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Abstract

A high-pressure pipe 60mpris&san inner liner (1), an outer coating layer (6) and a
reinforcement layer (2, 5) pos'tioned between the inner liner and the outer coating
layer. The reinforcement layer has hdically wound strips (2, 5) which each comprisea
matrix (4) and fibers (3) embedded in the matrix; the fibers consist of a multitude of
twisted high->strength filaments. With theaim of providing arelatively high bending
flexibility, the filaments of afiber are sized filaments obtained by subjecting the-

filaments to a sizi ng operation.

Figure1 -
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High pressure pipe and method for producing such pipe:

Theinventionisrelated to a high—preSure pipe, comprising an inner liner, an
outer coating layer and areinforcement layer positioned between the inner liner and the
outer coating layer, said reinforcement Iayér comprising heliCdIy wound stri ps which
each comprise a matrix and fibers embedded in the matrix, said fibers comprising
twisted high-strength filaments.

Such ahigh-pressure pipe is generally known, e.g. from WO-A-2013/131972.
The hdicaly wound reinforcing e ements, in the form of strips of said prior art pipe
may comprises carbon fibers, consisting of a Iarge number of thin filaments. Carbon

fibershave several advantages; for instance such fibers are largely invulnerable with

respect to aggressive substances such as H,S as present in crude oil. Furthermore, the
carbon fibers have a high tensile strength and a high modulus of easticity. Such

properties provide the pipes in question with the capacity to withstand high pressures,
op to 200 bar or higher. Carbon fibers per se are however problematic with respect fo

_ handling. Thefilaments havea high stiffness and hardness, which makesit difficult to

implement such fibers directly in the pipe wal. With the aim of facilitating the
handling of the carbon fi bers, they can be impregnated with a métrix material and then
assembl ed so as to form carbon fiber reinforcing dements, for instance in the form of
strips '

Due to the circumstance that the carbon filaments are embedded in, and théreby (
connected each other by, the matrix materiél, the reinforcing e ements exhibit a
relatiVely high bending stiffness. ThiérelatiVely high bending stiffness of thefibersis
not conducive for carrying out winding operations,' as are for instance applied in
manufacturi ng high-pressure pipes. This means that in the process of manufacturing

high-pressure pipes, the reinforcing elements in question should have arather limited

~ thickness so as to limit their bending stiffness and so asto be able to wind the fibers

around theinner |ini ng. In case thereinforcing strips are thin, thismeansthata
relatively high number of stripsis to be wound around theinner I|n| ng so asto achieve
the required strength and stlffne& of the pipewall.

The process of winding multiple layers of strips with embedded fibersis however
intricate and time-consuming. |t would be preferable to complete the winding process
with alimited number of strips, preferably two oppositely wound strips. The number
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2
and the thickness of the fibers in each of those strips would then have to be increased.
However, the stiffness of the strips thus obtained would severdy limit the possibility to
wind these around the inner-lining. Moreover, the pipeitself would be rather stiff with
respect to bending, makihg if amost impossi ble to wind the pipe ontd ared.

The object of theinvention is theref oreto provide a high-pressure pipe of the type
mentioned before which can be manufactured from alimited number of strips, and
which till has the advantages associated with high-strength fibers as mentioned before.
A further object is to provide such pipe which can be wound onto aredl of limited
radius. This object isachieved in that the filaments of afiber are sized filaments

- obtained by subjecting the filaments to a sizing operation before twisting them together

in the step of forming fibers.

The sizing operation of the filaments has the advantage that it dlows for some
displacement between adjacent filaments, in contrast to filaments which are fixedly
adhered to each other- through a stiff matrix such as a solidified resin. The fiIamepts are

- twisted so asto form afi ber, possibly in the presence of additional materid which

promotes the cohesion of the twisted filament bundle. The filaments should still be able
to displace somewhat with respect to each other in the fiber, which makesit possible to
bend the fiber even in case the thickness of thefiber, and thereby the number of twisted
filamentsin the fiber, isrelatively high. - | |

A sizing operation is well known per sein thefield of textile materid. A sizing

~ operation entails for instance the use of sizing agents or chemicals, such as liquid

resins, oil-type and wax-type materias .

Preferably, the filaments are unimpregnated filaments. Typicdly, the filaments
have a thickness of 4-100 pm, or 4-50 um, or 4-10 ym. Preferably, the filaments are
carbon filaments. Optionaly, the filaments are coated with aflexible coating, e.g. a
rubber-like coating. Typicdly, thefilaments have alength which is of the same order
of magnitude as the length of the fiber containing said filaments.

Theinvention is furthermore related to a method for producing a high-pressure
pipe, comprising the steps of: '

- providing high-strength filaments,

- sizing said high-strength filaments, )

- twigting said sized high-strength filaments so asto form fibers,

- embedding the fibersin amatrix so asto form a strip,
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- providing atubé—shaped inner Iining,

- hdically winding strips on top of each other and with opposite windi ng angle |
around theinner lining, '

- providing an outer coating on top of the helicél ly wound strips.

The filaments are preferably unimpregnated filaments, and preferably duri ng the
step of embedding the fibers in the matrix the uni mpregnated state the filaments of the
fibersis maintained. Unimpregnated fibers are fibers which are not inpregnated with
matrix material or other materials which make the fibers adhere to each other in such a
waly that no or hardly no relative displacements are possible. Thus it can be ensured
that the filarhehtsin an unimpregnated fiber may perform relative displacements with
respect to each other 0 as to maintain a certain bending flexibility of thefibers.
Additionally, preferably the fibers and the matrix are sdected from materiads which
exclude or inhibit adhesion between said fibers and said matrix. The lack of a (strong)
adhesion betweén the fibers and the surrounding matrix a so promotes the béndi ng

- flexibility of the strips, making it further poési bleto wind the strips at arelatively small

radius:

Optionally, the fibers, before embedding thereof in the matrix, may bedipped ina
mixture so asto oovér said fibers with a rubber-like substance. '

Theinvention will f_urther be described with reference to the embodiment shown
in the drawings. .

Figure 1 shows a view in perspective and in section of the high-pressure pipe.

Figure 2 shows a view in perspective on a reinforcement strip for the pipe.

The pipe as shown in figure 1 consists of‘ah inner lining 1 around which first of
all the reinforcement strip 2 ishelically wound. Subsequently, onto séid first
reinforcement strip 2, the second reinforcement strip Sis helikchyA wound, with an

-opposite winding angle. Next, an outer coating layer 6 is gpplied onto the second

helically wound reinforcement strip 5.~
Each reinforcement strip 2, 5 consists of a body of matrix material 4 and the
fibers 3 embedded in the body of matrix material 4. The fibers 3 each consist of carbon

filaments of which are twisted into each other. These filaments have been subjected to a

sizing operation, and furthermore they are not an impregnated with the matrix material
4. Asaresult, the fibers have ardatively high bending flexibility. Due to the
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circumstance that the fibers 3 are not adhered to the surrounding body of matrix
material 4, the reinforcement strip itself hasard ativély high bending flexibility as Wel l.

Asareault, there nforcement stri ps 2, 5 can be wound with ardatively small |
radius around the inner liner. This relatively small bending radius cen even be obtained
in case thefibers 3 have ardativdy large thickness and thus a rdatively large number
of twisted carbon fibers. this means that alimited number, in particular only two, of
reinforcement strips 2, 5 will be sufficient for manufacturing a pipe with a high l
resistance against internal pressures. Furthermore, the pipe itself will combine
relatively high stiffness and strength against internal overpressures with arelatively low
bending flexibility. Thus, such pipeis suitablefor winding on ared, which greatly
simpl |f|&s the production and transport of the pipes.



List of reference numerds

Internd liner

First reinforcement strip
Fibers

Body of matrix material
Second reinforcement strip
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" Coating layer
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Claims
/

1. High-pressure pipe, comprising an inner liner (1), an outer coating layer (6)
and a reinforcement layer (2, 5) positioned between the inner liner and the outer coating
layer, said reinforcement layer comprising helically wound strips (2, 5) which each
comprise amatrix (4) and fibers (3) embedded in the matrix, sid fibers comprising

~ twisted high-strength filaments, characterised in that the filaments of afiber are sized

filaments obtained by subjecting the filaments to a sizi hg operation.
2. Pipe écoordi ng tp claim 1, wherein the filaments are unimpregnated fil anent$
2. Pipe according to ‘claim 1, wherein the filaments have a thi ckness of 4-1OQPm.
3. Pipe according tq claim 1 or 2, wherein the filaments are carbon filaments.

- 4.Pipe according to any of the preceding dlaims, wherein filaments are coated |
with a flexible coating, e.g. arubber-like coating.

5. Pipe according to any of the preceding claims, wherein the filaments have a

| length which is of the same order of magnitude as the length of the fiber containing

said filaments.

6. Pipe according to any of the preceding claims, wherein the rel nforcement layer .

comprises two and only two oppositely wound helica strips (2, 5).

7. Pipe according to any of the preceding claims, wherein a matrix material is
lacking between the filaments of afiber. |

8. Method for producing a high-pressure pipe, comprisi ng the steps of:
- providing high-strength filaments,

- éizi ng said high-strength filaments, .

- twisting said sized high-strength filaments so asto fdrm fibers (3),

- embeddin_g the fibers in amatrix (4) so asto form a strip (2, 5),
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- providing a tube-shaped inner lining (1),
- helicdly winding strips (2, 5)on top of each other and with opposite winding
anglé around the inner lining (1), | v
- providing an outer coating (6) on top of the heliéally wound strips (2, 5).

9. Method according to daim 8, wherein the filaments are unimpregnated

filaments.

10. Method according to daim 9, wherein duri ng the step of embeddi ng the fibers
(3) in the matrix (4) the unimpregnated state the filaments of the fibers is maintained.

11. Method according to any of claims 8-10, wherein the fibers and the matrix (4)
are selected from materias which exdude or inhibit adhesion between said fibers (3)
and said matrix (4).'

12. Method according to any of cdlaims 8-11, wherein the fibers, before

~ embedding thereof in the matrix, are dipped in a mixture so as to cover sad fibers with

a rubber-l ike substance. ‘

13. Method according to any of dlaims 8-12, wherein the filaments of afiber are
arranged next to each other without interposition of a matrix material between said

filaments.

14, Strip (2, 5) for use in the method according to any of clams 8-13, comprising

" amatrix (4) and fibers (3) embedded in the matrix, said fibers comprising twisted high-

strength filaments, characterised in that the filaments of afiber are sized filaments

obtained by subjecting the unimpregnated filaments to a sizing operation.
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