REI NFORCED FLEXI BLE HOSE The present invention relates to a flexible hose,
and in particular although not exclusively, to a flexible tubular hose
having an external facing helically grooved |liner with an 5 internally
snooth surface, formng an internal part of the hose wall and an el ongate
retainer positioned within the grooves of the liner configured to inhibit
internal collapse of the hose |iner upon bending. For certain applications
it is advantageous to use a hose that exhibits a %?od degree of 10
flexibility whilst conpri SREFNEGBCEI FAEXIBRFSHONE and nechani cal strength.
Accordingly, it is conventional to include a helically wound steel wire as
a reinforcing nenber within the hose walls. The helical wire provides
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i ner exggqgin aloa% %@f | ength of the hose. Alternatively, the wire may
be wrapp PO UPHL PO de of an inner or intermediate Iiner in contact
with the outer surface of the wire. It is also known to use corrugated hose
| iners conprising a series of helical convolutions aligned transverse to
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grooves @fcohtitibhdles include @dehiciyomimexhetivire as a tdhgformganinden within the
reinforcenent is the sanme, nanely radial support, which the wire inparts to
t he |i neh@sefwablia whi ch the hose walls are constructed. The encircling
helical wire effectively forces the hose liner to nmaintain a circular
shape, acting against the forces 30 incurred by bending or crushing, which
woul d ot ik welsal dinstmetidanddabbipppado tthehdserenstructida, Wneh prishb eemfurtch such
hose constructions is that in spite of. the hel.ic wre reinforﬁenePt,
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creates age I n the e bore, preventing ui
kinking when flexed.

Steel helical wire reinforcement is conventionally implemented in a number of different
20 embodiments. For example, the retaining wire may be embedded in a rubber liner
extending along the length of the hose. Alternatively, the wire may be wrapped around the
outside of an inner or intermediate liner in contact with the outer surface of the wire. It is
also known to use corrugated hose liners comprising a series of helical convolutions
aligned transverse to the longitudinal axis of the hose, these convolutions formed on both
25 the internal (bore) facing side of the liner and the external facing side of the liner. The
helical wire is, in turn, wound into the external facing grooves of the liner. In each known
embodiment the mechanism of reinforcement is the same, namely radial support, which the
wire imparts to the liners from which the hose walls are constructed. The encircling helical
wire effectively forces the hose liner to maintain a circular shape, acting against the forces

30 incurred by bending or crushing, which would otherwise distort and collapse the liner.



5 Wiat is required is a flexible hose radially reinforced with a helica
wire that provides conventional levels of flexibility and resistance to
appl i ed nechanical forces inparted during use whilst having still further
i nproved resistance to internal collapse and ki nking when fl exed. 10
According to a first aspect of the present invention there is provided a
fl exi ble hose conprising: a liner exterding along a region of a length of
the hose, the liner having a first surface orientated towards an internal
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positioned within the grooves wherein when the liner is bent, the sidewalls
of the gPEBVERZAlEdEoNgai nst the retainer at an inside region of the bend
whi ch:creates an axial support to increase the resistance to nechani cal

di stoftion of the liner; wherein the first surface of the liner is
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to ki nking en flexed 25 conparison wth applying the sane helical wire

i nt o t hewheasBexednstructi on, but not located in the external facing grooves.
In particular, it is believed the elongate retainer housed within each
ext erflal facing groove inparts an axial support to the liner at the inside
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towards an external surface of the hose, the second surface comprising helical grooves

15 extending over a region of the liner and aligned transverse to the longitudinal axis of the
hose; and a helically wound elongate retainer positioned within the grooves wherein when
the liner is bent, the sidewalls of the grooves press against the retainer at an inside region
of the bend which creates an axial support to increase the resistance to mechanical
distortion of the liner; wherein the first surface of the liner is non-profiled relative to the

20 second surface.

The inventors have found that incorporating the elongate retainer in a lining having

external facing grooves but importantly not internal facing grooves, significantly increases

the resistance to crushing and internal collapse of the hose due to kinking when flexed in
25  comparison with applying the same helical wire into the hose construction, but not located

in the external facing grooves.

In particular, it is believed the elongate retainer housed within each external facing groove -
imparts an axial support to the liner at the inside of the bend at discreet regions along its

30 length which acts to restrict compressive distortion and kinking at regions of the liner as
the degree of flex is increased. This axial support is developed when the walls of the

grooves at the inside of the bend close and press upon the retainer. Due to the relative



-3- hardness of the plastic, the groove walls do not deform and the

resul tant back pressure acts to prevent axial distortion in the web region.
Ef fectively, the length of the liner in the region around the inside of the
bend is prevented from reduci ng/coll apsi ng under the conpressive forces
applied by the bending action. Accordiggly, the liner is reinforced 5

agai nst kinking firstly due to the convéntional, radial constraining forces
applied by the elongate retainer |ocated within the@grooves and secondly by
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t he bendé the hose liner. Preferably, the width (dianmeter) of the

ret ai ner?i%$" bet ween 50% and 100% of the width of 30 each groove in the hose
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minor imperfections, such as surface defects or slight contour variations however relative

to the second surface, the first surface may be regarded as substantially smoaoth.

20  Preferably, the liner is substantially devoid of grooves within substantially the inner

quarter of the liner body in the radial direction.

It has been established that the reduction in the width of the groove in the liner which

occurs when a 25mm bore PTFE liner according to the subject invention is bent from a
25 straight configuration to a required small bend radius is 35% of the original groove width.

A retainer with a width which is 50% to 100% of the original groove width will therefore

act to create a substantial axial support at the inside of the bend in the hose liner.

Preferably, the width (diameter) of the retainer is between 50% and 100% of the width of
30 each groove in the hose liner when the hose liner is in an axially straight configuration.
Preferably, the retainer and the grooves extend substantially the full length of the hose

liner.



5 Preferably the hose further conprises a netal or textile braid positioned
agai nst the second surface. The braid may be positioned in direct contact

with the second surface and nay be separated by additional |iner material.
Preferably, the hose further conprises a rubber or plastic outer |ayer
positioned over the nmetal or textile bﬂ? 10 Preferably, the grooved

| i ner body conprises a plastic materiafl and in particular
pol ytetrafl uoroet hyl ene (PTFE). A specific inplenentation on the present
invention will now be described, by way of exanple only and with reference
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cut-away VI ew 0 yrconprising a a coiled

W re ret abmpfisip@atlicabingd, mnthln hel ical grooves formed in the |liner body
according to a specific inplementation of the present invention;

figure 2 iIIustrates schematically a cross sectional side elevation view of
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bore 101 petiendingyd! eaaoﬁéa%vk%gmmqfor Roge QA An external facing side
103 of ner 102 1's profil and conprises helical ribs 109 aligned

transverse to the Iongltudlnal axi s of hose 100 G ooves 108 are forned as

hel i cal tur.ns, between r 0 extendln ex n cing surface
103 o | PHAFRGSE G v Bior b3y SRS BHls Bl e Pt aaticplf S T he
thlcknes§O eﬂhﬂﬂ@ﬁe@gﬁﬁe@Q%Ego define the ribbed profile. -5- An elongate
retai ner 107 fonned by a netal wire wound into (helical) turns is housed

wi thin each groove 108 and extends substantially along the I ength of hose

100. A specific implementation on the present invention will now be described, by way of

example only and with reference to the accompanying figures in which:

15 figure 1 is a perspective, partial cut-away view of a multilayer hose body
comprising a liner, and a coiled wire retainer positioned within helical grooves formed in
the liner body according to a specific implementation of the present invention;

figure 2 illustrates schematically a cross sectional side elevation view of a bent
region of the hose of figure 1,

20 figure 3 illustrates a section of the bent hose wall of figure 2.

The flexible hose 100 comprises an inner ribbed liner 102; an intermediate metal or textile

braided layer 105 and an external rubber outer cover 106.

25 Inner ribbed liner 102 comprises an internal facing smooth surface 104 defining the
internal walls of a through bore 101 extending along the length of hose 100. An external
facing side 103 of liner 102 is profiled and comprises helical ribs 109 aligned transverse to
the longitudinal axis of hose 100. Grooves 108 are formed as helical turns between ribs
109 extending from the external facing surface 103 of liner 102 to a depth of

30 approximately three quarters the thickness of liner body 102 to define the ribbed profile.



Referring to figures 2 and 3, each groove 108 fornmed in liner body 102
extends fromthe 5 external facing surface 103 towards internal facing
surface 104 that defines internal bore 101. According to the specific

i npl enentation, a depth of each groove 108 is approxinmately three quarters
of the thickness of liner body 102. Each groove cavity 108 is defined by
side walls 302, 303 which are substanti-ally radially configured, that is to
say at 90 to the axis of the hose extending froma peak 306 at oquternost

facing sénfiewatzoganer tGvarasl by 2 meayrirsomupddite (hed) Bersiedaugdr f aces 103
and 104. W, t%ﬁd g&glll gnﬁ)t%k? #é{eﬁ‘idre%e%'dpﬁbs&gg%lyﬁ%?Q%?%?@dﬁ%e h trough 307 to

be fully house € groove cavi romeach peak 306 at
external facing surface 103. Hose liner 102 may be regarded to conprise

helical _rib' sections 304 positioned 15 internmedi ate betwe hel i cal
grooves ROBIHNIAJIENFS 21980 gt preBrrqae 1R &amgd do H’éfffibé’gl’ ?%EHWE&EW s 300

extendin | @lihy ohpvar ,ﬁﬂq ' e
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and i n padtifubeing tb terspt@fc byp2Oentesdn, ackpthgfehd dgroover1dBasa t ubul ar

opar U1 nepROT Beielt reanegers bR g anuo LT bpGel b PRgsEonu wtkB 108 (o
ki nki ng wheieafl S dyAR 3bb 3estated. gﬁbsianamqfzacgﬂmnﬁgmmethad 9% flyayhose

I
100 is further reinforced agalnst kinking an ol'l apse of internal bore 25
101 due 9@ tohie synefithe Bescexroding fiati opeaf30a at ewtaimmst fat (g shdfaeseld3wi t hi n

di al.l i ent ed .10 t endi f | i sid |
of hade” 1EER: A e ARG BERE B TR B BOS Dok FBURG b B ATENE enhanced
resi stanggy fQef&d ég%lh%gv_aegh! €roligh B@ﬁ%orl?tfﬁilﬁ%us@d QvthE R %ﬁ%iv@ba\&tz}’plmraﬁﬁa whi ch

prevents conpressive distortion o he web sections 300 of liner 102 over

t he port from ageh pen 30p abexternaltfaeing pigfage 18%- t he bend. This axial support
limts the 30 anount of nechani cal conpressive distortion and ki nking at
liner 102 as hose 100 is flexed as illustrated in figures 2 and 3. This
axi al suppey lincefl 02 6lal ve kagaidebitd bdBprieIHeARS erivfsetiidie 304 @asitionedhe web regi ons
300 whi ch woul d ot herwi se be observed due to the conpressive forces -6-
15 intermediate between helical grooves 108 along the length of the hose and helical *web’
sections 300 extending radially inward from each groove 108 towards internal bore surface

104.

Helical retainer 107 provides radial reinforcement of the hose and in particular liner 102 by
20 restricting the liner to a tubular configuration (substantially circular cross sectional profile),
thus imparting a resistance to crushing and collapse of hose bore 101 due to kinking when

flexed as illustrated in figures 2 and 3.

The flexible hose 100 is further reinforced against kinking and collapse of internal bore

25 101 due to the synergistic combination of a retainer 107 housed within radially oriented
grooves 108 extending from an external facing side only of hose liner 102. The subject
invention has been found to exhibit enhanced resistance to collapse due to the retainer
providing axial support, which prevents compressive distortion of the web sections 300 of
liner 102 over the portion of the liner at the inside of the bend. This axial support limits the

30 amount of mechanical compressive distortion and kinking at liner 102 as hose 100 is flexed
as iilustrated in figures 2 and 3. This axial support effectively inhibits collapse of liner 102

in the web regions 300 which would otherwise be observed due to the compressive forces



applied by the bending action. The conpressive forces due to the bending
which are axially applied to the rib regions 304 of the liner at the inside
of the bend are rendered ineffective by the very thick, and therefore
strong wall thickness of the ribs. By configuring liner 102 and retainer
107 such that the retainer 107 sits within groove 108 and 5 is trapped

bet ween side walls 302, 303, during bending, web section 300 is effectively
prevent ed fron1conpre53|ve distortion when it is bent around the external
surface 3pBiedfytes bandme acom. Thapompigative/ioreeh duaic the bendipovbichara he web
sections I 101, is
created 8§g&%é§cgﬁ%lnug§§eégxﬁﬁg og&?%%k%ﬂﬁggmgk(ﬁgﬁvggﬁgﬁﬂ%?&ﬁgﬁer 102
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i nner nost ta0|%% surface 104 to allow the as described axial support within
liner 10%@Y 107 cLAIMS: 1. A flexible hose conpri sing: a |liner
extendi ng al ong a region of a length of the hose, the liner having a first
surface orientated towards an internal bore of the hose and a second
surface bnpatinty.gbe tdwlasupsoraof thx tveb pedtiosuddlatet sfrveste phayset collapsesdcond

surface c ri.sing..a. helical groove extendin v ion of..the liner
ond 30, gL s et et BRPeaH AR 8 Spaf HuERis B dE |

hel i cal l yozv\@émeerﬁdh@%efs&ubﬁ& 30N GhafieSidet oMM dehdiRioh gfddeeORAYME Wher ei n when
the liner is bent, the sidewalls of the groove ﬁress agai nst the retainer

at an i neihstantiallyi he inger quretehefibic i/mfﬁr(ﬂ@dﬁ,rlééh@e@d@ dizgetign. positweed tosrdsner ease

t he re5|ﬁ}%g&%ﬂ%om ghanlcal distortion of the liner;

15 As will appreciated, groove cavities 108 may extend from external facing side 103 towards
internal facing side 104 at any depth value so long as a predetermined liner thickness is
maintained between the bottom of each trough 307 and innermost facing surface 104 to

atlow the as described axial support within liner 102.

20



wherein the first surface of the liner is non-profiled relative to the
second surface; and wherein a depth by which the groove extends into
the liner fromthe second surface is such that the elongate retainer is
conpl etely housed within the groove. 2. The hose as claimed in claim1
wherein the groove is defined by peaks and troughs. 3. The hose as clai ned
in claim2 wherein the retainer sits against the troughs. 4. The hose as
claimed in any preceding claimwherein the first surface is substantially
devoi d of %Rﬁggane type of groove present at the second surface. 5. The
hose as 6? I “in any preceding claimwherein the el ongate retainer
conprlses a wdth which is between 50% and 100% of the w dth of the groove
when the |iner an axially straight configuration. 6. The hose as
claimed iln any* éﬁ%&%é@ﬁ@o@Pﬁﬁﬁﬁmherein the retainer and the groove extend

substanti al I'y gtifaer &ddnblink @REE R rfiord b8 1BARR of th8 hose, the liner having a first
surface orientated towards an internal bore of the hose and a second surface orientated
towards an external surface of the hose, the second surface comprising a helical groove
extending over a region of the liner and aligned transverse to the longitudinal axis of the
hose;

a helically wound elongate retainer positioned within the groove wherein when
the liner is bent, the sidewalls of the groove press against the retainer at an inside region
of the bend which creates an axial support to increase the resistance to mechanical
distortion of the liner;

wherein the first surface of the liner is non-profiled relative to the second surface;
and

wherein a depth by which the groove extends into the liner from the second

surface is such that the elongate retainer is completely housed within the groove.

2. The hose as claimed in claim 1 wherein the groove is defined by peaks and
troughs.

3. The hose as claimed in claim 2 wherein the retainer sits against the troughs.
4, The hose as claimed in any preceding claim wherein the first surface is

substantially devoid of the same type of groove present at the second surface.

5. The hose as claimed in any preceding claim wherein the elongate retainer
comprises a width which is between 50% and 100% of the width of the groove when the

liner is in an axially straight configuration.

6. The hose as claimed in any preceding claim wherein the retainer and the groove -

extend substantially the full length of the hose;



7. The hose as clained in any preceding clai mwherein the retainer
conprises a netal wire. 8. The hose as clained in claim?7 wherein the
retai ner conprises helically wound stainless steel wire. 9. The hose as
clainmed in any preceding claimfurther conprising a netal braid positioned
agai nst the second surface. 10. The hose as clained in any one of clains 1
to 8 further conprising a textile brdld positioned against the second
surface. 11. The hose as clained in claim9 or 10 further conprising a
rubber outer |ayer positioned over the braid. 12. The hose as clained in
claim9 or 10 further conprising a plastic outer |ayer positioned over the
braid. 13. Théeheses aaingdddnh adprecedayclghmedecdingecttainm ovgrisesr t he | i ner
conprises a _plastic material. 14. The hose as claimed in claim13 wherein
the pl ast?al¥f%rial conprises pol ytetrafluoroethyl ene (PTFE). 15. The
hose as clainmed in any preceding claimwherein the liner is substantially
n

devoid of a groove wthin substantially the inner quarter of the Iiner
radi al di% ect iTophose as claimed in claim 7 wherein the retainer comprises helically wound

a

stainless stee] wire.

9. The hose as claimed in any preceding claim further comprising a metal braid

positioned against the second surface.

10.  The hose as claimed in any one of claims 1 to 8 further comprising a textile braid

positioned against the second surface.

11.  The hose as claimed in claim 9 or 10 further comprising a rubber outer layer

positioned over the braid.

12, The hose as claimed in claim 9 or 10 further comprising a plastic outer layer

positioned over the braid.

13.  The hose as claimed in any preceding claim wherein the liner comprises a plastic
material.
14.  The hose as claimed in claim 13 wherein the plastic material comprises

polvtetrafluoroethylene (PTFE).

15.  The hose as claimed in any preceding claim wherein the liner is substantially

devoid of a groove within substantially the inner quarter of the liner in a radial direction.



