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(54) Title: AN UNBONDED FLEXIBLE PIPE 

9 (57) Abstract: An unbonded flexible pipe (1) having a length 
and a longitudinal axis (9) and comprising, from inside and out, 

1 a carcass (2), an internal pressure sheath (3), at least one extern
al armour layer (4,5,6,7) and an outer sheath (8). The carcass (2) 
comprises at least one elongate armour element helically wound 
to surround the center axis with a winding degree to the longit
udinal axis. The elongate armour element is electrically con
ductive and comprises at least a first section and a second sec

8 tion along the length of the pipe (1) where the electrical resist
ance of the first section is different from the electrical resistance 
of the second section. In preferred embodiments this is achieved 

-\- by the geometry and/or the material of the elongate armour ele
ment in the first section being different from the geometry 
and/or the material of the elongate armour element in the second 

-6 section.  
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AN UNBONDED FLEXIBLE PIPE 

The present invention relates to an unbonded flexible pipe having a length 

and a longitudinal axis and comprising from, the inside and out, a carcass, an 

internal pressure sheath, at least one external amour layer, and an outer 

5 sheath, the carcass comprises at least one elongate armour element helically 

wound to surround the center axis with a winding degree to the longitudinal 

axis.  

TECHNICAL FIELD 

Unbonded flexible pipes are frequently used as flexible risers or flexible 

10 flowlines for the transport of fluids including hydrocarbons such as oil and 

gas.  

Moreover, unbonded flexible pipes are often used e.g. as riser pipes or 

flowlines in the production of oil or other subsea applications.  

The unbonded flexible pipes are constructed of a number of independent 

15 layers, such as helically laid steel and polymeric layers formed around a 

central bore for transporting fluids. A typical unbonded flexible pipe 

comprises, from the inside and outwards, an inner armouring layer known as 

the carcass, an internal pressure sheath surrounded by one or more 

armouring layers, such as pressure armouring and tensile armouring, and an 

20 outer sheath. Thus, the carcass and the internal pressure sheath form a bore 

in which the fluid to be transported is conveyed. In some unbonded flexible 

pipes, the carcass may be omitted and the internal pressure sheath forms the 

bore. When the carcass is omitted, the bore is denoted a smooth bore. When 

the carcass is present, the bore is denoted a rough bore. The annular space 

25 between the internal pressure sheath and the outer sheath is known as the 

annulus and houses the pressure armouring and the tensile armouring.  

The unbonded flexible pipes may carry the fluids between a hydrocarbon 

reservoir located under the sea bed and a floating structure. The fluid may be 

a hydrocarbon fluid, such as natural gas or oil, depending upon the nature of
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the hydrocarbon reservoir, or an injection fluid such as water. The fluids, 

which are transported to the floating structure, can be processed, for 

example by compression and/or further treatment. When the floating 

structure is moored close to a gas field or hydrocarbon reservoir, it can be 

5 kept in fluid communication with the producing well heads via one or more 

flexible risers. The one or more flexible risers can convey fluids between the 

well heads of a hydrocarbon reservoir and the floating structure. Flexible 

risers may be configured as free-hanging catenaries or provided in alternative 

configurations, such as lazy wave and lazy S types, using buoyancy modules.  

10 Thus, a flexible riser can be connected at one end to the floating structure, 

and at another end to a riser base manifold, which can secure the flexible 

riser to the sea bed.  

When the hydrocarbon enters the floating structure it is common to treat the 

hydrocarbon and prepare it for use in processes, such as cracking, refining, 

15 etc. Examples of floating structures, which have such capacities, are vessels 

like FPSO's (floating production and storage offloading).  

In recent years it has also become common to equip the flexible unbonded 

pipes with heating systems, such as electric heating. The electric heating 

system may utilize the metallic armour layers in the unbonded flexible pipe.  

20 The armouring layers comprise or consist of multiple elongated armouring 

elements that are not bonded to each other directly or indirectly via other 

layers along the pipe. Thereby the pipe becomes bendable and sufficiently 

flexible to roll up for transportation. The armouring elements are very often 

manufactured from metallic and electrically conductive material.  

25 Flexible unbonded pipes of the present type are for example described in the 

standard "Recommended Practice for Flexible Pipe", ANSI/API 17 B, fourth 

Edition, July 2008, and the standard "Specification for Unbonded Flexible 

Pipe", ANSI/API 17J, Third edition, July 2008. As mentioned such pipes 

usually comprise an innermost sealing sheath - often referred to as an
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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 layers. Normally the pipe further comprises an outer protection 

layer, often referred to as the outer sheath, which provides mechanical 

5 protection of the armour layers. The outer protection layer may be a sealing 

layer sealing against ingress of sea water. In certain unbonded flexible pipes 

one or more intermediate sealing layers are arranged between armour layers.  

In general flexible pipes are expected to have a lifetime of 20 years in 

operation.  

10 The term "unbonded" means in this text that at least two of the layers 

including the armouring layers and polymer layers are not bonded to each 

other. In practice the known pipe normally comprises at least two armouring 

layers located outside the internal pressure sheath and optionally an armour 

structure located inside the internal pressure sheath, which inner armour 

15 structure normally is referred to as the carcass.  

In recent years some flexible unbonded pipes have been equipped with 

heating systems, such as electric heating, in particular unbonded flexible 

pipes for use in cold environment. The electric heating system may utilize the 

metallic armour layers in the unbonded flexible pipe.  

20 When an unbonded flexible pipe comprises an electric heating system, the 

carcass may be utilized as a heating element. This is done by sending an 

electric current through the metallic material of the carcass, whereby the 

electrical resistance of the metallic material will cause a part of the electric 

energy to be transformed into heat, which will heat the pipe.  

25
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DISCLOSURE OF INVENTION 

An object of the present invention is to provide an unbonded flexible pipe 

with improved utility. Moreover, the present invention provides an unbonded 

flexible pipe in which the properties of the carcass may vary throughout the 

5 length of the pipe.  

Consequently, the present invention relates to an unbonded flexible pipe 

having a length and a longitudinal axis and comprising from the inside and 

out, a carcass, an internal pressure sheath, at least one external armour layer 

and an outer sheath, the carcass comprises at least one elongate armour 

10 element helically wound to form a tube and surround the longitudinal axis 

with a winding degree to the longitudinal axis, wherein the elongate armour 

element is electrically conductive and comprises at least a first section and a 

second section along the length of the pipe wherein the electrical resistance 

of the first section is different from the electrical resistance of the second 

15 section.  

Thus, the carcass is manufactured from an elongate armour element which is 

electrically conductive. The carcass in the unbonded flexible pipe is wound up 

from the elongate armour element such as a metal strip. The elongate 

armour element is wound up to form a tube, which becomesthe carcass. The 

20 carcass is located in the bore of the pipe and supports the internal pressure 

sheath. The winding degree of the elongate armour element to the 

longitudinal axis is typically between 850 and 89.80. The longitudinal axis also 

defines the center axis of the unbonded flexible pipe, and longitudinal axis 

and center axis may be used interchangeably.  

25 The elongate armour element is electrically conductive and will have a 

specific electrical resistivity of about 10-6 Q-m or less.  

In the following description the term "elongate armour element" when used 

in the singular should be interpreted to also include the plural meaning of the
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term, unless it is specifically stated that it means a single elongate armour 

element.  

The terms "section" and "sections" should include both a length of the 

elongate member as well as a length of the tube formed by the wound 

5 elongate member. A section also includes a length of the unbonded flexible 

pipe.  

The unbonded flexible pipe comprises a carcass inside the internal pressure 

sheath. Outside the internal pressure sheath the unbonded flexible pipe 

comprises at least one external armour layer. This at least one external 

10 armour layer may e.g. comprise one or two pressure armour layers and/or 

one, two or more tensile armour layers. The pressure armour layer and the 

tensile armour layer may be manufactured from an electrically conductive 

material.  

The terms "inside" and "outside" a layer, such as e.g. the internal pressure 

15 sheath of the pipe is used to designate the relative distance to the axis of the 

pipe, such that by "inside a layer" is meant the area encircled by the layer i.e.  

with a shorter radial distance than the layer, and by "outside a layer" is 

meant the area not encircled by the layer and not contained by the layer, i.e.  

with a longer radial distance to the axis of the pipe than the layer. The 

20 longitudinal axis of the pipe also defines the center axis of the pipe, i.e.  

"longitudinal axis" and "center axis" may be used interchangeably.  

The first and the second section may each have a length from about one 

meter and up to several kilometer, thus, in an embodiment the length of the 

first section may be from about 10 m to about 250 m, and the second section 

25 may be from about 500 m the about 3000 m. This embodiment may e.g. be 

used when the first section is above sea level, and does not require much 

heating, and the second section is in the sea, which has a higher cooling 

capacity, and more heating of the pipe is required. The length of the 

unbonded flexible pipes may vary within a rather broad range. The length
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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.  

The longer the unbonded flexible pipe, the higher voltage is required to 

maintain the same current through the pipe. During operation of the 

5 unbonded flexible pipe the electrical potential difference in the electrically 

conductive layers should be in the range of 0.01 - 5 V/meter pipe. In an 

embodiment the current is in the range of from 50 Ampere to about 500 

Ampere.  

When the carcass is used as heating element, the external armour layer may 

10 serve as a return path for the current. However, the material used in the 

sections of the carcass should preferably have a higher electrical resistivity 

than the electrical resistivity of the external armour layer. Thus, more Joule 

heating will be generated in the carcass which is in physical contact with the 

fluid to be heated than in the external armour layer. In an embodiment the 

15 metallic and electrically conductive armour layer or layers have specific 

electrical resistivity of about 10-6 Q-m or less.  

When the carcass is used as a heating element current is sent through the 

elongate armour element. The amount of heat generated in the elongate 

armour element will be evenly distributed in a homogenous conventional 

20 carcass along the length of the pipe. In contrast to this, the carcass according 

to the invention comprises different sections in which the electrical resistance 

is different, causing different amounts of heat to be generated in the different 

sections. Thereby, it is possible to design an unbonded flexible pipe system in 

which sufficient and different amounts of heat are provided in critical 

25 sections.  

The heat generated in the electrically conductive carcass depends on the 

resistance R of the material constituting the electrically conductive carcass. In 

this context the term "resistance R" is meant to cover the electrical resistance 

of a material when direct current or alternating current is applied.
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The direct current I through the circuit comprising the power supply and the 

electrically conductive carcass can be determined according to the equation: 

I = V/R 

where V is the impressed voltage. For constant I, the higher the resistance R, 

5 the more heat will be generated in the material. In general the power 

dissipation P (Joule heating) can be expressed as: 

p = I-V = 2 -R 

In which P can be seen as a measure for the generated heat.  

When the carcass is used as a heating element, direct current or alternating 

10 current may be used. The impressed voltage may e.g. be in the range from 

about 1000 Volt to about 5000 Volt.  

Moreover, for the purpose of achieving a satisfactory heating of the 

electrically conductive layers, the electrical potential difference should be in 

the range of 0.01 - 5 V/meter pipe.  

15 According to the invention there are several ways of achieving a carcass 

comprising a first section and a second section along the length of the pipe in 

which the electrical resistance of the first section is different from the 

electrical resistance of the second section.  

In an embodiment of the unbonded flexible pipe the geometry of the 

20 elongate armour element in the first section is different from the geometry of 

the elongate armour element in the second section. By changing the 

geometry, it is possible to change the electrical resistance in the elongate 

armour element.  

In an embodiment the material of the elongate armour element in the first 

25 section is different from the material of the elongate armour element in the 

second section. As a general rule different materials will have different 

electrical resistance.
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In an embodiment of the unbonded flexible pipe the elongate armour 

element in the first section is different from the width of the elongate armour 

element in the second section.  

In an embodiment the thickness of the elongate armour element in the first 

5 section is different from the thickness of the elongate armour element in the 

second section.  

Thus, changing the width and/or the thickness may be used for providing 

different properties of the carcass in the first and the second section.  

The carcass in an unbonded flexible pipe is wound up from an elongate 

10 member such as a strip. The elongate member is wound up to form a tube 

and the winding degree is typically between 850 and 89.80. Thus, in an 

embodiment of the present invention the winding degree of the elongate 

armour element in the first section is different from the winding degree of the 

elongate armour element in the second section. Having a different winding 

15 degree will provide a different length for a current to travel and thereby a 

different overall electrical resistance between the two sections. The first 

section may e.g. have a winding degree of between 850 and 87.50 and the 

second section may e.g. have a winding degree of between 87.60 to 89.80.  

In an embodiment adjacent windings of the elongate armour element are 

20 interlocked, and the interlocking of the elongate armour element in the first 

section is different from the interlocking of the elongate armour element in 

the second section. The interlocking may e.g. be provided by "S"-shaped 

profiles.  

In an embodiment the elongate armour element in the first section is made 

25 from stainless steel, and the elongate armour element in the second section 

is made from non-stainless steel.
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In an embodiment the elongate armour element in the first section is made 

from stainless steel, and the elongate armour element in the second section 

is made from titanium.  

In an embodiment the elongate armour element in the first section is made 

5 from a fully austenitic stainless steel and the elongate armour element in the 

second section is made from a stainless steel having an austenitic content of 

from 1% to 90%.  

In an embodiment the elongate armour element in the first section is made 

from duplex steel having a first content of ferritic phase, and the elongate 

10 armour element in the second section is made from duplex steel having a 

second content of ferritic phase, where the first content is different from the 

second content.  

In an embodiment the carcass comprises at least one elongate armour 

element helically wound to surround the center axis with a winding degree to 

15 the longitudinal axis, the elongate armour element is electrically conductive 

and comprises a plurality of sections wherein the electrical resistance in at 

least two of the sections is different from each other.  

The invention may also be realized using several unbonded flexible pipes 

having different properties with respect to electrical resistance. The 

20 unbonded flexible pipes may be assembled by means of end-fittings in which 

electrical connection is established between the carcasses and optionally 

other armour layers. The assembled unbonded flexible pipes will appear as a 

single unbonded flexible pipe having sections with carcasses of different 

electrical resistance. Consequently, in an embodiment of the unbonded 

25 flexible pipe according to the invention, the sections of different electrical 

resistance are established by using more unbonded flexible pipes having 

carcasses of different electrical resistance.  

In an embodiment, the interface between different sections comprises an 

electrically conductive material.
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In an embodiment the pipe comprises an insulating layer having a thickness, 

said thickness varies depending on the electrical resistance of the carcass 

section. As the electrical resistance has an impact on the generated heat, it is 

possible to provide an unbonded flexible pipe designed to maximize the 

5 heating capacity of the flexible pipe. Moreover, it may be possible to reduce 

the weight and material consumption of the unbonded flexible pipe.  

DETAILED DESCRIPTION OF THE INVENTION 

The invention will be explained in more detail below in connection with a 

10 preferred embodiment and with reference to the drawings in which: 

Fig. 1 shows and unbonded flexible pipe according to the invention; 

Fig. 2 shows a length of an unbonded flexible pipe; 

Fig. 3 shows variations in the resistance along the length of the unbonded 

flexible pipe; 

15 Fig. 4 shows an embodiment with two assembled pipes; 

Fig. 5 shows variations in the resistance along the length of the assembled 

unbonded flexible pipes.  

The drawings are schematical and only intended to illustrate the principles of 

the invention.  

20 Figure 1 illustrates an unbonded flexible pipe 1 comprising a carcass 2 

surrounded by the internal pressure sheath 3. Around the internal pressure 

sheath are wound a first pressure armour layer 4 and a second pressure 

armour layer 5. On top of the second pressure armour layer 5 a first tensile 

armour layer 6 and a second tensile armour layer 7 are placed. The 

25 outermost layer is the outer sheath 8.
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The carcass 2 is made from an elongate metallic member wound up to form a 

tube which supports the internal pressure sheath 3. In this embodiment three 

sections of the elongate metallic member, and thus three sections of the 

tube, are made from different alloys which have different properties in 

5 respect of electrical properties and in particular in respect of electrical 

resistance. The different sections are assembled by laser welding, which 

provides an electrically conductive transition between the sections.  

The elongate member of the carcass 2 is wound with a degree of 

approximately 890 in respect of the center axis 9, and forms the inner armour 

10 layer, which supports the internal pressure sheath 3. The internal pressure 

sheath is extruded from HDPE (high density polyethylene).  

The pressure armour layers 4 and 5 are made from elongate members of 

carbon steel and wound with an angle of approximately 850 in respect of the 

center axis 9. The pressure armour layer 4 and the pressure armour layer 5 

15 are wound in opposite directions in respect of the center axis. The tensile 

armour layers 6 and 7 are also wound in opposite directions in respect of the 

center axis 9. The winding angle in respect of the center axis 9 is 

approximately 350. The tensile armour layers 6 and 7 are made from carbon 

steel.  

20 The carcass 2 may be connected with an electric power source via an end

fitting 10 as seen in figure 2. In the end-fitting 11 the carcass 2 is electrically 

connected to the pressure armour layer 4 which functions as a return path to 

the end-fitting and the power source for current sent through the carcass 2.  

The sections S1, S2 and S3 of the unbonded flexible pipe I in which the 

25 carcass comprises different alloys with different electrical properties are 

indicated on figure 2. The carcass of section S1 is made from stainless steel 

AISI202, the carcass of section S2 is made from stainless steel AISI314, and 

finally the carcass of section S3 is made from duplex steel DUPLEX2205.
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Figure 3 is a curve, which shows how the electrical resistance of the carcass 

varies along the length of the pipe in the sections SI, S2 and S3. The higher 

the resistance, the more heat will be generated in the carcass. Thus, most 

heat will be generated in section 3, S3, and less heat will be generated in the 

5 sections 1 and 2, Si and S2.  

Figure 4 illustrates an embodiment in which the different electrical properties 

in the unbonded flexible pipe are achieved by assembling two unbonded 

flexible pipes P-A (pipe A) and P-B (pipe B). The two pipes are assembled by 

means of the two end-fittings 12 and 13 which also provide electrical 

10 connections between the carcasses in the two unbonded flexible pipes. The 

end-fittings 12 and 13 also provide electrical connection between the 

pressure armour layers in the pipes.  

The unbonded flexible pipes P-A and P-B are terminated in end-fittings 11 

and 14 which also comprise means for electrical connections.  

15 Figure 5 shows the difference in electrical resistance between the carcasses 

along the length of the assembled pipe. The pipe section P-A has a higher 

electrical resistance than the pipe section P-B. The carcasses in the unbonded 

flexible pipes P-A and P-B are made from stainless steel AISI316, however, 

the cross-section of the carcass in P-B is bigger than the cross-section of the 

20 carcass in P-A. As a result of the difference in cross-sections, the electrical 

resistance of the carcass in P-B will appear lower than the electrical 

resistance of the carcass in P-A.  

25
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CLAIMS 

1. An unbonded flexible pipe 

having a length and a longitudinal axis and comprising, from the inside and 

out, 

5 a carcass, 

an internal pressure sheath, 

at least one external amour layer, 

and an outer sheath, 

the carcass comprises at least one elongate armour element helically wound 

10 to surround the center axis with a winding degree to the longitudinal axis, 

wherein the elongate armour element is electrically conductive and comprises 

at least a first section and a second section along the length of the pipe 

wherein the electrical resistance of the first section is different from the 

electrical resistance of the second section.  

15 2. An unbonded flexible pipe according to claim 1, wherein the geometry of 

the elongate armour element in the first section is different from the 

geometry of the elongate armour element in the second section.  

3. An unbonded flexible pipe according to claim 1 or 2, wherein the material 

of the elongate armour element in the first section is different from the 

20 material of the elongate armour element in the second section.  

4. An unbonded flexible pipe according to anyone of the preceding claims, 

wherein the width of the elongate armour element in the first section is 

different from the width of the elongate armour element in the second 

section.  

25 5. An unbonded flexible pipe according to anyone of the preceding claims, 

wherein the thickness of the elongate armour element in the first section is
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different from the thickness of the elongate armour element in the second 

section.  

6. An unbonded flexible pipe according to anyone of the preceding claims, 

wherein the winding degree of the elongate armour element in the first 

5 section is different from the winding degree of the elongate armour element 

in the second section.  

7. An unbonded flexible pipe according to anyone of the preceding claims, 

wherein adjacent windings of the elongate armour element are interlocked, 

and the interlocking of the elongate armour element in the first section is 

10 different from the interlocking of the elongate armour element in the second 

section.  

8. An unbonded flexible pipe according to anyone of the preceding claims, 

wherein the elongate armour element in the first section is made from 

stainless steel and the elongate armour element in the second section is 

15 made from non-stainless steel.  

9. An unbonded flexible pipe according to anyone of the preceding claims 1 

to 7, wherein the elongate armour element in the first section is made from 

stainless steel and the elongate armour element in the second section is 

made from titanium.  

20 10. An unbonded flexible pipe according to anyone of the preceding claims 1 

to 7, wherein both the first and the second section of the elongate armour 

element is made from austenitic stainless steel and the elongate armour 

element in the second section is made from steel having an austenitic content 

different from the austenitic content of the first section.  

25 11. An unbonded flexible pipe according to anyone of the preceding claims 1 

to 7, wherein the elongate armour element in the first section is made from a 

partly austenitic stainless steel and the elongate armour element in the 

second section is made from a partly austenitic steel, where the amount of
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austenitic phase in the first section is different from the amount of austenitic 

phase the second section.  

13. An unbonded flexible pipe according to anyone of the preceding claims, 

wherein the sections of different electrical resistance are pipes having 

5 carcasses of different electrical resistance.  

13. An unbonded flexible pipe according to anyone of the preceding claims, 

wherein the pipe carcass comprises at least one elongate armour element 

helically wound to surround the center axis with a winding degree to the 

longitudinal axis, the elongate armour element is electrically conductive and 

10 comprises a plurality of sections wherein the electrical resistance in at least 

two of the sections is different from each other.  

14. An unbonded flexible pipe according to anyone of the preceding claims, 

wherein the interface between different sections comprises electrically 

conductive material.  

15 15. An unbonded pipe according to anyone of the preceding claims, wherein 

the pipe comprises an insulating layer having a thickness, said thickness 

varies depending on the electrical resistance of the carcass section.  

16. An unbonded flexible pipe according to anyone of the preceding claims, 

wherein the at least one external armour layer is selected from pressure 

20 armour layers and tensile armour layers.  

25
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