoured layer 218 is provided around the outer bellows 214, to improve
the insulation further. A pumping port 220 is provided for evacuating air from between
the layers 212 and 214 in order to create the vacuum. The hose 210 also includes end
fittings 222 at each end of the bellows hose (in Figure 1, only one end fitting 222 is
shown).

Figures 3A to 3D show three applications for the hose 10. In each of Figures 3A
to 3C 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 3A, the hose 10 lies above the sea level 106. In Figure 3B, the hose 10 is

 submerged below the sea level 106. In Figure 3C, the hose 10 floats near the surface
of the sea. In each case the hose 10 carries the LNG without any intermediate support.
In Figure 3D the LNG carrier is linked to a land-based storage facility 108 via the hose
10.

The hose 10 may be used for many other applications apart from the
applications shown in Figures 3A to 3D. The hose may be used in cryogenic and non-
cryogenic conditions.

Figures 4 and 5 show apparatus 300 according to the invention. The apparatus

300 can be used in the method according to the invention for making the hose



5. A hose according to claim1l1, 2 or 3, wherein the internal dianeter
of the hose " portion is at |east 400mm 6. A hose according to
claim1l1, 2 or 3, wherein the internal dianeter of the hose portion is
from400nmto 600nm 7. A hose according to claim1, 2 or 3, wherein
the length of the hose portionis from30 to 50m and the internal

di aneter of the hose portion is from4pdmmto 600nm 8. A hose
conprising a tubular hose portion extendi ng continuously between two

end fittings4iWEhsd hveaiidh.t ubul ar hose portion conprises a plurality
of tubul ar colpyt}ga!?éé@\!or [convol uted sections secured end to end and

at |east one Fhewppaiaies 3AB/compriseatamendiel Pewhighdifsse ienati and damgter
o9 5 ANE U AR, ot B 1165870 gl e

t he hose portion | e len
portion dignmtet efist rhamdred 302 choreepamdtzoindthednher dibsictersyl thedoee i Ot ¢re200.

Ot Ot SR b X AR a8 Pl B LRERGH] Srbhose
Qf hfﬁ g ﬁg(ggr d00ITHONRINdreNIB0 Hhs sdiista Mty @iroulab erdsstsechianal dhapet #though
other shapes may in some circumstances be desirable.

A torque transmitting plug 304 is secured fo each end of the mandrel 300, and a
drive shaft 306 extends along the length of the mandrel between the plugs 304, and
extends outwardly being the ends of the mandrel 302, A drive motor 308, which may be
an electric motor, is provided to drive rotation of the drive shaft 306. It will be
appreciated that the drive shaft 306 can transmit torque to the plugs 304, which in turn '
can transmit torque to the mandrel 302 to rotate the mandrel 302. Typically the mandrel
wiil be rotated at a rate of 10-60 rpm.

The appilication of the hose 210 to the mandre!l 300 causes large bending forces
to be directed against the mandrel, caused by the weight of the hose 210 along the
length of the mandrel 300. Thus, it is important that the mandrel 300 has sufficient
bending stifiness that the hose portion can be formed on the mandrel without causing
any substantial bending of the mandre!l along the longitudinal axis thereof. This is
important, because if the mandrel bends, the corrugated or convoluted sections of the
hose portion cannot be brought into proper alignment, and cannot be properly secured -
this will cause the hose to be more likely to fail during use. One way to select a mandrel
of the appropriate bending stiffiness is to select an material having an appropriate ratio
of Young's Modulus (E) to density (p), as described above, but other techniques may
be apparent to the skilled person.

The manufacture of hose using the apparatus 300 will now be described with
reference to the bellows hose 210. Initially, the apparatus 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, one of the sections corrugated sections 212a is pulled over the
mandrel 302. As noted above, the outer diameter of the mandrel 302 corresponds to
the desired internal diameter of the hose 210. A second of the corrugated sections
212a is pulled over the mandrel and into engagement with the first section 212a. The
ends of each section 212a are of substantially circular cross section, as depicted in



portion is at |east 400mm 12. A hose according to claim8, 9 or 10,
wherein the internal dianeter of the hose portion is from400mmto
600mm 13. A hose according to claim8, wherein the length of the
hose portion is from1lO0mto 50m and the inner diameter of the hose
portion is from400mmto 600mm 14. A hose according to any
preceding claim further conpr|5|ng a ﬁgfond t ubul ar bel l ows arranged
around the first tubul ar bell ows. hose according to claim 14,

further goupei 51 ige Iflabdaplaabi gk 'sa#ﬁegggaeﬁfgﬁgngﬁﬁnéés Hat A aR G the

bel | ows, erein a vacuumis provi space Ween
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provi dedaadthescdo thattef ehdwecdrobe properly secured together, e.g., by welding. Add ional
sections 212a can be pulled over the mandrel 302 and welded to the rest of the
corrugated layer 212 until the desired length has been achieved. '

The insulating layer 216 is then wrapped around the inner corrugated layer 212,
and the outer corrugated sections 214a are pulled over the insulating layer 216, and
may be secured together in the same way as was done for the inner Iayér 212.

The armoured layer is then pulled over the outer bellows 212, The air between
the bellows 212 and 214 is then evacuated using via the pumping port 220. The end
fittings 222 are then applied to the ends of the hose 210.

When the end fittings 222 are in place, the hose 210 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 rotate the mandrel 302 to cause the mandrel 302 to unscrew from the hose
210.

After the hose 210 has been removed from the mandrel 302, the mandre| 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 modified within

the scope of the claims.



18. A hose according to any preceding claim which is capabl e of
operating at pressures above 500 kPa w thout |eaking. -17- 19. A
hose according to any preceding claim which is capable of operating
at pressures above 1000 kPa without |eaking. 20. A hose according to
claim18 or 19, which is capable of operating at 5 tenperatures from
- 100C to -220C wi thout |eaking. 21._4fie use of a hose according to
any preceding claimat a pressure from 500kPa to 2,500 kPa w t hout

| eakage .hose. 22. The use of a hose according to any one of

cl ai s 1g¥§m§§*at a pressure from1l ,000kPa to 2,000 kPa wi thout

| eakage of the hose. 23. The use according to claim2l1 or 22 at a

tenperatyre f - O = ,.[?Emf L
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such t hafhe HoseorBerisodt 1bast 3pegond corrugated or convol uted section
engages one end of the first corrugated or convol uted secti on,

securing the ends of the 5 corrugated or convol uted sections,

appl yi ngyat | R ke 2oRIIRG {5 i @,f\%&lreirr ﬁié’%ﬂpﬁi BOtHANESe Eéﬁﬁfbnti?%é least

corrugat éd or conv ecti1ons, applylng espective one of

end fitt3%mys to each end of the hose portion, and renoving the hose
fromthe mandrel. 25. A method according to claim 24, wherein the
mandrel has sufficient bending O stiffness to keep it straight enough

t hat adj &centA hose agedreithopto dainv 6| wherirs thet leogth affthe thesa poeigmois tiiosm 30 to
can be b$ ught into substantial alignnent around substantially the
entire c?t8unference of the ends thereof prior to securing the
corrugated or convol uted sections together. 26. A nethod according

to claim24 or 25, wherein the mandrel _is for,. of a paper pas
material? a \/é)@&sﬁé’scéﬂr gl c 'mo{]’ %Ob@ameé%‘ggg?Q‘ht@F“aEé‘E%rHe%ﬁtoggti‘%PPse
or m xt Us&fok REA98Ast 300mm.

5. A hose according to ciaim 1, 2 or 3, wherein the intemai 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.

3. A hose comprising a tubular hose portion extending continuously between two
end fittings, wherein said tubular hose portion comprises a plurallity of tubular
corrugated or convoluted sections secured end to end and at least one protective
and/or reinforcing layer disposed around said corrugated or convoluted sections,
wherein the internal diameter of the hose portion is at [east 300mm and the length of



27. A nethod according to claim?24, 25 or 26, wherein the mandrel is
cardboard. 28. A nethod according to any one of clains 24 to 27,
wherein the mandrel is forned of a material having a ratio of Young's
Modulus (E) to density (p) in the range 0.3 to 10 GPa.nB/ My (i .e.

gi ga Pascal x netre3d/negagram. 29. A nethod according to any one of
clainms 24 to 27, wherein the mandrel i‘F formed of a material having
from0.8 to 3 GPa.nB/My. 30. A nethod 6afccordi ng to claim24 or 25,

wherein the mandrel is a conposite material having a ratio of
Young' s f\b&dmi?sp?r@?”fsoaﬂg%%i "(p) in the range 20 to 22 20 GPa.nB/ My

and a density in the range 1.0 to 3.020 My/nB. 31. A nethod-

di t f .clains .24 to 30, int drel of
st ant Dal | yRdePrpedfio Thiaim 0. Wadren e gt bR Rorigh 3 atpest
one of chgis 24 to 31, wherein the mandrel is hollow, so that a

drive shaft may be disposed longitudinally within the mandrel. 33. A
met hod according to any one of clains 24 to 32, wherein a plug is

di sposed4pn a ; e i

such t hat Ot e pIoBESectRRng 10 Rt BPuBRAR Bl Idnh, OF I HOKE Bprie Bt least

rotation3@m.t he plug causes rotation of the mandrel. 34. A nethod

according to claim 33, when dependent upon claim 32, wherein the

drive shaft is preferably secured to the or each plug, and has a

proj ecti g end hosecitcortingéo claime’;t®dr 10, whelein thenintesnal dibavetdryof the hose

rotation_of. the Hrivqﬁgpaft causes rotation of the or each plug and
ndrel .

t her eby PEHRPIHAL GRS, 35. A nethod according to any one
of clainms 24 to 34, wherein the nmandrel is a sacrificial mandrel, in

der to,aid | of the h drel.  36. A neth
accor di nit o Ao RSCOIed f RETD ok 80 WRERE e STz leBe ot fpe hose

coated, phiiBh id RoMSERTIMoF0OWIA, hose, in order to assist with
renoval of the conpleted hose fromthe nandrel.

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 o 600mm.

14. A hose according to any preceding claim, further comprising a second tubular

bellows arranged around the first tubular bellows.

15. A hose according to claim 14, further comprising an insulating layer between the
first and second bellows, and wherein a vacuum is provided in the space between the

first and second bellow..

16. A hose according fo claim 14 or 15, an armoured layer is provided around the

second tubular bellows.

17. A hose according to claim 14, 15 or 16, wherein an end fitting is provided at

each end of the hose.

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



37. A nmethod according to any one of clains 24 to 36, wherein the
mandrel has an outer dianmeter of at least 200 nrm 38. A nethod
according to any one of clains 24 to 37, wherein the mandrel has an
outer diameter of at least 300 mm 39. A nmethod according to any one
of claims 24 to 38, wherein the nmandrdl’-has a length of at |east 5m
40. A nethod according to any one of clains 24 to 39, wherein the

mandr el Ien of at St 30m ratus for manufacturing
hose of tEa%ﬁg saflwe Sl it i 4" GRerene afiryes above

conti nuou K end fittings, wherein said tubular hose
portion conprlses a pIurallt of tubul ar corrugated qr convol uted
sections éegr % Hﬁl dlga?’h‘FIé’aﬁ‘paBlﬁ@f%eﬁ'f"é%ﬁtﬁ%nﬁf?ﬂ%‘??rﬁom‘
relnforC|H§(fQ Hide¥ &gkig8-ound sai d corrugated or convol ut ed
sections wherein said apparatus conprises a holl ow substanti al
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28. A method according to any one of claims 24 to 27, 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).

29. A method according to any one of claims 24 to 27, wherein the mandrel is formed of a
material having from 0.8 to 3 GPa.m*/Mg.

30. A method according to claim 24 or 25, 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.nr’/Mg and a
density in the range 1.0 to 3.0 20 Mg/m’.

31. A method according to any one of claims 24 to 30, wherein the mandrel is of substantially
cylindrical shape.



47. Apparatus according to any one of clainms 40 to 46, wherein the
mandrel has an outer dianeter of at |least 200 nm 48. Apparatus
according to any one of clains 40 to 47, wherein the mandrel has an
25 outer dianeter of at |east 300 mm 49. Apparatus according to any
one of clains 40 to 48, wherein the mdfidrel has a length of at |east
5m 50. Apparatus according to any one of clains 40 to 49, wherein
t he mandr gl has Ien th of at ast _30m 51 paratus according to
any one of. 0% “Hoslagn dne %w e Tretrn S Pap et §
from the Pigget d’f‘?d fiReset Tongitudualty e B¢ el nandrel . 52. Appar at us
accordlng to any one of clainms 40 to 51, further conprising a drive
mot or arr Q??et}tog apcordinedo piveng Pf Jaimg Hﬁétpt32 wherein a plug s disposed in at least one

end

mandrel, the arrangement being such that the plug is fixedly secured to the mandrel,
whereby rotation of the plug causes rotation of the mandrel.

34. A method according to claim 33, 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.

35. A method according to any one of claims 24 to 34, wherein the mandrel is a sacrificial
mandrel, in order to aid removal of the hose from the mandrel.

36. A method according to any one of claims 24 to 35, wherein the mandrel is pre- coated, prior
to assembly of the hose, in order to assist with removal of the completed hose from the mandrel.

37. A method according to any one of claims 24 to 36, wherein the mandrel has an outer diameter
of at least 200 mm.

38. A method according to any one of claims 24 to 37, wherein the mandrel has an outer diameter
of at least 300 mm.

39. A method according to any one of claims 24 to 38, wherein the mandrel has a length of at
least Sm.

40. A method according to any one of claims 24 to 39, wherein the mandrel has a length of at
least 30m.42. Apparatus for manufacturing hose of the type comprising a tubular hose portion
extending continuously between two end fittings, wherein said tubular hose portion comprises a
plurality of tubular corrugated or convoluted sections secured end to end and at least one
protective and/or reinforcing layer disposed around said corrugated or convoluted sections
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, 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 mandrel, the drive shaft being connected to the plugs, whereby forque applied to
the drive shaft is transmitted to 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 method according to claim 40, wherein the mandrel has sufficient bending stiffness
to keep it straight enough that adjacent corrugated or convoluted 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 or convoluted sections together.

42. Apparatus according to claim 40 or 41, wherein the mandrel is formed of a paper 5 based
material, a wood based material or a plastics polymer based material, or mixtures thereof.

43. Apparatus according to claim 42, wherein the mandrel is cardboard.
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44, Apparatus according to any one of claims 40 to 43, 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).

45. Apparatus according to any one of claims 40 to 43, wherein the mandrel is 15 formed of a
material having from 0.8 to 3 GPa.m’/Mg.

46. Apparatus according to claim 40 or 41, 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’.

47. Apparatus according to any one of claims 40 to 46, wherein the mandrel has an outer diameter
of at least 200 mm.

48. Apparatus according to any one of claims 40 to 47, wherein the mandrel has an 25 outer
diameter of at least 300 mm.

49, Apparatus according to any one of claims 40 to 48, wherein the mandrel has a length of at
least Sm.

50. Apparatus according to any one of claims 40 to 49, wherein the mandrel has a length of at
least 30m.

51. Apparatus according to any one of claims 40 to 50, wherein the mandrel projects cutwardly
from the plugs and mandrel at each end of the mandrel.

52. Apparatus according to any one of claims 40 to 51, further comprising a drive motor aitanged
to rotate the drive shaft,



