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Description

[0001] The present invention relates to a method of
testing an unbonded flexible pipe having a length and a
longitudinal axis and comprising, from the inside and out,
an internal armour layer, an internal pressure sheath, at
least one external amour layer and an outer sheath, com-
prising a thermal sensor connected to a monitoring sys-
tem, and at least one of the armour layers is a metallic
and electrically conductive amour layer.

TECHNICAL FIELD

[0002] Flexible unbonded pipes are for example de-
scribed in the standard "Recommended Practice for Flex-
ible Pipe", ANSI/API 17 B, fourth Edition, July 2008, and
the standard "Specification for Unbonded Flexible Pipe",
ANSI/API 17J, Third edition, July 2008. Such pipes com-
prise an innermost sealing sheath - often referred to as
an internal pressure sheath, which forms a barrier against
the outflow of the fluid which is conveyed in the bore of
the pipe, and one or usually a plurality of armouring lay-
ers. Often the pipe further comprises an outer protection
layer which provides mechanical protection of the armour
layers. The outer protection layer may be a sealing layer
sealing against ingress of sea water, and is often referred
to as the outer sheath. In general flexible pipes are ex-
pected to have a lifetime of 20 years or more in operation.
[0003] Before unbonded flexible pipes are released
from the manufacturer and delivered to the purchaser
they are tested according to "Specification for Unbonded
Flexible Pipe", ANSI/API 17J, Third edition, July 2008,
part 10. The tests are denoted factory acceptance tests
(FAT) and include a gauge test and hydrostatic pressure
test and optionally an electrical continuity and resistance
test, in case the pipe comprises cathodic protection.
Moreover, the test may include a gas-venting and resist-
ance test if the unbonded flexible pipes have gas relief
valves or ports installed in the end fittings.
[0004] Recent development in unbonded flexible pipes
push these systems towards unbonded flexible pipes
comprising heating and sensor systems. In particular, a
newly developed pipe enables electrical heating of the
pipe, and at the same time optical monitoring of the tem-
perature in the pipe. It is desirable to test the heating
system as well as the temperature monitoring system
before the unbonded flexible pipes are released from the
manufacturer.

DISCLOSURE OF INVENTION

[0005] An object of the present invention is to provide
an improved method of testing an unbonded flexible pipe.
[0006] Consequently, the present invention relates to
a method of testing an unbonded flexible pipe having a
length and a longitudinal axis and comprising, from the
inside and out, an internal armour layer, an internal pres-
sure sheath, at least one external armour layer and an

outer sheath, at least one of the layers comprises a ther-
mal sensor connected to a monitoring system, and at
least one of the armour layers is metallic and electrically
conductive. The method comprises:

- connecting the metallic armour layer to an electric
power source

- sending an electric current through the metallic ar-
mour layer

- measuring the shift in temperature in the flexible pipe
by using the thermal sensor and processing the re-
sults to obtain a temperature profile for the pipe; and

- comparing the obtained temperature profile with a
reference temperature profile and determining if the
flexible pipe meets a set of predetermined required
specifications.

[0007] The method of testing according to the invention
may be performed before the unbonded flexible pipe is
released from the manufacturer. However, the method
of testing may also be performed on the unbonded flex-
ible pipe when in use.
[0008] In general unbonded flexible pipes are expect-
ed to have a lifetime of about 20 years in operation, and
the method of testing may be applied at any time during
the operation time. Thus, the method may be used to
validate the function of the heating system in the unbond-
ed flexible pipe.
[0009] The "required specifications" are the specifica-
tions which the unbonded flexible pipe are expected to
meet and the defined parameter ranges within which the
unbonded flexible pipe should perform. The specifica-
tions may be determined by the manufacturer and/or the
purchaser. According to the method of testing the inven-
tion, it is particularly the specifications for the metallic
armour layer for heating and the optical sensor which are
of interest. The measurements by the optical sensor
should preferably provide a temperature profile which is
in line with the reference temperature profile. Otherwise
the unbonded flexible pipe may not meet the required
specifications and may need to be discarded or optionally
repaired.
[0010] The term "measure" in measured/measuring a
parameter e.g. temperature includes both a direct meas-
urement as well as a measurement of related parameters
by which the parameter in question can be calculated.
The terms ’measure’ and ’determine’ are used inter-
changeably.
[0011] The term "unbonded" means in this context that
at least two of the layers including the armour layers and
polymer layers are not bonded to each other. In practice
the known pipe normally comprises at least two armour
layers located outside the internal pressure sheath and
optionally an armour structure located inside the internal
pressure sheath normally referred to as a carcass.
[0012] The unbonded flexible pipe comprises a longi-
tudinal axis which also defines a centre axis of the pipe,
and is sometimes simply is referred to as the axis.
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[0013] The unbonded flexible pipe comprises an ar-
mour layer on the inside of the internal pressure sheath,
i.e. the pipe comprises a carcass. The carcass is made
from metallic and electrically conductive material.
[0014] The unbonded flexible pipe also comprises at
least one external armour layer on the outside of the in-
ternal pressure sheath. The term "external armour layer"
denotes an armour layer placed on the outer side of the
internal pressure sheath. The external armour layer may
e.g. be a pressure armour or a tensile armour. Moreover,
the term "layer" should be construed broadly, and also
the internal pressure sheath and the outer sheath con-
stitute layers in the unbonded flexible pipe. In an embod-
iment, the unbonded flexible pipe also comprises one or
more layers of insulating material. The insulating material
may provide both thermal and/or electrical insulation.
[0015] The terms "inside" and "outside" a layer, such
as a layer formed by e.g. the internal pressure sheath,
of the pipe is used to designate the relative distance to
the axis of the pipe, such that "inside a layer" means the
area encircled by the layer i.e. with a shorter axial dis-
tance than the layer, and "outside a layer" means the
area not encircled by the layer and not contained by the
layer, i.e. with a longer distance to the axis of the pipe
than the layer.
[0016] The term "inner side" of a layer is the side of the
layer facing the axis of the pipe. The term "outer side" of
a layer is the side of the layer facing away from the axis
of the pipe.
[0017] The term "substantially" should herein be taken
to mean that ordinary product variances and tolerances
are comprised.
[0018] Flexible pipes having metallic electrically con-
ductive armour layers used for heating are e.g. disclosed
in e.g. WO 2015/014365 A1. In principle, the system is
quite simple, the electric current sent through the metallic
and electrically conductive layers, will, due to the electri-
cal resistance in the metallic material, result in Joule heat-
ing of the pipe.
[0019] In an embodiment, the thermal sensor is based
on the measurement of optical properties of a glass fibre,
thus, the thermal sensor is an optical sensor, which is
able to provide very precise measurements.
[0020] Optical sensors in the unbonded flexible pipe
have also become common in recent years. Unbonded
flexible pipes having optical sensors are e.g. disclosed
in WO 2013/135244 A1. DE 10 2008 056 089 A1 relates
to a heated oil pipeline with an optical temperature sen-
sor.
[0021] In an embodiment, the unbonded flexible pipe
comprises no external electrically conductive armour lay-
ers, thus, the electric current sent forward through the
carcass is returned to the electric power source via a
power cable.
[0022] In an embodiment, the unbonded flexible pipe
comprises at least one of the external armour layers
which is a metallic and electrically conductive armour lay-
er, and the electric current is returned to the electric pow-

er source via this layer in the flexible pipe. Thus, the elec-
tric current may be sent through the carcass from the
power source and returned to the power source via the
external armour layer, which may e.g. be a pressure ar-
mour layer or a tensile armour layer, thus forming the
return path for the current.
[0023] During the test, the electric current increases
the temperature in the metallic armour layers due to Joule
heating. The change in the temperature is measured by
the thermal sensor(s). Thus, irregularities in the electrical
conductivity along the pipe will be detected by the thermal
sensors as an uneven rise in temperature.
[0024] The length of the unbonded flexible pipes to be
tested in accordance with the method may vary within a
rather broad range. The length may vary from about 50
m up to about 5000 m, such as from about 100 m up to
about 2500 m, or from about 200 m up to 2000 m.
[0025] In an embodiment of the method according to
the invention, output from the optical sensor to the optical
monitoring system is compared to a reference tempera-
ture profile obtained from a reference pipe under well-
defined operational conditions. The comparison makes
it possible to determine if the function of the optical sensor
is satisfactory, and if the metallic armour layers are sub-
stantially free of errors. The well-defined operational con-
ditions are preferably established in the factory where
the pipe is manufactured and relate to surrounding tem-
perature, humidity and measured length. Moreover, the
well-defined conditions may also relate to the voltage ap-
plied over the pipe and the current sent through the pipe.
Preferably the flexible pipe to be tested should be tested
under the same conditions as the reference pipe.
[0026] Consequently, the method according to the in-
vention is capable of testing an electric heating system
and optical sensor in an unbonded flexible pipe substan-
tially simultaneously.
[0027] In an embodiment the reference temperature
profile is established by calculating the thermal properties
of the unbonded flexible pipe. This can be done from
known physical parameters of the materials forming the
pipe, as a matter of routine using well-known mathemat-
ical formulas and computer.
[0028] It may be advantageous to heat the armour lay-
er closest to the fluid to be transported, and in an em-
bodiment the current is sent through the metallic armour
layer on the inside of the pressure sheath. When the cur-
rent is sent through the inner armour layer or carcass on
the inside of the pressure sheath, the current will cause
a rise in the temperature of the carcass, which is closest
to the transported fluid.
[0029] In an embodiment, all or some of the external
armour layers are metallic and electrically conductive lay-
ers, i.e the pressure armour layers, the tensile armour
layers are metallic and electrically conductive armour lay-
ers. Thus, the pressure armour layers may be constituted
by two metallic layers, or one metallic layer and one layer
of e.g. polymer material. Also the tensile armour layers
may be constituted by two metallic layers, or one metallic
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layer and one layer of e.g. polymer material.
[0030] In an embodiment of the unbonded flexible pipe
the external armour layer is constituted by a pressure
armour layer, which may be made from electrically con-
ductive material or from polymer material.
[0031] In an embodiment the external armour layer is
constituted by a tensile armour layer, which may be made
from metallic and electrically conductive material or from
polymer material.
[0032] As mentioned, the electric current from the elec-
tric power source may pass through the carcass, and in
an embodiment the current’s return path to the electric
power source is the pressure armour layer, the tensile
armour layer or a combination of both.
[0033] In an embodiment, the flexible pipe comprises
electrically insulating layers between the armour layers.
This embodiment is particularly suitable when neighbor-
ing armour layers are metallic electrically conductive lay-
ers.
[0034] For the purpose of testing the system, and also
to avoid any risk of overheating, the electric current may
be sent through the metallic armour layer in pulses. Con-
sequently, in an embodiment of the method, the electric
power is alternately sent through the metallic armour lay-
er and switched off. The embodiment provides the op-
portunity to test both the armour layer and the optical
sensor, while at the same time minimizing the risk of over-
heating the pipe.
[0035] In an embodiment the electric current is sent
through the metallic armour layer during a first period,
followed by a second period during which the electric
power is switched off.
[0036] In an embodiment the first period is in the range
of about 10 minutes to about 10 hours.
[0037] In an embodiment the second period is in the
range of about 10 minutes to about 10 hours.
[0038] According to an embodiment of the method, the
annulus between the internal pressure sheath and the
outer sheath is filled with an inert gas such as nitrogen.
The inert gas will replace oxygen and flammable gasses
which may cause explosions if a spark is released from
the electrically conductive armour layers.
[0039] In an embodiment the annulus between the in-
ternal pressure sheath and the outer sheath is filled with
a liquid. The liquid may serve the same purpose as the
inert gas.
[0040] In an embodiment the liquid is a corrosion in-
hibiting liquid. Such a liquid may reduce the corrosion of
the metallic armour layers. The liquid may be based on
oil.
[0041] In an embodiment the metallic armour layers
comprises one or more optical sensors. As such the un-
bonded flexible pipe should comprise at least one optical
sensor, and this sensor may be placed in a metallic ar-
mour layer. However, each armour layer may comprise
an optical sensor or several optical sensors whereby im-
proved measurements may be achieved for processing
in the optical monitoring system. It is also possible to

provide embodiments in which the optical sensor is lo-
cated in or adjacent to the inner pressure sheath and/or
the outer sheath. The optical sensor may also be located
in or adjacent to an insulating layer.
[0042] In an embodiment the optical sensor(s) is (are)
housed in a housing. The housing may be a tape, and
the sensor may be enclosed between two strips of tape.
The housing may also be a polymer material in which the
sensor is embedded. The housing serves to protect the
optical sensor against damage which may accidentally
occur due to movements in the unbonded flexible pipe.
[0043] The invention also relates to a system for testing
an unbonded flexible pipe having a length and a longitu-
dinal axis and comprising, from the inside and out, an
internal armour layer, an internal pressure sheath, at
least one external armour layer and an outer sheath, at
least one of the layers comprises a thermal sensor con-
nected to a monitoring system and at least one of the
armour layers is a metallic and electrically conductive
amour layer, said system comprises the unbonded flex-
ible pipe, an electric power source and the thermal sensor
mounted in the unbonded flexible pipe and connected
with the monitoring system, wherein the metallic armour
layer is adapted for connection with the power source for
heating the armour layer and the monitoring system is
adapted for processing measurements from the thermal
sensor to obtain a temperature profile for the pipe and
compare the obtained temperature profile to a reference
temperature profile, and to determine if the flexible pipe
meets a set of predetermined required specifications.
[0044] According to the system the thermal sensor
measures the temperature, and in an embodiment the
thermal sensor is an optical sensor. Optical sensors are
known to provide very good and reliable thermal meas-
urements. Furthermore, optical sensors can be made
from non-conductive materials, which make their deploy-
ment simpler in this context.
[0045] In an embodiment of the unbonded flexible pipe,
the armour layer inside the internal pressure sheath is a
carcass and made from a metallic and electrically con-
ductive material. Thus, the unbonded flexible pipe has a
carcass and a rough bore.
[0046] It may be an advantage to have the electric heat-
ing as close to the bore as possible, and in an embodi-
ment the armour layer inside the internal pressure sheath
is connected with the electric power source. In this man-
ner the armour layer inside the internal pressure sheath,
also referred to as the carcass, may be heated by the
electric power. The carcass is inside the bore and during
operation of the pipe in physical contact with the fluid in
the bore. The bore is defined by the inner periphery of
the internal pressure sheath. The system provides an
opportunity of testing the function of the heating of the
armour layer and the optical sensor simultaneously, and
in an embodiment the condition of the metallic armour
layers and the functionality of the optical sensor are de-
termined on the basis of the output from the optical sen-
sor. The output from the optical sensor is compared to
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calculated values or values obtained under well-defined
conditions, and by performing this comparison it is pos-
sible to determine the condition of the metallic armour
layers and the functionality of the optical sensor.
[0047] According to the system there is provided an
embodiment in which the metallic armour layer is cycli-
cally heated and cooled during operation. The cycles may
be between 1 minute and up to several hours. The cyclic
heating and cooling may serve to hinder formation of hot
spots which may damage the internal pressure sheath
of the pipe.
[0048] The cyclic heating may also be provided as
pulse width modulation (PWM). Thus, the electric power
source provides electric power in pulses to the metallic
armour layer.
[0049] In an embodiment the pulses have a length in
the range from about 106Hz to about 10Hz (PWM mode)
or from about 10Hz to about 10-3 Hz (switch mode).
[0050] In an embodiment the electric power input is
provided as AC current.
[0051] In an embodiment the electric power input is
provided as DC current.
[0052] When the electric power input is provided as
AC current several means, besides the processing unit
and control device, may be used to control the electric
power input to the electric heating system, and in an em-
bodiment the means for controlling the electric power in-
put to the heating system comprise a transformer with
variable turns ratio or a diode. As such the control device
may operate the transformer or diode.
[0053] In an embodiment means for controlling the
electric power input to the heating system comprise a
thyristor switch operated either in PWM mode, switch
mode or a combination hereof. This is useable for both
AC and DC current.

DETAILED DESCRIPTION OF THE INVENTION

[0054] The invention will be explained in more details
below in connection with a preferred embodiment and
with reference to the drawings in which:

Fig. 1 illustrates the set-up for testing an unbonded
flexible pipe according to the invention;

Fig. 2 shows a temperature profile along the length
of an unbonded flexible pipe;

Fig. 3 shows a schematic depiction of a section of
an unbonded flexible pipe;

Fig. 4 shows a temperature profile in radial direction
of an unbonded flexible pipe;

Fig. 5 shows a temperature profile along the length
of an unbonded flexible pipe.

[0055] The drawings are schematic and only intended

to illustrate the principles of the invention.
[0056] An unbonded flexible pipe is tested in accord-
ance with the method according to the present invention.
Figure 1 shows a simplified sketch of the unbonded flex-
ible pipe 1. The pipe 1 comprises, from the inside and
out, a carcass 2 (inner armour layer), an inner pressure
sheath 3 and a tensile armour 4 (external armour layer)
and an outer sheath 5. An optical sensor 6 for measuring
the temperature which in this particular example is in-
cluded in the tensile armour 4 and connected to an optical
monitoring system 7 via the wire 8. At one end of the
unbonded flexible pipe the carcass 2 is connected to an
electric power source 9 via wire 13. In the opposite end
the carcass 2 is connected to the tensile armour 4 via
connection 12. The tensile armour 4 is connected to the
electric power source 9 via the wire 10. The dotted line
14 indicates the longitudinal axis of the pipe.
[0057] The carcass 2 is made from stainless steel,
whereas the tensile armor layer is made from carbon
steel. Thus, an electrical circuit is formed by the electric
power source 9, the carcass 2 and the tensile armour 4.
When a current is sent through the electrical circuit heat
will be generated in the armour layers 2 and 4 due to the
electrical resistance in the material. In particular heat will
be generated in the carcass 2 due to the fact that the
electrical resistance of the carcass is significantly higher
than the electrical resistance of the tensile armour layer.
Figure 2 shows a temperature profile with temperature
T along the length or longitudinal axis X of an unbonded
pipe 1. The borderlines of the reference temperature pro-
file are determined by the temperatures T1 and T2 and
the measured temperature is within the ranges set by the
reference temperature profile. This indicates that the
properties of the unbonded flexible pipe 1 are within the
specifications. T1 is set to 85°C and T2 is set to 115°C,
and thus the reference temperature profile defines a tem-
perature range of 30°C.
[0058] The temperature is measured by the optical
sensor and figure 3 illustrates how the sensor is located
in the unbonded flexible pipe. Figure 3 is a section
through the unbonded flexible pipe 1, and in radial direc-
tion R from the inside and out are seen the carcass 2,
the internal pressure sheath 3, the tensile armour 4 and
the outer sheath 5. Located in the tensile armour 4 is the
optical sensor 6.
[0059] Figure 4 illustrates how the temperature varies
in radial direction R of the unbonded flexible pipe 1. Po-
sition 21 is at the center axis of the pipe, position 22 is
in the carcass and position 23 is at the optical sensor in
the tensile armour. As it can be seen, the temperature is
at a maximum in the carcass and decreases in radial
direction towards the outer sheath at position 24, where
the temperature substantially corresponds to the temper-
ature of the surrounding environment. At the position 23
of the optical sensor the temperature is lower than the
temperature of the carcass at position 22. This relation-
ship is encoded into the optical monitoring system, so
the system will be able to provide the temperature at dif-
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ferent positions in the unbonded flexible pipe.
[0060] Figure 5 corresponds to figure 2. However, in
figure 5 a peak P appears at position Xp where the tem-
perature is above T2 and outside the reference temper-
ature profile. This indicates an error in the unbonded flex-
ible pipe at position Xp. The error may be a hot spot in
the carcass, which is highly undesirable as it may dam-
age the internal pressure sheath.
[0061] As mentioned the drawings are only intended
to illustrate the principles of the invention. In figure 1 the
end-fittings in which the unbonded flexible pipe is nor-
mally terminated and the electrical connections to the
carcass and the tensile armour are established have
been excluded in the drawing for reasons of simplicity.

Claims

1. A method of testing an unbonded flexible pipe (1)
having a length and a longitudinal axis and compris-
ing, from the inside and out, an internal armour layer
(2), an internal pressure sheath (3), at least one ex-
ternal armour layer (4) and an outer sheath (5), said
pipe comprising at least one thermal sensor (6) con-
nected to a monitoring system (7) and at least one
of the armour layers is a metallic and electrically con-
ductive armour layer, said method comprises:

- connecting the metallic armour layer to an elec-
tric power source (9)
- sending an electric current through the metallic
armour layer
- measuring the temperature in the flexible pipe
by using the thermal sensor (6), characterized
in that the method further comprises processing
the results in the monitoring system (7) to obtain
a temperature profile for the pipe; and
- comparing the obtained temperature profile to
a reference temperature profile and determining
if the flexible pipe meets a set of predetermined
required specifications.

2. A method according to claim 1 where the thermal
sensor (6) is based on the measurement of optical
properties of a glass fibre.

3. A method according to claim 1 or 2, wherein the in-
ternal armour layer (2) on the inside of the internal
pressure sheath (3) is a metallic and electrically con-
ductive armour layer, preferably the current is sent
through the internal armour layer (2) on the inside of
the pressure sheath (3).

4. A method according to any one of the preceding
claims, wherein the external armour layer (4) is a
metallic and electrically conductive armour layer and
the electric current is returned to the electric power
source via the external armour layer (4) in the flexible

pipe.

5. A method according to any one of the preceding
claims, wherein the output from the optical sensor
(6) is compared to a reference temperature profile
obtained under well-defined operational conditions,
preferably the reference temperature profile is es-
tablished by calculating the thermal properties of the
unbonded flexible pipe.

6. A method according to any one of the preceding
claims, wherein the unbonded flexible pipe compris-
es more external armour layers selected from pres-
sure armour layers and tensile armour layers, pref-
erably the current is returned to the power source
via the pressure armour layer, the tensile armour lay-
er, or a combination of both.

7. A method according to any one of the preceding
claims, wherein electric power is sent through the
metallic armour layer during a first period, followed
by a second period wherein the electric power is
switched off, preferably the first period is in the range
of about 10 minutes to about 10 hours, and preferably
the second period is in the range of about 10 minutes
to about 10 hours.

8. A method according to any one of the preceding
claims, wherein an annulus between the internal
pressure sheath (3) and the outer sheath (5) is filled
with an inert gas such as nitrogen.

9. A method according to any one of claims 1-7, where-
in an annulus between the internal pressure sheath
(3) and the outer sheath (5) is filled with a liquid,
preferably the liquid is a corrosion inhibiting liquid.

10. A method according to any one of the preceding
claims, wherein the metallic armour layers compris-
es one or more optical sensors (6), preferably the
optical sensor is housed in a housing, preferably the
housing is formed by tape, preferably the sensor is
enclosed between two strips of tapes.

11. A system for testing an unbonded flexible pipe (1)
having a length and a longitudinal axis and compris-
ing, from the inside and out, an internal armour layer
(2), an internal pressure sheath (3), at least one ex-
ternal armour layer (4) and an outer sheath (5) and
at least one temperature sensor (6) connected to a
monitoring system (7), and at least one of the armour
layers is a metallic and electrically conductive ar-
mour layer, said system comprises the unbonded
flexible pipe (1), an electric power source (9) and the
temperature sensor (6) mounted in the unbonded
flexible pipe (1) and connected to the monitoring sys-
tem (7), wherein the metallic armour layer is adapted
for connection with the power source (9) for heating
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the armour layer, characterized in that the moni-
toring system is adapted for processing measure-
ments from the temperature sensor to obtain a tem-
perature profile for the pipe and compare the ob-
tained temperature profile to a reference tempera-
ture profile, and to determine if the flexible pipe meets
a set of predetermined required specifications.

12. A system according to claim 11, wherein the tem-
perature sensor (6) is an optical sensor.

13. A system according to claim 11 or 12, wherein the
internal armour layer (2) inside the internal pressure
sheath (3) is a metallic armour layer connected to
the electric power source (9), and preferably the at
least one external armour layer (4) is a metallic ar-
mour layer and connected to the electric power
source (9).

14. A system according to any one of the claims 11 to
13, wherein the system is adapted for testing the
condition of the metallic armour layer(s) (2, 4) and
for determining the function of the optical sensor (6)
on the basis of the output from the optical sensor.

15. A system according to any one of the claims 11 to
14, wherein the system is adapted for cyclically heat-
ing and cooling the metallic armour layer (2,4).

Patentansprüche

1. Verfahren zum Testen eines nichtverbundenen fle-
xiblen Rohrs (1), das eine Länge und eine Längs-
achse aufweist und, von der Innenseite nach außen,
eine innere Armierungsschicht (2), eine innere
Druckhülse (3), zumindest eine äußere Armierungs-
schicht (4) und eine äußere Hülse (5) umfasst, wobei
das Rohr zumindest einen Wärmesensor (6) um-
fasst, der mit einem Überwachungssystem (7) ver-
bunden ist, und zumindest eine der Armierungs-
schichten eine metallische und elektrisch leitfähige
Armierungsschicht ist, wobei das Verfahren um-
fasst:

- Verbinden der metallischen Armierungs-
schicht mit einer elektrischen Leistungsquelle
(9),
- Senden eines elektrischen Stroms durch die
metallische Armierungsschicht,
- Messen der Temperatur im flexiblen Rohr unter
Benutzung des Wärmesensors (6), dadurch
gekennzeichnet, dass das Verfahren ferner
Verarbeiten der Ergebnisse im Überwachungs-
system (7) zum Erhalten eines Temperaturpro-
fils für das Rohr umfasst; und
- Vergleichen des erhaltenen Temperaturprofils
mit einem Referenztemperaturprofil und Be-

stimmen, ob das flexible Rohr einen Satz von
vorgegebenen erforderlichen Spezifikationen
erfüllt.

2. Verfahren nach Anspruch 1, wobei der Wärmesen-
sor (6) auf der Messung von optischen Eigenschaf-
ten einer Glasfaser basiert.

3. Verfahren nach Anspruch 1 oder 2, wobei die innere
Armierungsschicht (2) auf der Innenseite der inneren
Druckhülse (3) eine metallische und elektrisch leit-
fähige Armierungsschicht ist, wobei der Strom vor-
zugsweise durch die innere Armierungsschicht (2)
auf der Innenseite der Druckhülse (3) gesendet wird.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die äußere Armierungsschicht (4) eine
metallische und elektrisch leitfähige Armierungs-
schicht ist und der elektrische Strom zur elektrischen
Leistungsquelle über die äußere Armierungsschicht
(4) im flexiblen Rohr zurückgeleitet wird.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Ausgabe aus dem optischen Sensor
(6) mit einem Referenztemperaturprofil verglichen
wird, das unter klar definierten Betriebsbedingungen
erhalten wird, wobei das Referenztemperaturprofil
vorzugsweise durch Berechnen der thermischen Ei-
genschaften des nichtverbundenen flexiblen Rohrs
aufgestellt wird.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das nichtverbundene flexible Rohr mehr
äußere Armierungsschichten umfasst, die aus
Druckarmierungsschichten und Zugarmierungs-
schichten ausgewählt sind, wobei vorzugsweise der
Strom zur Leistungsquelle über die Druckarmie-
rungsschicht, die Zugarmierungsschicht oder eine
Kombination von beidem zurückgeleitet wird.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei elektrische Leistung durch die metalli-
sche Armierungsschicht während einer ersten Peri-
ode gesendet wird, gefolgt von einer zweiten Perio-
de, in der die elektrische Leistung abgeschaltet wird,
wobei die erste Periode vorzugsweise im Bereich
von ungefähr 10 Minuten bis ungefähr 10 Stunden
liegt, und wobei die zweite Periode vorzugsweise im
Bereich von ungefähr 10 Minuten bis ungefähr 10
Stunden liegt.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei ein Ringraum zwischen der inneren
Druckhülse (3) und der äußeren Hülse (5) mit einem
Inertgas gefüllt wird, wie etwa Stickstoff.

9. Verfahren nach einem der Ansprüche 1 bis 7, wobei
ein Ringraum zwischen der inneren Druckhülse (3)
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und der äußeren Hülse (5) mit einer Flüssigkeit ge-
füllt wird, wobei die Flüssigkeit vorzugsweise eine
korrosionshemmende Flüssigkeit ist.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die metallischen Armierungsschichten ei-
nen oder mehr optische Sensoren (6) umfassen, wo-
bei der optische Sensor vorzugsweise in einem Ge-
häuse eingefasst ist, wobei das Gehäuse vorzugs-
weise durch Band ausgebildet ist, wobei der Sensor
vorzugsweise zwischen zwei Bandstreifen einge-
fasst ist.

11. System zum Testen eines nichtverbundenen flexib-
len Rohrs (1), das eine Länge und eine Längsachse
aufweist und, von der Innenseite nach außen, eine
innere Armierungsschicht (2), eine innere Druckhül-
se (3), zumindest eine äußere Armierungsschicht (4)
und eine äußere Hülse (5) und zumindest einen
Temperatursensor (6) umfasst, der mit einem Über-
wachungssystem (7) verbunden ist, und wobei zu-
mindest eine der Armierungsschichten eine metalli-
sche und elektrisch leitfähige Armierungsschicht ist,
wobei das System das nichtverbundene flexible
Rohr (1), eine elektrische Leistungsquelle (9) und
den Temperatursensor (6) umfasst, der im nichtver-
bundenen flexiblen Rohr (1) angebracht und mit dem
Überwachungssystem (7) verbunden ist, wobei die
metallische Armierungsschicht zum Verbinden mit
der Leistungsquelle (9) zum Erhitzen der Armie-
rungsschicht geeignet ist, dadurch gekennzeich-
net, dass das Überwachungssystem zum Verarbei-
ten von Messungen vom Temperatursensor zum Er-
halten eines Temperaturprofils für das Rohr und Ver-
gleichen des erhaltenen Temperaturprofils mit ei-
nem Referenztemperaturprofil und zum Bestimmen,
ob das flexible Rohr einen Satz von vorgegebenen
erforderlichen Spezifikationen erfüllt, geeignet ist.

12. System nach Anspruch 11, wobei der Temperatur-
sensor (6) ein optischer Sensor ist.

13. System nach Anspruch 11 oder 12, wobei die innere
Armierungsschicht (2) innerhalb der inneren Druck-
hülse (3) eine metallische Armierungsschicht ist, die
mit der elektrischen Leistungsquelle (9) verbunden
ist, und wobei vorzugsweise die zumindest eine äu-
ßere Armierungsschicht (4) eine metallische Armie-
rungsschicht ist und mit der elektrischen Leistungs-
quelle (9) verbunden ist.

14. System nach einem der Ansprüche 11 bis 13, wobei
das System zum Testen des Zustands der metalli-
schen Armierungsschicht(en) (2, 4) und zum Bestim-
men der Funktion des optischen Sensors (6) auf der
Grundlage der Ausgabe vom optischen Sensor ge-
eignet ist.

15. System nach einem der Ansprüche 11 bis 14, wobei
das System zum zyklischen Erhitzen und Abkühlen
der metallischen Armierungsschicht (2, 4) geeignet
ist.

Revendications

1. Procédé de test d’un tuyau flexible non collé (1) pré-
sentant une longueur et un axe longitudinal et com-
prenant, de l’intérieur et à l’extérieur, une couche de
blindage interne (2), une gaine de pression interne
(3), au moins une couche de blindage externe (4) et
une gaine externe (5), ledit tuyau comprenant au
moins un capteur thermique (6) relié à un système
de surveillance (7) et l’une au moins des couches
de blindage étant une couche de blindage métallique
et électriquement conductrice, ledit procédé
comprenant :

- le raccordement de la couche de blindage mé-
tallique à une source d’énergie électrique (9),
- l’envoi d’un courant électrique à travers la cou-
che de blindage métallique,
- la mesure de la température dans le tuyau flexi-
ble à l’aide du capteur thermique (6), caracté-
risé en ce que le procédé comprend en outre
le traitement des résultats dans le système de
surveillance (7) pour l’obtention d’un profil de
température pour le tuyau ; et
- la comparaison du profil de température obtenu
avec un profil de température de référence et la
détermination si le tuyau flexible répond à un
ensemble de spécifications requises prédéter-
minées.

2. Procédé selon la revendication 1, dans lequel le cap-
teur thermique (6) est basé sur la mesure de pro-
priétés optiques d’une fibre de verre.

3. Procédé selon la revendication 1 ou 2, dans lequel
la couche de blindage interne (2) sur le côté intérieur
de la gaine de pression interne (3) est une couche
de blindage métallique et électriquement conductri-
ce, le courant étant de préférence envoyé par le biais
de la couche de blindage interne (2) sur le côté in-
térieur de la gaine de pression (3).

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la couche de blindage ex-
terne (4) est une couche de blindage métallique et
électriquement conductrice et le courant électrique
est renvoyé vers la source d’énergie électrique par
le biais de la couche de blindage externe (4) dans
le tuyau flexible.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la sortie du capteur optique
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(6) est comparée à un profil de température de ré-
férence obtenu sous des conditions de fonctionne-
ment bien définies, le profil de température de réfé-
rence étant de préférence établi en calculant les pro-
priétés thermiques du tuyau flexible non collé.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le tuyau flexible non collé
comprend plusieurs couches de blindage externes
sélectionnées parmi des couches de blindage contre
la pression et des couches de blindage contre la trac-
tion, le courant étant de préférence renvoyé vers la
source d’énergie par le biais de la couche de blin-
dage contre la pression, la couche de blindage con-
tre la traction, ou une combinaison des deux.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel de l’énergie électrique est
renvoyée par la couche de blindage métallique pen-
dant une première période, suivie d’une deuxième
période durant laquelle l’énergie électrique est arrê-
tée, la première période variant de préférence entre
environ 10 minutes et environ 10 heures, et la
deuxième période variant de préférence entre envi-
ron 10 minutes et environ 10 heures.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel un espace annulaire entre
la gaine de pression interne (3) et la gaine externe
(5) est rempli d’un gaz inerte tel que le nitrogène.

9. Procédé selon l’une quelconque des revendications
1 à 7, dans lequel un espace annulaire entre la gaine
de pression interne (3) et la gaine externe (5) est
rempli d’un liquide, le liquide étant de préférence un
liquide anti-corrosion.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les couches de blindage
métalliques comprennent un ou plusieurs capteurs
optiques (6), le capteur optique étant de préférence
logé dans un boîtier, le boîtier étant de préférence
constitué d’un ruban adhésif, le capteur étant de pré-
férence contenu entre deux bandes de ruban adhé-
sif.

11. Système de test pour un tuyau flexible non collé (1)
présentant une longueur et un axe longitudinal et
comprenant, de l’intérieur et à l’extérieur, une cou-
che de blindage interne (2), une gaine de pression
interne (3), au moins une couche de blindage exter-
ne (4) et une gaine externe (5) et au moins un capteur
de température (6) raccordé à un système de sur-
veillance (7), et l’une au moins des couches de blin-
dage étant une couche de blindage métallique et
électriquement conductrice, ledit système compre-
nant le tuyau flexible non collé (1), une source d’éner-
gie électrique (9) et le capteur de température (6)

monté dans le tuyau flexible non collé (1) et raccordé
au système de surveillance (7), dans lequel la cou-
che de blindage métallique est adaptée pour être
reliée à la source d’énergie (9) afin de chauffer la
couche de blindage,
caractérisé en ce que le système de surveillance
est adapté pour traiter des mesures provenant du
capteur de température afin d’obtenir un profil de
température pour le tuyau et comparer le profil de
température obtenu avec un profil de température
de référence, et pour déterminer si le tuyau flexible
répond à un ensemble de spécifications requises
prédéterminées.

12. Système selon la revendication 11, dans lequel le
capteur de température (6) est un capteur optique.

13. Système selon la revendication 11 ou 12, dans le-
quel la couche de blindage interne (2) à l’intérieur
de la gaine de pression interne (3) est une couche
de blindage métallique raccordée à la source d’éner-
gie électrique (9), et l’au moins une couche de blin-
dage externe (4) est de préférence une couche de
blindage métallique raccordée à la source d’énergie
électrique (9) .

14. Système selon l’une quelconque des revendications
11 à 13, dans lequel le système est adapté pour tes-
ter l’état de la/des couche(s) de blindage métalli-
que(s) (2, 4) et pour déterminer le fonctionnement
du capteur optique (6) sur la base de la sortie du
capteur optique.

15. Système selon l’une quelconque des revendications
11 à 14, dans lequel le système est adapté pour
chauffer et refroidir cycliquement la couche de blin-
dage métallique (2, 4).
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