
REINFORCED FLEXIBLE 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
smooth surface, forming an internal part of the hose wall and an elongate
retainer positioned within the grooves of the liner configured to inhibit
internal collapse of the hose liner upon bending. For certain applications
it is advantageous to use a hose that exhibits a good degree of 10
flexibility whilst comprising appropriate physical and mechanical strength.
Accordingly, it is conventional to include a helically wound steel wire as
a reinforcing member within the hose walls. The helical wire provides
radial support to the hose construction, which acts to reinforce 15 the
hose against mechanical forces which might otherwise distort or damage the
hose. In particular, the helical wire imparts resistance to crushing, and
collapse of the hose due to 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.  -2- One problem with such
hose constructions is that in spite of the helical wire reinforcement,
there remains a tendency for the hose liners, or the whole hose
construction, to collapse or kink when the hose is sufficiently bent, which
creates a blockage in the hose bore, preventing fluid flow. 



5 What is required is a flexible hose radially reinforced with a helical
wire that provides conventional levels of flexibility and resistance to
applied mechanical forces imparted during use whilst having still further
improved resistance to internal collapse and kinking when flexed. 10
According to a first aspect of the present invention there is provided a
flexible hose comprising: a liner extending along 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 orientated 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
resultant back pressure acts to prevent axial distortion in the web region.
Effectively, the length of the liner in the region around the inside of the
bend is prevented from reducing/collapsing under the compressive forces
applied by the bending action. Accordingly, the liner is reinforced 5
against kinking firstly due to the conventional, radial constraining forces
applied by the elongate retainer located within the grooves and secondly by
the additional axial support created in the liner due to the synergistic
affect of the retainer, the grooved external facing side and the
non-grooved internal facing side of the liner. 10 The grooves may be
regarded as being defined by peaks and troughs at the external facing side
of the liner body. Preferably, the retainer sits against the troughs, that
is, the retainer body is completely housed within each groove and does not
extend to the height of each peak. 15 The first surface, positioned to be
facing the internal bore is substantially devoid of the same type of
grooves present at the second surface. That is, the first surface may
comprise minor imperfections, such as surface defects or slight contour
variations however relative to the second surface, the first surface may be
regarded as substantially smooth. 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 25nun 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.  -4- The retainer may comprise a metal wire and
in particular a stainless steel wire preferably comprising helical turns. 



5 Preferably the hose further comprises a metal or textile braid positioned
against the second surface. The braid may be positioned in direct contact
with the second surface and may be separated by additional liner material.
Preferably, the hose further comprises a rubber or plastic outer layer
positioned over the metal or textile braid. 10 Preferably, the grooved
liner body comprises a plastic material and in particular
polytetrafluoroethylene (PTFE). 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: 15figure 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; 20figure 3 illustrates a section of
the bent hose wall of figure 2. The flexible hose 100 comprises an inner
ribbed liner 102; an inteiniediate 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.  -5- An elongate
retainer 107 fonned by a metal wire wound into (helical) turns is housed
within each groove 108 and extends substantially along the length of hose
100. 



Referring to figures 2 and 3, each groove 108 formed in liner body 102
extends from the 5 external facing surface 103 towards internal facing
surface 104 that defines internal bore 101. According to the specific
implementation, a depth of each groove 108 is approximately three quarters
of the thickness of liner body 102. Each groove cavity 108 is defined by
side walls 302, 303 which are substantially radially configured, that is to
say at 90 to the axis of the hose extending from a peak 306 at outermost
facing surface 103 10 towards a trough 307 positioned between surfaces 103
and 104. The helical wire retainer 107 is seated against each trough 307 to
be fully housed within the groove cavity 108 away from each peak 306 at
external facing surface 103. Hose liner 102 may be regarded to comprise
helical `rib' sections 304 positioned 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 illustrated 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  -6- 



applied by the bending action. The compressive 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
between side walls 302, 303, during bending, web section 300 is effectively
prevented from compressive distortion when it is bent around the external
surface 305 of retainer 107. Importantly, the axial support of the web
sections 300, that serves to prevent collapse of 10 internal bore 101, is
created by the continuous volume of the body at the region of liner 102
between the web sections 300. That is, liner 102 is devoid of grooves
within substantially the inner quarter of the liner body, in the radial
direction, positioned towards the central bore 101. 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 allow the as described axial support within
liner 102. 20  7 CLAIMS: I.A flexible hose comprising:       a liner
extending along 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 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;  8 



7. The hose as claimed in any preceding claim wherein the retainer
comprises a metal wire.  8. The hose as claimed in claim 7 wherein the
retainer comprises helically wound stainless steel 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 polytetrafluoroethylene (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. 


