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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to a
method of forming a hose assembly for conveying fluids
and a method of forming the hose assembly.

BACKGROUND OF THE DISCLOSURE

[0002] Hose assemblies for conveying fuel and other
corrosive fluids are well known in the art (cf. e.g. in
EP1857259 or in US4276908).
[0003] These types of hose assemblies are exposed
to a variety of fluids, such as foods, fuel mixtures, fuel
additives, and chemicals in addition to being exposed to
extreme pressures, temperatures, and environmental
conditions. Further, these hose assemblies are subject-
ed to physical stresses, such as bending, repeated move-
ment, and forces. Accordingly, these hose assemblies
should be resistant to chemical and physical degradation.
[0004] These types of hose assemblies typically in-
clude a hose formed from polymeric material and one
ore more reinforcing layers. Mono- or multi-layer hoses
formed from polymeric materials generally have low ten-
sile strength, which often causes the hose to have low
hoop strength. Consequently, the hose can be suscep-
tible to kinking and other problems. As such, reinforcing
layers are added to these hose assemblies to provide
additional strength, durability, and kink resistance.
[0005] However, methods of forming hose assemblies
including one or more reinforcing layers are often com-
plex and costly. As each individual reinforcing layer is
added, a binding emulsion composition or a tie layer is
typically required to bond the individual reinforcing layers
together. As such, the method typically includes many
complicated steps and precludes use of reinforcing lay-
ers without additional applications of the binding emul-
sion composition or tie layers. Also, the binding emulsion
composition or tie layer can fail to facilitate consistent
wetting of the hose and the reinforcing layers, which con-
sequently can cause the hose to delaminate from the
reinforcing layers, which, in turn, can cause the hose to
kink or even tear. Further, hose assemblies including one
or more reinforcing layers often exhibit reduced flexibility,
bendability, and deformation after exposure to elevated
temperatures. As such, there remains an opportunity to
develop an efficient and cost-effective method of forming
a hose assembly that is resistant to kinking, flexible,
bendable, resistant to deformation after thermal condi-
tioning at higher temperatures, and durable, e.g. exhibits
cohesive/destructive delamination of the reinforcing lay-
er from the hose.

SUMMARY OF THE DISCLOSURE

[0006] A method of forming a hose assembly is dis-
closed. The hose assembly includes a multilayer tube

having an inner layer comprising a first polymeric material
and an outer layer comprising a second polymeric ma-
terial and defines an outer peripheral surface. The hose
assembly also includes a reinforcing layer comprising
reinforcing fibers and disposed about and embedded in
the outer peripheral surface of the multilayer tube. The
method comprises the steps of extruding the multilayer
tube, and disposing reinforcing fibers about the outer pe-
ripheral surface of the multilayer tube to form a reinforced
multilayer tube. The method also includes the steps of
heating the reinforced multilayer tube to a temperature
(T1) which is greater than a peak melting temperature of
the second polymeric material to at least partially melt
the outer layer, but which is less than a peak melting
temperature of the first polymeric material so that the
inner layer and inner peripheral surface of the multilayer
tube does not soften and thus maintains dimensional in-
tegrity, and cooling the reinforced multilayer tube to so-
lidify the melted outer layer and embed the reinforcing
fibers in the outer layer to form the hose assembly.
[0007] A reinforced multilayer tube for forming the hose
assembly is also disclosed. The reinforced multilayer
tube includes the multilayer tube. The multilayer tube
comprises the inner layer comprising the first polymeric
material which defines the inner peripheral surface of the
multilayer tube, and the outer layer comprising a second
polymeric material which defines the outer peripheral sur-
face of the multilayer tube. The peak melting temperature
of the first polymeric material is greater than the peak
melting temperature of the second polymeric material.
The reinforced multilayer tube also includes the reinforc-
ing layer comprising reinforcing fibers and disposed
about the outer peripheral surface of said multilayer tube.
[0008] The method of forming the hose assembly and
the reinforced multilayer tube for forming the hose as-
sembly are efficient and cost-effective. The hose assem-
bly formed with the method and the reinforced multilayer
tube is resistant to kinking, flexible, bendable, resistant
to deformation after thermal conditioning at higher tem-
peratures, and durable, e.g. exhibits cohesive/destruc-
tive delamination of the reinforcing layer from the hose.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Advantages of the present disclosure will be
readily appreciated as the same becomes better under-
stood by reference to the following detailed description
when considered in connection with the accompanying
drawings.

Figure 1 is a partial cross-sectional perspective view
of a hose assembly comprising a multilayer tube and
a reinforcing layer disposed about and embedded in
an outer peripheral surface of the multilayer tube.

Figure 2 is a partial cross-sectional perspective view
of a commingled braid comprising four braided
strands of reinforcing yarn comprising reinforcing fib-
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ers, and a single strand of monofilament binding fiber
counter-wrapped helically about the four braided
strands of reinforcing yarn.

Figure 3 is a partial cross-sectional perspective view
of a commingled braid comprising four braided
strands of reinforcing yarn comprising reinforcing fib-
ers, and two strands of monofilament binding fiber
counter-wrapped helically about the four braided
strands of reinforcing yarn.

Figure 4 is a partial cross-sectional perspective view
of a commingled braid comprising four braided
strands of reinforcing yarn comprising reinforcing fib-
ers, and two strands of monofilament binding fiber
cross-wrapped about the four braided strands of re-
inforcing yarn.

Figure 5 is a partial cross-sectional perspective view
of a commingled braid comprising three braided
strands of monofilament reinforcing fiber, and one
strand of monofilament binding fiber counter-
wrapped helically about the three braided strands of
reinforcing fiber.

Figure 6 is a partial cross-sectional perspective view
of a commingled braid comprising two strands of
monofilament reinforcing fiber braided with one
strand of monofilament binding fiber.

Figure 7 is a partial cross-sectional perspective view
of a commingled braid comprising six strands of
monofilament reinforcing fiber braided with one
strand of monofilament binding fiber.

Figure 8 is a partial cross-sectional perspective view
of a commingled braid comprising six strands of mul-
tifilament reinforcing fiber braided with one strand of
multifilament binding fiber.

Figure 9, is a partial cross-sectional perspective view
of a hose assembly comprising a multilayer tube, a
reinforcing layer, and a second reinforcing layer.

Figure 10, is a partial cross-sectional perspective
view of a hose assembly comprising multilayer tube,
a reinforcing layer, and a silicone rubber jacket.

Figure 11, is a partial cross-sectional perspective
view of a hose assembly comprising multilayer tube,
a reinforcing layer, a second reinforcing layer, and
a silicone rubber jacket.

Figure 12A is a cross-sectional view of a multilayer
tube after extrusion.

Figure 12B is a cross-sectional view of a reinforced
multilayer tube comprising a reinforcing layer dis-

posed about an outer peripheral surface of the tube
of Figure 12A.

Figure 12C is a cross-sectional view of a hose as-
sembly formed from the reinforced tube of Figure
12B.

Figure 13A is an end view of a reinforced multilayer
tube comprising a reinforcing layer disposed about
an outer peripheral surface of a multilayered tube.

Figure 13B is a partial cross-sectional perspective
view of a reinforced multilayer tube comprising a re-
inforcing layer disposed about an outer peripheral
surface of a multilayered tube.

Figure 13C is a partial cross-sectional perspective
view of a hose assembly formed from the reinforced
multilayer tube of Figures 13A and 13B.

Figure 14A is an end view of a reinforced multilayer
tube comprising the commingled braid of Figure 2
disposed about an outer peripheral surface of a mul-
tilayer tube.

Figure 14B is a partial cross-sectional perspective
view of a reinforced multilayer tube comprising the
commingled braid of Figure 2 disposed about an out-
er peripheral surface of a multilayer tube.

Figure 14C is a partial cross-sectional perspective
view of a hose assembly formed from the reinforced
multilayer tube of Figures 14A and 14B.

[0010] The drawings are illustrative of the invention,
and it is to be understood that the drawings are not nec-
essarily to scale and the components within each indi-
vidual drawing are not necessarily to scale. To this end,
the drawings are intended to be descriptive and not lim-
iting in nature. Many modifications and variations of the
drawings are possible in light of the teachings below.

DETAILED DESCRIPTION

[0011] Referring to the Figures wherein like numerals
indicate like or corresponding parts throughout the sev-
eral views a hose assembly 10 is generally shown in Fig-
ure 1. As is described in detail below, the hose assembly
10 comprises a multilayer tube 12 defining an outer pe-
ripheral surface 14, and a reinforcing layer 16 disposed
about and embedded in the outer peripheral surface 14
of the multilayer tube 12. The multilayer tube 12 includes
an inner layer 18 comprising a first polymeric material
which defines an inner peripheral surface 20 of the mul-
tilayer tube 12, and an outer layer 22 comprising a second
polymeric material which defines the outer peripheral sur-
face 14 of the multilayer tube 12. Of course, the multilayer
tube 12 can include one or more intermediate layers dis-
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posed between the inner and outer layers 18, 22.
[0012] The hose assembly 10 is typically used for con-
veying fluids, such as fuels, chemicals, etc. The hose
assembly 10 is particularly suitable for use in the trans-
portation industry, e.g. in vehicles; however, it is to be
appreciated that the hose assembly 10 is not limited to
the transportation industry. For example, the hose as-
sembly 10 can be utilized in the chemical industry, the
food industry, and any other suitable industry.
[0013] Referring to Figure 1, the hose assembly 10 in-
cludes the multilayer tube 12 defining a tubular configu-
ration along an axis Z.. The multilayer tube 12 is resistant
to chemical and thermal degradation. The multilayer tube
12 includes the inner layer 18 comprising the first poly-
meric material which defines the inner peripheral surface
20 of the multilayer tube 12, and the outer layer 22 com-
prising the second polymeric material which defines the
outer peripheral surface 14 of the multilayer tube 12. The
inner peripheral surface 20 of the multilayer tube 12 is
smooth such that minimal turbulence is created as fluid
flows therethrough. The outer peripheral surface 14 of
the multilayer tube 12 can be smooth or textured.
[0014] The multilayer tube 12 is advantageous over
monolayer tubes in that the layers can comprise different
materials, and thus provide advantages associated with
the different materials. For example, the multilayer tube
12 can include the inner layer 18 which is thermally stable
and the outer layer 22 which softens during formation of
the hose assembly 10 so that the reinforcing layer 16
embeds in the outer layer 22 to provided excellent adhe-
sion between the reinforcing layer 16 and the multilayer
tube 12. As another example, the multilayer tube 12 may
include the inner layer 18 comprising fluorocarbon poly-
mer that defines the inner peripheral surface 20 which is
resistant to chemical and thermal degradation and the
outer layer 22 comprising polyamide that defines the out-
er peripheral surface 14 of the multilayer tube 12 which
is durable and provides excellent high temperature re-
sistance.
[0015] The one or more layers (e.g. the inner layer 18,
the outer layer 22) of the multilayered tube 12 are formed
from a polymeric material. Suitable, non-limiting exam-
ples of the polymeric material which can be used to form
the layers of the multilayer tube 12 include polyethylene,
polypropylene, polyvinylchloride, polyethyleneterephta-
late (PET), polybutyleneterepthalate (PBT), polyamides,
fluoropolymers, or copolymers thereof. Suitable, non-lim-
iting examples of particular fluoropolymers include poly-
tetrafluoroethylene ("PTFE"), Fluorinated Ethylene Pro-
pylene ("FEP"), Perfluoroalkoxy ("PFA"), and ethylene-
tetrafluoroethylene ("ETFE"). Suitable, non-limiting ex-
amples of particular polyamides include PA11, PA12,
PA610, PA612, PA1010, PA6, PA66, PA1110T,
PA1212T, and blends thereof.
[0016] As set forth above, the multilayer tube 12 in-
cludes the inner layer 18 comprising the first polymeric
material which defines the inner peripheral surface 20 of
the multilayer tube 12, and the outer layer 22 comprising

the second polymeric material which defines the outer
peripheral surface 14 of the multilayer tube 12. Of course,
the multilayer tube 12 can include one or more interme-
diate layers disposed between the inner and outer layers
18, 22.
[0017] In one embodiment the multilayer tube 12 in-
cludes three layers (has one intermediate layer between
the inner layer 18 and the outer layer 22). In another
embodiment, the multilayer tube 12 includes four layers
(has two intermediate layers between the inner layer 18
and the outer layer 22).
[0018] In one embodiment, the outer layer 22 which
comprises the second polymeric material and defines the
outer peripheral surface 14 of the multilayer tube 12 is
formed from fibers of the second polymeric material. In
this embodiment, the fibers comprising the second pol-
ymeric material are disposed about the outer peripheral
surface 14 of the multilayer tube 12 via braiding, helically
winding, knitting, twisting, or wrapping.
[0019] Of course, the first and the second polymeric
materials can be selected from the non-limiting examples
of the polymeric materials above. The second polymeric
material is typically a semi-crystalline or amorphous ther-
moplastic polymer. The second polymeric material typi-
cally comprises fluoropolymers and copolymers thereof
or polyamides and copolymers thereof. Examples of suit-
able fluoropolymers include, but are not limited to, PTFE,
FEP, PFA, ETFE, and blends thereof. Examples of suit-
able polyamides include, but are not limited to, PA11,
PA12, PA610, PA612, PA1010, PA6, PA66, PA1110T,
PA1212T, and blends thereof.
[0020] The peak melting temperature of the first poly-
meric material is greater than, alternatively at least 15°C
greater than, alternatively at least 25°C greater than, al-
ternatively at least 50°C greater than, alternatively from
1 to 150°C greater than, alternatively from 1 to 100°C
greater than, alternatively from 1 to 50°C greater than,
alternatively from 1 to 25°C greater than the peak melting
temperature of the second polymeric material.
[0021] The onset and peak melting temperatures re-
ferred to throughout this disclosure are measured in ac-
cordance with ASTM D3418-12. ASTM D3418-12 is a
standard test method for determining transition temper-
atures, enthalpies of fusion, and crystallization of poly-
mers by differential scanning calorimetry ("DSC"). DSC
measures both the onset melting temperature and the
peak melting temperature. The onset melting tempera-
ture (also referred to as To) is the temperature at which
the polymer begins to soften. The peak melting temper-
ature (also referred to as Tp) is the temperature at which
complete melting of the polymer occurs. The peak melt-
ing temperature as used herein, and as known in the art,
can also be referred to as the melting point. The peak
melting temperature is related to the enthalpy of thermal
transition and is influenced by the polymer’s crystallinity.
[0022] In various embodiments, the multilayer tube 12
is electrically conductive. The multilayer tube 12 can also
include an integral conductor along a length of the mul-
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tilayer tube 12 for preventing build up of electrical charge.
As fluid flows through the multilayer tube 12, electrical
charges tend to build throughout the length of the multi-
layer tube 12. In order to prevent these electrical charges
from accumulating, in various embodiments, the multi-
layer tube 12 has the integral conductor which functions
as an integral longitudinal conductive means coextensive
with the length of the multilayer tube 12 for conducting
an electrical charge. In one specific embodiment, the in-
tegral conductor is a conductive strip of carbon black,
e.g. the multilayer tube 12 has a conductive strip of car-
bon black. Carbon black is electrically conductive and
will dissipate any electrical charges built up by the fluid.
This is done by using carbon black about the multilayer
tube 12. It should be appreciated that other conductive
material may be used to form the integral conductor. In
one specific embodiment, the inner layer 18 of the mul-
tilayer tube 12 is a monolayer tube 12 comprising PTFE
formed from a billet comprising an inner material (e.g.
conductive PTFE) and an outer material (e.g. non-con-
ductive PTFE) and thus the inner peripheral surface 20
of the monolayer tube 12 is conductive. Alternatively, the
entire inner layer 18 of the multilayer tube 12 can com-
prise the conductive means, e.g. can be formed from
conductive PTFE. Alternatively, the multilayer tube 12
can comprise a conductive inner layer 18 and a non-
conductive outer layer 22. In most embodiments, the re-
inforcing layer 16 is not electrically conductive. As such,
electrical changes applied to the reinforcing layer 16 will
not be conducted throughout the hose assembly 10 or
to the fluid passing through the interior of the multilayer
tube 12.
[0023] Still referring to Figure 1, hose assembly 10 fur-
ther includes the reinforcing layer 16 for increasing the
strength, durability, and bending properties of the hose
assembly 10. The reinforcing layer 16 is disposed about
the multilayered tube 12. The reinforcing layer 16 com-
prises reinforcing fibers 24 (typically in the form of yarn)
that are braided, helically wound, knitted, or wrapped
about the tube 12 and optionally a binder 26. The rein-
forcing layer 16 typically covers greater than 30, alterna-
tively greater than 40, alternatively greater than 50, al-
ternatively greater than 60, alternatively greater than 70,
alternatively greater than 80, alternatively greater than
90, alternatively greater than 95, % of the outer peripheral
surface 14 of the tube 12. In one embodiment, the rein-
forcing layer 16 typically covers about 50% of the outer
peripheral surface 14 of the tube 12. In another embod-
iment, the reinforcing layer 16 typically covers about
100% of the outer peripheral surface 14 of the tube 12.
[0024] The reinforcing layer 16 can comprise one or
more different types of reinforcing fibers 24. The reinforc-
ing fibers 24 are typically in the form of monofilament,
multifilament, or staple yarn (reinforcing yarn). The rein-
forcing yarn can comprise one or more types of reinforc-
ing fibers 24. The reinforcing fibers 24 typically comprise
a polymer, a ceramic, a fiberglass, a metal, or combina-
tions thereof. In one embodiment, the reinforcing fibers

24 comprise fiberglass. Examples of suitable glass rein-
forcing fibers 24 include, but are not limited to, E-glass
(alumina-calcium-borosilicate), S2 glass (magnesium-
alumino-silicate), C glass (calcium borosilicate), R glass
(calcium-alumino-silicate), silica, quartz, and combina-
tions thereof. Examples of other suitable fibers include,
but are not limited to, Basalt fiber, ceramic fiber, aramid
fiber (e.g. NOMEX® and KEVLAR® fiber), semi-aromatic
polyamide fiber, and combinations thereof. Of course, as
is set forth above, one or more different types of reinforc-
ing fibers 24 can be used, i.e., blends of any of the rein-
forcing fibers 24 described herein can be used. In a pre-
ferred embodiment, the reinforcing fibers 24 comprise E-
glass fiber. Reinforcing fibers 24 comprising fiberglass
provide strength to reinforce the multilayer tube 12 and
are thermally stable at elevated temperatures, which is
beneficial for use in high temperature environments, e.g.
under the hood of vehicles.
[0025] The hose assembly 10 optionally includes the
binder 26 comprising a polymeric material. In a typical
embodiment, the binder 26 is formed from a binder com-
position, an adhesive layer, and/or a binder fiber 28.
Functionally, the binder 26 bonds the components of the
hose assembly 10 (e.g., the multilayer tube 12, the rein-
forcing layer 16) together to bind, seal, and coat the hose
assembly 10 thereby improving chemical resistance,
thermal resistance, environmental resistance, durability,
flexibility, hoop strength and kink resistance of the hose
assembly 10. If included, the binder 26 typically includes
a polymer that is compatible with, e.g., miscible with, the
second polymeric material of the outer layer of the mul-
tilayer tube 12. As such, the polymer or polymers of the
binder 26 should be similar to the second polymeric ma-
terial (e.g., when the second polymeric material is a
polyamide the binder 26 may include a polyamide, or
when the second polymeric material is a fluoropolymer,
the binder 26 may include a fluoropolymer). Of course,
various embodiments of the hose assembly 10 which are
free of the binder 26 have been contemplated herein. In
some embodiments, the reinforcing layer 16 embedded
in the multilayer tube 12 provides sufficient durability so
that the binder 26 is not required.
[0026] In one embodiment, the hose assembly 10 in-
cludes the binder 26 formed from a binder composition.
The binder composition comprises a fluidic carrier, such
as water, having one or more polymers dispersed therein.
[0027] In this embodiment, the binder composition typ-
ically includes a polymer that is resistant to chemical and
thermal degradation and is also chemically compatible
with, e.g., miscible with, the second polymeric material
of the outer layer 22 of the multilayer tube 12. As such,
the polymer or polymers of the binder composition should
be similar to the second polymeric material (e.g., when
the second polymeric material is a polyamide the binder
composition may include a polyamide, or when the sec-
ond polymeric material is a fluoropolymer, the binder
composition may include a fluoropolymer). Typically, the
polymer is a halogenated polymer or a polyamide. In one
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embodiment, the polymer is a polyamide. In another em-
bodiment, the polymer is a fluoropolymer. Suitable fluor-
opolymers include, but are not limited to, polytetrafluor-
oethylene (PTFE), ethylene tetrafluoroethylene (ETFE),
fluorinated ethylenepropylene (FEP), polyvinylidine flu-
oride (PVDF), perfluoroalkoxy fluorocarbons (PFA), and
polychlorotrifluoroethylene (PCTFE). In certain embodi-
ments, the first polymeric material is polytetrafluoroeth-
ylene sold under the trade name TEFLON® 3859 and
commercially available from DuPont of Wilmington, DE.
[0028] The binder composition can also include one or
more additives. Suitable additives include, but are not
limited to, surfactants, chain-extenders, cross-linkers,
chain-terminators, processing additives, adhesion pro-
moters, anti-oxidants, defoamers, blowing agents, flame
retardants, catalysts, anti-foaming agents, water scav-
engers, molecular sieves, fumed silicas, ultraviolet light
stabilizers, fillers, thixotropic agents, silicones, colorants,
pigments, inert diluents, and combinations thereof. If in-
cluded, the additives can be included in the binder com-
position in various amounts.
[0029] The binder composition is applied to a partially
constructed hose assembly 10 and is typically passed
through a preheated oven to remove the fluidic carrier
and cure the polymer to form the binder 26. The binder
26 is on the outer peripheral surface 14 of the multilayer
tube 12 and dispersed throughout the reinforcing fibers
of the reinforcing layer 16.
[0030] In another embodiment, the binder 26 is formed
from binding fibers. More specifically, the reinforcing lay-
er 16 is formed from a commingled braid 30 comprising
the reinforcing fibers 24 and the binding fibers 28. In this
embodiment, the binding fibers 28 soften and/or melt to
form the binder 26 binds (1) the reinforcing fibers 24 with-
in the reinforcing yarn together, (2) the strands of rein-
forcing yarn together, and (3) the strands of reinforcing
yarn to the outer peripheral surface 14 of the multilayer
tube 12.
[0031] The commingled braid 30 can comprise one or
more different types of the reinforcing fibers 24 described
above. The commingled braid 30 also comprises one or
more different types of binding fiber. The binding fibers
28 are typically in the form of monofilament strands or
multifilament yarn. The binding yarn can comprise one
or more types of binding fiber. The binding fibers 28 typ-
ically comprises one or more polymers selected in con-
sideration of their rheological properties at elevated tem-
peratures as well as their compatibility with (ability to bind
the reinforcing layer 16 to the multilayer tube 12) the ma-
terial of the outer peripheral surface 14 of the multilayer
tube 12. In one embodiment, the binding fibers 28 typi-
cally comprise a polymer which has a peak melting tem-
perature that is close to (e.g. within 20°C) the peak melt-
ing temperature of the material of the outer peripheral
surface 14 of the multilayer tube 12 and which is also
compatible with the material of the outer peripheral sur-
face 14 of the multilayer tube 12. The binding fibers 28
typically comprise a semi-crystalline or amorphous pol-

ymer.
[0032] In one embodiment, the binding fibers 28 com-
prise a semi-crystalline polymer which is resistant to
chemical and thermal degradation. Examples of poly-
mers suitable for the binding fibers 28 include, but are
not limited to, polyethylene, polypropylene, polyvi-
nylchloride, PET, PBT, polyamide, fluoropolymer, and
copolymers thereof.
[0033] In another embodiment, the binding fibers 28
comprise a fluoropolymer. Examples of suitable fluor-
opolymers include, but are not limited to, PTFE, FEP,
PFA, and ETFE. In yet another embodiment, the binding
fibers 28 comprise a polyamide. Examples of suitable
polyamides include, but are not limited to, PA11, PA12,
PA610, PA612, PA1010, PA6, PA66, PA1110T,
PA1212T, and blends thereof.
[0034] Of course, the commingled braid 30 which is
used to form the reinforcing layer 16 can include different
types of binding fiber. For example, the commingled braid
30 can include binding yarns comprising different binding
fibers 28 or having different diameters. To this end, the
binding fibers 28 can comprise different types of binding
fibers 28. For example, the binding fibers 28 can include
binding fibers 28 comprising different polymers or having
different diameters.
[0035] The form of the reinforcing fibers 24 and the
binding fibers 28 can impact the configuration of the com-
mingled braid 30. For example, when one or more strands
of monofilament binding fibers 28 are included in the com-
mingled braid 30, a preferred embodiment is to dispose
or "wrap" the strands of monofilament binding fibers 28
about the exterior of braided reinforcing fibers 24 to form
the commingled braid 30. The commingled braid 30 of
this configuration exhibit excellent adhesion to the mul-
tilayer tube 12. Of course, when one or more strands of
monofilament binding fiber 28 are included in the com-
mingled braid 30, the strands of monofilament binding
fiber 28 can be braided with the reinforcing fibers 24 to
form the commingled braid 30. The commingled braid 30
of this configuration exhibit excellent cohesive strength
and excellent adhesion to the multilayer tube 12.
[0036] In another embodiment, when yarn comprising
multifilament binding fibers 28 is included in the commin-
gled braid 30, the yarn comprising multifilament binding
fiber 28 can be braided directly with strands of reinforcing
fibers 24 or disposed or "wrapped" about the monofila-
ment binding fiber 28 about the exterior of braided rein-
forcing fiber. Because the multifilament yarn comprising
binding fibers 28 includes binding fiber which is typically
smaller in diameter and less densely packed than mono-
filament strands of binding fiber, multifilament binding fib-
ers 28 are believed to melt quickly and provide a robust
bond between the reinforcing fibers 24 and the multilayer
tube 12.
[0037] As described above, the binding fibers 28 typi-
cally comprise a polymer which is compatible with the
material of the outer peripheral surface 14 of the multi-
layer tube 12 such that the binding fibers 28 melt to form
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the binder 26 that bonds to the multilayer tube 12 and
the reinforcing fibers 24. Compatibility is typically
achieved by bonding similar polymers to one another.
For example, binding fibers 28 comprising fluoropolymer
are typically compatible with/adheres well to the outer
peripheral surface 14 of the multilayer tube 12 which is
formed from another fluoropolymer. As another example,
binding fibers 28 comprising a polyamide are typically
compatible with/adheres well to the outer peripheral sur-
face 14 of the multilayer tube 12 which is formed from
another polyamide. However, the disclosure is not limited
to like polymers bonding to each other. For example,
binding fibers 28 comprising one type of fluoropolymer,
e.g. FEP, can be used with the multilayer tube 12 having
the outer peripheral surface 14 formed with another type
of fluoropolymer, e.g. PTFE. As another example, bind-
ing fibers 28 comprising a functionally modified fluoropol-
ymer, e.g. functionally modified ETFE can be used with
the multilayer tube 12 tube having the outer peripheral
surface 14 formed from a polyamide, e.g. PA 6, 12. As
yet another example, binding fibers 28 comprising polya-
mide, e.g. PA 6, 12 can be used with the multilayer tube
12 having the outer peripheral surface 14 formed from a
functionally modified fluoropolymer, e.g. functionally
modified ETFE.
[0038] Various embodiments of the commingled braid
30 are discussed below. In various embodiments, the
commingled braid 30 comprises from 55 to 95, alterna-
tively from 65 to 85 percent by volume reinforcing fiber,
and from 5 to 45, alternatively from 15 to 35, percent by
volume binding fiber. Alternatively, in various embodi-
ments from 1 to 15, alternatively from 1 to 8, reinforcing
strands, and from 1 to 6, alternatively from 1 to 3, mono-
filament binding fiber 28 can be helically wrapped about
or within the braided reinforcing fibers 24 to form the com-
mingled braid 30. Specifically, referring now to Figures
2-9, various non-limiting embodiments of the commin-
gled braid 30 are shown.
[0039] As alluded to above, in one embodiment, the
commingled braid 30 comprises a monofilament or mul-
tifilament binding fibers 28 helically wrapped about the
exterior of braided reinforcing fiber. In this embodiment
from 1 to 15, alternatively from 1 to 8, reinforcing strands
can be braided together, and from 1 to 6, alternatively
from 1 to 3, monofilament binding fiber 28 can be helically
wrapped about the braided reinforcing fiber. In this em-
bodiment, monofilament binding fiber 28 is typically
wrapped around the braided reinforcing fibers 24 at a
frequency of from 0.1 to 10 twists per inch, alternatively
from 0.5 to 3, alternatively from 1 to 2.6, twists per inch.
Of course, the frequency of twists will depend on the size
of the monofilament binding fiber 28 and the number of
strands/ends of the monofilament binding fiber 28 and
can vary outside the ranges set forth above.
[0040] As an example of the embodiment of the com-
mingled braid 30 described immediately above, Figure 2
is a partial cross-sectional perspective view of the com-
mingled braid 30 comprising four braided strands of re-

inforcing yarn comprising the reinforcing fibers 24, and
a single strand of monofilament binding fiber counter-
wrapped helically about the four braided strands of rein-
forcing yarn. Alternatively, the commingled braid 30 of
Figure 2 can be described as the commingled braid 30
comprising four braided reinforcing ends (e.g. glass
ends) having a monofilament binding end counter-
wrapped helically thereabout.
[0041] As another example of the embodiment of the
commingled braid 30 described above, Figure 3 is a par-
tial cross-sectional perspective view of the commingled
braid 30 comprising four braided strands of reinforcing
yarn comprising the reinforcing fibers 24, and two strands
of monofilament binding fiber counter-wrapped helically
about the four braided strands of reinforcing yarn. Alter-
natively, the commingled braid 30 of Figure 3 can be
described as the commingled braid 30 comprising four
braided reinforcing ends (e.g. glass ends) having two
monofilament binding ends counter-wrapped helically
thereabout.
[0042] As yet another example of the embodiment of
the commingled braid 30 described above, Figure 4 is a
partial cross-sectional perspective view of the commin-
gled braid 30 comprising four braided strands of reinforc-
ing yarn comprising the reinforcing fibers 24, and two
strands of monofilament binding fiber 28 cross-wrapped
about the four braided strands of reinforcing yarn. Alter-
natively, the commingled braid 30 of Figure 4 can be
described as the commingled braid 30 comprising four
braided reinforcing ends (e.g. glass ends) having two
monofilament binding ends cross-wrapped thereabout.
[0043] As still yet another example of the embodiment
of the commingled braid 30 described above, Figure 5 is
a partial cross-sectional perspective view of the commin-
gled braid 30 comprising three braided strands of mono-
filament reinforcing fiber, and one strand of monofilament
binding fiber 28 counter-wrapped helically about the
three braided strands of reinforcing fiber. Alternatively,
the commingled braid 30 of Figure 5 can be described
as the commingled braid 30 comprising three braided
monofilament reinforcing ends (e.g. glass ends) having
one monofilament binding ends cross-wrapped therea-
bout.
[0044] As alluded to above, in one embodiment, the
commingled braid 30 comprises a monofilament or mul-
tifilament binding fibers 28 braided to twisted with mono-
filament or multifilament reinforcing fiber. That is, the
commingled braid 30 comprises the reinforcing fibers 24
and the binding fibers 28 braided or twisted together. In
this embodiment from 1 to 15, alternatively from 1 to 8,
strands of monofilament or multifilament reinforcing fib-
ers 24 can be braided with from 1 to 6, alternatively from
1 to 3, strands of monofilament or multifilament binding
fiber.
[0045] As an example of the embodiment of the com-
mingled braid 30 described immediately above, Figure 6
is a partial cross-sectional perspective view of the com-
mingled braid 30 comprising two strands of monofilament
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reinforcing fiber 24 braided with one strand of monofila-
ment binding fiber. Alternatively, the commingled braid
30 of Figure 6 can be described as the commingled braid
30 comprising two monofilament reinforcing ends (e.g.
glass ends) and one monofilament binding end braided
or wrapped together.
[0046] In a similar embodiment, the commingled braid
30 comprises two or more pre-braids comprising the re-
inforcing fibers 24 and the binding fiber. In this embodi-
ment, the pre-braids typically comprise two strands (mo-
no or multi-filament) of the reinforcing fibers 24 and one
strand (mono or multi-filament) of the binding fiber.
[0047] As an example of the embodiment of the com-
mingled braid 30 described above, Figure 7 is a partial
cross-sectional perspective view of the commingled
braid 30 comprising six strands of monofilament reinforc-
ing fiber 24 braided with one strand of monofilament bind-
ing fiber. Alternatively, the commingled braid 30 of Figure
7 can be described as the commingled braid 30 compris-
ing six monofilament reinforcing ends (e.g. glass ends)
and one monofilament binding end braided or wrapped
together.
[0048] As an example of the embodiment of the com-
mingled braid 30 described above, Figure 8 is a partial
cross-sectional perspective view of the commingled
braid 30 comprising six strands of multifilament reinforc-
ing fiber 24 braided with one strand of multifilament bind-
ing fiber. Alternatively, the commingled braid 30 of Figure
8 can be described as the commingled braid 30 compris-
ing six multifilament reinforcing ends (e.g. glass ends)
and one multifilament binding end braided or wrapped
together.
[0049] The hose assembly 10 can include one or more
additional protective layers. The protective layer can
comprise a reinforcing layer 16, a coating layer, and/or
a jacket layer. The type and amount of protective layers
included in the hose assembly 10 depends on the intend-
ed use of the hose assembly 10. The additional reinforc-
ing layers can be formed from a comingled braid or from
various other embodiments know in the art.
[0050] For example, the hose assembly 10 can include
additional reinforcing layers. Referring now to Figure 9,
a partial cross-sectional perspective view of the hose as-
sembly 10 comprising the multilayer tube 12, the rein-
forcing layer 16, and a second reinforcing layer 32 is il-
lustrated.
[0051] As another example, the hose assembly 10 can
include a silicone layer 34 (e.g. a silicone rubber jacket
34). Referring now to Figure 10, a partial cross-sectional
perspective view of the hose assembly 10 comprising
the multilayer tube 12, the reinforcing layer 16, and the
silicone rubber jacket 34 is illustrated. Referring now to
Figure 11, a partial cross-sectional perspective view of
the hose assembly 10 comprising the multilayer tube 12,
the reinforcing layer 16, a second reinforcing layer 32,
and the silicone rubber jacket 34 is illustrated.
[0052] The silicone rubber jacket 34 of this embodi-
ment comprises a silicone. Of course, the silicone rubber

jacket 34 can comprise one or more types of silicone. In
one embodiment, the silicone jacket 34 comprises a poly-
alkylsiloxane such as polydimehtylsiloxane ("PDMS"). In
another embodiment, the silicone jacket 34 comprises a
silicone having halide functional groups (e.g. a fluoro sil-
icone). In yet another embodiment, the silicone jacket 34
comprises a silicone having phenyl functional groups
(e.g. phenyl silicone). The silicone can be room temper-
ature vulcanizing ("RTV") silicone, which cures at room
temperature, or high temperature vulcanizing ("HTV") sil-
icone, which cures at temperatures greater than 100°C.
In one embodiment, the silicone rubber jacket 34 com-
prises HTV silicone (either a high consistency rubber
("HCR") or a liquid silicone rubber ("LSR")). In a preferred
embodiment, the silicone rubber jacket 34 is formed form
HCR silicone which is a one component solid. In contrast,
LSR is a two component liquid system. A free radical
cure system, such as peroxide, or an addition cure sys-
tem, such as platinum catalyst, can be used to form a 3-
dimensional cross-linked silicone network to provide a
durable and temperature resistant silicone rubber jacket
34. In a typical embodiment, a free radical peroxide cat-
alyst is used to cure the silicone. Of course, the silicone
which is used to form the silicone rubber jacket 34 can
include filler and various other additives as necessary to
improve the mechanical, chemical, and physical proper-
ties of the silicone rubber jacket 34. For example, a heat
stabilizer or rubber modifier can be added to the silicone
to improve high temperature stability and compression
set performance.
[0053] When included in the hose assembly 10, the
silicone rubber jacket 34 typically has a Shore A hardness
of from 30 and 85, alternatively from 50 to 85. Further,
the silicone rubber jacket 34 typically has a thickness of
from 0.1 to 4, alternatively from 1.5 to 3.5, alternatively
from 2.0 to 3.0, mm. In one specific embodiment, the
silicone rubber jacket 34 is formed from HCR silicone
and has a thickness of from 1 to 3 mm In another specific
embodiment, the silicone rubber jacket 34 is formed from
LSR and has a thickness of from 0.33 to 0.50 mm
[0054] An organopolysiloxane adhesion promoter can
be applied to the fibers of the reinforcing layer 16 to im-
prove (1) adhesion of the reinforcing layer 16 to the mul-
tilayer tube 12, (2) the adhesion of the reinforcing fibers
24 of the reinforcing layer 16 to one another, and/or (3)
adhesion of the silicone rubber jacket 34 to the reinforcing
layer 16. The adhesion promoter wicks into the commin-
gled braid 30 and wets out the reinforcing fibers 24 there-
by binding the reinforcing fibers 24 together. In one em-
bodiment, the adhesion promoter comprises an organo-
polysiloxane. In this embodiment, a silicone with a high
percentage of Si-H groups can be used for cross-linking
purposes, i.e., can be used to crosslink the organopoly-
siloxane. The cross-linker is believed to increase cohe-
sive strength of the adhesion promoter. As thickness of
the adhesion promoter increases, the cohesive strength
of the adhesion promoter typically decreases. As such,
application of a minimal amount of adhesion promoter to

13 14 



EP 2 919 978 B1

9

5

10

15

20

25

30

35

40

45

50

55

the reinforcing fibers 24 of the reinforcing layer 16 is pre-
ferred. In one embodiment, the thickness of the adhesion
promoter can be minimized by dilution of the adhesion
promoter and/or with use of an air knife to remove any
excess adhesion promoter.
[0055] The hose assembly 10 can further include a
coupling (not shown). Typically the coupling is adapted
to engage at least one end of the hose assembly 10 for
interconnecting the hose assembly 10 to a fluid source,
such as fuel tanks. It is to be appreciated that any suitable
coupling can be used with the hose assembly 10.
[0056] The hose assembly 10 has an inner diameter,
an outer diameter, and a length. The inner diameter, the
outer diameter, and the length of the hose assembly 10
can also vary depending on the intended use of the hose
assembly 10. For example, the hose assembly 10 can
have an inner diameter of two inches for use in applica-
tions that require transfer of greater volumes of fluid or
an inner diameter of a half of an inch for use in applica-
tions that require transfer of lesser volumes of fluid.
[0057] A method of forming a hose assembly 10 is dis-
closed. The hose assembly 10 includes the multilayer
tube 12 having the inner layer 18 comprising the first
polymeric material and the outer layer comprising the
second polymeric material and defines the outer periph-
eral surface 14. The hose assembly 10 also includes the
reinforcing layer 16 comprising the reinforcing fibers 24
and disposed about and embedded in the outer periph-
eral surface 14 of the multilayer tube 12. The method
comprises the steps of extruding the multilayer tube 12,
and disposing the reinforcing fibers 24 about the outer
peripheral surface 14 of the multilayer tube 12 to form a
reinforced multilayer tube 36. The method also includes
the steps of heating the reinforced multilayer tube 36 to
a temperature (T1) which is greater than a peak melting
temperature of the second polymeric material (the outer
peripheral surface 14 of the multilayer tube 12) to at least
partially melt the outer layer 22, but which is less than a
peak melting temperature of the first polymeric material
so that the inner layer 18 and the inner peripheral surface
20 of the multilayer tube 12 does not soften or melt and
thus maintains dimensional integrity, and cooling the re-
inforced multilayer tube 36 to solidify the melted outer
layer 22 and embed the reinforcing fibers 24 in the outer
layer 22 to form the hose assembly 10. As is shown
throughout the figures, during the step of heating, the
reinforcing fibers 24 are embedded in the second poly-
meric material and the second polymeric material also
flows into and seeps through the braid interstices of the
reinforcing layer 16 thereby forming a robust bond be-
tween the multilayer tube 12 and the reinforcing layer 16.
[0058] Referring now to Figures 12A through 12C, the
various steps of the method are illustrated. Specifically,
Figure 12A is a cross-sectional view of the multilayer tube
12 after extrusion, Figure 12B is a cross-sectional view
of the reinforced multilayer tube 36 comprising the rein-
forcing fibers 24 disposed about the outer peripheral sur-
face 14 of the multilayer tube 12 (before the step of heat-

ing), and Figure 12C is a cross-sectional view of the hose
assembly 10 including a reinforcing layer 16 comprising
the reinforcing fibers 24 and disposed about and embed-
ded into the outer peripheral surface 14 of the multilayer
tube 12 (after the steps of heating and cooling).
[0059] As set forth above, the method includes the step
of extruding the multilayer tube 12. The multilayer tube
12 is just as described above. The multilayer tube 12 is
extruded to the desired dimensions using melt, paste, or
any other extrusion technique known in the art. Of course,
in various embodiments the multilayer tube 12 has two,
three, four, five, six, or more layers and is formed with
techniques known in the art, such as co-extrusion tech-
niques.
[0060] As set forth above, the method also includes
the step of disposing the reinforcing fibers 24 about the
outer peripheral surface 14 of the multilayer tube 12 to
form the reinforced multilayer tube 36 12. Typically braids
of the reinforcing fibers 24 (in the form of the commingled
braid 30 in some embodiments) are disposed about the
outer peripheral surface 14 of the multilayer tube 12 via
braiding, helically winding, knitting, twisting, or wrapping.
The multilayer tube 12 can be extruded and the commin-
gled braid 30 disposed about the outer peripheral surface
14 of the multilayer tube 12 in a single step (in-line) or in
two separate steps.
[0061] When the hose assembly 10 includes the binder
26, the method includes the step of applying the binder
26. The step of applying the binder 26 can be via appli-
cation of the binder composition, the binder adhesive lay-
er, and/or the binder fiber.
[0062] When the method includes use of the commin-
gled braid 30, the method includes the step of forming
the commingled braid 30 from the reinforcing fibers 24
and the binding fibers 28. The comingled braid is just as
described above. As is described above, the commingled
braid 30 can comprise various configurations of the re-
inforcing and the binding fiber. In one embodiment, the
step of forming the commingled braid 30 from the rein-
forcing fibers 24 and the binding fibers 28 is further de-
fined as braiding the reinforcing fibers 24 and the binding
fibers 28 to form the commingled braid 30.
[0063] As set forth above, the method also includes
the step of heating the reinforced multilayer tube 36 to a
temperature (T1) which is greater than an peak melting
temperature of the second polymeric material to at least
partially melt the outer layer 22, but which is less than
the peak melting temperature of the first polymeric ma-
terial so that the inner layer 18 and the inner peripheral
surface 20 of the multilayer tube 12 does not soften and
thus maintains dimensional integrity. T1 is typically equal
to or greater than 190, alternatively equal to or greater
than 220, alternatively equal to or greater than 250, al-
ternatively equal to or greater than 280, alternatively
equal to or greater than 310, alternatively equal to or
greater than 340, alternatively equal to or greater than
370, alternatively equal to or greater than 400, °C.
[0064] The reinforced multilayer tube 36 is heated in
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an oven to soften or melt the second polymeric material
(i.e., the outer peripheral surface 14 of the multilayer tube
12). During the step of heating the reinforced multilayer
tube 36 having the reinforcing layer 16 applied thereto,
the reinforcing layer 16 embeds in the outer peripheral
surface 14 of the multilayer tube 12 and, once cooled,
the reinforcing layer 16 forms a strong physical bond with
the outer peripheral surface 14 of the multilayer tube 12.
[0065] When the method includes use of the commin-
gled braid 30, the step of heating the reinforced multilayer
tube 36 is further defined as heating the reinforced mul-
tilayer tube 36 to a temperature (T1) equal to or greater
than a peak melting temperature of the binding fibers 28
to at least partially melt the binding fibers 28, and cooling
the reinforced tube to solidify the melted binding fibers
28 and form the hose assembly 10. The softening tem-
perature, the melting temperature, or the decomposition
temperature of the binding fibers 28 is from 200 to 400,
alternatively from 215 to 325, alternatively from 210 to
300, °C. A softening temperature , a peak melting tem-
perature, and a decomposition temperature of the rein-
forcing fibers 24 is typically greater than 100, alternatively
greater than 150, alternatively greater than 200, °C great-
er than the peak melting temperature of the binding fibers
28. As such, the binding fibers 28 melt to form the binder
26 when the reinforced tube is heated, and the reinforcing
fibers 24 do not soften, melt, or degrade and, as such,
maintain structural integrity.
[0066] In one such embodiment, the reinforcing fibers
24 comprise glass or ceramic fibers and have a softening
temperature of at least 100°C greater than a peak melting
temperature of the binding fibers 28. In another such em-
bodiment, the reinforcing fibers 24 comprise aramid fiber
and have a decomposition temperature of at least 100°C
greater than a peak melting temperature of the binding
fibers 28. In yet another such embodiment, the reinforc-
ing fibers 24 comprise polyamide and have a peak melt-
ing temperature of at least 100°C greater than the peak
melting of the binding fibers 28.
[0067] When the hose assembly 10 is heated to a tem-
perature such that the outer peripheral surface 14 of the
multilayer tube 12 softens and the reinforcing layer 16
and the fibers thereof embedded in the outer layer 22 (in
the outer peripheral surface 14) of the multilayer tube 12,
the multilayer tube 12 that is electrically conductive is
preferred. The electrically conductive multilayer tube 12
conducts heat more effectively and therefore facilitates
the melting of the outer peripheral surface 14 of the mul-
tilayer tube 12 which, in turn, provides a robust bond be-
tween the multilayer tube 12 and the reinforcing layer 16.
In one embodiment, there is about a 38°C difference in
localized temperature at the outer peripheral surface 14
of the multilayer tube 12 between the multilayer tube 12
that is conductive and the multilayer tube 12 that is non-
conductive multilayer tube 12 (assuming the oven set
temperatures are the same). As such, in various embod-
iments of the method, the conductive multilayer tube 12
is used. In one embodiment, the multilayer tube 12 com-

prises a conductive inner layer 18 and a non-conductive
outer layer 22 which has a lower peak melting tempera-
ture than the peak melting temperature of the inner layer
18.
[0068] The method optionally includes the step of pres-
surizing an interior cavity of the reinforced multilayer tube
36 with a fluid such as water, an inert gas (e.g. nitrogen),
or air, through an inlet and an outlet (each end of the
reinforced multilayer tube 36) during the step of heating
the reinforced multilayer tube 36. The cavity of the rein-
forced multilayer tube 36 is typically pressurized to a
pressure of up to 500 (3447), alternatively from 5 to 100
(34.5 to 689.5), alternatively from 10 to 75 (68.9 to 517.1),
alternatively from 20 to 60 (137.9 to 413.7), PSI (kPa).
The step of pressurizing the reinforced multilayer tube
36 maintains the dimensional integrity of the reinforced
multilayered tube 36 during the step of heating and also
facilitates adhesion of the reinforcing layer 16 to the mul-
tilayered tube 12 because the pressure forces the fixed
braid against the outer peripheral surface 14 of the mul-
tilayer tube 12.
[0069] The step of pressurizing can also create a tem-
perature gradient/differential between the outer periph-
eral surface 14 of the multilayer tube 12 and the inner
peripheral surface 20 of the multilayer tube 12 during the
step of heating the reinforced multilayer tube 36. Of
course, this temperature gradient typically decreases as
process time increases, i.e., the temperature of the fluid
gradually rises towards T1. To this end, the fluid injected
into the interior cavity of the reinforced multilayer tube 36
to pressurize the interior cavity of the reinforced multilay-
er tube 36 is typically injected at ambient temperatures
but can be heated or cooled prior to injection. Nonethe-
less, the fluid typically has a temperature which is less
than T1. It is believed that the temperature gradient cre-
ated by this step facilitates softening of the outer periph-
eral surface 14 of the multilayer tube 12 and thus im-
proves the adhesion of the reinforcing layer 16 to the
outer peripheral surface 14 of the multilayer tube 12 while
maintaining the dimensional integrity of the internal cavity
of the reinforced multilayer tube 36.
[0070] In one embodiment, the step of pressurizing is
further defined as flowing or circulating inert gas through
the interior cavity of the reinforced multilayer tube 36
while maintaining pressurization during the step of heat-
ing the reinforced multilayer tube 36. In this embodiment,
the temperature differential between the outer peripheral
surface 14 of the multilayer tube 12 and the inner periph-
eral surface 20 of the multilayer tube 12 can be main-
tained throughout the step of heating the reinforced mul-
tilayer tube 36. Said differently, the temperature gradient
does not decrease as process time increases because
the fluid is flowing through the interior cavity of the rein-
forced multilayer tube 36. The fluid which flows or circu-
lates through the interior cavity of the reinforced multi-
layer tube 36 is typically at ambient temperatures, but
can be heated or cooled. Nonetheless, in this embodi-
ment, the fluid typically has a temperature which is less
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than T1.
[0071] As set forth above, the method also includes
the step of cooling the reinforced multilayer tube 36 to
solidify the melted outer layer 22 and embed the rein-
forcing fibers 24 in the outer layer 22 to form the hose
assembly 10. The step of cooling impacts the physical
properties of the multilayer tube 12 by controlling the crys-
tallinity of the polymeric material (the binder 26 and the
multilayer tube 12 materials) and helps maintain the inner
diameter and the outer diameter of the multilayer tube
12. After cooling, the hose assembly 10 formed exhibits
an excellent bond between the outer peripheral surface
14 of the multilayer tube 12 and the reinforcing layer 16.
That is, the bond is typically so strong that the reinforcing
layer 16 cannot be separated or delaminated from the
multilayer tube 12 with out destroying the hose assembly
10. It is believed that the strength of this bond is the result
of the embedding of the reinforcing fibers 24 of the rein-
forcing layer 16 into the outer peripheral surface 14 of
the multilayer tube 12.
[0072] Referring now to Figures 13A-13C, Figure 13A
is an end view of the reinforced multilayer tube 36 com-
prising braided reinforcing fibers 24 disposed about the
outer peripheral surface 14 of the multilayer tube 12. Fig-
ure 13B is a partial cross-sectional perspective view of
the reinforced multilayer tube 36 comprising braided re-
inforcing fibers 24 disposed about the outer peripheral
surface 14 of the multilayer tube 12. Figures 13A and
13B are prior to the steps of heating the reinforced mul-
tilayer tube 36 12 to a temperature (T1) which is greater
than a peak melting temperature of the second polymeric
material to at least partially melt the outer layer 22, but
which is less than a peak melting temperature of the first
polymeric material so that the inner layer 18 and the inner
peripheral surface 20 14 of the multilayer tube 12 does
not soften and thus maintains dimensional integrity, and
cooling the reinforced multilayer tube 36 to embed the
reinforcing fibers 24 of the reinforcing layer 16 into the
outer peripheral surface 14 of the multilayer tube 12 and
form the hose assembly 10. Figure 13C is a partial cross-
sectional perspective view of the hose assembly 10 com-
prising the reinforcing layer 16 disposed about and em-
bedded in the outer peripheral surface 14 of the multilayer
tube 12 which is formed from the reinforced multilayer
tube 36 of Figures 13A and 13B (after the steps of heating
and cooling).
[0073] Referring now to Figures 14A-14C, Figure 14A
is an end view of the reinforced multilayer tube 36 com-
prising the commingled braid 30 of Figure 2 disposed
about the outer peripheral surface 14 of the multilayer
tube 12. Figure 14B is a partial cross-sectional perspec-
tive view of the reinforced multilayer tube 36 comprising
the commingled braid 30 of Figure 2 disposed about the
outer peripheral surface 14 of the multilayer tube 12. Fig-
ures 14A and 14B are prior to the steps of heating the
reinforced multilayer tube 36 to a temperature (T1), and
cooling the reinforced multilayer tube 36 to form the hose
assembly 10. Figure 14C is a partial cross-sectional per-

spective view of the hose assembly 10 comprising the
multilayered tube 12 and the reinforcing layer 16 dis-
posed about the outer peripheral surface 14 of the mul-
tilayered tube 12 which is formed from the reinforced mul-
tilayered tube of Figures 14A and 14B (after the steps of
heating and cooling).
[0074] In the embodiment of Figures 14A through 14C,
the reinforced multilayer tube 36 is typically heated to a
temperature (T1) which is (1) equal to or greater than the
peak melting temperature of the material of the second
polymeric material (the material of the outer peripheral
surface 14 of the multilayer tube 12) and (2) greater than
the peak melting temperature of the binding fibers 28 of
the commingled braid 30s. To this end, the peak melting
temperature of the second polymeric material of the outer
peripheral surface 14 of the multilayer tube 12 is about
the same as (within 20°C of) the peak melting tempera-
ture of the binding fiber. Preferably, the peak melting tem-
perature of the second polymeric material of the outer
peripheral surface 14 of the multilayer tube 12 is at or
near the peak melting temperature of the binding fiber.
In this embodiment, the second polymeric material which
defines the outer peripheral surface 14 of the multilayer
tube 12 , has a peak melting temperature of within 100°C
of, alternatively within 50°C of, alternatively within 20°C
of, the peak melting temperature of the binding fiber.
Within as used herein is defined as within plus or minus
the degrees specified, e.g. within 20°C is defined as with-
in plus 20°C and minus 20°C (for a total range of 40°C).
[0075] The method optionally includes the step of
cross-linking the second polymeric material of the outer
layer 22 of the multilayer tube 12 of the hose assembly
10. The second polymeric material can be cross-linked
with heat, ultraviolent radiation (UV), electron beam, and
combinations thereof. The step of cross-linking is typi-
cally conducted subsequent to the step of heating the
reinforced multilayer tube 36. If the step cross-linking is
conducted prior to the step of heating the reinforced mul-
tilayer tube 36 the second polymeric material will not flow
well into the braid interstices. In a preferred embodiment,
the second polymeric material of the outer layer 22 of the
multilayer tube 12 of the hose assembly 10 is cross-linked
with an electron beam. The physical properties of the first
polymeric material (and any intermediate layers within
the multilayer tube 12) should not be degraded during
the cross-linking (e.g. electron beam) process. As such,
the first polymeric material of the inner layer 18 and the
polymeric material of any intermediate layers must be
selected appropriately. In various embodiments, the first
polymeric material can be cross-linked to improve the
properties of the first polymeric material and also prevent
degradation of the material’s physical properties when
the second polymeric material is cross-linked.
[0076] In one embodiment, when the method includes
use of the commingled braid 30, the binding fibers 28
comprise a fluoropolymer selected from the group of pol-
ytetrafluoroethylene, fluorinated ethylene propylene,
perfluoroalkoxy, and ethylenetetrafluoroethylene, and
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the polymeric material defining the outer peripheral sur-
face 14 of the multilayer tube 12 comprises a fluoropol-
ymer. In this embodiment, the fluoropolymer binding fib-
ers 28 melt to form the binder 26 which is compatible
with, and exhibits robust adhesion to, the multilayer com-
prising fluoropolymer.
[0077] In another embodiment, when the method in-
cludes use of the commingled braid 30, the binding fibers
28 comprise a polyamide selected from the group of
PA11, PA12, PA610, PA612, PA1010, PA6, PA66,
PA1110T, and PA1212T, and the polymeric material de-
fining the outer peripheral surface 14 of the multilayer
tube 12 comprises a polyamide. In this embodiment, the
polyamide binding fibers 28 melt to form the binder 26
which is compatible with, and exhibits robust adhesion
to, the multilayer tube 12 comprising polyamide.

Claims

1. A method for forming a hose assembly, the hose
assembly including a multilayer tube having an inner
layer comprising a first polymeric material and an
outer layer comprising a second polymeric material
and defining an outer peripheral surface of the mul-
tilayer tube, and a reinforcing layer comprising rein-
forcing fibers and disposed about and embedded in
the outer peripheral surface of the multilayer tube,
said method comprising the steps of:

extruding the multilayer tube;
disposing reinforcing fibers about the outer pe-
ripheral surface of the multilayer tube to form a
reinforced multilayer tube;
heating the reinforced multilayer tube to a tem-
perature (T1) which is greater than a peak melt-
ing temperature of the second polymeric mate-
rial to at least partially melt the outer layer, but
which is less than a peak melting temperature
of the first polymeric material so that the inner
layer and inner peripheral surface of the multi-
layer tube does not soften and thus maintains
dimensional integrity while the second polymer-
ic material flows into and seeps through braid
interstices of the reinforcing layer to form a ro-
bust bond between the multilayer tube and re-
inforcing fibers; and
cooling the reinforced multilayer tube to solidify
the melted outer layer and embed the reinforcing
fibers in the outer layer to form the hose assem-
bly.

2. A method as set forth in claim 1 wherein the peak
melting temperature of the first polymeric material is
at least 15°C greater than the peak melting temper-
ature of the second polymeric material.

3. A method as set forth in claim 1 or 2 wherein the step

of disposing the reinforcing fibers about the outer
peripheral surface of the multilayer tube to form the
reinforced multilayer tube is further defined as braid-
ing the reinforcing fibers about the outer peripheral
surface of the multilayer tube.

4. A method as set forth in any preceding claim further
comprising the step of cross-linking the second pol-
ymeric material of the outer layer of the multilayer
tube of the hose assembly.

5. A method as set forth in any preceding claim wherein
the step of disposing the reinforcing fibers about the
outer peripheral surface of the multilayer tube to form
the reinforced multilayer tube is further defined as
disposing commingled braids comprising reinforcing
fibers and binding fibers about the outer peripheral
surface of multilayer tube to form the reinforced mul-
tilayer tube, wherein a softening temperature, a peak
melting temperature, or a decomposition tempera-
ture of the reinforcing fibers is at least 100°C greater
than a softening temperature or peak melting tem-
perature of the binding fibers.

6. A method as set forth in claim 5 wherein the step of
disposing the commingled braids about the outer pe-
ripheral surface of the multilayer tube is further de-
fined as disposing the commingled braids which
comprise from 55 to 95 percent by volume reinforcing
fiber and from 5 to 45 percent by volume binding
fiber about the outer peripheral surface of the multi-
layer tube.

7. A method as set forth in claim 5 wherein the binding
fiber has a peak melting temperature of from 200 to
400°C and/or wherein the second polymeric materi-
al, which defines the outer peripheral surface of the
multilayer tube, has a peak melting temperature up
to 100°C greater than the peak melting temperature
of the binding fiber.

8. A method as set forth in any preceding claim further
comprising the step of disposing a silicone layer
about the reinforcing layer.

9. A method as set forth in any preceding claim further
comprising the step of pressurizing an interior cavity
of the reinforced multilayer tube with a fluid during
the step of heating the reinforced multilayer tube.

10. A reinforced multilayer tube for forming a hose as-
sembly including an outer layer having a reinforcing
layer embedded therein wherein a second polymeric
material is dispersed through braid interstices of the
reinforcing layer, said reinforced multilayer tube
comprising:

a multilayer tube further comprising:
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an inner layer comprising a first polymeric
material which defines an inner peripheral
surface of said multilayer tube, and
the outer layer comprising a second poly-
meric material which defines an outer pe-
ripheral surface of said multilayer tube,

wherein a peak melting temperature of said first
polymeric material is greater than a peak melting
temperature of said second polymeric material;
and
the reinforcing layer comprising reinforcing fib-
ers and disposed about and embedded within
the outer
peripheral surface of said multilayer tube to form
a robust bond between said multilayer tube and
said reinforcing layer.

11. A reinforced multilayer tube as set forth in claim 10
wherein said reinforcing fibers are braided about the
outer peripheral surface of said multilayer tube.

12. A reinforced multilayer tube as set forth in claim 10
wherein said reinforcing fibers are disposed about
said outer peripheral surface of said multilayer tube
in a commingled braid comprising said reinforcing
fiber and also a binding fiber and wherein said rein-
forcing fibers are disposed about the outer peripheral
surface of said multilayer tube in a commingled braid
comprising from 55 to 95 percent by volume of said
reinforcing fiber and from 5 to 45 percent by volume
of said binding fiber.

13. A reinforced multilayer tube as set forth in claim 10
or 11 wherein said second polymeric material, which
defines the outer peripheral surface of said tube, has
a peak melting temperature within 100°C of the peak
melting temperature of the binding fiber.

14. A reinforced multilayer tube as set forth in claim 12
wherein said reinforcing fiber comprises E-glass fib-
er and/or said binding fiber comprises a fluoropoly-
mer selected from the group of polytetrafluoroethyl-
ene, fluorinated ethylene propylene, perfluoro-
alkoxy, and ethylenetetrafluoroethylene and/or a
polyamide selected from the group of PA11, PA12,
PA610, PA612, PA1010, PA6, PA66, PA1110T, and
PA1212T.

15. A reinforced multilayer tube as set forth in claim 10
or 11 wherein the peak melting temperature of said
first polymeric material is at least 15°C greater than
the peak melting temperature of said second poly-
meric material.

Patentansprüche

1. Verfahren zum Herstellen einer Schlauchleitung,
wobei die Schlauchleitung eine mehrlagige Röhre,
die eine ein erstes Polymermaterial enthaltende, in-
nere Lage und eine ein zweites Polymermaterial ent-
haltende, äußere Lage aufweist, die eine äußere
Umfangsoberfläche der mehrlagigen Röhre defi-
niert, und eine Verstärkungslage umfasst, die Ver-
stärkungsfasern aufweist und um die äußere Um-
fangsoberfläche der mehrlagigen Röhre herum an-
geordnet und darin eingebettet ist, wobei das Ver-
fahren die Schritte umfasst:

Extrudieren der mehrlagigen Röhre,
Anordnen der Verstärkungsfasern um die äuße-
re Umfangsoberfläche der mehrlagigen Röhre
herum, um eine verstärkte mehrlagige Röhre zu
bilden,
Erwärmen der verstärkten mehrlagigen Röhre
auf eine Temperatur (T1), die größer als eine
Spitzenschmelztemperatur des zweiten Poly-
mermaterials ist, um die äußere Lage wenigs-
tens teilweise zu schmelzen, die aber niedriger
als die Spitzenschmelztemperatur des ersten
Polymermaterials ist, so dass die innere Lage
und die innere Umfangsoberfläche der mehrla-
gigen Röhre nicht erweichen und daher ihre
Maßhaltigkeit beibehalten, während das zweite
Polymermaterial in Geflechtzwischenräume der
Verstärkungslage fließt und einsickert, um eine
robuste Verbindung der mehrlagigen Röhre und
den Verstärkungsfasern zu bilden, und
Kühlen der verstärkten mehrlagigen Röhre, um
die geschmolzene äußere Lage zu verfestigen
und die Verstärkungsfasern in der äußeren La-
ge einzubetten, um die Schlauchleitung herzu-
stellen.

2. Verfahren nach Anspruch 1, wobei die Spitzen-
schmelztemperatur des ersten Polymermaterials
wenigstens 15°C höher als die Spitzenschmelztem-
peratur des zweiten Polymermaterials ist.

3. Verfahren nach Anspruch 1 oder 2, wobei der Schritt
der Anordnung der Verstärkungsfasern um die äu-
ßere Umfangsoberfläche der mehrlagigen Röhre zur
Bildung der verstärkten mehrlagigen Röhre weiter
definiert ist als Flechten der Verstärkungsfasern um
die äußere Umfangsoberfläche der mehrlagigen
Röhre.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, das weiter den Schritt aufweist, das zweite Po-
lymermaterial der äußeren Lage der mehrlagigen
Röhre der Schlauchleitung zu vernetzen.

5. Verfahren nach einem der vorhergehenden Ansprü-
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che, wobei der Schritt der Anordnung der Verstär-
kungsfasern um die äußere Umfangsoberfläche der
mehrlagigen Röhre zur Bildung der verstärkten
mehrlagigen Röhre weiter definiert ist als Anordnen
von gemischten Geflechten aus Verstärkungsfasern
und Bindefasern um die äußere Umfangsoberfläche
der mehrlagigen Röhre, um die verstärkte mehrlagi-
ge Röhre herzustellen, wobei eine Erweichungstem-
peratur, eine Spitzenschmelztemperatur oder eine
Zersetzungstemperatur der Verstärkungsfasern we-
nigstens 100°C höher als Erweichungstemperatur
oder Spitzenschmelztemperatur der Bindefasern ist.

6. Verfahren nach Anspruch 5, wobei der Schritt der
Anordnung der gemischten Geflechte um die äußere
Umfangsoberfläche der mehrlagigen Röhre weiter
definiert ist als Anordnen der gemischten Geflechte,
die von 55 bis 95 Volumenprozent Verstärkungsfa-
sern und von 5 bis 45 Volumenprozent Bindefasern
aufweisen, um die äußere Umfangsoberfläche der
mehrlagige Röhre.

7. Verfahren nach Anspruch 5, wobei die Bindefasern
eine Spitzenschmelztemperatur von 200 bis 400°C
haben und/oder wobei das zweite Polymermaterial,
das die äußere Umfangsoberfläche der mehrlagigen
Röhre definiert, eine Spitzenschmelztemperatur bis
zu 100°C höher als die Spitzenschmelztemperatur
der Bindefasern hat.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, das weiter den Schritt aufweist, eine Silikon-
schicht um die Verstärkungslage herum anzuord-
nen.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, das weiter den Schritt aufweist, während des
Schritts der Erwärmung der verstärkten mehrlagigen
Röhre einen inneren Hohlraum der verstärkten
mehrlagigen Röhre mit einem Fluid unter Druck zu
setzen.

10. Verstärkte mehrlagige Röhre zur Herstellung einer
Schlauchleitung, die eine äußere Lage mit darin ein-
gebetteter Verstärkungslage aufweist, wobei ein
zweites Polymermaterial in Geflechtzwischenräu-
men der Verstärkungslage verteilt ist, wobei die ver-
stärkte mehrlagige Röhre aufweist:

eine mehrlagige Röhre mit:

einer inneren Lage, die ein erstes Polymer-
material aufweist, das eine innere Um-
fangsoberfläche der mehrlagigen Röhre
definiert, und
der äußeren Lage, die ein zweites Polymer-
material aufweist, das eine äußere Um-
fangsoberfläche der mehrlagigen Röhre

definiert,

wobei eine Spitzenschmelztemperatur des ers-
ten Polymermaterials größer als die Spitzen-
schmelztemperatur des zweiten Polymermate-
rials ist, und
wobei die Verstärkungslage Verstärkungsfa-
sern aufweist und angeordnet ist um und einge-
bettet ist in die äußere Umfangsoberfläche der
mehrlagigen Röhre, um eine robuste Verbin-
dung zwischen der mehrlagigen Röhre und der
Verstärkungslage zu bilden.

11. Verstärkte mehrlagige Röhre nach Anspruch 10, wo-
bei die Verstärkungsfasern um die äußere Umfangs-
oberfläche der mehrlagigen Röhre geflochten sind.

12. Verstärkte mehrlagige Röhre nach Anspruch 10, wo-
bei die Verstärkungsfasern um die äußere Umfangs-
oberfläche der mehrlagigen Röhre in einem ge-
mischten Geflecht angeordnet sind, das Verstär-
kungsfasern und auch Bindefasern aufweist, und
wobei die Verstärkungsfasern um die äußere Um-
fangsoberfläche der mehrlagigen Röhre in einem
gemischten Geflecht angeordnet sind, das von 55
bis 95 Volumenprozent Verstärkungsfasern und von
5 bis 45 Volumenprozent Bindefasern aufweist.

13. Verstärkte mehrlagige Röhre nach Anspruch 10
oder 11, wobei das zweite Polymermaterial, das die
äußere Umfangsoberfläche der Röhre definiert, eine
Spitzenschmelztemperatur innerhalb von 100°C der
Spitzenschmelztemperatur der Bindefasern hat.

14. Verstärkte mehrlagige Röhre nach Anspruch 12, wo-
bei die Verstärkungsfasern E-Glasfasern umfassen
und/oder die Bindefasern ein Fluoropolymer, das
ausgewählt ist aus der Gruppe Polytetrafluorethylen,
fluoriniertes Ethylenpropylen, Perfluoroalkoxy und
Ethylentetrafluorethylen, und/oder ein Polyamid auf-
weisen, das ausgewählt ist aus der Gruppe PA11,
PA12, PA610, PA612, PA1010, PA6, PA66,
PA1110T und PA1212T.

15. Verstärkte mehrlagige Röhre nach Anspruch 10
oder 11, wobei die Spitzenschmelztemperatur des
ersten Polymermaterials wenigstens 15°C höher als
die Spitzenschmelztemperatur des zweiten Poly-
mermaterials ist.

Revendications

1. Procédé permettant de former un ensemble tuyau
flexible, l’ensemble tuyau flexible comprenant un tu-
be multicouche comportant une couche intérieure
comprenant un premier matériau polymère et une
couche extérieure comprenant un deuxième maté-
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riau polymère et définissant une surface périphéri-
que extérieure du tube multicouche, et une couche
de renforcement comprenant des fibres de renfor-
cement et disposée autour de la surface périphéri-
que extérieure du tube multicouche et encastrée
dans celle-ci, ledit procédé comprenant les étapes
de :

l’extrusion du tube multicouche ;
la disposition de fibres de renforcement autour
de la surface périphérique extérieure du tube
multicouche pour former un tube multicouche
renforcé ;
le chauffage du tube multicouche renforcé à une
température (T1) qui est supérieure à une tem-
pérature de fusion de pointe du deuxième ma-
tériau polymère pour faire fondre au moins par-
tiellement la couche extérieure, mais qui est in-
férieure à une température de fusion de pointe
du premier matériau polymère de sorte que la
couche intérieure et la surface périphérique in-
térieure du tube multicouche ne ramollissent
pas et maintiennent ainsi une intégrité dimen-
sionnelle pendant que le deuxième matériau po-
lymère s’écoule et s’infiltre à travers des inters-
tices de tresse de la couche de renforcement
pour former une liaison robuste entre le tube
multicouche et les fibres de renforcement ; et
le refroidissement du tube multicouche renforcé
pour solidifier la couche extérieure fondue et en-
castrer les fibres de renforcement dans la cou-
che extérieure pour former l’ensemble tuyau
flexible.

2. Procédé selon la revendication 1, dans lequel la tem-
pérature de fusion de pointe du premier matériau
polymère est supérieure d’au moins 15°C à la tem-
pérature de fusion de pointe du deuxième matériau
polymère.

3. Procédé selon la revendication 1 ou 2, dans lequel
l’étape de la disposition des fibres de renforcement
autour de la surface périphérique extérieure du tube
multicouche pour former le tube multicouche renfor-
cé est en outre définie en tant que le tressage des
fibres de renforcement autour de la surface périphé-
rique extérieure du tube multicouche.

4. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre l’étape de la ré-
ticulation du deuxième matériau polymère de la cou-
che extérieure du tube multicouche de l’ensemble
tuyau flexible.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’étape de la disposition
des fibres de renforcement autour de la surface pé-
riphérique extérieure du tube multicouche pour for-

mer le tube multicouche renforcé est en outre définie
en tant que la disposition de tresses mélangées com-
prenant des fibres de renforcement et des fibres de
liaison autour de la surface périphérique extérieure
du tube multicouche pour former le tube multicouche
renforcé, dans lequel une température de ramollis-
sement, une température de fusion de pointe ou une
température de décomposition des fibres de renfor-
cement est supérieure d’au moins 100°C à une tem-
pérature de ramollissement ou à une température
de fusion de pointe des fibres de liaison.

6. Procédé selon la revendication 5, dans lequel l’étape
de la disposition des tresses mélangées autour de
la surface périphérique extérieure du tube multicou-
che est en outre définie en tant que la disposition
des tresses mélangées comprenant de 55 à 95 pour
cent en volume de fibres de renforcement et de 5 à
45 pour cent en volume de fibres de liaison autour
de la surface périphérique extérieure du tube multi-
couche.

7. Procédé selon la revendication 5, dans lequel les
fibres de liaison ont une température de fusion de
pointe de 200 à 400°C et/ou dans lequel le deuxième
matériau polymère, qui définit la surface périphéri-
que extérieure du tube multicouche, a une tempéra-
ture de fusion de pointe jusqu’à 100°C supérieure à
la température de fusion de pointe des fibres de
liaison.

8. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre l’étape de la dis-
position d’une couche de silicone autour de la cou-
che de renforcement.

9. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre l’étape de la pres-
surisation d’une cavité intérieure du tube multicou-
che renforcé avec un fluide au cours de l’étape du
chauffage du tube multicouche renforcé.

10. Tube multicouche renforcé permettant de former un
ensemble tuyau flexible comprenant une couche ex-
térieure comportant une couche de renforcement
encastrée dans celle-ci, dans lequel un deuxième
matériau polymère est dispersé à travers des inters-
tices de tresse de la couche de renforcement, ledit
tube multicouche renforcé comprenant :

un tube multicouche comprenant en outre :

une couche intérieure comprenant un pre-
mier matériau polymère qui définit une sur-
face périphérique intérieure dudit tube mul-
ticouche, et
la couche extérieure comprenant un
deuxième matériau polymère qui définit une
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surface périphérique extérieure dudit tube
multicouche,

dans lequel une température de fusion de pointe
dudit premier matériau polymère est supérieure
à une température de fusion de pointe dudit
deuxième matériau polymère ; et
la couche de renforcement comprenant des fi-
bres de renforcement est disposée autour de la
surface périphérique extérieure dudit tube mul-
ticouche et encastrée dans celle-ci pour former
une liaison robuste entre ledit tube multicouche
et ladite couche de renforcement.

11. Tube multicouche renforcé selon la revendication
10, dans lequel les fibres de renforcement sont tres-
sées autour de la surface périphérique extérieure
dudit tube multicouche.

12. Tube multicouche renforcé selon la revendication
10, dans lequel lesdites fibres de renforcement sont
disposées autour de la surface périphérique exté-
rieure dudit tube multicouche dans une tresse mé-
langée comprenant ladite fibre de renforcement et
également une fibre de liaison et dans lequel lesdites
fibres de renforcement sont disposées autour de la
surface périphérique extérieure dudit tube multicou-
che dans une tresse mélangée comprenant de 55 à
95 pour cent en volume de ladite fibre de renforce-
ment et de 5 à 45 pour cent en volume de ladite fibre
de liaison.

13. Tube multicouche renforcé selon la revendication 10
ou 11, dans lequel ledit deuxième matériau polymè-
re, qui définit la surface périphérique extérieure dudit
tube, a une température de fusion de pointe à moins
de 100°C de la température de fusion de pointe de
la fibre de liaison.

14. Tube multicouche renforcé selon la revendication
12, dans lequel ladite fibre de renforcement com-
prend une fibre de verre à émissivité et/ou ladite fibre
de liaison comprend un fluoropolymère sélectionné
dans le groupe se composant de polytétrafluoroé-
thylène, d’éthylène propylène fluoré, de perfluo-
roalkoxy et d’éthylènetétrafluoroéthylène et/ou un
polyamide sélectionné dans le groupe de PA11,
PA12, PA610, PA612, PA1010, PA6, PA66,
PA1110T et PA1212T.

15. Tube multicouche renforcé selon la revendication 10
ou 11, dans lequel la température de fusion de pointe
dudit premier matériau polymère est supérieure d’au
moins 15°C à la température de fusion de pointe
dudit deuxième matériau polymère.
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