-T- HOSE END FI TTING This invention relates to hose, and nore particularly
relates to hose which can be. used in cryogenic conditions. More
specifically the invention relates to hose end fittings. 5 Typical
applications for hose involve the punping of fluids froma fluid reservoir
under pressure. Exanples include supplgjng of donestic heating oil or LPGto
a boiler; transporting produced oilfir&ld liquids 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 cars,

especially during refuelling in feO8eE BND;FIeNflgconveyi ng 10 corrosive
fluids, such as sulphuric acid. It is well known to use hose for the
transport of fluids, such as liquefied gases, at |ow tenperature. Such hose
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(ENG) and 1§ o InenipB saRtesadiogered Mate srRasulaThrolates IR bese s can bo °
sufficiefpdd anfdrﬁfgéﬂiﬁcoﬁamoﬂé.. ol R aliy fHe ih,ee,ﬁgaﬂ Rfsibs t(]-.lﬁo@@éﬁaﬁhl s
construcltle of exible materials, i.e., non-rigid materials. The structure

of such hose Typieal @ipplications:fos bese inuativg the pyapingrofiiiulds fioem adiuig reservoir

d b ) onl o . it

onvost | R HrEetE, ERARRIR N84S SUpBFiga dotpd i Kedime AN P b boldr. | S

R e v el o A et i ol
| i ses i u . S | |

ooal i noF g to R CarrroARS ShPepr FONE SIS EEERLEN ik B thase S rBER nihe

st rengt fqénveﬁﬁg bY fudl € FadithdlcarReeghetiallyOdiiy reflidling/in foRfula M &indPashvayiry

| ayers of the ~tubular bo conprise fabric |ayers forned of a polyeSter

such H% qmloﬁéﬁfwi%esuch@sg%mf!ﬁl%@- The intermediate sealing |ayer provides
a seal 10 proygRjelf kiituin 4 Ged hOLB o S IaALAdIOf MGl At ofich ls68, o 2

polymeric film e retaining wres are typically applie tehsi on
around tlbwe tempetatusmdSuchuhesdds confracrly usedt teetransparbliqefiod gades sechiasi ng

\Ilzmu; te ﬁe?ﬁjtﬂf’gﬁéq”ﬁé%uk%'tiq% me%i%ﬁe?%?‘?@%%?%% ésts:J\?gl aLoggd)d/éf ormation
of the hose undederfogthephesstu be stiffieidrmiydioxibhel amyt givenigngth must besat l6adt to
Eur optSa PRI OB L RaA TRt g 2o H0I8 eteBescr bed i n this |
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arranged between an inner and outer helically wound retaining wires. It is conventional for

the two wires to be wound at the same pitch, but to have the windings displaced by half a

pitch width from one another. The tubular body typically comprises inner and outer layers

20 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.

25 The retaining wires are typically applied under tension around the inside and
outside surfaces of the tubular body. The retaining wires act primarily fo preserve the
geometry 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.
0076540A1. The hose described in this specification includes an intermediate layer of
biaxially oriented polypropylene, which is said to improve the ability of the hose to resist
the fatigue caused by repeated flexing.



bi axially oriented pol ypropyl ene, which is said to inprove the ability of
the hose to resist the fatigue caused by repeated flexing. -2- Another hose
is described in GB-2223817A. The hose described in this publication is a
conposite hose conprising an inner helical netallic core, a plurality of

| ayers of plastics material fibres and filns wound on the core, at |east one
| ayer of glass cloth and at | east one |ayer of alumniumfoil disposed

adj acent one another and wound onto the plastics material, and an outer
helical metallic former. This hose is said to be suitable for transporting
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Prefera nner and oufer retaining menbers are ring-shaped re
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members, characterised in that the end fitting comprises: an inner member adapted to
be disposed at least partially within the hose; and a hose engaging member adapted to
press against the inner member to retain the hose between itself and the inner member,
and a separate means for retaining one or more layers of the hose, the retaining means
comprising an outer retaining member adapted to press against an inner retaining
member to retain the or each layer of the hose between the outer and inner retaining
members of the retaining means.

Preferably, the inner and outer retaining members are ring-shaped. More
preferably the inner and outer retaining members are preferably provided in the form of
a ring, preferably with the outer retaining member being disposed concentric with the
-Inner retaining member. More preferably, the first and second members are spilit rings,
to facilitate assembly.

In a preferred embodiment, the outer retaining member which comes into contact
with the or each layer of the hose is provided with gripping formations to facilitate
gripping of the or each layer of the hose. The surface of the inner retaining member
may be provided with corresponding formations.

In a preferred embodiment, the adjacent surfaces of the inner and outer retaining



with the or each layer of the hose is provided with gripping formations to
facilitate gripping of the or each |l ayer of the hose. The surface of the

i nner retaining nmenber nay be provided with corresponding formations. In a
preferred enbodi nent, the adjacent surfaces of the inner and outer retaining
-3- nenbers are provided with gripping formation to facilitate gripping of
the or each layer of the hose therebetween. There may be any conveni ent
nunber of inner and outer retaining nmegbers. I.n the sinplest enbodi nent,
there is one outer retai ning nenber and one inner retaining nenber. It is
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comprises a first part of a first cross-sectional thickness (i.e. diameter, when ring-
shaped), and the integral inner retaining member comprises a second part of a second
cross-sectional thickness (i.e. diameter, when ring-shaped), the second thickness being
less than the first thickness. The outer retaining member may have a third cross-
sectional thickness (i.e. dlameter, when ring-shaped), and the second and third cross-
sectional thicknesses may be equal. Preferably, the sum of the second and third cross-
sectional thicknesses is substantially the same as the first cross-sectional thickness.

When the inner retaining member is integral with the hose engaging member, it
is preferable that the hose engaging member is L-shaped, so that the inner retaining
member extends from the body of the hose engaging member, and the outer retaining
member can be receiving in the recess of the L-shape.

When the inner retaining member is integral with the hose engaging member, the
inner surface of the inner retaining member may also function to clamp the hose fixedly
between the hose between itself and the inner member, i.e., it may contribute to the
hose engaging function.

The second feature relates to the provision of a bend stiffener. The inner

member used in the invention can in some circumstances cause a discontinuity in the



When the inner retaining nmenber is integral with the hose engagi ng nenber,
the inner surface of the inner retaining nmenber may al so function to clanp
the hose fixedly between the hose between itself and the inner nenber,

i.e., it may contribute to the hose engaging function. The second feature
relates to the provision of a bend stiffener. The inner nenber used in the
I nvention can in sonme circunstances cause a discontinuity in the -4- bending
stiffness at near the end of the hose gmking it prone to |ocalisation of

curvature, i.e. overbending, thereby disturbing the hose carcass fornmed by
the heli f andn | rgsé{rb ting
menber 9%@%%’%92%‘2%9’9 # ﬁ%ir’ulh@g{ er'r"lgng ﬂ“"e@ggn@g@? &gﬁ Ohé)?gsﬁs]E réc%f:qw ng a

part of cuhativeske.ecngsipemiingehbmbyatistuebing trentbser eareass fanmeudd:yelhemql;calart of
t he end nenb ﬁhereby | oads applied to the hose engaging member can be
transfeW'@EQ$h? BS&nd menber via the cylindrical |oad transferring nember.

Preferably, i1hgnBribddihért PRIGad ﬁahﬁﬁﬁﬂ@&he%éhdrﬁﬁnéé%%ﬂhéﬂédﬂﬂéﬁw

menber. According to another aspect of the invention, the end fitting
f urt her haMieouwiBrst Egeess |f@rnr@&ebnngmlmaarofﬁe¢\60§@ ehgagiag raembﬁean@@ $990Ngr ound

the h t t fo
renbor . T BS5 R (ORAMRD Fart o In8 ond Bibriber iRaEEy TeedteERflied T 1HE 1E0E
pr ef er akhgagingymesbearcan Pe dfansiidrirgd ﬁmdh@m sEnibenda the cylingdcaldipaduch
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Preferably the tip of the bend stiffener (i.e. the part furthest from the end of the hose) is
provided with a shoulder against which any outer mechanical protection on the hose
may be run. An example of such outer mechanical protection is described in our
copending UK patent application number 0226271.5.

The third feature relates to the way the load transferring means is secured to the
inner member. In WO01/96772 the end member of the load transferring means was
shown bolted to the inner member. We discovered that while this arrangement was
satisfactory, the fatigue resistance ofthe connection could be improved by making the
end member an integral part of the inner member. Therefore, aaccording to another
aspect of the invention the end member of the load transferring means is integral with
the inner member. The integral arrangement can be machined from a single forging or a
block of welded components.

According to another aspect of the invention there is provided an end fitting for
terminating an end of a hose comprising a tubular body of flexible material arranged
between inner and outer gripping members, the end fitling comprising a load
transferring means which includes a hose engaging member adapted to grip the hose, a
load transmitting member, and an end member, the arrangement being such that the



aspect of the invention the end nenber of the |oad transferring neans is
integral with the inner nenber. The integral arrangenent can be machi ned
froma single forging or a block of wel ded conponents. According to anot her
aspect of the invention there is provided an end fitting for term nating an
end of a hose conprising a tubular body of flexible material arranged

bet ween i nner and outer gripping nenbers, the end fitting conprising a | oad
transferring neans which includes a hqgg engagi ng nmenber adapted to grip the
hose, a load transmtting nenber, and an end nenber, the arrangenent being
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adapt ed tbg fitméﬁ;@g d the hose on the opposite side of the hose engagi ng
menber t tetqg renber, wherein the bend stiffener is integral with the
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member to retain the hose between the first member and the inner member, and a

second member adapted to press against the first member to retain the hose between

the second member and the first member.

According to another aspect of the invention there is provided a combination of a
hose with an end fitting as described above.

The hose preferably comprises a tubular body and an axial reinforcing braid
disposed between inner and outer gripping members, wherein the tubular body
comprises inner and outer reinforcing fayers and a sealing layer disposed between the
inner and outer reinforcing layers.

The hose preferably further comprises a protective and/or insulative layer
wrapped around said hose, wherein said protective and/or insulative layer has an end
portion which is adapted to be received in the first recess of the cylindrical load
transferred member.

Although more than one layer of the hose may be retained by the retaining
means of the end fitting, it is particular preferred that the braid alone of the hose is
retained between the Inner and outer retaining members of the retaining means.

As mentioned above the hose and end fitting can be provide with any



conprises inner and outer reinforcing |ayers and a sealing |ayer disposed
between the inner and outer reinforcing |layers. The hose preferably further
conprises a protective and/or insulative |ayer wapped around said hose,
wherein said protective and/or Insulative |ayer has an end portion which is
adapted to be received in the first recess of the cylindrical |oad
transferred nenber. Although nore than one | ayer of the hose nmay be retained
by the retaining means of the end fitging, it is particular preferred that
the braid al one of the hose is retained between the Inner and outer
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the nv%gtsle%]ou?&a lge ?n tsh(e): rgggg 151'3%1I a eo(?.lt f58(r) k%%egavgg%hupctgrarbgalt 5800 kPa gauge, or
even up to about 4000 kPa gauge, or higher. These pressures relate to the operating
prassure of the hose, not the burst pressure (which must be several times greater). The
volumetric flow rate depends upon the fluid medium, the pressure and the inner
diameter. Flowrates from 1000 m*/h up to 12000 m®h are typical.
The hose according to the invention can also be provided for use with corrosive
fluids , such as strong acids.
Reference is now made to the accompanying drawings in which:
Fig. 1 is a perspective view of a hose with which the end fitting according to the
invention may be used;
Fig. 2 is a schematic cross sectional view of a first embodiment of an end fitting
for a hose, according to the invention;
Fig. 3 is a schematic cross sectional view of a second embodiment of an end
fitting for a hose, according to the invention;
Fig. 4 is a schematic cross sectional view of a third embodiment of an end fitting
for a hose, according to the invention;
Figs. 5 is enlarged schematic cross sectional view of part of a hose engaging

member of the end fitting according to the invention before assembly;



fluids , such as strong acids. Reference is now nmade to the acconpanying
drawings in which: Fig. | is a perspective view of a hose with which the end
fitting according to the invention nmay be used; Fig. 2 is a schematic cross
sectional view of a first enbodinent of an end fitting for a hose;
according to the invention; Fig. 3 is a schematic cross sectional view of a
second enbodi nent of an end fitting for a hose, according to the invention;
Fig. 4 is a schematic cross sectional yewof a third enbodi ment of an end
fitting for a hose, according to the invention; Figs. 5 is enlarged
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whi ch co sealing ring 204, which is typically based on a polyneric
resin sJ(%ﬁer%ﬁg%TFE and a

The ends of the hose may be sealed using the end fitting 200 shown in the

figure. The hose has not been shown in the figure, in order to improve the clarity. The
end fitting 200 comprises a tubular inner member 202 having a hose end 202z and a
tail end 202b. The end fitting 200 further includes a sealing member which comprises a
sealing ring 204, which Is typically based on a polymeric resin such as PTFE, and a
stainless steel split ring 206 around the 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 plate 212 is integral with the tail end 202b of the inner
member 202, as illustrated at 212b. The load transferring member comprises a disk-
shaped plate 214 and at least one load transferring rod 2186. In the figure there are two
of the rods 216, but it is preferable to provide three or more of the rods 216, and it is
preferable that the rods are equi-spaced around the circumferance. A tightening nut 218 .. -
is provided on each rod 216. The plates 212 and 214 have apertures 212a and 214g
respectively for receiving the rods 216.

The hose engaging member 208 is provided with an inner helical recess in the
form of grooves 208a which are adapted to receive the outer wire of the hose therein.
The inner member 202 is provided with an outer helical recess in the form of grooves
202d which are adapted to receive the inner wire 22 therein. The grooves 208a and



stainless steel split ring 206 around the sealing ring 204. The end fitting
200 further includes a |load transferring nmeans conpri ses a hose engaging
menber 208, a load transferring nenber 210 and an end nenber in the form of
a di sk-shaped plate 212. The plate 212 is integral with the tail end 202b of
the inner nenber 202, as illustrated at 212b. The | oad transferring nmenber
conpri ses a disk- shaped plate 214 and at |east one |load transferring rod
216. In the figure there are two of thg rods 216, but it is preferable to
provide three or nmore of the rods 216, and it is preferable that the rods
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has apertures 242 through which the rods 216 may be received. One end of the bend
stiffener 240 abuts the plate 214.

Fig.3 shows an end fitting which is similar to the end fitting shown in Fig. 2, and
the same reference numerals have been used to designate the parts. The differences
are: the bend stiffener is not provided in the design shown in Fig.2, although it could be,
if desired; the plates 212 and 214 have a smaller diameter, so that the structure is more
compact.

Fig.4 shows an end fitting which is similar to the end fitting shown in Fig. 2, and
the same reference numerals have been used to designate the parts. In figure 4 the
load transferring rod has been replaced by a load transferring member 250 which has
recesses 250a and 250b adapted to receive the edges of plates 212 and 214
respectively.

The recess 250b also receives and end portion 260a of a protective and/or
insulative layer 260 provided on the outer surface of the hose 100 (i.e. provided outside
the gripping member 104. The layer 260 may be the same sort of layer as described in
our copending international patent application number PCT/GB2003/004932. This
comprises an elongate profiled member which is wrapped helically around the outside



stiffener 240 abuts the plate 214. Fig.3 shows an end fitting which is
simlar to the end fitting showmn in Fig. 2, and the sane reference nunerals
have been used to designate the parts. The differences are: the bend
stiffener is not provided in the design shown in Fig.2, although it could
be, if desired; the plates 212 and 214 have a snull'er dianeter, so that the
structure is nore conpact. Fig.4 shows an end fitting which is simlar to
the end fitting shown in Fig. 2, and Jigbe sane reference nunerals have been
used to designate the parts. In figure 4 the load transferring rod has been
repl acedgtypeddsgadot ransf erring member 250 which has recesses 250a and 250b
adapted to receive the edges of plates 212 and 214 resPectlver The recess
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The braid folds back out of the hose body around a filleted front edge 230b ofthe
member 230, The filleted edge 230b prevents large stress concentrations being induced
in the braid 108 as a result of the contact of the braid 108 with the member 232 under
tension. This radius controls the contact pressure generated by the tension in the braid
108. The drop in tension is a non-linear function of the product of the angle of contact
the braid makes with the radius and the local friction coefficient. In the case shown,
where the radius of the fillet is constant, the non-linear function is exponential.

When the outer member 232 is fully mated against the inner member 232 the
profiled surfaces 230a and 232a of the first and second members respectively mate
closely thus forcing the braid 108 fo pass through a series of undulations. Fach
undulation acts as a capstan and so reduces the tension in the braid as described
earlier.

The hose is secured to the end fitting 200 as follows. The inner member 202 is
threaded into the end of the hose, so that the hose lies close to the plate 212. The inner
wire of the hose is received In the grooves 202d and the outer wire of the hose is
received in the grooves 208a. The inner and outer wires are cut back so that they do



nore effective. The braid folds back out of the hose body around a filleted
front edge 230b of the nenber 230. The filleted edge 230b prevents | arge
stress concentrations being induced in the braid 108 as a result of the
contact of the braid 108 with the nenber 232 under tension. This radius
controls the contact pressure generated by the tension in the braid 108.
The drop in tension is a non-linear function of the product of the angle of
contact the braid nakes with the radiygs and the local friction coefficient.
In the case shown, where the radius of the fillet is constant, the
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i nner memd Aba3engdding seember 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 by the sealing

ring 204.

The end fitting 200 is then cooled to a low temperature by liquid nitrogen. This
causes the sealing ring 204 to contract relatively more than the split ring 206, whereby
the compressive force applied on the sealing ring 204 by the split ring 2086 is reduced.
While the split ring 206 and the sealing ring 204 are at a relatively low temperature, the
split ring 206 is again tightened. The temperature is then allowed to rise to ambient
conditions, whereby the compressive force on the sealing ring increases by virtue of the
greater expansion of sealing ring 204 relative to the split ring 206.

It will be appreciated that the invention described above may be modified. For
example, the inner retaining member-230 could be separate from the rest of the-hose
engaging member. Furthermore, additional inner and outer retaining members 230 and
232 may be provided.



232 and the inner nenber 230 clanp the braid 108 firmy in place. The
tubul ar body 106 of the hose 100 extends under the sealing ring 204. After

t he hose engagi ng nmenber 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 by the sealing ring 204. The end fitting 200 is then cooled to a | ow
tenperature by liquid nitrogen. This gquses the sealing ring 204 to
contract relatively nore than the split ring 206, whereby the conpressive

force appé @n the sealing ring 204 by the split ring 206 is reduced.
VWi | e ring 206 and the sealing ring 204 are at a relatively |ow

terrperature the split ring 206 is again tightened. The tenperature is then
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(100) behupper (zaéyhaap%@aitd Press agsihsmghﬁér ré%@f% a nfdithed (BRN S tan fRagts for
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conpri si repchirretainastlayencfithe hgse hetvssn theggjer@@dpnw retaining swerabrs (232,an
I nner ret t he
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the hose fag@s (ED8) to the outer surface of the hose engaging member (208) and to the
retaining means, and wherein the adjacent surfaces of the inner and outer retaining
members (230,232) are provided with gripping formations (230a,232a) which mate
together to grip retain the or each retained layer of the hose (100) between the inner
and outer retaining members (230,232). '

2. An end fitting (200) according to claim 1, wherein the inner and outer retaining
members (230,232) are ring-shaped. '

3. An end fitting (200} according to any preceding claim, wherein two or more of the
outer retaining members (232) are provided.

4, An end fitting (200) according to any preceding claim, wherein two or more of the
inner retalning members (230) are provided.

5. An end fitting (200) according to any one preceding claim, wherein at least one
inner retaining member (230) is integral with the hose engaging member (208).



menber (208) to the outer surface of the hose engagi ng nenber (208) and.to
the retaining neans, and wherein the adjacent surfaces of the inner and
outer retaining nmenbers (230,232) are provided with gripping formations
(230a, 232a) which mate together to grip retain the or each retained |ayer
of the hose (100) between the inner and outer retaining nenbers (230, 232).
2. An end fitting (200) according to chaim1, wherein the inner and outer
retaining nenbers (230,232) are ring-shaped. 3. An end fitting (200)
according to any preceding claim wherein two or nore of the outer
retalnlng menbers (232) are provided. 4. An end fitting (200) according to
any preceldi ng Al &n fﬁWﬂe@@ph acoRrding teoany preceding glaims fUReracamprising Aber s
(230) ar edi ng
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t he hose musgamnigaginganembe( RO@e entiZnembeAn end fitting (200) according to any
preceding claim further conprising an elongate tubular bend stiffener
adapted to fit around the hose on the opposite side of hose engagi ng nenber
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9, An end fitting (200) according to ¢laim 8, wherein the end member is integral with
the inner member.

10.  An end fitting {200} according to claim 8 or 9, wherein the load transmitting
member comprises a cylindrical member having a first recess for receiving a part of the
hose engaging member and a second recess for receiving part of the end member,
whereby loads applied to the hose engaging member can be transferred to the end
member via the cylindrical load transferring member.

11.  Anend fitting (200) according to claim 8, 9 or 10, when dependent upon ¢laim 8
or 9, wherein.the bend stiffener is integral with the load transmitting member,

12.  Anend fitting (200) according to any one of claims 8 to 1, wherein the retaining
means is disposed between the hose engaging member and the end member.

13.  Ahose (100) including an eﬁd fitting according to any preceding claim.



wher eby | oads applied to the hose engagi ng nenber can be transferred to the
and nenber via the cylindrical load transferring nenber. 11. An end fitting
(200) according to claim8, 9 or 10, when dependent upon claim8 or 9,
wherein.the bend stiffener is integral with the load transmtting nenber.

12. An end fitting (200) according to any one of clains 8 to 1, wherein the
retaining neans is disposed between tje hose engagi ng nmenber and the end
menber. 13. A hose (100) including an end fitting according to any preceding
claim 13 14. A hose (100) according to claim 13, further conprising a
tubul ar body (106) and an axial reinforcing braid (108) disposed between
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(116) hagg ppition which is adapted to be received in the first
recess of he cyI I m}rl cal- load transferred nenber. 16. A hose (100)
according to claim13, 14 or 15, wherein the braid (108) of the hose (100)
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retai ni ng rrea
comprising a protective and/or insulative layer (116) wrapped around said hose (110),

wherein said protective and/or insulative layer (118) has an end portion which is
adapted to be received in the first recess of the cylindrical load transferred member.

16.  Ahose (100) according to claim 13, 14 or 15, wherein the braid (108) of the hose
(100) is retained between the inner and outer retaining members (230,232) of the
retaining means.



