;e3e$@SXXY|\"] 6 T@aWD 01/96772 -1 | MPROVEMENTS RELATI NG TO HOSE PCT/ GBO
1/ 02562 This invention relates to hose, and nore particularly relates to
hose haviwg oigprreved axi al strength. The invention is espaditabBot/esicer ned
wi th hose which can be used in cryogenic conditions. The invention also
relates to an end fitting for a hose, qnd to a method of nmaki ng a hose.
Typi cal applications for hose involve the punping of fluids froma fluid

reservoi r under pressure,.  Exanples include_suppl of donestic heating
oil or LPGto a boiler; M@Qﬁm&ﬂm | i qui ds and/ or gases
froma fixed or floating production platformto the cargo hold of a ship,
or froma ship cargo hold to a | and-based storage unit; delivering of fuel

to racing cafhis gwpatioalrelatelite hoseectnd! rory partudﬁurtyﬂe%tatés tantbsohgengng
corrosive fluids, such as_sul phurjc acid. It is well kpnown to use hose for
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be Sufftd:amthpdfdfmalbhgealma;je gi ven Iength must be at | east partlal ly
constructed of erX| e.materials,, | non-r | ials, The structure
of such hose?ye'ﬁa%fp plicationsfq qrasenyalv e pgwg%@ffra Stena MP&P?%"VOW
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the wi nttangsorﬂngmradmbdawlﬁmdiﬂlqaldsuam'ﬁowaﬂés fromna fiked anfoating phddhictiobul ar

ceal i nybleipaptoRE BhiiEold B caifeson iy Bl il GoTamhoi 8 & et BaRB storRoene

st rengt bni’todélWe‘r%gt(‘S'lefJe'I%qlaélhgr(fér@ eéi%'&(@lﬁl HOMRY 'réfuelll'ﬁg lh%ﬁhuﬁqql anger
| ayers of the tubdlar él l@é conprise fabric lrayers forne a pol yester
HESh

such asCNayhodEOSve stieh assulphueicianiér medi at e seal i ng | ayer provides

ol yrer i o 11 [ wehlshBuniy e bR ESEeRbhRRof i 3 &lfuieleh Yok °
around_dwetdripérdeurenSuehiidséeissssrhmenty ted e iranbpbreliqbeibd odbes é@&t@la@l ng

wires act primarily Ereserve the geonetry of the tubul ar bo y.
Fur f i heligrgfied '%Eﬁéraitﬁlaér( NGeansljousfiedipsopare gapilB%dessi ve hoop def or mati on

of the hose W&We{?cérgcneWogé% suﬁ}ﬁer? thlgﬁ@ﬁﬂ@?é&ép%@ls b 5t% t to

resist crushing o hose escribe

Eur opeapannmllynbngbmhldztedaifrflemblmmatemnis~1~e~non4mgu:l~mahen&t$.r ~m-~~ WD 01/ 96772
-2 PCTI GBOl/gl‘zﬁ H¥g7654 A1 The hose dajscrl bed int is ) Bmfl i Q

ncl udes an | % B gy NoRe GRARIEN! GODPTISE 2 LBEIh Pory I iexigi ch

R

descr i beanvantiohakfor 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 to carry the fluid therein. Conventionally, the
inner and outer layers of the tubular body comprise fabric layers formed of a polyester
such as polyethylene terephthalate. The intermediate sealing layer provides a seal 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
geomet'ry of the tubular body. Furthermore, the outer wire may act to restrain excessive
hoop deformation of the hose under high pressure. The inner and outer wires may also
act to resist crushing of the hose.

A hose of this general type is described in European patent publication no.
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publication is a conposite hose conprising an inner helical netallic core,

a plurality of °~ layers of plastics material fibres and filnms wound on the
core, at M@@®19emME | ayer of glass cloth and at | east one | R¢FGBI/0236aM ni um
foil disposed adjacent one another and wound onto the plastics material,
and an outer helical metallic fornmer. This hose is said to be suitable for
transporting flammuabl e fuels and oils. “Another hose is described in

e R L T
for they; : i ; it B i } :

| vol vediaRaRpSFentl dytrbpyioe, Bhichtsaia®s iBiobe theBpARNGI HENBSL Rifbsist
consi derthe ifatigué navsadby repadted fleximgdescri bed i n EP- 0076540A1 and

(B-2223817A. The h d | bed in GB103 i - (i i,ng [
arranged hel i%’&&hﬁ? 5 e?‘cx‘(/:\n'rdreé,%”t’l?g)'"a#%éé??%gd&m&{ﬁfgaﬁeé\%%‘e&%gﬁbp Bﬁrﬁ@gngy
the inte V@baﬁbﬁ?é a Cbiriposfte Mok &3¢S aﬁhﬁﬂér*heﬁwrﬁemw@ortvshapnﬁamwe

hose; (i a nylon cord applied heiically to the sheath; , ( y"a canvas
wr appi ndayere wiiglasties materialdibres and fitrhewohod on;the gare, at Jeast ooalayer hégiasal | y

d wi d d t ' he braided netal sheath i
made. t o AN PHESRSRedRen S ALTBR 201 ARBSGh pdidEeni i hall e niRg &
further gits %@Pwés hitefBEahA Hbutes hERHI hasthlit folher. TRhidRGS: isN¥Y to be
applications of hose require the hose to be supported along its |ength.

Thi s espeinhbla forimnspedingdlammablefugiband ollst he produced |1 qui ds and/ or

ti d_ ab Wt t . i t t] i
Often i meapahioBel disend Masorbed b, CR21ofoRgs. Tng Rtse acbeRoms 1S
cont ai neghplibslich & an/élebiéal hewe drasbrdiuit, Ve it istinterieeMer Eaeyihg albctial Wirss
capabilities of hose, especially the type of hose described in

EPL 007 65aet tharw faniae tianspert b duisise Astpresaitiof this uihescansidrsations invalvediie
need f Orthéﬁ)ésﬁ;gpmms }ﬂ;seaérjg’co%pl&few?iﬁfepéﬁfcﬁtbrﬁ Wﬁgl?fsi&&%lﬁbﬁ@ PR/SIvedh the
e "€ T'or bo yogeni C

support. se 1s sulta cryogeni ¢ and non-cr

appl i cathosesdesiriteal in EPs00768640A 1 andyGBa222G810Ve The hoseal desgribegden GB-hose
of the t%gg 01/96772 _3_ described above. PCT/ GBOLl/02~62 In hose of
the typdV3é9eh PHS85°0076540A1 it is inportant that the wires are

mai nt ai ned i gat hed@.ﬂgﬁq%rag?gﬁjah?gg.héliea@;_e\ngﬁﬁa wifee i nner and outer helical

wires are londitu spla relative to one another by a distance
equal to aboufi) haldn extpidechnéeprgni. hose sureouraling thenintéraal véee) f ound to

provi de the best structural .inteqgrity. Howev one of the problenms with
Phis sort of MBse 3 bréifel Mopliieih slineliRghédhe cRoBsdia b0l o of the wire
to be displ aC(ﬁ[’ oUW nPlontddfd RHPREd halicdliyBnthe shBatter esent invention al so
relates to inprovenent to an outer portion of the té/E)e of hose descri bed

above, i.e., (¥b tHeCpdas wrARMing REoUskibedien roid and threshealhl aRdbody. The

techni que: - at onnet” aL PR At bt Mo TR e fre bl

i nner coil; &he braided mietdieheatigisinagds {0 llewdbe edneslations dhieetindrrivare by
mandrel and the inner cojl;: a sealin i ed aroun i nner

rei nf or é@rﬁeor%rywm RI Sutener é@{irﬁf%"PH%ﬁléﬁ%/e EIPJ‘S"E &W@Bﬁé@'f@%wtgﬁé‘%al i ng
anout er ol MaphapBidatiofs BPRBS, RUNInG HEsB b BE SUBLDRER Slchd ns iRl Fhince ™
i s renpesdetiatiyndppliesdodhel tranfperipok ten producedt liquids lasid/orejagessmentiamed
| pr over;%%e‘i itth%%t gg{ii%rﬁ‘a tsiu(;))rﬁof')tlc ccgnrlleenﬁgr?gl h%fsetlshoeﬂgr? i?x%iapable of supporting its

own weight, or the weight of the fluid contained therein.

We have now found a way to improve the load carrying capabilities of hose,
especially the type of hose described in EP-0076540A1, so that it can be used to carry
fluids either without the need for any support at all, or with a much reduced requirement
for support. The hose is suitable for both cryogenic and non-cryogenic applications.

We have also found a way to improve the sealing layer in hose of the type



Broadly, we provide an axial strengthening neans for hose, whereby the hose
can withstand greater axial tension than has previously been possible,

wi t hout iwpainmwer1yg t he ot her properties of the hose. Accor ®OTYGRBW/0AS6RI I St
aspect of the invention there is provided a hose conprising a tubular body
of flexible material arranged between [nner and outer gripping nenbers,
wherein the hose further conprises an~™axi al strengtheni ng neans adapted to
reduce deformation of the tubular body when the tubul ar body is subjected
to axi afeSERSAAPOVEnd t he axial strengt hening rreans is further adapted to
exerl a radl @ had MREdybOUERaRIb A EEGTIORAIAY R rldt Weiitnd Wbes e
axi al strengthenin ected to aX|a ten loning. In

. parti CUiT@ﬂritaiMemeﬂmdowed‘.topbsrmn Intdendral the mmarremdwouh‘erthmlcauwbararbody

and the axjal, stren eni n rre ns are W|th|n he ran 10% . Mpre
pr ef er alongit @WBaﬂﬁédlsgi@egtrP%t'He %OFQGBQQ@QV& igtange e %Hﬁﬁ@rﬁjb%ﬁaa& X Bni ¢

oy ovelSHBft: T S aGR D0t RS SEGERARE R prbUBe e Obodt étﬁ“”&HEEZQh{%"
with axHaWe?Er esmﬁm‘,therpdobmntshmtrsﬁmasmntmfehoae iciiat repaated flexmge:astoamsleur al
par ¢ Cor thar@is ne sy be Aelkafiau ! The BrakbralioBBNGr "Fhe s ubuil ar body

and the axiafpg }af&wﬁ 'i‘r%nﬁgn fé%t‘ﬂ%lété@t@iﬁ’r’ﬁ%én%ﬂ% ah 6%\%6&%%% fypat
t hey each performin simlar manner when in operation, so that no’single

conponeof hose detgribedeabave, éec de she podionesfdbe hose axteriorof thetibulaehody.t hat
th t I f th bul t th d
Lo strain | nTBSLA SEROTRASRerReRtn ERDABBABA s RLaREDHIRA eF aRAubtcn: )
of at | pRRhIR bA uﬁlﬁéﬁh@é \Swigpdachrband taftabhnépmaﬁdrénéqo@ﬁ@hnﬁﬁéﬂ ch”l'lS an

primarily envisaged by the present invention. Wile, inter-layer slip and
t he st riinghtreinforgingsf laiver isc wiragpest aegursttheotibsdammandrel | ange heutiner eoilsane of

et ng SrelgdSke Blrapod st BeiFRtsb ARG B, P b BLiiblieke™,
t ypi cal wyageti souatith@kelinfaior; amaéramré Is wiaipped tarwﬂdahéybuwrerénafdreudgt hat
the axial strengthening neans is made of a non netallic naterial

especi alaIy?f @fﬁﬂﬁsﬁﬂ @%teﬁﬁ%rthapndsgutheaM%e e saGused by cEmping @nddhehesget ai |
bel ow. L ﬁwdv%d YRS @r |ic materials are unlikely to have the desired
strain charact ristics. I'sS preferred that the tubular body and the axi al
st rengt heni nghmesem(mmntm albe relates toedre im pitovemeesit nptha‘ Eralinationl afrthehi gh
nol ecul ar  we t. pol yethyl ene (UHMAPE), as described in further detail

bel ow. §RES Pt&lﬂ'&‘? S&ody preferably conprises at |east one reinforcing |ayer
and at | east P&ﬁﬂ?% pp&laéwax.érbs’u%ngwérﬁﬁ@mé/anst#a?hésérwhéﬁedyqerémo%wo

rei nforcing ayers W seal i ng | ayer sandw ched therebet ween

Pr ef er abaywithstandigreater aiial tansiargthaayes previpusly beea poesibleewithold impeising

gri ppi n strengt heni ng neans. The ultinmate strength of
the rei g?ﬁﬁrqapaﬁ%ﬂés{g Fh)% ﬁéﬁr ef erably between 100 and 700 kN for an 8"
{200 mMm dl ameémlﬁywaﬂﬂst abpeq ey inbbstidhierd Reprogidddstiadetamprigihg br e of
the reinforcing layers) is in the range 2% taq 15% Desirably, further

r ei nf or Bibsdar kedyrafiflexitie matedalasr evess inper ad autes oripRBOBAMBE Sreans,

t I
2 genor GG (e, MEPE et Cofbrces'ap Wiel tiBhoSiEnfiRy eshs M=BRALE, feliRe! ocs
t ubul ar defonpatios of the tuduldr hedy hsmftheambuta: Indbcy is sub;edced lye@mlalyerm‘ion,md

t ubul ar ,_ shape when subi] ected to axjal tension. The f g} 96772
the axial strengthening means is further adapted to exert a radially inward force on at

least part of the tubular body when axial strengthening means is subjected to axial
tensioning.

In a particularly preferred embodiment, the failure strain of the tubular body and
the axial strengthening means are within the range of 1 to 10%. More preferably the
failure strain is in excess of 5% at ambient and cryogenic temperatures.

By means of this arrangement, the axial strengthening means improves the



-5 PCT/ GBO 1/ 02562 may be provided with two or, nore tubular sheaths in
order to further inprove the perfornmance of the hose under axial tension.

I n a part wobesd7y2 advant ageous enbodi ment the axial strengtPhEmdBeg/onssans i s
provided in the formof a generally tubular braid. In this specification
the term"braid" refers to a materi al ichis formed of two or nore fibres
or yarns which have been intertwined to ' forman elongated structure. It is

a feature of braid that it can el,ongate when,é subjected to an axi al, tension.
' Tot bl B Bate R cbe It SIS T SEsSaRCANG A e SaE fRe SAB FOBBED. | 1 <

o ot ! et nopr md ! b
pr ovi i e SreclFRLRRAMAP R eeh P ing aRaPLGIng tyBroBinb BB Rt JUR L
of the tpabbhthebtutylart edybriaiatidiid, tee enatesiatsadf Hid fubutarasatlyf and ¢he mxizl

I t t of the tubul b bj ect ial, tension. |t i

or of er | SenGinering MEATs & GINATROSPELY FombaTPls, 5a et they mechdisrtasm
braid. exemander! WhBASH! 8b&rdtieh, @8l e 1o Gin r@orﬁgbhéntofs t%BSje'c%tﬂttB of

the tubular sheath to be provided in the formof the braid. It i's al so

pr ef er r exkcessive streseesand sirainsd 3 hig means thathamatedalstaf the tdhitarbedycandf
the tuby] ar sheath.. However, it is possjble for. qnl art .qf the .

ci r cunt dhE B SFeateR B RGans fnskonBad Shann ey faRfe At Srein fara
brai d. Egﬁnaw@aldcdmyoﬁ&wt 'GVhflfshdt'3R [ gshatallongedeéd For ithe Wih& ot RBsr ai d
is formed of only two intertwining fibres or yarns) or in a triaxial form
(i.e. impplicationswinadlyeraisageddydhe paesent inveatioandihilg, interrlayerslippadibe f or
i ncreased axi.al. str.ength). Al thqugh it i referred. fo provide the axial

St r eng: REAGTEHEZAS TiEReah-oaR S Mmpdnenie M pEaR s sihg 6 Lfs F i
fornms Wil Btieeta tdaaithhnstkainn@thd eftdr of MO btk 0aithe ettustieaicconvifents e

axi al strengtheni nq, means nmay be provided as sui t abl e arrangenent of

a

cords orthe bpse wall il bif ¢9MpRERFIOR yielchstrainel QR %blarynetale naterial s of
construction p: (=Y mﬁ : orm
in the envi rgﬁ%ﬁ#@@?ﬁﬁ%ﬁ“ﬁﬁ tﬁ%t @%taéﬁéclggr.eh%us, Jt‘ﬁ.'eéraﬁlﬁ‘l 'g(hz&dnéegﬁ%@ﬁ"t he
hose t o nhetallic! mataridl,r esysquially @ ptasticsimatéribl visditableematdriais gine disdueséd in

| eakage of the fluid ,tg?rﬁ(}ugh t he Ils of the hose Tkhle%re is al so a need
for the detaibbelow,ihissisnrFatiepdagtadicimateraly At ikG IO dasireg:teain
stresse%hg%gﬁst% t he conbination of the hose and fluid weight. Al so, if

the hose I's i ntended for use in transporting cryogenic fluids, the
mat eri al s shdtisgpréferreaithbt thedbalpebady agd the axial sinengthening meansecanpries

wi t hout jany significant reductiaon in perfo nce. 01.96772, -

per caotivssemsrinaGiAh piirhobistertl, afn ° B FolasHir: ot apalvefyiene
Withstagdmmasws@ﬁsééimmrué@aih@@w.S subj ected to during transport
of fluids theretﬁrough. Thus, any reinforcing | ayer which-has the required

degree of fl &ledubulaybody@referaty camprices st leagt enrreieioscing fayes apdad keast wi | t

be adeq e i VW&, I nged [ I r j

ru de. Rere g Tayol e BRFabl (b RS ot et B TBRIOrE B8 IE3E R the
cryogenisealisgRsiensdndwichéd thesdtetwebat the or each reinforcing |ayer is
formed of a sheet of material which has been wound into a tubular form by

wi ndi ng t he dtetarably; arfugther eipforeingclayerishReavided pstweah the REteriHIPRIRG each

rei nforgl o ﬁécrlﬂ istance to axial tension, as the
appl i caﬁ%ﬁb%@{gﬁt@%?gw gf(;?@@t“\%n tg%{ﬁé't o pull the windings apart. The or
each rei nf or dihegulticopde strapgtboofithe seinforsinggdagerdshisipnefeuably dbptweari tdfeasdeet
mat eri al I y caQnmprise or re single,continupus |ayers .of {he sheet
mat or i 2700 &n €1 1aPh i dargeteRRaSadbBRIBITaDIS THEMESRA T h Al o)

t he or I i 0 I ki Of
separ at ?ﬁ@%été@rgﬁ{gsiﬁg{@zﬁami a ‘?%ﬂrlg:éar%qggbg‘lggﬁg%gglglghg?rﬁ]égfwtirﬂle)lﬁ(ﬂ%%e.
In the jayere)rae iebsameematerial ey ﬂimmiéisﬂ@ngawﬂngm@amse@oat peaferably nost
prefer amg @V%ven fabric. The or each reinforcing |ayer may be a natural
or synt M “naterial. The or each reinforcing |ayer is conveniently forned
of a synthet ippeRehNRAe aXif trafgtheR gylﬂébﬁé co%&@eﬁ?@r’é}%rﬁﬂ Ryt N

The synthetic ?olyrrer may be provided in the formo i bres) or a yarn,
f r om whifemedef paihdet of natedat ppvided in a tubular shape, such that the sheath can

maintain the integrity of its tubular shape when subjected to axial tension. The hose



When the or each reinforcing |ayer conprises a polyester) then it is
preferably pol yet hyl ene terephthal ate. Wien the or each reinforcing |ayer
conpri seswe opobyam de, then it may be an aliphatic pol yammayGBuohs@s a
nylon, or it may be an aromatic pol yam de, such as an aram d conpound. For
exanple) the or each reinforcing |ayer .may be a poly-(p

phenyl enet er epht hal am de) such as KEVLAR (registered trade nmark). Wen the

h i nf ' I ' | yolefin, t ' .b
Dol yot hEnRe PRSYIJRHORY EHE G JWkiDI ehigasniheicArde. fuEheh BBy e or
t er pol yé?ﬁoﬁﬁ?ﬁ@é’{)i}th%%éesﬁnﬁ’(?&fa%é\%Msi noaxi ally or biaxially oriented.
erabl'y, e

More pr € polyo In 1S a polyethylene, and nost preferably the
. pol yet hyl enelri a particghriyedeantageowsieghbogioieretthy | aial, stesgtiverihg yn&id\RE.
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+ Lypi cal .le\fe.%%V§ rﬁél%nggwhmﬂg ngTi?{j/ loy twe%gqg%r&ﬂeré@& Y s WIREIY Rbve \Rioe

nol ecul ar wel ght wou not usu excee out 15,0 000. The UHMAPE i s
pr ef er aintgriwinaddotferm sadelbngatedodtamilire: lieisgfeatdneooh kramlthat jta@0, €l00gate

6, 000, 000. The, U E nost, useful in th resent i.pvention is highly,.

ori ent gwﬂaﬁau I pxigl tﬁ&w’?k?nbgé?\ai‘t'&&;ﬁ@ rglo.fB@aég%hagL\gh@ril "i’%p Bhe
di recti QRyBMdr #brm, 685 HiahWstdP il f&ﬁjlc:er\/vhéﬁ thé {b@éiﬁ% rs%yép&@d ltg l&.%é#*tw?& nost

useful In the present 1 nvention w generally have a parallel orientation
gr eat er Thishy oeyidimgrastubsilesibrgidgreand the hilagtmadyaatwiihieftbe atiligtuge obither

t han 95% he c talli.nity wll qgenerall reater, than 5009 re

Lo 1yl BAG biaid Wil eely . SRfThierd Soth B EbisaT Bar ot trd Ribtias e
i S descbd')%ﬁd/hbﬂsdb(jéctédmwﬁl tdd8id. 4344908, US- A- 4411845, US-A 4422993,

US- A- 4430383, US- A-4436689, EP-A-183285, EP-A-0438831, and EP-A 0215507. It

i s particul altlis peafeead dgaidhe amise tumdarshesiblis peavidest i thg frey of thabifidses a

Fi bres. BonBYelIagERTR (8055 bl fier? CRe Y a lorRi P Bl Shb8i

avai | abbe proaded retHdSoror pfthatbraid. Al | i edSi gnal I nc. under the trade name
SPECTRA. Additional details about DYNEEMA are di sclosed in a trade brochure

entitled "DyNisaRo preferiegiihatine braidexdends all iherway piosinelibe skciyrterence of

appl i cagi.on. i y . . L |
A+ ot BipuaetRbartiy HOREHE AN oSBT Dnly, Baftor e SRlMBRMEE Hhe |
" Spect r bbtarfshventn e bdhrevidad 4 thesRmedofitheAraidedSi gnal I nc., edition 5/96.
These materi g|s have been avail ghl e since, the,. 19380s,. the preferre

enbodi ment . THE BAGINER BPaTRYHPRTAG Bayar LBt s Bounishiins Bra i e Phred
of fi brGﬁly%{}\/oaiﬂge?rﬂmhI?mgafik‘!}%_fstor%@n%npindé ig&tiaOdrmVé.eN iV hicPldrd BAd aldo | S
particularly advantageous if t'he or each reinforcing layer is arranged such
t hat t hionpiibdinallyexiendingtibiesroriyaras, faninsregasedaxinksirendibh 20 to the axi al

the.pr ef or r A ORuIRR Fontefad RSl bl sheh it RS S s s '
that therdi@bitirpapese ploviged iinnother dbrras vamigh emebt fii@fudétionad réquirements
pref erably about 15 to the axial direction of the hose. The purpose of

the seathemifiedpbpvesihys, theiaxal shepothening Meansearyde provideshasasuiigble
arrangement of cords or ropes helically wrapped around the tubular body.

The materials of construction of the hose should be selected to enable the hose
to perform in the environment for which it is intended. Thus, there is a need for the hose
to be able to transport pressurised fluids therethrough without leakage of the fluid
through the walls of the hose. There is also a need for the hose to withstand repeated
flexing, and to withstand the axial stresses caused by the combination of the hose and
fluid weight. Also, if the hose is intended for use in transporting cryogenic fluids, the
materials should be capable of operating at extremely cold temperatures without any

significant reduction in performance.



fluids through the tubul ar body. Thus, any sealing |layer which has the
requi red degree of flexibility, and which can provide fihe desired sealing
functi on, woloi/éms2 adequate. Al so, WO 01/96772 _$ PCT/ GCBOPAI26E# /02862t he
hose is intended for transporting cryogenic fluids, then the sealing |ayer
must be able to withstand cryogenic tenperatures. The sealing | ayer may be
made fromthe sane basic materials as tHe or each reinforcing |layer. As an
alternative, the sealing | ayer nag*be a f| yoropo suc,

pol yt et r af | uof BRtMRYINeRPOPRTE) they PGG’f‘irﬁ' ¥¢ %Eﬁ%t‘ﬁr"ﬂgﬁ?%ﬁ the, foopner
such as &.Lapal\Wifeh i pp?é?é EH&EE@'QS[%«?&Q@a@%@ ?fﬁ%ki%@@%rﬁmrjoﬁﬂﬁ. Thus,

(tetrafl uoroethyl enepe uor opropy
Fl uor opramiuceinfarcihgr ldylee whiahichasatiee Tefjlived Riggreer ofafléxibitityi, rertdeavhich can

hydr ocar bon - fluoral ko - available fro Pont.. El upr opr oduct der
The o aquitnstant Fhe nefenmaty Sesses: MILRe Rbupateso s the: RS endas for
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axi al strengthening nmeans is al so provided around the insulating |ayer to
conpress the insulation layers and maintain their structural integrity. The



WO 01/96772 -10 PCT/ GBOLl/ 025G formed of fibres arranged in a weft and warp
direction, characterised in that the or each reinforcing |layer is arranged
such t hatwphetabric warp direction is at an angl e of | esaGBO1AA562) nOre
preferably less than 15 , and nost preferably less than 10 , to the axi al
direction of the hose. The hose according to this aspect of the invention
may be provided with any desired conbihati on of the additional features

d i bed i | i ' he h d h
vent | YeragecopEHEn wsiahiare A0yl Wceheatvrsif ahd cand il shoveded o
met hod  9ingfRidd) OTRe WS hPQUBIra'g%' .ggiec&aar We?rg ol mtr&ﬁug%eedt g@aaﬁtar

mandr el ’to forman i nn Wrappi n eet materi aroun
- t ubul ar 15@00;G00. arfe Ulrﬁ\/IWmErls cpneierablgteuharactprlwd ty & nmalbaular V\tmgiyt frommed

over s pbad bABOGH00ecs GRS Thed BB Soshiisdtul MebEaruseul veRaTS
axi al - shiRRILAERIRAOaARRbMG LERAIPHALS %ehhiﬁ@éhéa a%%ﬁ%.‘ﬂ?@'ﬁwa?h%@ h

al ong t so that 1t at east parti covers e tu
(d) wr agipectipreand atlemsb Bl & tireeax the etheeldgebmn ng sheath to form an out er

il d f _the, h d in d) : d (f
Fermovi ng t he B SHMVEEFRES Hiet df therapBREBVS M {anutiy Gereralithia R ndrale
gﬁ 521 3lrm§ﬁt%tlaﬁ§ré%r WBO%eriﬁbféfUédhl rtehte ehdm gmwwdrﬁemﬁswr%t@ood

Integrit Preferably t eet material 1 n step (b) "cOnprises
two rei ﬂfanr%%gThegzejsﬁlhmndmllcgenagﬁlbfbﬁ@t‘eataythay@@%, gr@wly@eeatabm I n

the prefgrred di.rent er rei.nforcing layer, in sheet fornm is
vvrappedrﬂﬁéi ?% g@w@mﬂﬁ’g@k’f@rp%ﬁﬁ@ €and the nmandrel; then the seali ng
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| ayer; then the outer reinforcing 6%9 i In sheet form is wrapped ar ound
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st rengt g ‘'sheat h descri bed above, and is preferably a braid. Preferably
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sane pitch, and the position of the coils of the Eﬁ@t@éh% are paosjtioned
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i nvention there IS prov 0Se conprising a tu
mat er i atheawSmpdrmhwodbe\d&gnahmeruadet the toadeenammiﬁi?EQTﬁ@nber s, the
t ubul ar body
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conpri seSyREIMA! el thp iePrdrdanBe #i fibé&lisS pRRAIEY SN EphitaitibHPIssaEd BYdySM
High Performance Fibers BV, edition 02/98. Additional details about SPECTRA are
disclosed in a trade brochure entitled “Spectra Performance Materials” issued by
AlliedSignal Inc., edition 5/96. These materials have been available since the 1980s.
In the preferred embodiment, the or each reinforcing layer comprises a woven
fabric formed of fibres arranged in a weft and warp direction. We have found that it is
particularly advantageous if the or each reinforcing layer is arranged such that the fabric
warp direction is at an angle of less than 20° to the axial direction of the hose; we also
prefer that this angle is greater than 5°. In the preferred embodiment, the or each
reinforcing layer is arranged such that the fabric warp direction is at an angle of from
10° to 20°, most preferably about 15°, to the axial direction of the hose.
The purpose of the sealing layer is primarily to prevent the leakage of transported
fluids through the tubular body. Thus, any sealing layer which has the required degree
of flexibility, and which can provide the desired sealing function, will be adequate. Also,



Accordi ng to another aspect of the invention there is provided a hose
conprising a tubular body of flexible material arranged between inner and
outer gri mpoogosTetbers, the tubular body conprising a seal POU/GBEYB2562
sandw ched between an inner and an outer reinforcing layer, characterised
in that the sealing |ayer conprises at éeast two polyneric filns, one of
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hose to the other. However, nore usually (and depending on the | ength of
the hose) a plurality of separate lengths of the polyneric filmwould be
wound around the inner reinforcing | ayer, each length of filmcovering a
part of the length of the hose. If desired the sealing |ayer may conprise
at least two heat shrinkable sealing sleeves (i.e. tubular in form which
are arranged over the inner reinforcing layer. At feast two of the sleeves



WO 01/96772 -13 a different material. PCIT/GBO 1/02s62 The sealing | ayer
conprises at least two different filnms and these are preferably arranged in
an over| appiomger7el ati onship. It is preferred that the sealPOTGBENRF62
conprises |east 5 overlapping |layers, nore preferably at |east 10

over| apping layers. In practice, the sgaling layer may conprise 20, 30, 40,
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W have al so found that certain materials can provide hose with especially
good insulation, particularly at cryogenic tenperatures, In particular, we
have founaveluape7abrics fornmed of basalt fibres provi de palPCrgBoaRss2good
i nsul ati on. Thus, according to another aspect of the invention we provide a
hose conprising a tubular body of flexihl e material arranged between inner
and outer gripping nenbers, and an ins'JI ation | ayer disposed around the
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| ayer. Fﬁﬁkih@@”‘lﬁ@éééﬂﬁ%ﬁslr@ler may conprise a synthetic polymer, such as a

pol yester, a“polyamde or a polyolefin. The reinforcement |ayer may be nade
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above. The tubul ar body preferably conprises at |east one rein orC|n% | ayer
t!
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made of conventional insulation material and|lor made of the basalt fibre
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the axial sti@not Nadiddthd'BRe BRotiPiE Bes SHeitfhorfig Shdattito e Bter
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aspect of the {nventi ere I's provi
, coil;

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

(f) removing the hose from the mandrel.

Preferably the coils and the sheet material are applied under tension in order to
provide the hose with good structural integrity.

Preferably the sheet material in step (b) éomprises 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 tubular axial strengthening sheath may be the same as the axial
strengthening sheath described 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 coils of the inner coil.



maki ng a hose conprising: (a) wapping a wwre around a tubular mandrel to
forman inner coil; (b) wapping a sheet material around the tubul ar
mandr el awW@® ®11672nner coil order to provide a tubul ar bodyPGlGEBRHD26G2 t he
sheet material; (c) wapping a wire around the tubular body to form an
outer coil; (d) applying a curable liqgu d resin over the outer surface of
the tubul ar body and the outer wre; ?@) allowing the resin to cure; (f)

[ th ds,.of . th d ' t , 01/ 9Gr.72 -17
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met hod 4 yabiar beRYRIT RS @PRAtEHBaRanders BEBIdM ah agér AYE BN dReLYfigingesi n.
The insulation | ayer preferably conprises a fabric fornmed of basalt fibres,

- as descmiepekerabtheetubulardiasly satyingdtedrangportdluid duguglajhe bape asd ta praventar

ror s CrefATERkASE LG ine o, cRadbriatd i A hORE Yl B A e
‘of the fy titwiar bt Hrpdess airdah MectupulaFdgur i ng may take place

sinply Dy leaving the coated hose to stand in air, or nmay be effected, or
accel er at ed, Apgorgingisranasheraapsctoidhedrvandignithgre ispeovidedad hpes cOMPESINGX may

ol at eon RO aR 1B it e o 8h e ARA G Riipblo BtRYe. "
Br oadl ythetthbglar bodl compristhgd séalmatiaper sahdwidratsetaeeniarsnngr andhasuiers

mat eri al having gas bubbles injected therein. According to another aspect
of the f&iNirEiNgGlAYRE ghesoctgased dbat thesgrling layercanprigasratiras) twe pelymeris) e

by | ay iy ORPSE e i dny Bte it S el Rl R SRR Bt°

mat er i abf & egtand potyngarsdiffelsit @ant ther firshpolyherpl astics material is
preferably a pol yurethane., It is preferred that t | astics nateri S
applied to tiean apRednl mﬁxﬂ%@g%&ﬁmﬁadwtp@%ﬁ] g’é“v{)ﬂ&b@qrﬁlf‘}m?ﬂﬁtﬁtﬁji d

e Ry HED0U SP88 vl ihefetind aharie s Subar it i
ai r, orproperies affthe opedatingteanpeeataraaed préssuse Rrefdérablyrtbeositerditrh imstiffer
heat | "Yhan the inner film. The effect of this is that in the unfortunate occurrence of ahose
burst, there is a controlled failure of the sealing layer such that the stiffer outer polymer
fails while the more ductile polymer hoids the internal pressure for a finite time, allowing
the pressure gradually to dissipate.

In the preferred embodiment, the maximum strain at failure is in excess of 100%
at ambient temperature for the more ductile layer, and is at least 20% less for the other
layer.

Each polymeric film of the sealing layer is preferably a polyamide, a pblyolefin or
a fluoropolymer.

When the polymeric film of the sealing layer comprises a polyamide, then it may
be an aliphatic polyamide, such as a nylon, or it may be an aromatic polyamide, such as
an aramid compound.

We prefer that one of the polymeric films of the sealing layer is a 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



The gas bubbl es may be incorporated by injecting the gas into the plastics
material, before spraying, while it is still inaliquid form The

resul t ant WQQHEP678X gas-contai ning plastics material has soRETEBO1IGZ562
beneficial structural properties of the plastics material itself, such as
good wear and crush resistance, but al§¢_has substantially inproved

i nsul ation properties. It also has inproved buoyancy caused by the presence

and w ¢ DRVIRPE. GPBrE oURBibA Tt uRElT Selhitite” MR Mo n bl b
gas- contgivrBERhR#édAar Welght rangd, BtO)ViSE R elabbveun rdlafion &y tHe @infet@agi cs
mat eri al, which does not contain any substantial amount of gas bubbl es.
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| ayer of OByt aihe ERtelieEy Seine AENBARE Hrad fr e sl a/dneqq h6Fte

gas- contisé Ba@ 48RS pafdnedtersdt thetMWPENgsed mythe reinfotclsg lagardrat eri al
conprises a pol yurethane. Both | ayers of plastics material can be applied
by t echni quesSHicadhetsaalingdrysh isgntenden tasprevide A ealing Auneipnethe sealirg on.
Any sui | I | i ogen
o an 1 SRy SHBER ARG RN ol oF b il ORI SIS B ofihab B0 18

aer at i otpanispofted flaidsb| Thuan thehighbt eientdd IHMWPE oeeds ipbedrbyidbdm a form
specific gravity of around 1.8 w thgut the gas-containin Pref erably

| .
t he hos&Mel has saiigfaglory $ealing PLORRILES + |hese proguicis,are 11§t9qity§¥r3{/i§srﬂyn It 5
the hos ary s t res : re
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this construction, as containing layer would I cal 'y 'be di sposed
out war diethybéne fpropylese capilyment such ast aicopsigpebloé Hexaflupepyapyleoatandi ng

I t I t d ' fri h that th t ai ai

a1 he AT RgrWeTsC e Tab R B hEmet G ardindy Sy JEb Ao Dbent 2
t he out @udtbpRiiuets TRABE e tAfdO hehitd TefloATEREbr 35 Pa6finaled! pdroBd&dn on
there is provided a nethod of making a hose conprising: (a) wapping a wire

around fefflunialkpxym@ypiabledremrAuRBany Riverorradpets wydenthpdrade naggekefion
mat er i alPFe,h[ %etfnﬁstrﬂgylb%rmﬁgg%ryeé tﬁﬁﬂ)f}t&e?}'/ R&lin _oiI order to provide a
0 st rmat . (C

t ubul ar " body torned he 'shé eria wapping a wire around the
t ubul ar body Prefefabiy #ne eeating dayér, cémpriapplay phyality ofuteyere ohesarhedf thejui d
A1 1 oni nOBHRETCCEHTS. 1B 2L ETAS B e SB16rE AV b ESsAL PR BINE ATk 7 Gas
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 all the layers of the second polymer, or vice versa.
We prefer that the polymeric films of the sealing layer are formed of a sheet of
material which has been wound into a tubular form by winding the sheet material in a
helical manner. Each polymeric film may comprise a single continuous sheet which is
wrapped around the inner reinforcing layer from one end of the hose to the other.
However, more usually (and depending on the length of the hose) a plurality of separate
lengths of the polymeric film would be wound around the inner reinforcing layer, each
length of film covering a part of the length of the hose. If desired the sealing layer may
comprise at least two heat shrinkable sealing sleeves (i.e. tubular in form) which are

arranged over the inner reinforcing layer. At least two of the sleeves should be made of



bubbl es therein; (f) securing the ends of the hose produced in step (e);
and WO 01/96772 -19 (g) renoving the hose fromthe nmandrel.

PCT/ GB0O1/WDP¥6267The term aerated is used to nmean that the rrEI/GBl1IARSd2EEN
charged with a gas, whereby, upon curing, the resin forns a solid materi al
cont ai ni ng gas bubbles therein. As desgyibed above, the gas may be, but
need not necessarily be, air. Accordi nYg’to anot her aspect of the invention
there is ovided,an end fitting for termnating an end of a hose

conpri sRelffereptm@aetialhody of flexible material arranged between inner and

outer heli catggng%?g%g t@g@té&ﬁﬁhbé@ﬂt !e%sﬁ{&@édﬂfﬂé?erﬁ'?ﬂ’m% 'ahHltﬁ'él% Qfgt)pﬂ‘g

I nner nmenber di sposed at ast partia ;

. seal i ngarranged ircalapvedanring ealbtionshipdsis prafarred thaihmasaahhgrlaymd)pnmswen
t he sea menmer and the inner r; . and separate | oad transferring
means. A28t 8QEBSPPIGEYIR: WS ProGIRILY sb et d Ok BT RBP RGIESlso rarachie
+seal i ng h@é'g%ﬂ’ | onne é}pipzm N hose
bet Weent t he sgg '%@ﬁg%g&ﬂ;ﬁg%gol %2e§0 L b% of Pre ra%‘a b% seaITlrh%g
menber upperdinpit tar the nsigaterat layexs tdepands upon I’Nee ou@mll@rzemdpemseybat ibisnd
the circ r%%?e be ween 6&3{ seal menber IEM bnner nber m

i nner ni BIoLe thaiy 10! Bgﬁ‘é(ﬂf‘ ?E?%VFPn PF@ P A?XF'? Qs Vil
menber  §sffigieft. erRbiNickne sk eheh Taydr o?Fﬂlrh %@d%l@ﬂlytbé Fn%é'réiﬁgé B th 08"
menber therein, so that the tubular dy can be cl anped between the outer

sur f acemigrotiirasn be lasars uill l@@madwp @fr@trle@sirtwa@l@‘fe;renttua% pheplymegc§lmal i ng

of vays.  For Mgl SR hE MhpheTrisah e THERE i S8 efiito ™R whef H8l i dea
in the povided. a split ring which can be tightened to provide an adequate

seal . In another enbodi nent, the sealing nenber na¥ nply conprlse a
seal i ng ri ngPuiee@bly.sthensealingr P&‘ﬁéﬁd’@qr | QOrAPKiISeS Ak Q%ﬁé}nen@bfﬁépa riadiveqrer |
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polymer may be, for example, a polyester.
Suitable polymer coated metal films include the films available from HiFi
Industrial Film, of Stevenage, England, under the trade names MEX505, MET800,
MET800B and MET852; MET800B is preferred.
A further metal layer may be disposed outwardly of the sealing layer. Preferably,
the further metal layer is disposed between the tubular body and the outer gripping
member. Rockwool [ayers may also be provided here to improve the thermal insulation,
preferably between the sealing layer and the outer metal layer - the aim of this is to
create a thermal annulus between the two metal layers.
According to another aspect of the invention there is provided a hose comprising
a tubular body of flexible material arranged between inner and outer gripping members,
the tubular body comprising a sealing layer sandwiched between an inner and an outer
reinforcing layer, characterised in that the sealing layer comprises an UHMWPE. The

preferred parameters of the UHMWPE (molecular weight range, etc) discussed above



The sealing nmenber preferably has the features of the sealing nenber

descri bed hereinafter. The |l oad transferring nmeans preferably conprises a
hose engawog/gserber, a load transmtting nmenber and an en#CHGHIRO282CUr ed
to the inner nenber. The arrangenment is such that the sealing nenber is

di sposed between the |load transmtting ggnber and the end nenber, and that
t he hose engagi ng nenber and the end né er are connected through the | oad

transmttin hose engagi nhg ,menber i s a ed t ngage, t he hose
in such rﬁ%ﬁﬁgrtotthgtregﬁor%{ayﬁg?,targfal%@pgqu)%ﬂatﬁgp% rh%feﬂ' gg% are
t ransf er s ﬁﬂ%@b ggrmq g
menber tré Qr l(%(r%srﬁbw?e% ger‘%g]s toe'?ﬁtgg oa transterri 28 JNQMWPE% ﬁg’ééll oad
t r ansf erseahgg aprdreread poishe tlse shaecas the parametens of the WHNWIPE iusedtin theay,
at | east rt.of the axial forces in the hose bypass the sealing nenber,

t her eby FEWPENGGYEMe reliability of the seal provided by the sealing
menber. It 'anﬁﬁ@.fa%rtpre%tioﬁﬁﬁémtveﬁnbrmrtfefher@émﬁa\@ nag@r &%rmea%fh@aﬂﬁﬁwaqr_ﬁe

nmeans i nclude a portion conf |gure tO recel ve t w res of ose.
i nner msidmMesc iris net pssemtind domihehslneves td be enads of difttipniaterials duitvbey he

inner wre there| n oad transferring neans can be provided with
hel i cal "P‘é@é%es ﬁﬁ‘ﬂgwgéecel ve the outer wire therein. Preferably, it
i's the hose qROURG MdsIRIBEhtRe otdé,eehfb@a.rﬁémnéf ehé | iRGemit) Sthehésdlings layer

provided with the helical recesses. The |oad transferring nenber preferably
conpri s@@nwrlaﬁﬁcattleaatsm polymericafilns ohdifrrers matsirieds, landiatleashape of thewi ng
an aper rea apted to eive th pl ate has a surface
engagea%‘?J ”(Sﬁé amoglé'ajn Q&ﬂag?}gﬁ@a&m%ﬁ@%@ﬁgﬁgads can be transferred
fromthe hos@r@fwasyn%ér%ﬁﬁgtlgyémrmeat@mﬁmsl aBfbdst INeS POIYIMRY JTNGET
preferably further includes a | oad transferrlng rod secured between the

pl at e amaetetis fbmdoremasallised polyaetfli:i ng 1 oads fromthe plate to the end
menber. A ti r The
i nner nenber 9%%0@ e'ﬁgbﬁ @serggﬁ(g)%e&?ﬁ%m&%hh tl?E’Hbrg(gsagte e?%{j%x er@qe\ﬁ?ﬁ?n an
end por tatabul bblg ofifiexibleandtexial arrbngeﬁibehve:ﬁranheoand batelngﬂpplagmeﬁﬁbersend

menber is arr ed. on one ,side o e sealin acent the tail

end. and embtﬁaf R sling VST FARUNBNGH BeGuees AB AT GBcn ier

eal n he
;Snnelr ?ré er | g*ow Igérg(: %ﬁt@gg‘tﬂ E’%ﬁerf'dlﬁg\oﬂcoérﬁ @é%ﬁq%a%y%g?%%g{/d{)%&
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menber, be owthe ealin i ng. r hfor nacts npr qve the
Ceal of HHE St AL A BeRlla: BOFIRS PatLmEtdNe R o e melatised Hahhek,
menber fgnbe pul l ed from between the |nner rrenber and the sealing ring. It
is preferred that the or each formation conprises a projection extending
ci rcunfer ent |Tah€1 petalaangaining Yo is-refactivecand thenetoreredrcee heat lospesinegb| y,
t here ar

the | Gl oy epePENg i for il Ao, ) Aabl BIPKR) BiERtg O)

wr appi ndiirg plmv@eergwddbarrietatmbpertmnﬂfeeéby ceduing anaponn&ansmlésior( b}his is
wr appi ng a_sheet nateri al around t he .t ubul ar mandrel and the inner coil

order t&SERUP peevent matedr! IogayransPAENIEIaSese sheet naterial; (c) w apping
a wre aroun r r [ t he
hose from t hglvhgﬁébgws%hgﬁgg%’ngeﬁ sfadg ﬂé’g’ﬁrﬁb‘%@pﬂ%ﬁé}ns gﬁgn gtdﬂs d :ﬂéép:ggl ng
an in ]Elerprmdbmsulatlcmbmehe éurtly | b?dya ﬂme?nsﬂéﬁc)rr)] cbalmrhm%roaudedaﬂatween the
transferring neans to.,an outer surface of the' hosg; an ing a
Seal | ng MARFS 204hS SHPWRN simBEGaSH0; AutsidE theipafsagre. A Bsudlbniey

met hod chHd?’%b hatrife n%ﬁd‘r@llk%ﬂ% ?ﬁ&ﬂd@@h‘/&ﬁ’é’ticﬁ{ thcrf/Qé;erﬂB@q(J@merﬁth)

pul ling a tubular aX|a st rengt heni ng nenber over a free”end of

mandr el susb asha syrnﬂaetmrfdam neatedakl One tpairiiculady sitables forem of hmula@omrber
t hen pul ] i n[g 8 i al strengthening nenber along the mandrel so that it at
| east ng?F lP ?/ 8 rs the tubul ar body. Preferably, the axial

strengt heni n@OAERERSECH F tﬁbalﬁmﬂudwreuéies It@aﬂprcd\mﬁ@m ﬂem bnmé%f&ﬁ@

met hod further includes the following step after step (f i) folding back
t he tublioge. Bxoadlysotk ityentanigvelues drovidiag &npaamsém m%tm@@uterrwm%w. ng
nmeans.

means. Brehenablioh orfiBldriishi e Wexis hiiB4 8 bt ngts, app! i ed under



provi de the hose with good structural integrity. Preferably the sheet
material in step (b) conprises two reinforcing |ayers sandw ching a sealing
| ayer, aswOaswoeitbed above. In the preferred enbodi nent, arGmeEBUI1/02562
reinforcing layer, in sheet form is wapped helically around the inner

coil and the mandrel; then the sealin ayer, in sheet form is wapped
helically around the inner WO 01/ 967 -22 PCT/ GBOL1/ 02562 reinforcing

| ayer; then }\he outer reinforcin 1:a in,sheet form hs wr apped . ar ound
t he sealing P&Y¥ 'nQJE%ﬁ'P‘P eﬁagpggiaq) %F '81"9%%[1 WﬁgPrPW@r% 088 ICOMHREISHED R ed.
Pr efera{ﬂh rér%dyrB??lre W%ﬁél a‘?PAH %H'rhﬁ‘&é Ot'g?phgﬁi'ng“rﬂé‘ﬁr'b% ation

havi ng e sane |tc he posr on of the cor ter coil’ are

- posi ti oclmrabtértsed nsy taCd:urbdngsrm nfa’rmetirs‘porsedtamupdstheltubulef bodg, the baterf t he
inner coil. It is grblefor t he hose to be removed fromthe mandrel

bef or e gwleadnembersr ejng af Lef?@s@@mﬁlkvhewbﬁfidem dha desingmatrix incoksley to
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hose t ohodw end fittrng whil e the end frttrng.and the rest of the hose
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invention there is provided an end fitti or sealing an end of” 'a hose
conpr i sappjicationd may raswite nodre flexibibtydhantathérs! arranged bet ween i nner and
outer helic aracterrsedrntha t he end

conpr i ses: _ anb R MAS T OPABN O a8 NUTRICEMARST SOt aRPbE~I3a ¢ ni n

the hosgjs @é’rsbaarwieréraad iha¢ tr?éi@srreﬁraw RaAhdébf hadsteriaRthht, Priok R?CL‘MHQ" ar
body between the’sealing ring a he inner nenber; wherein the sealing

menber is@apableef keing apphed in lrtgméfnrnata:’rdmm@@s Typicatybe ungureseginemalng

body, - pe PRl BB ReRT SO P TRE N bl Tl ties Rle St BB e
in ordeo be agplret bvet Yhé nut@asarface dectheatsbuldrebedymmes theoutar gepsihgt he
conpressi on nenber against the sealing nenber In one especially

advant a@emRerSemm%ﬁwedt Resitbigplosisa @ﬁ"%fr‘ﬁi@l?ler@aiﬂﬂghwﬂm@%@%ﬂ it t he
seal i ng wle{agr& @rﬂeﬁ'\o é?ur%;gle‘?c,ct ively increase or decrease the conpression

force o sion er ‘agai nst the sealing nenber In another

especi al ly aﬂham@agmaiaxmmpbbntbmalayeeundepﬂmtemmmmgamemldertamj aleal i ng
ring are renovab
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temperatures, so that, if the resin matrix cracks owing to the cryogenic temperatures,
the adjacent layer holds the resin matrix together by virtue of the adhesion between the
resin matrix and the adjacent layer. The most stable structure is achieved when both
sides of the resin matrix are bonded to adjacent layers.

We have also found that certain materials can provide hose with especially good
insulation, particularly at cryogenic temperatures, In particular, we have found that
fabrics formed of basalt fibres provide particularly good insulation.

Thus, according to another aspect of the invention we provide a hose comprising

“atubular body of fiexible material arranged between inner and outer gripping members,
and an insulation layer disposed around the tubular body, characterised in that the
insulation layer includes a fabric formed of basalt fibres.

Suitable basalt fibre fabrics are available from the Sudaglass Fiber Company

under the trade designations BT-5, BT-8, BT-10, BT-11 and BT-13. The preferred



equally in all directions. WO O /96772 -23 PCT/ GB01/ 02562 Preferably,
the conpression nenber is of adjustable dianmeter, and further conprises a
ti ght eni ngvoeapsy7nhi ch can apply a force to reduce the di aP€méGBw@io2idle
conpressi on nenber, thereby conpressing the sealing ring within the
conpressi on nenber. W prefer that the npressi on nmenber conprises a split
ring or a jubilee clip. In a particularly preferred enbodi ment, the

' nmb [ d f i-al ' ts | th ,
ceal i ng PieKgORREHeBPEE FIETEREBD; 1M YRre SRR ednal daSvat g NE Yy
of maki qﬂ%é@eofméﬁasﬁﬁf Haﬁﬁﬁ’e ggwed'[he sealing ring and the

conpression nmenber nay be any “sult material. There are a nunber of
mat eri al s whi\ie hevesalsd foutebsihat thedngtilatien propertieveof basaltifabricsithprovmandery .
We prefer that fhe r(]:ongéressi on Felr}‘oer isd st ai nl ess .ste[\el and taz seal | rl)tg
ring i s (ETRIEERIOY; (RITPENENYE SHET]T BPREP VIR SOPIRLPRYIGR Igyer gfoun Pf‘fﬁﬁ?ﬁ% ng
conpri s&abfig! Whieh &efvddlfofcorpfdssaiheWaaaf 1aydrl ed PTFE, as this helps to
prevent creep. The sealing ring preferably conprises 10 to 20 wt % of the

gl ass filli nglhe insulationgaysranayfurthesinclide layess madetnd other ingidaticst material,

mat eri al ich contracts |ess_than the seali Ln n. subjected to

cool i ng.s. i? ‘P@éﬁ”@r’ @Cfﬂggjst aé$ﬁ88t°?'h%[33’\ﬁﬁ@ﬂ°f hag%m%"eqﬂctti ng i s cooled,
the sealing nyegrefst that tife M URatidiRYEPRIHYIGHCITBED G ledsh@heeirfb@ahahtng
the grip of the sealing ring on the inner nenber, and inproving the seal.

The i nndayereibereinfgrepmennd teyesmaysongprisesnthelicpolwner, sughas@nolyaster, anas

mner b cE TR G, Tife RehiBbuTentTaip G Rlbbeheds 8 Bl seiib bbifuds "¢
adapt ed dgthengegernsroutepasitifording eyers bithartubiiabiesdy, btlichvareliessaisdd abové.ng.
The or each formation stretches the film which acts to inprove the seal of

t he t ubdf igrpartieary preferrgdthrbthereiiercemantilaygriof thg inswiationdayeris aania t o
b ” . ) g
or ot chiTgh FRAARAIGEN: Bl eRiien TRV PEY, Jikh SEBYNIENAHF SRECTRA, as, |

i s pref afaserdbéthabotrbe or each formati on conprises a projection extending
circunferentiglly around the, outer surface,of the inner nenber. Desirably,
Chere ar et wol s PRI DaGY RS Teiab g icoRiirises 2t st e rSnEriBg IRYRIANGRE 1&eh | n
ring is i f ' i i PRIEe [t -

enbodi rre(ﬁ{é, éﬁgfgelﬁgéﬁﬁ\tﬁ?ﬁr%tﬁ%?ﬁ 82&5% ges a F%’%cqaltn?%'%g eﬁ?%gwggatﬂg as
descri bewatibgJayersarsivdched therabetween.aBpe tubwar bady ipreferably hasHbessamne

provi de hos onpri sin WO 01/ 96772 . -24 PCT/ GBOL/ 02562 a tubul ar body
ofi fl egﬁﬁﬁugeﬁéﬁifggglﬂbtﬁ%l}ﬂﬂ%gls&lfé&cﬁﬂbg\g inner and an outer helically
wound wire, tTiR tubitarebodp dyay Airthdtdntioderaits ppiork! iHbdiation dagdrstrigde asfe
and to prevent fluid | eakage throu?h the body, characterised 1n that the

hose f urconeeniienglinsidaticthmaierialiandiorgnade atlberhasali fikmpbricriescrkrdakovmigi ng
menber may tr, s : i Jrictiagnal
forces bet méﬁﬂﬁrgfﬁt@%ﬁfggf ﬁé&% gssé(;lgé ?&%@%W&@%é ra&}#%ggb%%ﬂfr{d |:n§a‘n8

pref er r e ddsaribei@abuoyee engagi ng nenber is adapted to secure a part of the
hose which is fol ded back over an outer part of the hose e i ng . menber.
Thi s arranger%?ﬂor‘%ﬁﬂﬁ AROLHEE ASpeEt P%)uthﬁ Eﬂa"%‘l‘)ﬂe CHal% PB‘?V'Q%@%H%@?% of
transm tmé‘gﬁg% ﬁ(ﬂsé@&BEﬂgﬁgengagi ng nenber. The fiolded part of the hose

the tubular

may be part body, but it is preferably an axi al
st r engt heni ndajreangrappiricha wice arcaindza butailar, masdokd $o forbredn mmencoilThe t ubul ar

body prefera conprises at |east one reinforcing |layer and,at |east gne
seal i ho | ayet) vomiepPERLR 3hpt et csp i EblfbriSie Ang s ke ol <
with the sealing IgpyeF tcaRAMEEeEbEIELHERRTMRATY ofthe dndeuhidteREy preferably
has the sanme features as the tubular bo g/ di scussed above.

(c)  wrapping a wire around the tubular body to form an outer coll;

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

and the outer wire;
(e) allowing the resin to cure;

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



The tubul ar body may further include one or nore insulation |ayers nade of
conventional insulation material andlor nmade of the basalt fibre fabric
descri bedW@we772lt is preferred that the hose is al so prRGCTIEBOVA2SER t he
axi al strengthening neans as descri bed above. According to another aspect
of the invention there is provided a hod of making a hose conpri sing:
(a) wapping a wire around a tubular mahdrel to forman inner coil; (b)

wr appi ng a sheet materjal,, around the tubul ar mandrel and the inner coil
1 Trf g Teandh

order to prol@de Zemoynadhedinse @ANdRE sheet material: (c) wapping
a wre aroun sy ic@khi i ' t he
hose fromt hgr%ﬁ%@gweﬁﬁgr act%%gggbﬁﬁ {%ﬁ%‘ﬂfpﬁ){i*ﬁ%ﬁhdngﬁg%éma(yée?'Eglég ggasi ng
an i nnecuneeiesin. iThednsvlption éayer pirefierablitcomprise} adipprigiforgned ethdsalifibreag
over an_outer .@urfﬁce of the tubular body; and (g) applying a conpression
member gs deseriped a P¥%g ring, and conpressing the sealing nenber into

' seal i ng engagesmpl(cytihé tibifarBody by B6FPAse attbliBEbbAYES dBBEHRRI asovedir he
conpression nmenber.” Preferably, "the” conpression nenber is made froma

mat er i apawtisutat, doattubutes bodyonoay dwtude -ae RCTheEDINDASHMN (layarstmadet ok

renber PRRYEHEERRns BRI elE) R8I0 e Tus bRl e Tt A8 HBTE e
seal ing ringTha cﬁmnbtrﬂéy ke Slapa'sirnply! B ledvisigi thaRbatddoses® stand e air, or

conpression nmenber. This , arrangenent makes possible a particularly
pr ef er r W@y effacteds ongepelecated, by antastive preansssuch akhealifg.essi on nenber is

applied to t S J S . I t ] menber and
sealing ri ngﬁ?ecﬁ%%?g%béﬁ&{'gqg@; Fg@?ﬁ{]gg’é bggg{éﬁhggg%ggﬁeeiﬁ%@%auses t he
seal i ng menbahothiercaspaciast thel iaventon eelbbss iMpRAMPthethdrenal rebistaine t he
conpressive force applied conpressi on nenber, 1s_reduced. Wi le the

by the ) ber .
cool i nga@nd/oidugyanaeaf hese %mﬂﬁih@é%lﬁ\;@vqlwweawsatéan 19§ at|A¥eICRPPEEIBg ¢h
menber | ; j . i i ch?cf approxi mately the sane |evel
as bef OP%SP eH‘c%%ﬁ?“n@@i&%f@kb[}%e'h{eerrpe{rhe?:r%rr"e is increased. This cycle
may be appl i Adcadimgpiy anbthes aspedest tredinventios we pfovidesd hdsatcdrhprisingla ng

le i l i I t two th t and t hat h, ti t h d
7t gttt RSt o iaa santdt el @rxendsd between Bngeradoufis GirpLitE R Pat i ng
t enper agysRciirisdieny dsfer dipiasli@s Mitana Ardanbth8ublilPmhéRbeP ahef pibstics

First, if the hose 1s operated at tenperature above the cooling
t enper amaterjalidontaining gambibljes ithgreiti.| | recei ve additional conpression from

t he conpression er by virtue of the therpmal e nsi. 0 t.he sealin
renber whi oh THPRBR s ateseLREisfani A et HiEneS HRERG I8 Hed bl B BRI P s
wi I hapaterdiss apblied t6 e/ tubugird Bt Byospralinga B §laitics SRatetial, aafiguiaForAW as
the cooling tenperature. This is particularly useful when the hose is to be
used i no¥erthgatir@cgmiithe hthuarshodsh tien legaingd euf@ainothgruringRay e i s
cool ed | r . teyRe 3 i£h L4l be
subj ect g%clgngi é(}ﬁdé{a@gﬁ%%ﬁcﬁ&ﬂs I nt {ecﬁﬁggd?d Irlﬁr)\ a\é@ncgr@%peb\/\gc%%g&é’ ?'lr)\at
t he coobcegjetatepehypbnractive médi(s sucH as beatimg.e preferabl y-100C or | ess, and

still nore preferably-150C or |ess. Prefergbly, the cooling.is, carriged out
with 1iquid ﬁﬁ?r%’%&?}(‘ By ‘P‘ﬁé"%BPfart@dtet& aling, (Be.gas Ho 108 astics
about - ial ThI i il d i e : hlure is nuch reduced, or
even el ﬁ%@%é?'égéfﬂﬁsﬁﬁﬂ"?@?ﬁ% E(Iaéﬁtygiboés:'[l tiecf&?t]'r ess provided by the

conpr essi on Thelresultant Iqrerioé gasicantaihiagiphstics meatedal has suoeobthehemefieial al -
O e BB o7 5 RS S I s B A ek 0 BT
the i NNpssidtBABE! bPafisd I3 S¥bsthAREIRP YnpfBYed Inddilation properties. It also has
improved buoyancy caused by the presence of the gas,-and can be used to produce a
hose capable of floating in water and with evenly distributed buoyancy along its length.
Preferably the gas-containing plastics material is covered by a further layer of
plastics material, which does not contain any substantial amount of gas bubbles.
Preferably this further layer of plastics material is bonded securely to the gas-containing



WO 01196772 -26 PCT/ GB01/ 02562 the sealing of the end fitting when the hose
is operated at | ow tenperatures. Preferably the coils and the sheet

materi al &@0BYPPrd ed under tension in order to provide thePO®&BOWMLI62good
structural integrity. Preferably the sheet material in step (b) conprises
two reinforcing | ayers sandw ching a Sﬁgl ing |layer, as described above. In

the preferred enbodi nent, an inner reinforcing layer, in sheet form is

d helicall dt ' N d,.th drel; th h '
ayer. iRy dBe fafes I96r of Bt mrBtal £V e Renicr aleHeb RN
layer; thaedBinty HydrPeRIspIYthbayfther I18y&NEE bidsBEd mhterl BRAHsRE0MN

the sealing layer.” Usually a plurality of sealing |ayers would be applied.
Pr ef er allofyurathanener and outer coils are applied in a helical configuration

havi h itch, d,.th it f th ils.of Ll
posi 11 onea nataniaYst ot BRSHEs et 6o e Spliadof B ticties sferitsThoiling. °{ e
i nner cQych dStdp(%lfriﬁ@l?wirm@ droéxtflzforiose to be removed fromthe mandrel

before the end fitting is disposed within it. Aternatively, the end
fitting can Heyosuiahdegasimay be ured te farmothe: bies dngydingi aif, mifregen onaer
mandrel .t herealong up to an end of the hose, then securing the rest of the
hose to "1#&98R”d fitting while the end fitting and the rest of the hose .
remai n on t herpganrgeelfic Pra\ﬁi@eoauﬁéepd%ﬁéthaﬁd, iR Clos aetfatidie sNpesTeiably the
gri ppi ng nenbers typically each conprise a helically wound wire. The

hel i ces appreximalglyds2.are typically arranged such that they are offset from

The purpose onEEPRERY B85 ESpRRICdEMDHrHRaind I3 PidUtitR ofEbelBIEES o
keep t h¢ayeryPreferibly tre hoduihas ahevgralngpeetficgravitp oplesy thitn $1 pretdrabhiless
i ntegri tﬁ' for the hose. The inner and outer wres r’%&be, for exanple, mld
steel, &an O after appligatian ot the-gagseontaining jaxar. The Fakroaling thirkngiss dgaymy

be gal vapl ﬁc@%ﬁ@ﬁ@?&ﬁtﬁht‘@-é Enrﬁ.rfg%\‘éfﬁﬁf -abldut é’m@f gﬁﬁgy@ﬁgrb%biaéseéie&)ts’?\%rabl%l o

al t hough 1 maki ng u grippi ng ne have a co era
t ensi | e ledsr thagtdhout Renrarinatigraptamt of the wires in coils nmeans that the

i i f wh bj ted t | ati | |1 i
Pentlon’ Any Lens Deblie Saptanpadayer ain0 iy Kesked i 16 SubeRmeriiel hase « ne
struct uroggghy%@%bw of péﬁl%giéf?%ﬁe _ﬁmtf&fﬂs{wgﬁawé ragnaggg tﬁagzgntargg;é icRpegan

be provide r use in a wde variety of conhditions) h eratures
above 10esin matfer as wdescrivednaboye,oinl @dditiondta emgesacontaininglayerodn thish a

et/ ceobPBotRSt ipEMA, bauailifg IS GeS 0 HBigHhE e teoadh WAV 2 ror
exanpl e cufed rdd¥eniataxdpiy possidle fhrahie gaeycomtainingiapetabplate the epesciasires
down to -170C, or even lower. Furthernore, it is also contenplated that the

hose mayndExauh thet egagrtaininglaverdiaatbe arippinaimsmbess emaeddediheraiyen
(0 1906 estifh AHIGR B3RP ONAREOMEY ofiIgfioprat o ol terperat ures of

-200C or r. e hose accordin vention can al so be provided
for use at aAceordihy tofanbthéemepéctdot thesinvéntionahéss ist pevidetea mhiethoet ef of
t he hose uld range frqom about 2 inches (51 mm) to about 24 inches (610
m, mofakineahASeCAPBHS Aot 8 i nches (203 mm) to about 16 inches (406

m. In gene{@, Wfﬁgﬁg@réwr‘égaﬁgﬁawgg%ﬁrk %@Pﬁﬁfo%"ér@irﬁ%rigpil;t he range

fromabout 5 kPa g up to about a gauge, or possibly up to
about 2500 kKa) gawgappifiges sheetovatariad arairat thettubulas mapwirat amdther isseuceil of

Ence "% o APl SRR SRS B b BBl )
inner di anet gy Fh@abpirsa Wireard0AE thétdbular Edy 0P Busdrollypi cal .
(d) applying an curable aerated liquid resin over the outer surface of the
tubular body and the outer wire;
(e) allowing the resin to cure to form a solid plastics coating containing gas
bubbles therein;
(f) securing the ends of the hose produced in step (e); and



The hose according to the invention can also be provided for use with
corrosive materials, such as strong acids, Reference is now nmade to the
acconpanywog@ids i ngs, in which: Figure 1 is a schematic dicageBImRS2W Ng
the principle stresses to which the hose according to the invention may be
subjected in operation; Figure 2 is a schematic cross-sectional view of a
hose according to the |nvent|on Fi gure 3 |s a sectional view show ng the
arrangenent of a rei nforC| n f the qse according to the invention;
Figure 4A i s(@ setameyag W ﬁ?f M28dely angenent of a tubul ar axi al

strengt heni ngysheat Be % géteﬁ%’ uQQ& %o {aPehd RodiMRas g\ééﬁtdh%?%ed PR

st rengt heni ng sheat a relaxed condition; ure IS a s%ct’i onal
vi ew shahveraby, bpoarcuangslmen‘ewrffoans aladliidmaterial crmtaﬂemg basbopblesehtteinf the

hose accordin he invention, th X|al ren the sheath being in a
{1 ght onk8 destidbed ahove: Gerazs BAY besbuEReSR BOLOSCRRSATNGRE. Slppi | cat  ong. of

hose accordi ﬂacérﬂf s @ﬁcﬁﬁspé é&f%@inéﬂmweﬁt.&w?eré ié ?rcﬁnd?éd)éﬁ eﬁ%qrtt.w%r vi ew

showi ng the a sea ayer o a hose accordi ng he I nvention;
01/ 967 7ErmbeatingTAGBOK/df 25 Baséicgunpeising 3 twbuialobedys ef:fl%x:hbl matanial @mamgaq an

i | | he, h f . Fi : d.Fi 8
| 0%0 2 hhaertinedind Qfier Peficdl witesottiaratterisha ™ G e it ling BB Ehy ot ng
to the in’h\é?’?ﬁ deer Bldapted %o %oa@pbg@d it nm%mny«mtﬁm m@%seHal @mggal ly

subjected to ring use. The hoop stress is designated by the arrows and
is the Ertemiwadmxtechmsealat@ﬁpaﬂquth&ttﬂdmrﬁmdymmmeoﬂhe sealingsmerberhe

axi al str 1s designated by the ar IS the, str svx/mch act s
o al | yoB BijnTiREMEDIna0d Sena i et Farie o sfans SanediaRerafdl o
FS and !o%db%pﬁéa%méﬂhbwamrﬁj theaaYiRg PeerhBet itfordeng fediliceabr Sivhmatd, t he
hose H when it | exed. The torsional stress is designated TS and is a

twisti n@eswalngamndhemsg katweenithe sealing meamben aruktr@ iphet menmeR¥e. The

The-oxt ari or Pty LG nerRBR: dEpid & df Bt baRmrtothe B AR Y, o

of the fuilyiagdoumd tHDGCIMﬂﬂfdianélbeMGii thstsmagmﬁemeganertm athébynémeer.
pressure of the fluid in the hose and alsg b nmbi n t|on of the weight

of the flui dThainnes WPGHSﬁGf%WVﬁHbﬁ@PBHN @ﬂmgmaci ﬁaeeakraﬂ: embgr
f1 exi ng; s%r%?e??b’g% 'tﬁe Rﬁgta%gfé%ﬂt‘é' I%E Blhd %r*é‘??ﬁerhﬂ%r fHeF€intsh é{r der

to p05| I'on 1 ro er and enent of the hose uring use.

t or si ontile mbuwsboﬂgl daf lwulmmbé.Wbetweehl thg om‘telt $refduomsaf. therinoer naembhm)mdl s
general&%/ ca abI hst andi ng the hoop stresses HS, the flexing

st ressed1eHgn hau Pﬁ%ﬁml stresses TS, but is |ess capabl e of

wi t hst andi ngThB@eah@befidedth8Sehfing Membidhbhd tIRamABy meRfierRah ®e sthiev@s es
were subjected to |arge axial stresses AS they generally had to be

suppor t #da nuenbaraf ways. Fes examale soranssesbpdimente the sealing eMwarisew®ei ng
the axi Slov?éerae“ﬁ%ﬁg féf?n B?g sBﬁteljth\%lcﬁ%alﬁybé th&tened 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 split ring may be any suitable
material. Typically, the inner member and the split ring would be made of stainless
steel. The sealing ring could be made of stainless steel, but it is preferred that it is made

of polytetrafluoroethylene (PTFE).



present invention. In Figure 2 a hose in accordance with the invention is
generally designated 10. In order to inprove the clarity the winding of the
various | ¥@#gIa7M Figure 2, and in the other Figures, has ROT/GRS¢02%howN.
The hose 10 conprises a tubular body 12 which conprises an inner
reinforcing |layer 14, an outer relnforgbng | ayer 16, and a sealing |ayer 18
sandw ched bet ween the | ayers 14 and 1 A generally t ubul ar sheath 20,

whi ch provid axi al. strengt heni roun he out.er surface of
the ouber  r e Seal | BpBbeTcProrAiansasa e agiiss dlaleh e g MBPMEREa:
20 are @ezRABEY hBRSiMEREr. AN i Nner heiicaily coiled wire 22 and an outer
helically coiled wre 24. The inner and outer wres WO 01/ 96772 -29

PCT/ GBO1/ 025Gheglpaddtarsiersing raeaps peaierablyt eemprises ahose gaging membm;ea

of "t he. doHd anaRGTr SRS AR Eh" G Fudifber, beSudl Gl Re" eebe TheLs

The Inslalrﬁatng@mérﬂy@éuémhabmeaséamg&ném@@ais dnﬂme@tben@eémrfé lod traPYfItting 2
plastics foam or nay be a material describ low in relation to Figure

7. The member @ndgiheagad snembendand thahihe Hesangadingmenber andsthe: erdi c

mat eri al ch_as UHWPRE fl re 3 illustrates the inner
rei nfor@WBBFB%‘?C‘i'lne‘?t?ﬂﬁlﬂ'}ﬁﬁ'ggﬁhgﬂoﬁ ﬁ%@'ttﬁig}emhﬁ the i nner

rei nforcing |'I'cnéelﬁo§é’feﬁg§@|hg$ﬁénfbebﬁ@édéﬂt@d%r@@ﬁ@é the rﬂ)s‘éﬁhﬁsu@h@ﬁfdrm%rw
and fibres 14b arrange direction F gure 3 only the | ayer

f14 hgs tealratdersipart qaf the @jal fercpapithinthedwsel aaremt%nsfwmﬁom thﬁé)@@@d@ém y
e B SR gl e BRERR Rd oG P RE S o e U

the inn |rect|on

angl e, mnb@angmnbaramwthqoloedltkansiewimgdnéﬁwtten trdrsférsrtpese foross taxmnes of
t he hose 10. Thi s an{gle|5| dlcatedﬁ] %2@ aijn Figure 3. The
st r uct ueB8dgRaMber dndRisWaY. 6t laastpar obfre ax %'ffﬁ SH@”‘%D%G @m%stheseahng

subst an{h gl it ﬂ@t’é}bbﬁﬁ'{pré\ﬂnb ?@e Pélfé%rllt ?Lﬂ\feoée%ll ’bgowééiﬁ'bgi]tﬁ? esrég ?@n’?o@r for

the outer rernforc € sane ' as om fhe
angl e a for fttis praﬁmredmlahtrmf mnagMemberaJmth‘&badéaﬂnsf@”rlhgyneaﬂﬁmchma ses
e, wrapped. around the

a plurality of |ayer Sfl| whi ch

2Pt ace Portar e iR i redRiveinsgures etthe Rogg. BhSiines Tembel eAh pepiodsd
bet ween Wlméll@aﬁrrecéggeé)éél@ﬁteﬂ% RéSYiGe 1 ihRYBKFe iferdt] ahf thd ld8d amsiekin
further includes a reinforcing Iayer 21 disposed bet ween t he sheath 20" and

t he out E1eans ean beiprovided withihefiealrgcesspsradaptedio repelvedhaiauder wire therein.

hoat h 25oREaS, 13y B s ighohly MtubeCob e el B8 ahma meRab kRl o
form a pubrded withahe heliebbrdcesséawn in Fi gures 4A and 4B - in these Figures
only the tubul ar sheath 20 has been shown, in order to inprove the clarity.

There are spddssioad trnsiering ﬁ@”%@rsorﬁferﬁbm%“QU%ﬁ%ﬁdoé@Braf@fﬁrflﬂﬁtplﬂ\ﬁen
the t “bWrﬁéq ?@e{?ﬁ I&al\‘?p? disk %ﬁ%@ﬁt fvind &% 'ng)e 2 SbBQ 49 tdGeldips etﬁeZRgse%lgd

20b can contrac e spaces I N a way
reduce tﬂmethraugheplaié In:hsa d snfase emgajeabho, wnmntlc;@ lummeagagmgontelnm‘éren

bur ot pEeSEYL e g e dainsletred i er a5t AoRRBOTIBIPST (S ePIRtSaThe) | ne
tight e”ﬁfb&ﬁéﬁéﬁe\f% meMEEPPreISabY further mcludes 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



-30 PCT/ GBOL1l/ 02562 The seating layer 18 is shown in greater detail in
Figure 6. The provision of the sealing |ayer 18 inproves the resistance of
hose to twe oikexeng stress FS and the hoop stress HS. As HIWEBO19256G2gur e 6,
the sealing |layer 18 conprises a plurality of layers 18a of a film nade of
a.first polynmer (such as a highly ori ed UHMAPE) interleaved with a
plurality of layers 18b of a film nmad&€ of a second pol ynmer (such as PFTE or

have' be&m&%aﬁéa A OAN  8ased to siiole s PeRet T bt ehba R Pl er
14 to Véé!#in? rfdgdrrﬂetdr@ach?rsﬁqhathm éi@t@'io‘irhﬁrdv@rtﬁé seaﬂoﬁnb%bmar MeRhtsdrng

| ayers 14 and nment i oned above, the |ayers 18a and 18b do not
. necessaand {o make ltmOtmdlﬁmu’strfg!etbeﬁubldﬁr metr@befato bepullediiiosm betgerdthgrdpner, al |

ar  angoert At the SRR FRGPES: bRARIGE mag e 8L kel oo PSRRI

Figure Erqéétmf«ﬁe)ttaﬁdingsamwerbdtmyrar&ﬁnd fhaberk eurfdet dfthe Hirerimembaer.| on
layer is primarily concerned roving the resistance of hose to the

f I exi ngDesirakly, there an@twphthrﬁsmfmi fj)rmﬁélohase The insul ation | ayer 26
conpri ses an,innet I 6a which | [ Y,

been sprayedACB?)rlﬁirlQﬂj &no q{e?‘c\;/ﬁe&é oz;;thel @gg'%b(&a h%rﬁelg Fﬁ’Bﬁ?’%ﬁ 5%%}'*-@9 (ﬂrad

t he out giakiMg & hdde obhiHsih@r deni ng) the pol yurethane | ayer 26a forns a
solid matrix within which the outer wire 24 is enbedded. This hel ps to keep
the outer wif(a® 24WraReingisnwisegreunsha tupular mesdeelte Josrigadnientoilit he i nner

| ayer 26a i s,Qrov t I 6

i ncl udes a I bi) %ﬁ%%r&rﬂéeé’tlngé{gﬁég%&n? tﬁé ﬂlbum'e'?lg@a%'%tdpﬁggsﬁg&{ca ric

formed of basalt biderds prdvide Iaatxabulazﬂﬂmdprfonnd@sf thesshesdt mbtenensul ating
properties of the hose 10. The ins Iat@n Ia%)(Sl % further |nc|udes a |layer
26¢C over the(Q)ayeWrmngﬂﬁWW%n #e y ta orpeinpstitel; el 20dDYNEEMA
or SPECTRA. ep

st rengt heni ngd)aga!‘%lrggﬁﬁggﬁe hoge tr t?em n%ﬁéqdrrélsgrel%%%ﬂe%fjtﬁg F%ﬁ"gn gstg?s 26
further incl(ages dlsposimgwazlrmm haambeﬂﬁobn open padpidee bbsehe corrpr ession
llayer 26d is to co ess the | ayer 26b, as have found th ]

i nsul ati on pﬂf&per ¢lapyigg &lpad ygﬁgfqrrlggmq@slvgﬁ}o%lasg @C(ﬁﬂghiq rﬂﬁﬁ%\ﬁ@@

under conpr eggi ONglaFhiing I A 'rﬁé‘m‘b%}’% aﬁ@ﬁlté@hﬁé&roﬁﬁéqﬁbtﬂar Bedpri se a
rope or cord Which i1s wapped ghtly around the |ayer 26c. Preferably, the

conpr essi on Prsferatapihe HMMI‘LUBWZHGBQGE’P@H chowirgpstep hﬁ(bwpﬁlil step @) aadi al
st rengt {‘l(ﬁnl ng sheath like the sheath 20 descri bed above. A further
pol yur ethane | ayer (not shown) containing gas bubbles may be provi ded over

the | ayer 2698t0 punit ea tLpWae \e&idl Ndrdrghérihg anefibep aivier &5 fiedehdl eofbiiey ancy
of the hose A sti further pol yurethane |ayer (not shown% not

cont ai ni ng gas bquﬁ'EB’ heip Batgheyngedrevextepds V&Hﬂnébﬁt%%'ﬁli ) e%h?[]'r"@t hane
| The furth
ayer. 1he tur e é(lwfﬁéig@ﬂﬁn ?r}’@ém Pitkeh e bbg%bgﬁaﬂﬁg'tﬁ'@

provi ded W|th|nt yér 'S asop yer altself
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Preferably the coils and the sheet material are applied under tension in order to
provide the hose with good structural integrity.
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



A plurality of layers of the plastics filns 18a, 18b nmaking up the sealing
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that, 1} i outer wires 22 and 24, the grooves 208a and 202d
are spagéga@cﬁﬁg @ﬁgxgﬁgbh | ength p. The inner nenber 202 is provided with
two circunferential projections 202e which are | ocated under the sealing
ring 204. The projections 202e serve the inprove the sealing of the tubular
menber 20 between the inner nmenber 202 and the sealing ring 204, and help
to prevent the tubular nenber frominadvertently being pulled out of
position. The hose 10 is secured to the end fitting 200 as follows. The

i nner menber 202



is threaded into the end of the hose 10, so that the hose 10 lies close to
the plate 212. The inner wire 22 is received in the grooves 202d and the
outer w rwo24/9F2received in the grooves 208a. The inner #CI/GBAIA256 res 22
and 24 are cut back so that they do not extend along the inner nenber 202
beyond t he grooves 202d and 208a. Theééé'_nsul ation 26 is also cut back to
this point. The inner reinforcing |ay 14 is also cut back at this point,
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sheaths 20. One or nore of, or ‘even all of) the sealing layers 18a may be a
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further conprises an axis! strengthening neans adapted to reduce

deformati on of the tubul ar body when the tubul ar body is subjected to axial
tension, and the axial strengthening neans is further adapted to exert a
radially inward force on at |east part of the tubular body when axi al
strengthening neans is subjected to axial tension, and wherein the strain
at failure of the tubular body and the axial strengthening nmeans are within
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that the tubular sheath can maintain the integrity of its tubul ar shape
when subjected to axial tension. 3. A hose according to claim2, conprising
two or nomeo 0f/96823 d tubul ar sheaths 4. A hose accordi ng t o PCT&BALD2562 or 3,
wherein the axial strengthening neans is provided in the formof a
general |y tubular braid. 5 A hose accgdl ng to claim4, wherein the braid
is provided in a triaxial form 6. A hose according to any preceding claim
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warp an ttﬁ%/\@?ﬁ%afﬁ%é??bﬁvgand wherein the or each reinforcing layer is

di sposed SUChTH@I%sé@ﬁ%d@hﬁn%mséﬁmgztﬂamsﬁér lgéugﬂahﬁhéhobésﬁmsltn V\Ev#@letd? the

fongl t udi nal ~axi s of hose . ose accordi ng to claim8 erein the
r ei nf or dhedrictiopel fareesibebuesnthabese prd the BosaangavingcmestparsHawexer, dhgl e

fo o a Mrgrenetiingfing HogeloiitiAdivy B3 aholatigERfee ¢ Rou or HEoRORRE
ul tra hijgHtolaret asiokadvercan Riuteroparetofthe toseldng dguh@membepr'mm@rﬁamgement
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pol yner seatingriayeresaraiwiched tinérebebeeeny 'ﬁlmjwaIilaabsdymnelfepablyrhas tiief Sament
erei,n one f the films is stiffer than the other
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to claim 14, wherein the outer filmis stiffer than the inner fil

hose ac @@mrentyonai inguatien magerial gndigyenade of the hasaltiibre tahrmcl%cmed al@ove
sealing |P %/ p?gigged r’ﬁat the hose is also provided with the axial strengthening means

as described above.
According to another aspect of the invention there is provided a method of
making a hose comprising:
(a)  wrapping a wire around a tubular mandre! 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 wire around the tubular body to form an outer coil; and
-(d)  removing the hose from the mandrel; characterised by the following steps:
(e) disposing an inner member in an open end of the hose;
) applying a sealing ring over an outer surface of the tubular body; and
() applying a compression member over the sealing ring, and compressing
the sealing member into sealing engagement with the tubular member
and the inner member using the compression member.

Preferably, the compression member is made from a material which contracts



PCT/ GBOL/ 02562 | ayer conprise a polyester, a polyam de, a polyolefin or a
fluoropolynmer. 17. A hose according to claim14) 15 or 16, wherein one of
t he pol yn®0i@/9%712ns of the sealing |ayer conprises a pol yokr@Erf/GROEI?2d62% he
ot her of the polyneric filnms conprises a fluoropoiyner. 18. A hose
according to claim16 or 17, wherein o?g of the polyneric filns of the
sealing layer conprises a highly orienteéd ultra high denS|ty polyethylene
19. Ah se cc rdin to. cIa m.16 wh n t he nmeric
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serves to conpress t fabric. A hose according to claim 27,
wher ei nbeloey tiominteadednoperating demmeratase ari thiet hasehi Tiis ntelchoigluar hage itiytee

pol yet hﬁenrgé ¢ 9. ,% hose according to any preceding claim further
conpris pl astics material around the tubular nmenber, the

pl astics mat Ffréﬁiftﬁ@ﬁbééiﬁé\ﬁbrﬁ?e’iﬂ %Bﬁiﬁaﬁji’@él@w& th%%ooﬂn@@érﬂgé@f@’fedt% to
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cooling is removed.

1 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 hoée 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 still more preferably ~150°C or less. Preferably, the
cooling is carried out with liquid 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.

We prefer that the inner member is made of a material which contracts less than
the sealing ring when subjected to cooling. This has the effect that cooling the end
fitting causes the sealing ring to grip the inner member more tightly, thereby improving



tubul ar body, then leaving it to cure. 32. A hose according to claim?29, 30
or 31, wherein the gas bubbles are incorporated by injecting the gas into
the pl ast w@oned7ezi al , before spraying, while it is still PET&BOLGHRI6A f orm
33. A hose according to any one of clainms 29 to 32, further conprising a
further layer of plastics material, V\/n_'?%b does not contain any substanti al
anmount of gas bubbl es, arranged over the gas-containing plastics material.
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engagealid &eeptthe tders of ¢he tgaiganbodye intact, andhier pioyideostisctusal integrityshos the r ed

"\ Pobe: THE oA ERSHre i S, PRERELEUBIqN el
transf estdd)@r aMthmReH! Fdcfblehe Wines RiatRe gﬁﬁahﬁéd%%dﬁﬁ’@ﬁﬁth@bolymen
transferring loads fromthe plate to thé end nember. 45. A hose according

to any one oft wildierepp@ciated shataithasigh theaviresmekingntie thengEppIng saembets

end " rendid PRt chBs FELEE hord shefiour dfs BfRbo8he ek B8 Ve 1 AIReBeb o
si de of tiidiahe gfipping MeMiRrs caflderg it whee stibjettertd)reritideysendibogakBasionng

menber is arranged on the other side of the seali n% menber adj acent the
hose end\ny significant deformation in the coils will quickly destroy the structural integrity of the

hose.
The hose according to the invention can be provided for use in a wide variety of
conditions, such as temperatures above 100°C, temperatures from 0°C to 100°C and

temperatures below 0°C. With a suitable choice of material, the hose can be used at



46. A hose conprising a tubular body of flexible material arranged between
i nner and outer heiically wound wires, the tubular body conprising a
seating |wpan/9smmdw ched between an inner and an outer reirfRGEBINRS62ayer,
characterised in that the sealing | ayer conprises at |east two polyneric
films, one of the filns being nade ofa$7_first pol ymer and anot her of the
films being made of ~ second pol yner fferent fromthe first polyner,

G 11 or oIAPMBRaE BoIaw 2801 G SeipuEleC P8yhn BaBTion 0o Fop Eremele. 67 kg

operati t : i o

wher o nT LG ot AR RARSRY bBerdf ot doNPRFBREPUBUAtA IO B, Brten,
ent i r el owapnpuartlsermipra, ivts albo contempibteathdithe ho¥®ntsly 96USEY todfansport liquid

PCT/ GBO1/ 02562 4?. A hose accordi ngpto Clcii,m 46 or 47, wherein the outer
film i sosaanebp - BarCq ARliquicBitrogendbp 2896 /LB whigh Gaithg hese may irerbio 47
or 48, i rd¢Cohhd ?ﬁg}rise a polyester, a polyamde, a

pol yol e&?%ragé gﬁ%@%ﬁ%@?yﬁe?& 5(';‘_& 0Se according to claim46, 47, 48 or
49, wher ei n The hoketdeeomiihy teethecinfénticn canmplsotespravited/for ebe at avarietyeofot her

of the polyneric, filns, conprises a fluoropal r. 51. A hose according to
cl ai m a9igreyutigse fapicaliethsoinper 9@@*@5@8#@5@3@ WRYH I range ifearmp edpoyt %r a

hi gh depsi . ' : i

whor e niEhaY (PE¥EH SRR 241Acndh, FOREARE ML RbLANh ARt S3aia 808 ang
t et r af | on detaplue @ indizs (AOBowm).dn gendialghe opergtinygeressurd cfitins hdse tould2,
wherein th | i I I I Lit f h.of ‘th
pol ymer P& T Eranas frors 4penESHEkRa 5arAakigda bsut 200 kY St ofirudv dhd
pol ymer & sdRDBBDKPHY Thege ggétﬁg?égsgﬁlé’t% tb fif éﬁébtirﬁ%%—%‘éﬁfa of e hBsé\0Se

according to any one of clains , Wherein the ayer 1s a |layer
of met anot thedursteprassure (@Wiictemtist be sevetal tiolegrareateshTde valusietiaflaw rate

|1 i fil . l,: fil | Lised wi I
o e GSahdiaheh BRI o TR Sl o il Bl e
bet ween1q')@)mﬁ1311vang t@qtzgoohﬁ’?/h@aéltypiwund wi res, characterised by a cured

resin matrix_di sposed around the tubul ar body, the outer wire being at
| east parti af N§ hereeggetingta the inventipnean algoibe weodidedifor usg withepriosivat i ve

mvenenﬁ}al?ﬁé@eéhchh%%%mawd%,e and the rest of the hose. 58. A hose

accordi ng clarm reirn’the uncured resin formng the resin matrix
is a ;rat eri aRe%;réndae ;Izanowemawtd thé a@:hdrmamwﬂng:uanawirrgsbiarvlvhinhi iquid form
WO 01/ 9Gr72 PCT. QO1/ 02562 -42.57. A hose gccordi to claim5b5 or 56,
wherein the FEsi® II%?ﬁpkemt'ﬁ%fﬁﬂ@r@ﬁéﬂ%’ﬂ@ﬁ’%m}&gé%s%ﬁﬁc@erI%t da8€ai m
55, 56 g AH rd-si i i hayer conprising a fabric
f or med g(?cogglg ItP t??@ﬁgﬁﬁf@ég@é%‘%&oﬂ%@%@l;rglbhgr‘é{ugﬁ%’l aim58, further

conpri si ng aFigoneR ésaisoheinalie craasesautionbkvieashbthosalaccardingiodhe kwentisn;t o
conpress the basal\,,t fabréc. |60. A'Ehasetaccordi nI% t? ﬁIgai.mf 59 Ig&ere%n t he
conpr essi on TG 3AsPrUal Yigw shouwingtis afgnasmest ol rgRtorabe RVeR 9T Bie.
61. A hRss aessttfigtd the iaventeme of clains 55 to 60, wherein the tubul ar
body conprises at | east one reinforcing |ayer and at |east one sealing "

Iayer].c 62. AFigyse 4t doraliseglionalcyiamnsieawinghieepiransements wfaa thbular cdtigh i ses
 hor oncSTRbRENTbYHBa o B st AR ARoIE RIS, viRNM Shhnaping,

t her ebet we 0SE€ accordin rein

r ei nf or shexgh lbayrey inca relakéé soaditihf ra hi gh nol ecul ar WEI ght pol yet hyl ene.
64. A hose according.to claim6l, 62 or 63, wherein the seali ng | ayer
conpri ses anfigufe #hiigR ectiendlayiewespwingothpeerpnepmeast of a|tubrigsANaker |

strengthening sheath of the hose according to the invention, the axial strengthening
sheath being in a tightened condition;

Figures 5A, 5B, 5C and 5D show four applications of hose according to the
present invention;

Figure 6 is a cross—sectional view showing the a sealing layer of a hose
according to the invention;



65. A hose conprising a tubular body of flexible material arranged between
I nner and outer gripping nenbers, characterised by |ayer of plastics

mat eri al wouwd712he t ubul ar menber, the plastics materi al BONGBOHDIFG2 gas
bubbl es therein. 66. A hose according to claim&65, wherein the plastics
material is a polyurethane. 67. A hose gccordl ng to claim®65 or 66, wherein
the plastics material is appl led to thg t ubul ar body by sprayi ng t he
plastics material), in |i qQver .t he surface

Fihen I eavi nSngreJ < ar 0SS Saeflon ot shemimd e aisen laserd he Fose o
accor di lpgq g{ iryrBdter défilean§’. wherein the gas bubbles may be

i ncor por a y injecting the gas into the plastics material, befiore
sprayi ng, vvh|FI@Jret8|ls atsdhlennatmcrrqsqwentmahmm of am &g ﬁﬁmgrfmrrig haseany
one of cl a F {9 turther conprising a further |ayer of plastics

mat er i aPC c hiY &'“M%'ﬂ 'Q@¥ntai n any substantial anount of gas bubbl es,
arranged Ove chj]dre 19§ﬁ0\ﬁ§rﬂlﬁé“sﬂb§ﬁe§3{oaﬁhicﬁ?a R8s&H .@,Inorinaﬂg)sua,éw@@toae@mﬁgﬂ ng
to claim69, erein the further layer of plastic material 1s a

pol yur euBandhe7hoom stiess s cdesignatgdt ey maawsOHScaadng thg steespothalitastei n

t he hos has ..a raII SREC It n
for ter fntaly ifeker ey pbltl i the 808 50 S résigfitedBh el ' "
mat er i alzPaRRRARE shebvRiich asEaxily aiEtheehdthalf thé hese HCTRE fskiag sGe8s i n
that the end fitting conprises: an_inner nenber adapted to be di sposed at

| east pirdesigngtedifihiandiis thenslsess whishadats tjansyerse tad@@)m@ltudlngbamaﬁtm@ast

Ponber . QRS HhREh s Thikd oo Yoflotl Sk esiatHgh TReand B 4 fRmg Grdss | 09
t o trangingch gots aboUmeoagmuduﬁdl dxis bithehose. “&h@umihtdgestmsehs desigreatediCS n
order to reduce, or elimnate, the axial |oad on the hose between the

seal i ngaﬁﬁ'r‘r‘ﬁ%lﬂlt%fﬁﬁnt |@@d$rﬁmleﬁéﬂﬁ'@w toythe exdfedaof thethas® Hecording to claim
72, wherein the y |sH§né|t‘f1§é<§ BYHhEbtatshre b telfild In AOhdsRG S ' N9

member is in the to rec I nner nmenb
t her ei npxiabstroad AtS’l% gelinerladEd bpdlye cpaessmee off dnlmq;)éldlobmt medmstdwand)ats&)r bys thd ace

f the i r nbe d the i f i 74, A nd fit
accor i FAMBINAIoN o e WeloRs of Sk P intfs Tods agchndie weishr S5 hane Hhner
seal i ngjt éélﬁg‘rﬁ“ﬂeﬁﬁ? SkE88 F8ARS thusédBy my r@auﬁémemtd b&m #RathdeH i Seter 1@

force t e sea Into engagenent with the tubular body and the _inner
menber . ostdmrepemz av@bmmenm;aftmmow H durisgasei The tngsiapalatessd S o

poryt et FuAdRer Gt i moaf el 1 fod § kbl o ¥bie Ayt BRothel v

72 to 7ﬁoo e8kBs HS, ﬂh@awbmm@eﬁé%és F8 dRBie RPSIBhEESBesdI0RS, BNaJEsY
menber , oad transmttlgﬂgl menber and an end nenber secured to the inner

menber , can@blarqfawg‘a’fen@ms gpxal sirassas ASd ydhis rraseanpden; ialiashheses
bet
bet vech Ehe s B3NS ARITEARE: 308 (P RMATHEN 026 o BRbrbliend 05°

transm mlnmjswlré)amal Wessﬁa&s ABd fitting according to claim76, wherein the
hose engagi n

"eact part of heHeroRiara;of WiBEEndIng: e el sBeEsas &S PaRdiehn sevpidM e
or S RSB RIRTGIRD o BepEarce binataadlongs ey 1o
por t i ondesighatad il |h ordecteiimnprovesthierotanity émeiwindirg of the various layers in Figure
2, and in the other Figures, has not been shown.
The hose 10 comprises a tubular body 12 which comprises an inner reinforcing
layer 14, an outer reinforcing layer 16, and a sealing layer 18 sandwiched between the
layers 14 and 16. A generally tubular sheath 20, which provides axial strengthening, is
disposed around the outer surface of the outer reinforcing layer 16.
The tubular body 12 and the tubular sheath 20 are disposed between an inner

helically coiled wire 22 and an outer helically coiled wire 24. The inner and outer wires



wires of the hose. 79. An end fitting according fio claim?76, 77 or 78,
wherein the | oad transferring nenber conprises a |load transferring plate
havi ng arwepewstiee adapted to receive the hose theret hr ougiCT/GBE/RicEL €

havi ng a surface engageable with the hose engagi ng nenber, whereby | oads
can be transferred fromthe hose enga?r;qlg menber to the plate. 80. An end
fitting according to claim79, wherei he | oad transferring nenber further

i ncl d f d d h I nd d
rerber 7 ranoféﬂs%g‘%?ap&%%'egggrtﬁ@fo e PHBE! T 1Rbe: ABOEAIN o GRETAR ond

fittingg d@}g@,ﬁ{ﬂ{d}g? Ecﬁhgppyhé)gpt Ole r@kﬁbﬁﬁe?ﬁeﬁx%fqﬂé cMisrein the i nner menber

has a hos I's ad extend wthin an end portion of the
hose, and a Aaiihswation klyer 26fis disposed axmmddhd outerdving 24 T e trisaladiod laym‘ber
I s arranged on one Si /02562 the seali

f, 01/ 96772 -45 PCT/
reber MY B hCORHEMICNA RsHATIG, " FtREAn SN ey A PIRG TR BRI (6 TAY B84 on
“the ot hﬁ{ateﬁ‘lﬂ%é% ,g)ggbggﬁg, 11@%%)“ F,ggfeapent the hose end. 82. A hose

conprising a tubu ar bo | e“mat eri al arranged between an inner
and an outerThe Ireloﬁcbrbylg\,iaymd i are] 16 mpuwmwebcﬁa@nmf\a s;g)tlneilctmatm'qad)r t

fluid th d fl h h d
char act Siottae URWEE Grimi@aBiesy Fitiure ol tERs R rkb P Fort g 18944 ng
to any pos @hicH giwH @@ctéérgcﬂaaf tHe ﬁﬂwetr(}eﬁﬂom idyerenf cofmprisés H't@ﬁ@s 14a

according to claim 82, when dependent upon claim 76, wherein the hose

engagi ngrra@mrém a waa@dme@twrtw aud fibsen 1 4 rarrasigedie ahuefs dinaction F.dnfigured

o o a2l OHcBveR 4. e boSn el a0 5 MRBlovenfion GG WL REVEL "Pre
form of u@e@e@t@ti@m}mﬁthbhmetaml sifengttlyf the Mdseer &inbd tpriavad By aﬁahgmgpar t
of the hose that is folded back over the outer part of the tubul ar nber .

85. A hihednnetesiioneing dayaraidsw:h thet the wamp diaelion W it a imtaaagleb@fjgﬁss
d
ecar i TANAY o WA GoURT 18" 188 ERENaA| ddsBERRFRoso 0, MhiBRABIls, oy

| east oimeligaged oy thengyinbipbio mNFicaire | R aFite atecieel amy drientation8dt thEreutisre of
a hose accordl ng to any preceding claimto transport fluids at a cryogenl C

t enper afaifereing ﬂéw@ﬁubﬁenttﬂlyﬁéeml b thedrnergeinfarsing layapt4: fieendle a)
or appi nipr ISR AR, bR iR sefle o8 & ot iForfidhe ang o for

order tthedhagr dﬁn%rélhﬁﬂéyﬁr M4ody formed of the sheet material; (c) pulling a
t ubul ar axi al_ strengtheni n1ngheath over a free end of the mapdrel, so that

the mandrel EResealingilayemis semprisas aspluealy 1€ iayays of wiaglicsgiimwhich are
PCT/ GBCgv'll'é)p?p'?t’éﬁizarouﬁd 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.

The hose 10 further includes a reinforcing layer 21 disposed between the sheath
20 and the outer wires 24. The reinforcing layer 21 may have similar characteristics to
the sheath 20 and the tubular body 12.

The tubular sheath 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 - in these Figures
only the tubular sheath 20 has been shown, in order to improve the clarity. There are
spaces 28 between the sets of fibres 20a and 20b, so that when the tubular sheath 20
is subjected to axial tensioning the fibres 20a and 20b can contract moving into the
spaces 28. This acts in a way to try to reduce the diameter of the tubular sheath 20,
which causes it to tighten around the tubular body 12, thereby increasing the structural
integrity and burst pressure of the hose 10. Figure 4B shows the tubular sheath 20 in
the tightened condition.



sheath, then pulling the axial strengthening sheath along the mandrel so
that it at |least partially covers the tubular body, wherein the axis!
strengt hemngu/shi®at h i s adapted to reduce defornmation of tRETiGHIWO2862body
when the tubul ar body is subjected to axial tension, and is adapted to
exert a radially inward force on at g@t part of the tubul ar body when
axi al strengthenlng sheafi h |s subject to axial tension; (d) wapping a

Secur i ng i e Traedpo ARl SRt ettt dddat FLbiotik 8 166 ridigon i the
hose 1 Qalifie 14RRYBAnprEbs oTBLBRMATHAEIE the HBXAGE3Ss PESHEIHE b6

coils an terla are applied er tensi
accordi rsg*eBstBa| m 88 or 89, wherein the sheet material in step (b)

Cher ebet neen AsshownintiBEre €466 Sedlita By T rPSrkR oAy ot Bk 182 ora
reinfor ‘?r'drﬁané&%”f a. ﬂuat PBWerf(Qﬁéﬂ aks mgmp@ﬁeﬁ@wﬁwlwm ReHehEd wme%

coil and the mandrel he sealinglayer, in sheet form is wa

hel i cal p}urahtymfdayefs 1i8frafra filg mﬁdemf@sew@rpolym (sushag BFTEeﬂrrﬁEi?)cth@

I h ) h
horor di igoRETAmgsdiaing & JMHRBFSiTeR4aTnb MehS Abahd B s Beert s
coi | s ago@mPtHeBuld? s@rﬁé%blcsfqhe ber' r@mfaﬁdmyndy@v I1agtoswbsruar§ flaid! igHt @éa‘# ame

pitch, and the position of the coils of outer coil are positioned half
a pi t ch bebwgem the fnner ancbwheheelpﬁycngdﬁyeﬁs 14handol 6. A mertiioned radoveoithe 93,

Steps oyl Tea A 1B AP nditasResdud e B ol dtnadd 50 aRENE B BIY ..
(h) al | ¢oregafripie, 13he Idyers 188 couiditd arangal iogearsand all tralbiyag 18RYaIldi ng
gas bubbl es therej n; WD 01/96772 PCT/ GBOL/ 02562 -47 94. A method of

maki ng z?erﬁfé@gﬁﬁﬁﬂgieﬁiﬂg (a) wapping a wire around a tubular mandrel to

ool ana B REhO) ER BBl ol TR PSR b ey

sh teet rrwayfer 128l 13 g(’@é)tev\detaul The ?ﬁndagmnda?emd p{lﬂwrﬂylb%rhcairnb@garthtlmtpfwmg ?r%
outer col an renmovi € NnosS r e [e characterl se Yy
the fol |r%%!ﬁ'ﬁ@<>§t0€e‘6§>se{t6)t ﬁgislas.%#&%ﬁ:ﬁ'rﬁfa r%%ﬂati"}g ﬁ'?ﬂien end of the
hose; (f) cl ag S a r @t?r‘f"n

hose; and ( )ﬁ"ﬁcé: Q%b'?aﬁig‘;’“a BF Q% é&hﬁeﬁgser@'t Eﬁ]ae?\q% ter 3ur i‘gégo %ae tti%ul ar
body. 9$olyA|raﬂaraheowmcbdmadlbe@msprey@d mmedfmmmemeempitedn@varﬂbe fubulani ng

b b) d I
menber 8907 2 PRad etz ater Beroefore Builaindlavdl cBRTERERY
the axi gbli¢ g Wihin Adidremeasutet Wire Jis dmBedded. aFRnie helis tori@idpethiensutap mber
along the mandrel so that it at |east partiall éecovers the tubul ar body;

96. A miiileodf BxrbindIosiian Ina srefegsd eppediment.HBe inneriayar 28a4s Brovides Wilans

s air bubbles therein.

The insulation layer 26 includes a layer 26b over the layer 26a. The layer 26b
comprises a fabric formed of basalt fibres. The layer 26b provides most of the insulating
properties of the hose 10.

The insulation layer 26 further includes a layer 26¢ over the layer 26b. The layer
26¢ comprises an UHMWPE such as DYNEEMA or SPECTRA. The purpose of the
Iayer'26g is primarily to provide strengthening against hoop and flexing stresses.

The insulation layer 26 further includes a compression layer 26d. The purpose of
the compression layer 26d is to compress the layer 26b, as we have found that the
insulation properties of the basalt fabric layer 26b are much improved under
compression. The compression layer 26d may, for example, gomprise a rope or cord
which is wrapped tightly around the layer 26¢. Preferably, the compression layer 26d



cl anped by the load transferring nmeans, and further conprising the
followng step after step (f): (i) folding back the tubul ar axi al

st r engt heworg/9ntember over a part of the axial strengtheni MCTHERIZ02562
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] ca] ca] ca] ca] ca] ca] ca] calf ca] ca] cal] ca! : t >/ ft 0$U| gkfa\ W] ca%ca] caj caU] caj
ca] ca] ckg dup@@a@t@d?wpﬁ]tbaﬁwpc%&ar]@apadp@]g@am@eth@&npaap Hiecsealig caj c
a] ca] Caﬂg&%l 66p7Ce”z

pCl wr mh ‘1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] ca] cThealestlreinforelreahyed taisahsn Wrsdipey Xrduddkhe sedling @er 18, such
{vql ga\ W] ca] cal] ca] ca] cy\Lca] ca ca] ca] caj ca] 02] c”a] ca] ca] ca ?ca] cal ca] cal ca]

ca] caU] it thg warr direeanY\cisjseipe e dewrd angigwhichynay be o, or may be some
| cal ca) STPCERF cERe3p ol TP ARET SprLtRhaghi) SRR ek aerlerel oo
outside of the outer reinforcing layer 16. The further reinforcing layer 21 is then wrapped
around 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 2, where the pitch length is designated p.
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10V, N' g’EI“l-j E sealing ring 204 and a stainless steel split ring 206 around the PTFE sealing ring
204.

The end fitting 200 further includes a load transferring means comprises a hose
engaging member 208, a load transferring member 210 and an end member in the form
of a disk-shaped plate 212. The load transferring member comprises a disk-shaped
plate 214 and at least one load transferring rod 216. In figure 2 there are two of the rods
216, but it is possible to provide three or more of the rods 216. A tightening nut 218 is
provided on each rod 216. The plates 212 and 214 have apertures 212a and 214a
respectively for receiving the rods 216.

The plates 212 and 214 may each be a Simonplate, the hose engaging member
202 may be a Gedring and the split ring 206 may be an Ericring.

The plate 212 is further provided with apertures 212b, and the tail end 202h of
the inner member 202 is provided with apertures 202¢. Fixing bolts 220 extend through
the apertures 202b and 212b to secure the plate 212 to the tail end 202a of the inner
member 202. In Figure 2, there are two fixing bolts 220 and assocjated apertures, but it
will be appreciated that fewer, or more, fixing bolts 220 and associated apertures could
be provided.

The hose engaging member 208 is provided with an inner helical recess in the
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The inner member 202 is provided with two circumferential projections 202¢
which are located under the sealing ring 204. The projections 202¢ serve the improve
the sealing of the tubular member 20 between the inner member 202 and the sealing
ring 204, and help to prevent the tubular member from inadvertently being pulled out of
position.

The hose 10 is secured to the end fitting 200 as follows. The inner member 202
is threaded into the end of the hose 10, so that the hose 10 lies close to the plate 212.
The inner wire 22 is received in the grooves 202d and the outer wire 24 is received 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
26 is also cut back to this point. The inner reinforcing layer 14 is also cut back at this
point, or at some point before the inner reinforcing layer 14 reaches the sealing ring
204. This means that the sealing layer 18 directly engages the outer surface of the inner
member 202. The rest of the tubular body 12, however, is allowed to extend along the
inner member 202 between the inner member 202 and the sealing ring 204.

The hose engaging member 208 is then tightened to cause it to clamp down on
the hose 10 bring it into firm engagement with the hose 10. The nuts 218 are then
tightened, which induces some axial tension in the hose 10, thereby taking up any play
in the system. These forces are transmitted from the hose engaging member 208, to
the plate 214, to the rod 216, to the plate 212, and to the tail end 202b of the inner -
member 202. The tubular member 20 is pulled back over the upper surface of the hose
engaging member 208, and is secured to projections 208b extending from the upper
surface of the hose engaging member 208.

The tubular body 12 extends under the sealing ring 204. After the hose engaging
member 208 and the nuts 218 have been tightened, the split ring 206 is tightened in
order to increase the force applied on the tubular body 12 by the sealing ring 204.

The end fitting 200 is then cooled to a low temperature by liquid nitrogen. This
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This completes the end fitting for the hose 10. The hose engaging member 208
provides some sealing of the end of the hose 208, and helps to take axial forces in the
hose 10 around the sealing ring 204. The sealing ring 204 provides the remainder of the
sealing of the hose 10.

Figures 5A to 5D show three applications for the hose 10. In each of Figures 5A
to 5C a floating production, storage and offloading vessel (FPSQO) 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
submerged below the sea level 106. In Figure 5C, the hose 10 floats near the surface of
the sea. In each case the hose 10 carries the LNG without any intermediate support. In
Fig 5D the LNG carrier is linked to a land-based storage facility 108 via the hose 10.

The hose 10 may be used for many other applications apart from the applications
shown in figures 5A fo 5C. The hose may be used in cryogenic and non-cryogenic
conditions.

It will be appreciated that the invention described above may be modified. For
example, the tubular sheath 20 could be located outside the outer wire 24. Also, the
hose 10 may include additional reinforcing layers 14,18, sealing layers 16 and/or
tubular sheaths 20. One or more of, or even all of, the sealing layers 18a may be a
polymer coated metallic film, or metallised polymer film. Similarly, one or more of, or
even all of, the sealing layers 18b may be a polymer coated metallic film or

metallised polymer film.
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reinforcing layers having a sealing layer sandwiched therebetween, wherein the hose
further comprises an axial strengthening means adapted to reduce deformation of the
tubular body when the tubular body is subjected to axial tension, and the axial
strengthening means is further adapted to exert a radially inward force on at least part
of the tubular body when axial strengthening means is subjected to axial tension, and
wherein the strain at failure of the tubular body and the axial strengthening means are

within the range 1% to 10%.

2. A hose according to claim 1, wherein the axial strengthening means comprises a
generally tubular sheath formed of a sheet of material provided in a tubular shape, such
that the tubular sheath can maintain the integrity of its tubular shape when subjected to

axial tension.
3. A hose according to claim 2, comprising two or more of said tubular sheaths
4. A hose according to claim 1, 2 or 3, wherein the axial strengthening means is

provided in the form of a generally tubular braid.
5. A hose according to claim 4, wherein the braid is provided in a triaxial form.

6. A hose according to any preceding claim, further comprising é reinforcing layer

between the axial strengthening means and the outer gripping member.

7. A hose according to claim 6, wherein the tubular body, the axial strengthening
means and the reinforcing layer are all made of the same polymeric material.

)
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angle of less than 20° to the longitudinal axis of the hose.

9. A hose according to claim 8, wherein the reinforcing layer is disposed such that
the warp direction is at an angle of less than 10° to the longitudinal axis of the hose.

10. A hose according to claim 6, 7 8 or 9, wherein the or each reinforcing layer

comprises an ultra high molecular weight polyethylene.

11. A hose according to any preceding claim, wherein the axial strengthening means
comprises an ultra high molecular weight polyethylene, aramid fibres or polyester fibres.

12. A hose according to any preceding claim, wherein the sealing layer comprises an
ultra high molecular weight polyethylene or a copolymer of hexafluoropropylene and

tetrafluoroethylene.

13. A hose according to any preceding claim, wherein the sealing layer further
includes at least one layer partially or entirely comprising a metal or metal oxide.

14. A hose according to any one of claims 1 to 11, wherein the sealing layer
comprises at least two polymeric films, one of the films being made of a first polymer
and another of the films being made of a second polymer different from the first
polymer, wherein one of the films is stiffer than the other film, whereby a differential
yield strain is present in the material properties at the operating‘ temperature and

pressure.
15. A hose according to claim 14, wherein the outer film is stiffer than the inner film.

16. A hose according to claim 14 or 15, wherein the polymeric films of the sealing
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18. A hose according to claim 16 or 17, wherein one of the polymeric films of the
sealing layer comprises a highly oriented ultra high density polyethylene.

19.  Ahose according to claim 16, 17 or 18, wherein one of the polymeric films of the

sealing layer comprises a copolymer of hexafluoropropylene and tetrafluoroethylene.

20. A hose according to any one of claims 14 to 19, wherein the sealing layer
comprises a plurality of layers of each of the polymeric films, the layers being arranged
so that the first and second polymers alternate through the thickness of the sealing

layer.

21.  Ahose according to any one of claims 14 to 20, wherein the metal or metal oxide
layer is a layer of metallic or metallic oxide film, or a polymer coated metallic or metallic

oxide film, or a polymer film metallised with a metal or metal oxide.

_ 22. A hose according to any preceding claim, further comprising an insulating layer
23.  Ahose according to any one of claims 1 to 21, further comprising a cured resin
matrix disposed around the outer wire, the outer wire being at least partially embedded
in the resin matrix in order to restrict relative movement between the outer wire and the

rest of the hose.

24.  Ahose according to claim 23, wherein the uncured resin forming the resin matrix
is a material which can be applied to the tubular member in liquid form.

25. A hose according to claim 23 or 24, wherein the resin matrix is a polyurethane.
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27. Ahose according to claim 26, further comprising a compression layer around the
basalt fabric, which serves to compress the basalt fabric.

28.  Ahose according to claim 27, wherein the compression layer comprises an ultra
high molecular weight polyethylene.

29. A hose according to any preceding claim, further comprising a layer of plastics
material around the tubular member, the plastics material containing gas bubbles
therein.

30. A hose according to claim 29, wherein the plastics material is a polyurethane.

31.  Ahose according to claim 29 or 30, wherein the plastics material is applied to the
tubular body by spraying the plastics material, in liquid form, over the surface of the
tubular body, then leaving it to cure.

32. A hose according to claim 29, 30 or 31, wherein the gas bubbles are
incorporated by injecting the gas into the plastics material, before spraying, while it is

still in a liquid form.
33.  Ahose according to any one of claims 29 to 32, further comprising a further layer
of plastics material, which does not contain any substantial amount of gas bubbies,

arranged over the gas-containing plastics material.

34. A hose according to claim 33, wherein the further layer of plastic material is a
polyurethane.

35. A hose according to any one of claims 29 to 35, wherein the overall specific
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comprises: an inner member adapted to be disposed at least partially within the hose; a
sealing member adapted to seal at least part of the tubular body fully around the
circumference between the sealing member and the inner member; and a separate load
transferring means adapted fo transfer axial loads applied to the hose around the
sealing member in order to reduce, or eliminate, the axial load on the hose between the

sealing member and the inner member.

37. A hose according to claim 36, wherein the inner member is substantially
cylindrical, and the sealing member is in the form of a ring adapted to receive the inner
member therein, so that the tubular body can be clamped between the outer surface of

the inner member and the inner surface of the ring.

38. A hose according to claim 36 or 37, wherein 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.

39. A hose according fo claim 38, wherein the split ring is stainless steel and the
sealing ring is polytetrafluoroethylene.

40. A hose according to any one of claims 36 to 39, wherein the load transferring
means comprises a hose engaging member, a load transmitting member and an end
member secured to the inner member, the arrangement being such that the sealing
member is disposed between the load transmitting member and the end member, and
that the hose engaging member and the end member are connected through the load
transmitting member.

41.  Ahose according to claim 40, wherein the hose engaging member is adapted to
engage the hose in such a manner that at least part of the axial forces within the hose
are transferred from the hose to the hose engaging member.
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43. A hose according to claim 40, 41 or 42, wherein the load transferring member
comprises a load transferring plate having an aperture adapted to receive the hose
therethrough, the plate having a surface engageable with the hose engaging member,
whereby loads can be transferred from the hose engaging member to the plate.

44. A hose according to claim 43, wherein the load fransferring member further
includes a load transferring rod secured between the plate and the end member for
transferring loads from the plate to the end member.

45. Ahose according to any one of claims 36 {0 44, wherein the inner member 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, and wherein 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.

46. A hose comprising a tubular body of flexible material arranged between inner and
outer helically wound wires, the tubular body comprising a sealing layer sandwiched
between an inner and an outer reinforcing layer, characterised in that the sealing layer
comprises at least two polymeric films, one of the films being made of a first polymer
and another of the films being made of a second polymer different from the first
polymer, wherein one of the films is stiffer than the other film, whereby a differential
yield strain is present in the material properties at the operating temperature and

pressure.

47.  Ahose according to claim 46, wherein the sealing layer further includes at least
one layer partially or entirely comprising a metal or metal oxide.
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49. A hose according to claim 46, 47 or 48, wherein the polymeric films comprise a
polyester, a polyamide, a polyolefin or a fluoropolymer.

50. A hose according to claim 46, 47, 48 or 49, wherein one of the polymeric films
comprises a polyolefin and the other of the polymeric films comprises a fluoropolymer.

51. A hose according to claim 49 or 50, wherein the polyolefin comprises a highly
oriented ultra high density polyethylene.

52. A hose according to claim 49, 50 or 51, wherein the fluoropolymer comprises a
copolymer of hexafluoropropylene and tetrafluoroethylene.

53. A hose according to any one of claims 46 to 52, wherein the sealing layer
comprises a plurality of iayers of each of the polymeric films, the layers being arranged
so that the first and second polymers alternate through the thickness of the sealing

layer.

54.  Ahose according to any one of claims 46 to 53, wherein the metal layer is a layer
of metallic or metallic oxide film, or a polymer coated metallic or metallic oxide film or a

polymer film metallised with a metal or metal oxide.

55. A hose comprising a tubular body of flexible material arranged between inner-and
outer helically wound wires, characterised by a cured resin matrix disposed around the
tubular body, the outer wire being at least partially embedded in the resin matrix in order

to restrict relative movement between the outer wire and the rest of the hose.

© 58. A hose according to claim 55, wherein the uncured resin forming the resin matrix

is a material which can be applied to the tubular member in liquid form.



1OMDHL09%VE ()-y@ 109%VE ()-6 109%VE ()- gvXdEbC 10MGLOYVE () - z#109%VE () -
1090V& () - LmLO%VE' () - #109%VE ()-3"910%VE () - +\ dEbC 1OMF(

1090VE. () - BI@ONRTYD - %4+109VE () - y# 109VE () - #109VE ()-T 109RET(GBOTORS62
/ ; xmbC 10MD10%WE ()- 10M 10M 10M #10%WE' () - &

10908 () - +F109%VE ()-)#10%& ()-; @O _MIEnbC 10M 10%V& () -

Z109V&' () - 9#10%V&' ()- 10%V&' () - Y" &LOYHE™ () - 109 () - WivdEnbC

12%5&,&% ( 2;\ ﬁg@é%@iﬁg %@%é)%gﬁ%&éhthg régl%&r/ﬁatg&ls a polyurethane.

58. A hose according to claim 55, 56 or 57, further comprising an insulation layer

comprising a fabric formed of basalt fibres.

59.  Ahose according to claim 58, further comprising a compression layer around the

basalt fabric, which serves to compress the basait fabric.

60.  Ahose according to claim 59, wherein the compression layer comprises an ultra
high molecular weight polyethylene.

61. A hose according to any one of claims 55 to 60, wherein the tubular body

comprises at least one reinforcing layer and at least one sealing layer.

62. A hose according to claim 61, wherein the tubular body comprises two of said
reinforcing layers with the sealing layer sandwiched therebetween.

63. A hose according to claim 61 or 62, wherein the or each reinforcing layer

comprises an ultra high molecular weight polyethylene.

64. A hose according to claim 61, 62 or 63, wherein the sealing layer comprises an

ultra high molecular weight polyethylene or a fluoropolymer.

65.  Ahose comprising a tubular body of flexible material arranged between inner and
outer gripping members, characterised by layer of plastics material around the tubular

member, the plastics material containing gas bubbles therein.
66. A hose according to claim 65, wherein the plastics material is a polyurethane.

67. Ahose according to claim 65 or 66, wherein the plastics material is applied to the
tubular body by spraying the plastics material, in liquid form, over the surface of the
tubular body, then leaving it to cure.
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68. A hose according to claim 65, 66 or 67, wherein the gas bubbles may be

incorporated by injecting the gas into the plastics material, before spraying, while it is

still in a liquid form.

69. Ahose according to any one of claims 65 to 68, further comprising a further layer
of plastics material, which does not contain any substantial amount of gas bubbles,
arranged over the gas-containing plastics material.

J
70. A hose according to claim 69, wherein the further layer of plastic material is a
polyurethane.

71. A hose according to any one of claims 65 to 70, wherein the hose has an overall
specific gravity less than 0.8.

72.  An end fitting for terminating an end of a hose comprising a tubular body of
flexible material arranged between inner and outer helical wires, characterised in that
the end fitting comprises: an inner member adapted to be disposed at least partially
within the hose; a sealing member adapted to seal at least part of the tubular body fully
around the circumference between the sealing member and the inner member; and a
separate load transferring means adapted to transfer axial loads applied to the hose
around the sealing member in order to reduce, or eliminate, the axial load on the hose

between the sealing member and the inner member.

73.  An end fitting according fo claim 72, wherein the inner member is substantially
cylindrical, and the sealing member is in the form of a ring adapted to receive the inner
member therein, so that the tubular body can be clamped between the outer surface of
the inner member and the inner surface of the ring.

74. An end fitting according to claim 72 or 73, wherein 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.
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76. An end fitting according to any one of claims 72 to 75, wherein the load
transferring means comprises a hose engaging member, a load transmitting member
and an end member secured to the inner member, the arrangement being such that the
sealing member is disposed between the load transmitting member and the end
member, and that the hose engaging member and the end member are connected

through the load transmitting member.

77.  An end fitting according to claim 76, wherein the hose engaging member is
adapted to engage the hose in such a manner that at least part of the axial forces within

the hose are transferred from the hose to the hose engaging member.

78.  An end fitting according to claim 76 or 77, wherein the inner member and the
hose engaging member each include a portion configured to receive the inner and outer

wires of the hose.

79.  An end fitting according to claim 76, 77 or 78, wherein the load transferring
member comprises a load transferring plate having an aperture adapted to receive the
hose therethrough, the plate having a surface engageable with the hose engaging
member, whereby loads can be transferred from the hose engaging member to the

plate.

80. Anend fitting according to claim 79, wherein the load transferring member further
includes a load transferring rod secured between the plate and the end member for
transferring loads from the plate to the end member.

81.  Anendfitting according to any one of claims 72 to 80, wherein the inner member
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, and wherein the end member is arranged on one side of
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thereof.

83.  Ahose according to claim 82, when dependent upon claim 76, wherein 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.

84. Ahose according to claim 83, wherein further comprising an axial strengthening
means in the form of a braid around the tubular body, and wherein the braid is the part
of the hose that is folded back over the outer part of the tubular member.

85. A hose according to claim 82, 83 or 84, wherein the tubular body extends
between the inner member and the sealing member.

86. A hose according to claim 82, 83, 84 or 85, wherein the tubular body comprises
at least one reinforcing layer and at least one sealing layer.

87. The use of a hose according to any preceding claim to transport fluids at a
cryogenic temperature therethrough.

88. A method of making a hose comprising:
(a) wrapping a wire 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;
() pulling a tubular axial strengthening sheath over a free end of the
mandrel, so that the mandrel extends within the axial strengthening
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coil;

(e) securing the ends of the hose produced in step (d); and
W) removing the hose from the mandrel.

89. A method according to claim 88, wherein the coils and the sheet material are
applied under tension.

90. A method according to claim 88 or 89, wherein the sheet material in step (b)
cOmprises two reinforcing layers and a sealing layer sandwiched therebetween

91. A method according to claim 90, wherein 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 an outer

reinforcing layer, in sheet form, is wrapped around the sealing layer.

92. A method according to any one of claims 88 to 91, wherein the inner and outer
coils are applied in a helical configuration having substantially the same pitch, and the
position of the coils of the outer coil are positioned half a pitch length offset from the
position of the coils of the inner coil.

93. A method according to any one of claims 88 to 92 further comprising the steps
of
() applying an curable aerated liquid resin over the outer wire;
(h)  allowing the resin to cure to form a solid plastics coating containing gas
bubbles therein;
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<$ (e) disposing an inner member in an open end of the hose;
1)) clamping a load transferring means to an outer surface of the hose; and
(g) clamping a sealing member to an outer surface of the tubular body.

95. A method according to claim 94, further comprising the following step between
step (b) and (c):

(h)  pulling a tubular axial strengthening member over a free end of the
mandrel, so that the mandrel extends within the axial strengthening
member, then pulling the axial strengthening member along the mandrel
so that it at least partially covers the tubular body;

96. A method according to claim 95, wherein the axial strengthening means is
clamped by the load transferring means, and further comprising the following step after
step (f):
(i) folding back the tubular axial strengthening member over a part of the
axial strengthening means.
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