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MULTILAYER PIPELINE IN A POLYMER MATERIAL, DEVICE FOR MANUFACTURE OF THE
MULTILAYER PIPELINE AND A METHOD FOR MANUFACTURING THE MULTILAYER PIPE-
LINE

The invention relates to a multilayer pipeline for transporting petroleum products, in
particular for oil and gas, and for transporting CO, gas, either offshore or onshore. The
invention also relates to a device and a method for manufacturing the multilayer pipe-
line. More particularly, the invention relates to a continuous multilayer pipeline made
by a combination of extruded plies and fibre-wrapped plies,

For the transport of oil and gas and CO, gas offshore and onshore, plastic composite
pipes and pipes that include a metal, generally steel or a steel alloy, are used today.

In risers and intra-field transport, it is known to use non-metallic pipelines in some
cases. These are composite pipes which are composed of one or more polymers, and
which are flexible pipes with diameters limited up to 150 millimetres. In downstream
pipeline transport, that is to say from a production field to shore, and also further
transport in transport pipelines from a refinery onshore or some other type of onshore
facility, the amount of oil and gas is very large and steel-pipe sclutions are used ex-
clusively. Owing to the large pipe dimensions, such transport pipes are not manufac-
tured from other materials. The transport of CO, gas also requires large pipe dimen-
sions.

Plastic composites are compaosite materials in which a plastic is combined with other
substances or materials that are insoluble in the plastic. The plastic composites gener-
ally consist of a base mass of a homogenous plastic, often called the matrix, and in
this, particles, flakes, fibres, fibre products, filaments or the like of another material or
of another type of plastic are embedded. In such composite materials, the good guali-
ties of the individual components are combined and often enhanced. Typical plastic
composites are different types of reinforced plastic.
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Pipelines formed of plastic composites may be produced as flexible pipes, in which the
fibre is not impregnated by the surrounding matrix but lies dry between plies or layers

consisting of a plastic matrix. Pipes in which the fibre is wetted by a plastic material
make more rigid pipes.

Flexible plastic composite pipelines are produced in long lengths. In practice, the pos-
sibility of transporting the pipe will restrict the overall iength of the flexible pipe, like
the overall reel diameter, for example. This also means that a large-diameter pipe will
be shorter than a small-diameter pipe. In the art, flexible pipes of this kind with a di-
ameter of up to 150 millimetres are known.

Rigid plastic composite pipes have restricted lengths. The length is determined by the
production tool, and the pipes are typicaily 12-20 metres long. Such pipes are pro-
duced with various forms of flanges. The pipes are joined together at the flanges in a
known manner, Flange gaskets prevent leakages at the joints. Such pipes are used
only onshore. Laying a pipeline offshore entails such a great strain on the pipeline that
joints with flanges and seals will involve a great risk of damage to the joints/pipeline,
which may result in leakages.

It is known within the art that plastic composite pipelines may cause problems during
depressurization, This problem is greatest by high operating pressures, typically by
the transport of hydrocarbon gas or CO, gas. The pressure may be in the area of 250
bars, by which hydrocarbon gas / CO, may penetrate the inner material of the pipe-
line, called liner, and build up a gas pressure on the outside of the liner. By depres-
surization of the gas medium inside the liner, the pressure on the outside of the liner
will be larger than the pressure inside the liner. This may resuit in a collapse of the
liner in the pipeline. Such a collapse of the liner will result in the pipeline becoming
unusable,

Corrosion is a problem in pipelines of steel and partially large amounts of chemicals
are added to the petroleum products to prevent internal corrosion in the pipelines. The
petroleum products may also contain particulate material that works as an abradant
on the internal jacket surface of the pipe. When such pipelines in steel are formed, a
metal alloy is selected relative to the desired corrosion resistance, and the walil thick-
ness of the pipe is dimensioned on the basis of the expected internal wear.

An outer insulating coating may be applied to such metal pipes. First, a thin ply of ep-

oxy is applied to the outer surface of the pipe to avoid corrosion if there is ingress of
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water through the outer insulating ply. The insulfating ply is applied to the pipe by

means of an extrusion technique.

In alternative embodiments, the pipes may internally be lined with an insulating ply
and, nearest to the centre, a wear ply. If is known that the innermost ply may consist
of a metal pipe. The manufacturing of such pipes is carried out by the pipes being
made individually in fixed lengths, for example of 20 m. The insulating ply is inserted
into the pipe. In pipes that are composed of an outer pipe and an inner pipe, the insu-

lating ply is squeezed into the annular space between the two concentric pipes.

The completed pipe lengths are joined together by welding. Special work operations
must be performed for the insulating material to overlap in the joint area. Pipes with
an outer insulating ply are stripped of coating at the pipe ends in a grinding robot be-
fore being welded together. After the welding-together, each weld is checked. Then an
outer insulation is applied to the weld area in a manual operation. Such assembling of
individual pipes into longer pipe strings may be carried out onshore. Pipe strings of,
for example, 800 m may then be formed. These are stored side by side in the wait of
a pipe-lay vessel to arrive and load the pipe strings. The pipe-lay vesse! will reel the
pipe strings onto a large drum which has a radius that is larger than the bending ra-
dius of the pipe strings. When one pipe string has been reeled, it is joined to the next
pipe string in the same way as the pipes were joined together, and the reeling goes on
until the desired length has been reeled or until the drum is full.

There are thus considerable drawbacks to the known method. A considerabie number
of welds must be made, requiring quality assurance, and large storage space is re-
quired for temporarily storing pipe strings. The lay time of the pipe-lay vessel when
loading is considerable and such specialized vessels have high day rates. A further
drawback is that reeling and unreeling the pipe strings subject the pipe strings to
great mechanical strain. In some cases, the pipe string suffers damage that results in
the reeling process or unreeling process being stopped for the damage to be repaired.
In some cases, the damage is not discovered until a check, performed as pressure-~
testing, is done affer the laying of the pipeline on the sea floor is completed.

Reelable steel pipes are made with a diameter of up to 406 mm / 16 inches. Pipes of
larger diameters are too rigid and have too large volumes for the reeling thereof to be
appropriate or possible. Offshore {aying of pipes with larger diameters than 16 inches
is therefore done by pipe lengths being prepared for welding, the pipe lengths being
welded together, the welds being quality-checked by means of X-ray photography /
radioscopy, the weld area being corrosion-protected and insulated before the pipe is
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lowered into the sea. This takes place on board a specialized ship that is equipped like
a factory for this purpose. In most cases, such ships are more than 150 metres in

length and have crews of 150-250 employees for round-the-clock pipe assembling.

By extrusion is meant, in what follows, that a polymer mass Is squeezed or pushed out
of a die in a continuous process, The extruded object has the same cross-sectional
shape as the shape of the gap of the die. By co-extrusion is meant, in what follows,
the extrus‘;‘on of two or more layers on top of each other at the same time in one die
head. The die head Is provided with two or more die gaps. The die gaps may be circu-
tar and concentric.

Pipes that are used for transporting oil, hydrocarbon gas or CO; have restrictions on
diameter and restrictions on length when being manufactured, whether the pipes are
to be used offshore or anshore,

By extrusion by pulling, also called pultrusion, is meant, in what follows, that rein-
forced fibres are pulled through a bath containing a resin, the fibres with the resin
applied thereto then being puiled through a shaping tool and heated so that the resin
polymerizes.

In the art, it is known to make tubular bodies by means of extrusion. A polymer mate-
rial is forced out through a die. The die may be annular or there may be a mandrel,
also termed an extruder core, positioned centrally in a circular die opening, for exam-
ple. Further, it is known that extruded pipes formed of a polymer material may be
fluid-tight, but not resistant to high internal or external pressures, especially in a ra-
dial direction. It is further known within the art that a pipe formed of a polymer mate-
rial may be surrounded by a fibre layer. The fibre layer may be composed of a com-
posite material comprising long fibres surrounded by a resin. It is also known within
the art that pipes may be produced from just one composite material which has been
hardened after shaping. It is known that pipes formed of a hardened composite mate-
rial are resistant to pressure, but that leakages may occur because of microcracks in
the resin that is used. The risk may be reduced by overdimensioning the wall thick-
ness, but high pressures and/or pressure variations for some considerable time will
increase the risk of microcracks and thereby leakages resulting in the pipe having to
be replaced. Multilayer pipelines that are composed of an extruded polymer ply and a
fibre ply are both fluid-tight and resistant to pressure directed radially.

The patent publication W09100466 discloses a multilayer pipe. The pipe is formed of

an inner ply in a thermoplastic polymer materiai, the inner ply preferably being ex-
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truded. An outer ply is formed of a thermoplastic or a thermo-setting polymer mate-
rial, the outer ply preferably being pultruded. The outer surface of the inner ply is in
contact with the inner surface of the outer ply.

The patent publication GB 1211860 discloses the manufacturing of a multilayer pipe
by means of co-extrusion. The layered pipe is composed of an inner ply, an outer ply
and an intermediate foamed ply. The inner ply, the outer ply and the foamed ply may
be composed of the same thermoplastic material or they may be composed of two or
more different thermoplastic materials. The foamed ply is made by adding a suitable
blowing agent that liberates gas. The foamed ply constitutes an insulating ply between
the inner and outer plies. Reinforcing filler elements may be added, in particular to the
outer ply, in the form of glass fibres or asbestos fibres, for example. The patent publi-
cation EP 1419871 discloses the manufacturing of a multilayer pipe by means of co-
extrusion as well. A foamed, intermediate ply constitutes an insulating ply between
the inner ply and the outer ply.

The patent pubilication JP 9011355 discloses the manufacturing of a multilayer pipe in
which an inner ply is formed of an extruded, thermoplastic material. The inner ply is
surrounded by a first fibre layer in the longitudinal direction of the pipe and a secand
fibre [ayer that is wrapped in a substantially circumferential direction on the first fibre
layer. The inner ply is made by first making an extruded, massive rod-shaped core
which is formed of a thermoplastic material, in order then to apply the inner ply
around the rod-shaped core by means of & so-called crosshead die, The inner ply, the
first fibre layer and the second fibre layer are fused by heating. The heating aiso

makes the inner ply detach from the core, and the core is pulled out of the pipe
formed.

The patent publication GB 1345822 discloses a multilayer pipe in which an inner ply is
formed of an extruded, thermoplastic material. The inner ply is surrounded by a first
fibre layer which is wrapped in a substantially circumferential direction on the inner
ply, a second fibre layer which extends along the first fibre layer in the longitudinal
direction of the pipe and a third fibre layer which is wrapped in a substantially circum-
ferential direction on the second fibre layer, and preferably perpendicularly to the first
fibre layer.

The patent publication US 4515737 discloses the production of a multilayer pipe in
which an inner ply is formed of an extruded, thermoplastic material. The inner ply is
surrounded by a middie ply which is composed of a first fibre layer in the longitudinal
direction of the pipe and a second fibre layer which is wrapped in a substantially
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circumferential direction on the first fibre layer. An outer ply, which consists of an ex-

truded, thermoplastic material, is applied to the middle ply by means of a crosshead
die.

The patent publication WO 2011128545 discloses a transport pipe for transporting
hydrocarbons in cold environments, The transport pipe includes an inner pipe which
has an electrically insulating outer surface, a heating ply externally on the inner pipe,
the heating ply including carbon fibres embedded in a polymer material, an insulating
ply externally on the heating ply and an outer pipe which is capable of resisting an
external pressure of more than 100 bars, The transport pipe also includes spacers be-
tween the inner pipe and the outer pipe. The outer pipe may be composed of carbon
fibres embedded in a polymer material. The inner pipe may be formed of a polymer
material, such as polyamide (PA) or polyvinylidene difluoride (PVDF), for example. The
inner pipe may also be formed of a steel pipe, the outer side of the pipe being coated
with PA or PVDF as an electrically insulating ply. An electric voltage is impressed on
the carbon fibres in the heating ply and they will conduct current. The heating ply
thereby supplies the transport pipe with heat. The insulating ply may be formed of
foamed polyurethane (PU). In an alternative, the outer pipe may be formed of steel,
The patent publication discloses the production of a pipe with a diameter of approxi-
mately 15 cm.

The patent publication WO 03098093 discloses a pipe-in-pipe with a suitable insulating
medium in the annular space between the pipes, so that the pipe-in-pipe is suitable
for reeling onto the drum of a pipe-lay vessel. The inner pipe and the outer pipe are
rigid pipes. The insulating medium includes two types of materials, one of which is
formed of a material with good insulating properties, but relatively poor mechanical
strength, whereas the other material is formed of a material with poor insulating
properties, but with greater mechanical strength. The patent publication US

2010/0260551 discloses an aiternative pipe-in-pipe which can be reeled,

The patent publication US 5755266 discloses a laminated pipe to be used in petroleum
activity offshare for injecting chemicals into wells and for transporting hydraulic fluid
for controlling valves. The inner pipe consists of an extruded thermoplastic pipe. After
degreasing, rubbing and washing, the pipe is coated, layer upon layer, with fibres and
fibre mats impregnated with a thermosetting plastic. Finally, the pipe is cured in an

oven, and after cooling, the pipe is reeled.

The patent documents US 2004/0194838, US 2010062202 and US 6516833 disclose
flexible pipes with wire reinforcement in the wall of the pipe. Nearest to the centre,
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the pipe may additionally be provided with a reinforcing skeleton, termed a carcass in the art.

The invention has for its object to remedy or reduce at least one of the drawbacks of the prior

art or at least provide a useful alternative to the prior art.

The object is achieved through features which are specified in the description below and in the

claims that follow,

The invention relates to the manufacturing of an endless multilayer pipeline which is suitable
for transporting oil and gas offshore and onshore. The invention also relates to an endless or

continuous multilayer pipeline which has a smaller bending radius than pipe strings in metal.
The invention also relates to an apparatus for manufacturing such an endless multilayer pipe-

line that is suitable for transporting oil and gas.

In a first aspect, the invention relates to an endless multilayer pipeline including at least:

- an inner fluid-tight ply formed of a first thermoplastic polymer material;

- an inner fibre-reinforced thermoplastic polymer ply including a wrapped fibre-reinforcement
and surrounding the inner fluid-tight ply;

- a first intermediate ply formed of a second thermoplastic polymer material;

- an outer fibre-reinforced thermoplastic polymer ply including a wrapped fibre-reinforcement,
wherein at least one of the inner fibre-reinforced thermoplastic polymer ply and the outer fibre-
reinforced thermoplastic polymer ply includes at least one fibre-containing layer and one rein-

forcement-free layer.

The first intermediate ply may be formed of an expanded thermoplastic polymer material. The
first intermediate ply is provided with at least one channel oriented axially. The multilayer
pipeline may further include a second intermediate ply formed of a third thermoplastic polymer
material. The second intermediate ply may be provided with at least one channel oriented axi-
ally. The cross section of the channel may be substantially circular. The cross section of the
channel may be substantially oblong. The cross section of the channel may be substantially

trapezoidal.

The second intermediate ply may be provided with at least one heating element oriented axial-

ly.

The wrapped fibre reinforcement includes at least one fibre tape.
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The multilayer pipeline may include at least one optical-fibre cable extending in the
longitudinal direction of the multilayer pipeline, and the at least one optical-fibre cable
is positioned in at least one of the plies.

In a second aspect, the invention relates to a machine assembly for manufacturing an
endless multilayer pipeline which includes an inner fiuid-tight ply which consists of a
first thermoplastic polymer material, the machine assembly comprising:

- a first wrapping-machine station; the first wrapping-machine station including at
least: one reel carousel which is arranged to wrap fibre tape around the inner fluid-
tight ply to form a fibre-reinforced layer in an inner fibre-reinforced polymer ply; and
an extruder arranged to form a reinforcement-free layer of a thermoplastic pelymer
material surrounding the layer;

- an extruder arranged to form a first intermediate ply comprising a thermoplastic
polymer material and surrounding the inner fibre-reinforced ply;

- a second wrapping-machine station; the second wrapping-machine station including
at least: one reel carousel which is arranged to wrap fibre tape around the other plies
of the muitilayer pipeline to form a fibre-reinforced layer in an outer fibre-reinforced
polymer ply; and

- an extruder arranged to form a reinforcement-free iayer of a thermoplastic polymer
material surrounding the layer.

The extruder that forms the first intermediate ply may be composed of an extruder
provided with an extruder head, in which, in an annular space formed between the
calibration element of the extruder head and the muitilayer pipeline accommodated in
the extruder head, at least one mandrel is positioned for the formation of an axially
oriented channel in the first intermediate ply.

The machine assembly may further include an extruder arranged to form a second
intermediate ply formed of a third thermoplastic polymer material, the positional order
of the second intermediate ply optionally being: between the second, inner fibre ply
and the first intermediate ply, or between the first intermediate ply and the outer fi-
bre-reinforced polymer ply. The extruder may be provided with an extruder head, in
which, in an annular space formed between the calibration element of the extruder
head and the muiltilayer pipeline accommodated in the extruder head, at least one
mandrel is positioned for the formation of an axially oriented channel in the second
intermediate ply.

The machine assembly may further include an extruder arranged to form the inner

fluid-tight ply which is formed of a first, thermoplastic polymer material.
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The machine assembly may further include at least one reel arranged to accommodate
an optical-fibre cable. The at least one reel may be arranged to feed an optical-fibre
cable into the extruder that forms a fibre-free layer in the outer fibre-reinforced ply.
The at least one reel may be arranged to feed an optical-fibre cable inte the extruder
that forms the inner fluid-tight ply.

In a third aspect, the invention relates to a method of forming an endless multilayer
pipeline, the method including the steps of:

a) providing an inner fluid-tight ply which consists of a thermoplastic polymer;

b) forming an inner fibre-reinforced ply around the inner fluid-tight ply by wrapping a
fibre tape around the inner fluid-tight ply to form the at least one fibre layer and, by
means of extrusion, applying a reinforcement-free layer to the fibre layer;

c) forming, by means of extrusion, a first intermediate polymer ply around the inner
fibre-reinforced ply; and

d) forming an outer fibre-reinforced ply by wrapping a fibre tape around the other
plies to form at least one fibre layer and, by means of extrusion, applying a reinforce-
ment-free layer to the fibre layer.

The method in step ¢) may further include providing the extruder head of an extruder,
in an annular space formed between the calibration element of the extruder head and
the multilayer pipeline accommodated in the extruder head, with at least one mandrel

that forms an axially oriented channel in the first intermediate polymer ply.

The method may further include the step of:

cl) forming, by extrusion, a second intermediate ply formed of a third polymer mate-
rial which is optionally positioned: either between the inner fibre ply formed in step b)
and the first intermediate polymer ply formed in step ¢), or between the first interme-
diate polymer ply formed in step c} and the outer fibre-reinforced ply formed in step
d). The method in step c1) may further include providing the extruder head of an ex-
truder, in an annular space formed between the calibration element of the extruder
head and the multilayer pipeline accommodated in the extruder head, with at least

one mandre! that forms an axially oriented channel in the second intermediate poly-
mer piy.

The method in step a} may include forming, by extrusion, the inner fluid-tight ply
formed of a thermoplastic polymer.
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The method may include using a machine assembly as described above, and the
method may further include positioning the machine assembly on a deck aboard a

ship.

In what follows, examples of preferred embodiments are described, which are visual-
ized in accompanying drawings, in which:

Figures 1A-C

Figures 2A-C

Figures 3A-B

Figure 4

show, respactively, in A, a schematic cross section on a first scale; in B,
a schematic side view on a smaller scale and, in C, an isometric per-
spective view on a still smaller scale of a multilayer pipeline in a first
embodiment, in which the pipeline includes, from the inside out, an in-
ner, homogenous wear ply in a first, extruded thermoplastic polymer
material, an inner, composite, fibre-reinforced thermoplastic polymer
ply, a first intermediate, homogenous ply in a second, extruded thermo-
plastic polymer material and an outer, composite, fibre-reinforced ther-
moplastic polymer ply, and in which, in B and C, some of the plies have

been removed to make underlying plies visible;

show, respectively, in A, a schematic cross section on a first scale; in B,
a schematic side view on a smaller scale and, in C, an isometric per-
spective view on a still smaller scale of a multilayer pipeline in a second
embodiment, in which, in addition to what is shown in figure 1, the pipe-
line is provided with a second intermediate, homogenous ply which con-
sists of an extruded thermopiastic polymer material, the second inter-
mediate ply lying between the inner fibre-reinforced thermoplastic
polymer ply and the first intermediate thermoplastic ply, and the second

intermediate ply being provided with a plurality of axial channels;

show schematic cross sections of a multilayer pipeline in a third em-
bodiment, in which the pipeline is provided with the same plies as those
shown in figure 24, but in which the second Intermediate ply is provided
with axially oriented electrical heater cables (3A) or a combination of
channels and heater cabies (3B);

shows an isometric perspective view of a multilayer pipeline in a fourth
embodiment and an enlarged section, in which the pipeline is provided
with the same plies as those shown in figure 2, and in which the second

intermediate ply is provided with a plurality of axial channels of another
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Figure 5

- Figure 6

Figure 7

Figure 8

Figures SA-B

Figure 10

Figure 11

Figure 12

Figure 13

Figure 14

shape, and in which the layered structure of the outer fibre-reinforced

polymer ply and the inner fibre-reinforced polymer ply is visualized;

shows an isometric perspective view of a muitilayer pipeline in a fifth
embodiment and an enlarged section, in which the pipeline is provided
with the plies as shown in figure 1, and the first intermediate ply is pro-
vided with a plurality of axial channels which may be carrying fluid;

shows an isometric perspective view of a portion of a first embodiment
of a machine assembly which is arranged to produce a muitilayer pipe-
line in accordance with the invention, the apparatus being provided with
a plurality of extruders and reel carousels;

shows a partial section, on a different scale, of the machine assembly
that is shown in figure 6;

shows a side view, on a smaller scale, of the entire machine assembly
that is shown in part in figures 6 and 7;

show side views, on a smaller scale, of the entire machine assembily in
two alternative embodiments;

shows a partial section, on a larger scale, of details of the machine as-
sembly at a first extruder and a reel carousel;

shows a partial section, on a different scale, of details of the middle por-

tion of the machine assembly shown in figures 6 and 7;

shows a partial section, on a larger scale, of details of an extruder ar-

ranged to form axial channels in an extruded ply;

shows, on a different scale, an alternative embodiment of the multilayer
pipeline;

shows schematically, on a different scale, a fibre tape which is used to
form a fibre-reinforced polymer ply;

Figures 15A-B show machine assemblies as shown in figures 8 and SA, but in other

embodiments, in which optical-fibre cables are being embedded in two
plies of the multilayer pipeline;
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Figure 16 shows the same as figure 1A, but in another embodiment, in which opti-
cal-fibre cables have been embedded in two plies of the muiltilayer pipe-~
fine; and

Figures 17A-B show the same as figures 1B and 2B, but in other embodiments in
which three optical-fibre cables have been embedded in each of two
plies of the multilayer pipeline.

The drawings shown are schematic and show features that are important for the un-

derstanding of the invention. The relative proportions may differ from the proportions
shown.

In the drawings, the reference numeral 1 indicates a multilayer pipeline, also called a
composite pipeline 1, in accordance with the invention. In a first embodiment, as
shown in figures 1A-C, the muitilayer pipeline 1 is composed of an inner, fluid-tight
wear ply 11, also called liner; of an inner fibre-reinforced polymer ply 14 surrounding
the inner wear ply 11; of a first intermediate ply 13; and an outer fibre-reinforced
polymer ply 12, The inner wear ply 11 and the first intermediate ply 13 may be
formed of an extruded thermoplastic polymer material which may be the same mate-
rial in both plies, such as thermoplastic polyurethane, or different polymer materials.
The first intermediate ply 13 may consist of a foamed or expanded, thermoplastic
polymer material and will then constitute an insulating ply 13. The insulating ply 13
may include so-called heavy-duty insulation. Expanded or foamed polypropylene,
polyethylene and thermopiastic polyurethane constitute examples of heavy-duty insu-
lation. As an alternative, the insulating ply 13 may be formed from so-calied light-duty

insulation. Expanded or foamed polystyrene constitutes an example of light-duty insu-
lation,

In a second embodiment, as shown in figures 2A-C, the muiltilayer pipeline 1 is com-
posed of an inner wear ply 11, of an outer fibre-reinforced thermoplastic polymer ply
12, a first intermediate ply 13, an inner fibre-reinforced thermoplastic polymer ply 14
surrounding the inner wear ply 11, and a second intermediate, thermoplastic polymer
ply 15. The second intermediate, thermoplastic polymer ply 15 is provided with at
least one element 2 extending axially in the second intermediate polymer ply 15. The
second intermediate, thermoplastic polymer ply 15 surrounds the inner fibre-
reinforced, thermoplastic polymer ply 14, and the first intermediate ply 13 is posi-
tioned between the outer fibre-reinforced polymer ply 12 and the second intermediate
polymer ply 15. In this embodiment, the element 2 includes closed channels 20. The
closed channels 20 may accommodate a flowing, heat-emitting fluid.
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A thiré embodiment of the multilayer pipeline 1 is shown in figure 3A. In this embodi-
ment, the multilayer pipeline 1 is provided with the same plies as the pipeline 1 shown
in figure 2, but the element 2 includes electric heating conductors 22. A variant of this
embodiment includes a combination of closed channels 20 and heating conductors 22
as shown in figure 3B,

A fourth embodiment is shown in figure 4. In this embodiment, the closed channels 20
are formed with an elongated cross section.

A fifth embodiment is shown in figure 5. In this embodiment, the multilayer pipeline 1
includes the same plies as those shown in figure 1, but the first intermediate ply 13 is
provided with at least one closed channel 20. The closed channels 20 are shown as
being formed with a substantially trapezoidal cross section.

A sixth embodiment is shown in figure 13. In this embodiment, the second intermedi-
ate ply 15 surrounds the first intermediate ply 13. Channels 20 have been formed in
the second intermediate ply 15. The ply 13 includes an insulating polymeric material,

The multilayer pipeline 1 in accordance with the invention may be produced by a com-
bination of extrusion and fibre-wrapping. This gives a compact machine assembly 30
as shown in figures 6-12, 15.

In figures 6-8, a first embodiment of a machine assembly 30 is shown, which is ar-
ranged to produce a multitayer pipeline 1 with an inner wear ply 11, an inner fibre-
reinforced polymer ply 14 surrounding the inner wear ply 11, a first intermediate ply
13 and an outer fibre-reinforced polymer ply 12. Only constructional features that are
necessary for the understanding of the invention are indicated and described. The ma-
chine assembly 30 includes a first extruder 310 which is indicated schematically in the
figures. An extruder head 311 includes an annular die gap 312, see figure 10, which is
fed a first, molten, thermoplastic polymer mass from an extruder barrel of a kind
known per se (not shown). The first polymer mass flows out of the die gap 312 into an
annular space 314 formed between an inner mandrel 316 and an outer calibration
element 318. The inner mandrel 316 and/or the outer calibration element 318 may be
provided with internal cooling channels (not shown) which are arranged to accommo-
date a circulating cooling medium,. The cooling medium will make the inner mandrel
316 and/or the calibration element 318, by the outer surface and inner surface
thereof, respectively, which is/are in contact with the first polymer mass, cool the
polymer mass so that it is dimensionally stable when it is forced out of the extruder
head 311. The first polymer mass forms the tubular wear ply 11.
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The tubular inner wear ply 11is passed through the centre of one first wrapping-
machine station 350. The wrapping-machine station 350 may include one or a plurality
of reel carousels 352a-d and one or more crosshead extruders 320, 320", The reel
carousels 352a-b are provided with a plurality of reels 354. Such reel carousels
352a-b and reels 354 are known in the art and are not discussed any further, The
reels 354 are provided with a fibre tape 4, see figure 14. The fibre tape 4 includes a
plurality of fibre threads 41 side by side. The threads 41 may be formed of fibreglass.
The threads 41 are impregnated with a thermoplastic polymer 43, such as thermoplas-
tic polyurethane as shown schematically in figure 14. The fibre tape 4 may be 30 mm
wide and 5 mm thick, but other dimensions are possible as well, and the dimensions
of the fibre tape 4 are matched to the dimensions of the multilayer pipeline 1. For ex-
ample, a fibre tape 4 which is 20 mm wide and 3 mm thick may be suitable for manu-
facturing a muititayer pipeline 1 with a diameter of 15.2 ¢m / 6 inches, and a 50 mm
wide and 6 mm thick fibre tape 4 may be suitable for manufacturing a multilayer pipe-
line 1 with a diameter of 127 cm / 50 inches. The reel carousel 352a will wrap a plu-
rality of fibre tapes 4 around the wear ply 11 at an angle to the longitudinal direction
of the wear ply 11 so that a fibre-reinforced polymer layer 14a is formed. The fibre
tapes 4 are wrapped edge against edge. The reel carousel 352a is provided with a
heater unit 356a downstream of the reel carousel 352a. The heater unit 356a may be
provided with a heat source such as an IR heat source (not shown) which melts the
thermoplastics of the fibre tapes 4, making them coatlesce in the layer 14a. Each reel
carousel 352a-b, for example the reel carousel 352a, will wrap the fibre tape 4 at an
angle differing from the angles of the fibre tapes 4 from the other reel carousels 352b,
as it is known within the art, One or more of the reel carousels 352a-b may also be
stationary, which means that the fibre tape 4 will be laid on the wear ply 11 in the
longitudinal direction of the wear ply 11. The reel carousel 352b is provided with a
heater unit 356b in a manner corresponding‘to that of the reel carousel 352a.

After the wear ply 11 has had a fibre-reinforced polymer layer 14a, 14b applied to it
from the reel carousels 352a-b, it is fed into an extruder head 321 of a second ex-

truder 320, The extruder head 321 includes a die gap 322 which is fed a molten ther-

-moplastic polymer mass, of the same kind as that with which the fibre tape 4 is im-

pregnated, from an extruder barrel of a kind known per se {not shown}), as shown in
figure 11. The extruder head 321 of the so-called crosshead type (crosshead die;
right-angle head). The die gap 322 surrounds the fibre layer 14b radially. The polymer
mass exits the die gap 322 and settles in an enclosing manner externally on the fibre
layer 14b in an annular space 324 formed between the fibre layer 14b and an outer
calibration element 328. The outer calibration element 328 may be provided with in-
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ternal cooling channels (not shown) which are arranged to accommodate a circulating
cooling mediurn. The cooling medium will have the effect of the calibration eflement
318, by its inner surface which is in contact with the polymer mass, cooling the poly-
mer mass so that this will be dimensionally stable when it is carried out of the ex-
truder head 321. The polymer mass forms a reinforcement-free layer 14c in the fibre-
reinforced ply 14. Application of the reinforcement-free layer 14c¢ has the advantage,
in the first place, of melting the polymer with which the fibres of the layers 14a, 14b
are impregnated, making these fibres and these layers 14a, 14b fuse, and, secondly,
of air in the layers 14a, 14b being expelled.

After application of the layer 14c, the pipeline is fed forward In through the centre to a
plurality of reel carousels 352c-d. The reel carousels 352c-d work in the same way as
the reel carousel 352a and respectively form the layers 14d and 14e from fibre tape 4
in the same way as described for the layers 14a and 14b. After the application of the
layers 14d and i4e, a fibre-free layer 14f is applied in the same way as the layer 14c¢
in a third crosshead extruder 320" in the same way as shown in figure 11. The advan-
tage of applying the layer 14f is the same as for the layer 14c.

The inner mandrel 316 may extend within the pipeline 1 from the first extruder 310,
through the reel carousels 352a-b, the second extruder 320, the reel carousels 352c¢c-d
and the third extruder 320', as shown in figure 7.

The unfinished multilayer pipeline 1 is fed forward into an extruder head 331 of a
fourth extruder 330 as shown in figure 11, The extruder head 331 includes a die gap
332 which is supplied with a molten thermonplastic polymer mass of a second kind
from an extruder barrel of & kind known per se (not shown) to an annular space 334
between an outer calibration element 338 and the ply 14 as shown in figure 11. The
extruder head 331 is of the crosshead type. The second polymer mass may be a
foamed or expanded thermoplastic polymer mass, or a foaming agent may have been
added to the second polymer mass, making the second polymer mass form a foam in
the annular space 334, as it is known within the art. The outer calibration eiement 338
may be provided with internal cooling channels (not shown) which are arranged to
accommodate a circulating cooling medium. The cooling medium will have the effect of
making the calibration element 338, by its inner surface which is in contact with the
second polymer mass, cool the second polymer mass so that it is dimensionally stable
when it is carried out of the extruder head 331, The second polymer mass forms the
tubular first intermediate ply 13.
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The unfinished multitayer pipeline 1 is fed forward through a second wrapping-
machine station 360. The wrapping-machine station 360 is substantially similar to the
wrapping-machine station 350, and has the same constructional features and opera-
tion. The wrapping-machine station 350 may include one or a plurality of reel carou-
sels 362a-d and one or more crosshead extruders 340, 340'. The reel carousels 362a-
b are provided with a plurality of reels 364. Like the reels 354, the reels 364 are pro-
vided with a fibre tape 4. After the first intermediate ply 13 has had a layer 12a of
fibre tape 4 applied to it from the reel carousel 3623, it is passed through a heater
unit 366a downstream of the reel carousel 362a. Then a layer 12b is applied from the
reel carousel 362b, a fibre-free layer 12c from the fifth extruder 340, the layers 12d
and 12e from the reel carousels 362c and 362d, respectively, and finally a fibre-free
fayer 12f from the sixth extruder 340" as shown in figure 8. The advantage of applying
the reinforcement-free layers 12c and 12f is the same as previously described for the
fayers 14c¢ and 14f,

The machine assembly 30 is shown as being arranged on a base 9, The base 9 may
consist of a deck @ on a ship (not shown).

In figures 9A-B a second embodiment of a machine assembly 30' is shown, which is
arranged to produce a multilayer pipeline 1 with an inner fluid-tight wear ply 11; an
inner fibre-reinforced polymer ply 14; a second intermediate ply 15; a first intermedi-
ate ply 13; and an outer fibre-reinforced polymer ply 12. Only constructional features
that are necessary for the understanding of the invention are indicated and described,
Elements of the machine assembly 30" that are found in the machine assembly 30 and
that have the same function have been given the same reference numerals and are
mentioned only for the understanding of the second machine assembly 30'. The ma-
chine assembly 30’ includes a first extruder 310 provided with a first extruder head
311, a first wrapping-machine station 370 with two extruders 320, 320', a fourth ex-
truder 330 and a second wrapping-machine station 360 with two extruders 340, 340"
The machine assembly 30' further includes a seventh extruder 370 provided with an
extruder head 371 as shown in figure 12. The inner fibre-reinforced polymer ply 14 is
carried into the extruder head 371. The extruder head 371 includes a die gap 372
which is fed a third molten, thermoplastic polymer mass from an extruder barrel of a
kind known per se {not shown). The extruder head 371 is of the so-called crosshead
type. The die gap 372 surrounds the inner, fibre-reinforced polymer ply 14 radiaily.
The third polymer mass flows out of the die gap 372 and settles in an enclosing man-
ner externally on the inner, fibre-reinforced polymer ply 14 in an annular space 374

formed between the ply 14 and an outer calibration eiement 378. The outer calibration
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element 378 may be provided with internal cooling channels (not shbwn) arranged to
accommodate a circulating cocling medium, The cooling medium will have the effect of
making the calibration element 378, by its inner surface which is in contact with the
third polymer mass, cool the third polymer mass so that this is dimensionally stable
when it is fed out of the extruder head 371. The third polymer mass forms the tubular
jacket 15.

In the annular space 374, the extruder head 371 may be provided with a plurality of
round mandrels (drift pins) 379 with first and second end portions and a longitudinal
axis that is oriented parallel to the longitudinal axis of the annular space 374. The
mandrels 379 may be provided with internal cooling channels (not shown). The man-
drels 379 are positioned with their first end portions near the die gap 372 so that the
third polymer mass will pass the mandrels in a molten state, and so that the coeling
effect of the calibration element 378 and the mandrels 379 results in the third polymer
mass being dimensionally stable at the second end portions of the mandrels 379.

Thereby closed channels 20 are formed in the second intermediate ply 15 as shown in
figure 2.

In an alternative embodiment, electric heating conductors 22 are inserted into the
annular space 374 from the upstream end portion of the extruder head 371 so that
the heating conductors 22 are oriented axially in the second intermediate ply 15. The

heating conductors 22 will be surrounded by the third polymer mass as shown in fig-
ure 3.

In a further alternative embodiment, the cross sections of the mandreis are obiong in
the circumferential direction of the annular space 374, and channels 20 are formed in

the second intermediate ply 15 with oblong cross sections as shown in figure 4.

In a further alternative embodiment, the dimensions of the annular space 374 are in-
creased so that there will be a sufficient distance between the outer surface of the
inner fibre-reinforced polymer ply 14 and the inner surface of the calibration element
378 to enable the positioning of mandreis 378 having trapezium-like cross sections.
Channels 20 having trapezium-like cross sections will then be formed in the second
intermediate ply 15 (not shown). As an alternative to this embodiment, it may be ap-
propriate to form the channels 20 in the first intermediate ply 13 and without the sec-
ond intermediate ply 15, as shown in figure 5. This can be done by altering the ma-
chine arrangement 30 as shown in figure 8, by replacing the extruder 330 with the
extruder 370 and supplying the extruder 370 with a third, thermoplastic polymer in-
stead of a foamed second polymer. The machine arrangement 30’ as shown in figure
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9A can also be used, either by removing the second extruder head 330 or by the ex-
truder head 330 not being used.

A further alternative machine arrangement 30" is shown in figure 9B. In this machine
arrangement 30", the order of the extruders 330 and 370 is switched, This has the
effact of the second intermediate ply 15 surrounding the first intermediate ply 13 as
shown in figure 13,

The wear ply 11 may be produced independently of the other plies. It is therefore
within the scope of the invention for the wear ply 11 to be produced as a pipe in a
manner known per se, and for the wear ply 11 to be provided as a reeled pipe, for

example. The wear ply 11 may be carried into the first wrapping-machine station 350
as described above,

Figures 16 and 17 show the multilayer pipeline 1 in alternative embodiments. Figure
15 shows alternative machine arrangements for forming the multilayer pipeline 1 in
these embodiments. An optical-fibre cable 6 of a type known per se is embedded in at
least one ply 11, 12, 13, 14, 15 of the multilayer pipeline 1. It is known within the art
that such an optical-fibre cable 6 together with a suitable laser light source {not
shown) and a suitable receiver (not shown) can be used to determine whether the
optical-fibre cable 6 is broken and the distance to the break. 1t is further known within
the art that such an optical-fibre cable 6 together with a suitable laser light source and
a suitable receiver can be used to determine the temperature along the optical-fibre
cable 6. It is further known in the art that such an optical-fibre cable 6 together with a
suitable iaser light source and a suitable receiver can be used to determine the pres-
sure conditions along the optical-fibre cable 6. Other measuremants are also conceiv-
able. In figure 16, one optical-fibre cable 6 in the wear ply 11 and one optical-fibre
cable in the layer 12c of the outer fibre-reinforced polymer ply 12 are shown. In figure
17, three optical-fibre cables 6 in the wear ply 11 and three optical-fibre cables 6 in
the tayer 12¢ of the outer fibre-reinforced polymer ply 12 are shown, In other em-
bodiments there may be one or more optical cables 6 in the wear ply 11 alone. In still
other embodiments, there may be one or more optical cables 6 in the outer fibre~
reinforced ply 12 alone. One or more opticai-fibre cables may also be embedded in at
least one of the first intermediate ply 13, the second intermediate ply 15 and one or
both of the layers 14c and 14f of the inner ﬁbrg-reinforced polymer ply 14. The multi-
jayer pipeline 1 may be provided with optical cables 6 in combinations of the embodi-
ments that are mentioned above.
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One machine arrangement 30" is shown in figure 15A for manufacturing the multi-
layer pipeline 1 shown in figures 16 and 17A. The machine arrangement 30" is pro-
vided with reels 5 accommodating the optical-fibre cable 6. The reels 5 are arranged
to feed the optical-fibre cable 6 into the extruder 310 forming the inner wear ply 11,
and to feed the optical-fibre cable 6 into the extruder 340 forming the layer 12¢ of the
outer fibre-reinforced ply 12. One alternative machine arrangement 30" is shown in
figure 15B for manufacturing the multilayer pipeline 1 shown in figure 17B. The ma-
chine arrangement 30" is provided with reels 5 accornmodating the optical-fibre cable
6. The reels 5 are arranged to feed the optical-fibre cable 6 into the extruder 310
forming the inner wear ply 11, and to feed the optical-fibre cable 6 into the extruder
340 forming the layer 12c of the outer fibre-reinforced ply 12,

A muitilayer pipeline 1 as described with a diameter of 406 mm (16 inches) and up-
wards has considerable buoyancy in water, but the pipeline 1 itself has a specific
weight of approximately 1.2 kg/dm?. Such a pipeline is laid by it being filled with water
during laying. The multilayer pipeline 1 is emptied of water in 2 known manner when
the laying is finished. It may be advantageous for the channels 20 to be filled with a
heavy mass after the multilayer pipeline 1 has been produced and while the multilayer
pipeline 1 is being faid. This may advantageously be achieved by drilling openings (not
shown) from the outside through the ply 12, possibly through the ply 13, into the
channels 20 of the ply 15. The openings are formed with even spacing in the longitu-
dinal direction of the multilayer pipeline 1. Fluid concrete is filled into the channels 20,
and the concrete hardens inside the channels 20,

A machine arrangement 30 as shown is suitable for positioning on a deck ¢ aboard a
ship (not shown), For example, the machine arrangement 30 may be arranged to pro-
duce a multilayer pipeline 1 at a rate of 2 m/min. In round-the-clock operation, with-
out disruption of production, such a machine arrangement may produce 2880 m of
multilayer pipeline 1 per day. Thus, the machine arrangement 30 is well suited for
producing transport pipelines for laying offshore. Thus, the invention solves many of
the problems connected with laying such transport pipes. In addition the multilayer
pipeline 1 may be provided with a continuous optical-fibre cable 6 for monitoring the
transport pipe. Such use of the optical-fibre cable 6 is not possible with the prior art,
in which pipe lengths of steel are welded together. The invention is not limited to use
aboard ships. The machine assembly 30 is compact and also suitable for use on land

where the machine assembly 30 may be positioned on a movable platform (not
shown}.
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Example 1 _

A multilayer pipeline 1 as shown in figures 1A-C is made with an external diameter of
40.6 cm (16 inches). The wear ply 11 is formed of thermoplastic polyurethane and
forms a ply 8 mm thick. The first intermediate ply 13 is formed of foamed, thermo-
plastic polyurethane and constitutes an insulating ply 50 mm thick. The outer fibre-
reinforced polymer ply 12 is formed of fibreglass which has been impregnated with
thermoplastic polyurethane and an outer layer 12f which is formed of thermoplastic
polyurethane, and forms a ply 15 mm thick, The inner fibre-reinforced polymer ply 14
is formed of fibreglass which has been impregnated with thermoplastic polyurethane
and forms a ply 15 mm thick.

Exampie 2

A multilayer pipeline 1 as shown in figures 2A-C is made with an external diameter of
40.6 crm {16 inches). The wear ply 11 is formed of thermoplastic polyurethane and
forms a ply 8 mm thick. The first intermediate ply 13 is formed of foamed polystyrene
and constitutes an insulating ply 50 mm thick. The outer fibre-reinforced polymer ply
12 is formed of fibreglass which has been impregnated with thermoplastic polyure-
thane and an outer layer 12f which is formed of thermoplastic polyurethane, and
forms a ply 15 mm thick. The inner fibre-reinforced polymer ply 14 is formed of fibre-
glass which has been impregnated with thermoplastic polyurethane and forms a ply 15
mm thick, A second intermediate ply 15 is formed of thermoplastic polyurethane, In
the second intermediate ply 15, twenty closed channels 20 extending axially have
been formed. The channels 20 are positioned side by side and evenly spaced apart in
the circumference of the second intermediate ply 15. A heat-emitting fluid may flow
through the channelis 20, In this example, the second intermediate ply 15 forms a
heating jacket inside the multilayer pipeline 1. The heat-emitting fluid may flow in a
first direction in some of the channels 20 and in a second direction which is opposite of
the first direction, in some of the channels 20.

Example 3

A multilayer pipeline 1 as shown in figure 3A is made with an external diameter of
40.6 cm (16 inches). The multilayer pipeline 1 is substantially made up in the same
way as the multilayer pipeline 1 described in example 2, As an alternative to the
closed channels 20, the second intermediate ply 15 is provided with electric resistance
wires 22 of a kind known per se, also called heater cables 22. In this example, the
second intermediate ply 15 forms a heating jacket inside the multilayer pipeline 1. The

heater cables 22 may include an outer insulating layer. In an alternative embodiment,



10

15

20

25

30

35

WO 2013/137745 21 PCT/NG2013/050051

the second intermediate ply may be provided with both heater cables 22 and channels
20 as shown in figure 3B,

Example 4

A multilayer pipeline 1 as shown in figure 4 is made with an external diameter of 40.6
cm (16 inches). The wear ply 11 is formed of thermoplastic polyurethane and forms a
ply 8 mm thick. The first intermediate ply 13 is formed of foamed, thermoplastic poly-
urethane and constitutes an insulating ply 32 mm thick. The cuter fibre-reinforced
polymer ply 12 is formed of fibreglass which has been impregnated with thermoplastic
polyurethane and an outer layer 12f which is formed of thermoplastic polyurethane,
and forms a ply 15 mm thick. In figure 5 it is illustrated that the outer fibre-reinforced
polymer ply 12 has been formed by the application of plies 12a-d from the wrapping-
machine station 360', 360", The inner fibre-reinforced polymer ply 14 is formed of a
fibreglass which has been impregnated with epoxy and forms a ply 15 mm thick. In
figure 4 it is illustrated that the fibre-reinforced polymer ply 14 has been formed by
the application of plies 14a-b and 14c-d from the wrapping-machine station 350, A
second intermediate ply 15 is formed of thermoplastic polyurethane. In the second
intermediate ply 15, ten closed channels 20 extending axially have been formed for
the transport of a heat-emitting fluid. Each channel 20 has a cross-sectional area of 20
cm?. The channels 20 are positioned side by side and evenly spaced apart in the cir-
cumference of the second intermediate ply 15.

Example 5

A multilayer pipeline 1 in an alternative embodiment is shown in figure 5. The multi-
fayer pipeline 1 is arranged to transport a first fluid in the channel 10 of the pipeline 1
and a second fluid in the peripheral channeis 20 of the pipeline 1. The first fluid may
be oil and the second fluid may be gas. The multilayer pipeline 1 may be made with an
external diameter of 40.6 cm (16 inches) or larger. The wear ply 11 is formed of poly-
urethane and forms a ply 8 mm thick. The outer fibre-reinforced polymer ply 12 is
formed of fibreglass which has been impregnated with thermoplastic polyurethane and
an outer layer 12f which is formed of thermoplastic polyurethane, and forms a ply 15
mm thick, In figure 5 it is illustrated that the outer fibre-reinforced polymer ply 12 has
been formed by the application of the layers 12a-d, 12¢c-d from the wrapping-machine
station 360. The inner fibre-reinforced polymer ply 14 is formed of a fibreglass which
has been impregnated with thermoplastic polyurethane and forms a ply 15 mm thick.
In figure 5 it is illustrated that the inner fibre-reinforced polymer ply 14 has been
formed by the application of layers 14a-b, 14¢-d from the wrapping-machine station
350. A first intermediate ply 13 is formed of thermopiastic polyurethane. In the first
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intermediate ply 13, ten closed channels 20 extending axially have been formed for
the transport of a fluid. Each channel 20 has a cross-sectional area of 20 cm?. The
channels 20 are positioned side by side and evenly spaced apart in the circumference
of the first intermediate ply 13.

Example 6

A multilayer pipeline 1 in an alternative embodiment is shown in figure 12. The multi-
fayer pipeline 1 may be made with an external diameter of 40.6 cm (16 inches) or
larger. The first intermediate ply 13 is formed of foamed polystyrene and constitutes
an insulating ply. The second intermediate ply 15 surrounds the ply 13 and is formed
of thermoplastic polyurethane. In the second intermediate ply 15, ten closed channels
20 extending axially have been formed. Each channel 20 has a cross-sectional area of
20 c¢m?. The channels 20 are positioned side by side and evenly spaced apart in the
circumference of the second intermediate ply 15. The outer fibre ply 12 {not shown in
figure 13) surrounds the second intermediate ply 15. The channels 20 are arranged to
be filled with fluid concrete (not shown), or some other heavy fluid mass, through
openings {not shown) that are formed through the outer fibre ply 12.
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Amended c¢claims

An endless multilayer pipeline (1) which includes at least:

- an inner fluid-tight ply (11) which is formed of a first thermoplastic polymer
material;

- an inner fibre-reinforced thermoplastic polymer ply (14) which includes a
wrapped fibre-reinforcement and which surrounds the inner fluid-tight ply;

- a first intermediate ply (13) which is formed of a second thermoplasiic
polymer material;

- an outer fibre-reinforced thermoplastic polymer ply (12) which includes a
wrapped fibre reinforcement, characterized in thatat
least one of the inner fibre-reinforced thermoplastic polymer ply (14) and the
outer fibre-reinforced thermoplastic polymer ply (12) includes at least one
fibre-containing layer (14a-b, 14d-e; 12a-b, 12d-e) and one reinforcement-free
layer (14c, 14f; 12¢, 12f), wherein the wrapped fibre reinforcement includes at
least one fibre tape (4), and the first intermediate ply (13) is provided with at
least one channel (20) oriented axially.

The multilayer pipeline (1) in accordance with claim 1, wherein the first

intermediate ply (13) is formed of an expanded thermoplastic polymer

material.

The multilayer pipeline (1) in accordance with claim 1, wherein the multilayer
pipeline (1) further includes a second intermediate ply (15) which is formed of
a third thermoplastic polymer material.

The multilayer pipeline (1) in accordance with claim 3, wherein the second

intermediate ply (15) is provided with at least one channel (20) oriented
axially.

The multilayer pipeline (1) in accordance with claim 1 or 4, wherein the cross

section (20} of the channel is substantially circular.

The multilayer pipeline (1) in accordance with claim 1 or 4, wherein the cross

section of the channel (20) is substantially oblong.
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The multilayér pipeline (1) in accordance with claim 1 or 4, wherein the cross

section of the channel is substantially trapezoidal.

The multilayer pipeline (1) in accordance with claim 4, wherein the second
intermediate ply (15) is provided with at least one heater element (20, 22)
oriented axially.

The multilayer pipeline (1) in accordance with claim 1, wherein the multilayer
pipeline (1) includes at least one optical-fibre cable (6) extending in the
longitudinal direction of the multilayer pipeline (1), and the at least one
optical-fibre cable (6) is positioned in af least one of the plies (11; 12; 13; 14).

The multilayer pipeline (1) in accordance with claim 1, wherein the multilayer
pipeline (1) includes at least one optical-fibre cable (6) extending in the
longitudinal direction of the multilayer pipeline (1), and the at least one
optical-fibre cable (6) is positioned in at least one of the plies (11; 12; 13; 14;
15).

A machine assembly (30) for the manufacturing of an endless multilayer
pipeline (1) including an inner fluid-tight ply (11) that is formed of a first
thermoplastic material, c haracterized in thatthe machine
assembly (30) includes:

- a first wrapping-machine station (350); wherein the first wrapping-machine
station (350) includes at least: one reel carousel (352a) which is arranged to
wrap fibre tape (4) around the inner fluid-tight ply (11) to form a fibre-
reinforced layer (14a) of an inner fibre-reinforced polymer ply (14); and an
extruder (320) arranged to form a reinforcement-free layer (14¢) of a
thermoplastic polymer material which surrounds the layer (14a);

- an extruder (330) arranged to form a first intermediate ply (13) which
comprises a thermoplastic poiymer material and which surrounds the inner
fibre-reinforced ply (14); and

- a second wrapping-machine station (360); wherein the second wrapping-
machine station (360) includes at least: one reel carousel (362a) which is
arranged to wrap fibre tape (4) around the other plies (11, 13, 14) of the

multilayer pipeline (1) to form a fibre-reinforced layer (12a) of an outer fibre-
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reinforced polymer ply (12); and an extruder (340) arranged to form a
reinforcement-free layer (12¢) from a thermoplastic polymer material,

surrounding the layer (12a).

The machine assembly (30) in accordance with claim 11, wherein the extruder
(330) is composed of an extruder (370) provided with an extruder head (371),
in which, in an annular space (374) formed between the calibration element
(378) of the extruder head (371) and the multilayer pipeline (1) accommodated
in the extruder head (371), at least one mandrel (379) is positioned for the

formation of an axially oriented channel (20) in the first intermediate ply (13).

The machine assembly (30) in accordance with claim 11, wherein the machine
assembly (30) further includes an extruder (370) arranged to form a second
intermediate ply (15) which is formed of a third thermoplastic polymer
material, the second intermediate ply (15) being positioned in an optional
order: between the second, inner fibre ply (14) and the first intermediate ply
(13}, or between the first intermediate ply (13) and the outer fibre-reinforced
polymer ply (12).

The machine assembly (30) in accordance with claim 13, wherein the extruder
(370} 1s provided with an extruder head (371), in which, in an annular space
(374) formed between the calibration element (378) of the extruder head (371)
and the multilayer pipeline (1) accommodated in the extruder head (371), at
least one mandrel (379) is positioned for the formation of an axially oriented

channel (20) in the second intermediate ply (15).

The machine assembly (30) in accordance with claim 11, wherein the machine

assembly (30) further includes an extruder (310) arranged to form the inner

fluid-tight ply (11) which is formed of a first, thermoplastic polymer material.

The machine assembly (30) in accordance with claim 11 or 13, wherein the

machine assembly (30) further includes at lcast one reel (5) arranged to

accommodate an optical-fibre cable (6).
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The machine assembly (30) in accordance with claim 16 wherein the at least
one reel (5) is arranged to feed an optical-fibre cable (6) into the extruder
(340).

The machine assembly (30) in accordance with claim 15 and 16, wherein the at
least one reel (5) is arranged to feed an optical-fibre cable (6) into the exiruder
(310).

A method for forming an endless multilayer pipeline (1), charac -
terized in thatthe method includes the steps of:

aj providing an inner fluid-tight ply (11) which is formed of a thermoplastic
polymer;

b) forming an inner fibre-reinforced ply (14) around the inner fluid-tight ply
(11) by wrapping a fibre tape (4) around the inner fluid-tight ply (11) in order
to form at least one fibre layer {14a) and, by means of extrusion, applying a
reinforcement-free layer (14c¢) to the fibre layer (14a),

c) forming, by means of extrusion, a first intermediate polymer ply (13) around
the inner fibre-reinforced ply (14); and

d) forming an outer fibre-reinforced ply (12) by wrapping a fibre tape (4)
around the other plies (11, 13, 14) of the multilayer pipeline (1) to form at least
one fibre layer (12a) and, by means of extrusion, applying a reinforcement-free
layer (12c¢) to the fibre layer (12a).

The method in accordance with claim 19, wherein the method in step ¢) further
includes providing the extruder head (371) of an extruder (370) in an annular
space (374) which is formed between the calibration element (378) of the
extruder head (371) and the multilayer pipeline (1) accommodated in the

extruder head (371) with at least one mandrel (379) which forms an axially
oriented channel (20) in the first intermediate polymer ply (13).

The method in accordance with claim 19, wherein the method further includes
the step of®

c1) forming, by extrusion, a second intermediate ply (15) which is formed of a
third polymer material which is optionally positioned: either between the inner
fibre-reinforced ply (14) formed in step b) and the first intermediate polymer
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ply (13) formed in step ¢), ot between the first intermediate polymer ply (13)
formed in step ¢) and the outer fibre-reinforced ply (12) formed in step d).

The method in accordance with claim 21, wherein the method in step ¢1)
further includes providing the extruder head (371) of an extruder (370) in an
annular space (374) which is formed between the calibration element (378) of
the extruder head (371) and the multilayer pipeline (1) which is accommodated
in the extruder head (371), with at least one mandrel (379) which forms an
axially oriented channel (20} in the second iniermediate polymer ply (15).

The method in accordance with claim 19, wherein the method in step a)

includes forming, by extrusion, the inner fluid-tight ply (11) which is formed
of a thermoplastic polymer.

The method in accordance with claim 19, wherein the method includes the use
of a machine assembly (30) in accordance with claim 13, and the method

further includes positioning the machine assembly (30) on a deck (9) aboard a
ship.
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