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Method for attaching an anchorage element to an element of the armor of a flexible

pipe, associated pipe and associated fitting method

The present invention relates to a method for attaching at least one transverse
anchorage element on an armor element intended to be received in an end-fitting of a
flexible pipe. The invention also relates to a flexible pipe and a fitting method of an end-
fitting of this flexible pipe.

The pipe Is In particular a flexible pipe of the unbonded type designed to transfer
hydrocarbons through a body of water, such as an ocean, sea, lake or river, or to inject
water for well stimulation.

Such a flexible pipe is for example made according to normative documents API 17J
(Specification for Unbonded Flexible Pipe) and APl RP 17B (Recommended Practice for
Flexible Pipe) and APl 16C (Choke and Kill Equipment) established by the American
Petroleum Institute.

The pipe I1s generally formed by a set of concentric and superimposed layers. It Is
considered "unbonded” within the meaning of the present invention when at least one of the
layers of the pipe Is able to move longitudinally relative to the adjacent layers when the pipe
IS bent. In particular, an unbonded pipe Is a pipe with no bonding materials connecting the
layers forming the pipe.

The pipe Is generally positioned through a body of water, between a bottom
assembly, designed to collect the fluid mined In the bottom of the body of water, and a
floating surface assembly designed to connect and distribute the fluid. The surface
assembly may be a semisubmersible platform, an FPSO or another floating assembly.

In some cases, for the exploitation of fluids In deep water, the flexible pipe has a
length exceeding 800 m. The ends of the pipe have fittings for connecting to the bottom
assembly and the surface assembly.

These pipes undergo very high axial tensile forces, in particular when the body of
water In which the pipe Is positioned is very deep. These forces are reacted by one or
several layers of tensile armors made up of filiform armor elements made from steel wound
with a long pitch around inner layers of the pipe, and the ends of which are fastened in the
end-fittings.

In that case, the upper fitting connecting the pipe to the surface assembly must react
a very significant axial tension, which may reach several hundreds of tons.

The axial tension not only has a high average value, but also constant variations
depending on the vertical movements of the surface assembly and the pipe, under the effect

of the agitation of the body of water caused by the swell or by the waves.
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The axial tension variations may reach several tens of tons and repeat continually

throughout the lifetime of the pipe. In 20 years, the pipe may be required to undergo a large
number of tension cycles. For example, more than 20 million cycles may occur.

It Is therefore necessary to ensure particularly robust fastening between the tensile
armor layers and the body of the end-fitting. To that end, it is known to insert the ends of
the armor elements into a receiving space defined by the end-fitting, then to fill the receiving
space with a material such as a thermosetting resin, to capture the ends of the armor
elements.

To improve the holding of the armor elements, WO 2008/03/7/867 describes a
method for welding anchorage elements on the armor elements, at the ends. The
anchorage elements are metal elements protruding transversely on the armor element to
widen i, which blocks the armor element in translation and prevents it from sliding inside
the fitting.

This method may be further improved. Indeed, the anchorage elements are attached
to the armor elements by longitudinal welding along faces in contact, for example by electric
arc welding. This attachment method requires the intervention of qualified personnel, for the
welding. Furthermore, It requires a significant length of time, since at least one anchorage
element must be attached on each end of each armor element, by two longitudinal welds
each time.

One aim of the invention is to ensure a robust attachment of the armor elements Iin
a flexible pipe fitting, simply and very quickly.

To that end, the invention relates to an attachment method of the aforementioned
type, characterized in that the method includes the following steps:

- the supply of an attachment device having a cavity accepting an anchorage
element;

- the bringing of an opening of the cavity to face the armor element;

- the melting of one end of the anchorage element facing the armor element and of
a region of the armor element facing the anchorage element, inside the cavity of the
attachment device;

- the forging of the anchorage element transversely on the armor element, using the
attachment device; and

- the formation of a weld connecting the anchorage element and the armor element.

The method according to the invention may comprise one or more of the following

features, considered alone or according to any technically possible combination:
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- the method comprises a step for heat treatment of the anchorage element and the

armor element after the forging step, the weld connecting the anchorage element and the
armor element forming during the heat treatment step;

- the weld has a transverse expanse smaller than a width of the armor element;

- the melting step comprises forming an electric melting arc between the anchorage
element and the armor element;

- the method comprises a step for diffusing a neutral gas around at least one of the
end of the anchorage element or the region of the armor element, the diffusion step taking
place during the melting and forging steps;

- the melting step comprises forming a priming arc before the formation of the electric
melting arc, the priming arc having a lower intensity than an intensity of the electric melting
arc;

- a refractory ring 1s positioned around the end of the anchorage element facing the
armor element during the placement step;

- a ratio between a length of the anchorage element, measured along a direction
transverse to the armor element, and a width of the anchorage element, measured along a
direction parallel to the armor element, I1s greater than 2, advantageously greater than 4;

- the length of the anchorage element is greater than a thickness of the armor
element, measured along the same direction as the length of the anchorage element,
advantageously two times greater than the thickness of the armor element;

- the anchorage element Is substantially cylindrical and has an axis substantially
perpendicular to a local axis of the armor element;

- the method comprises a series of attachments for transverse anchorage elements,
each attachment comprising the supply, bringing, melting and forging steps, a duration
separating each attachment being less than or equal to 1 minute, advantageously less than
30 seconds;

- the anchorage elements are attached separated from one another by a distance
along the armor element of between 2 cm and 20 cm, preferably between 2 cm and 10 cm,
and advantageously between 2 cm and 5 cm; and

- the anchorage element has a base of a steel having a mechanical tensile strength
greater than or equal to 400 MPa.

The invention also relates to a method for mounting an end-fitting for a flexible pipe
comprising the following steps:

- supplying a flexible pipe comprising:

- at least one tubular sheath delimiting a circulation passage; and
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- at least one tensile armor element positioned outwardly relative to the

tubular sheath, the armor layer comprising a plurality of filiform armor
elements;

- clearing an end segment of each armor element;

- placing an end arch at one end of the pipe;

- attaching at least one anchorage element on each armor element using a method
according to the invention;

- placing and attaching a cover on the end arch, forming a space for receiving end
segments of the armor elements,;

- Inserting a filler material into the space, embedding the anchorage elements; and

- solidifying the filler material around the end segments and anchorage elements.
The invention further relates to a flexible pipe comprising:

- at least one tubular sheath delimiting a circulation passage;

- at least one tensile armor element positioned outwardly relative to the tubular
sheath, the armor layer comprising a plurality of filiform armor elements; and

- at least one end-fitting located at one end of the pipe,

the end-fitting including an end arch and a cover, defining a space between them
for recelving end segments of the armor elements, the space being filled with a filler
material,

characterized In that each end segment has at least one anchorage element
protruding transversely, the anchorage element being embedded In the filler material, the
anchorage element having been attached to the end segment by a method according to the
iInvention.

The Invention will be better understood upon reading the following description,
provided solely as an example, and in reference to the appended drawings, in which:

- figure 1 Is a partial cutaway perspective view of a segment of a flexible pipe,

- figure 2 1s a sectional schematic view along a median axial plane of a fitting of the
flexible pipe of figure 1;

- figure 3 Is a perspective view of the end of an armor element inserted into the fitting
of figure 2;

- figure 4 Is a sectional photograph showing a weld formed between an anchorage
element and an armor element using the method according to the invention; and

- figures 5, 6 and 7 are sectional side views of the steps of the method for attaching
an anchorage element on the end of an armor element, as shown in figure 3.

In the rest of this document, the terms "outer” and "Iinner' are generally to be

understood radially relative to an axis A-A' of the pipe, the term "outer” being understood
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as being relatively radially further from the axis A-A' and the term "inner" being understood

as being relatively radially closer to the axis A-A' of the pipe.

The terms "front” and “rear” are to be understood axially relative to an axis A-A' of
the pipe, the term "front" being understood as being relatively further from the middle of the
pipe and closer to one of its ends, the term "rear"” being understood as being relatively closer
to the middle of the pipe and further from one of its ends. The middle of the pipe Is the point
of the pipe situated at equal distances from the two ends thereof.

A first flexible pipe 10 according to the invention is partially illustrated in figure 1.

The flexible pipe 10 includes a central segment 12 illustrated partially in figure 1. It
Includes, at each of the axial ends of the central segment 12, an end-fitting 14 made using
a method according to the invention, partially shown in figure 2.

In reference to figure 1, the pipe 10 defines a central passage 16 for the flow of a
fluid, advantageously an oll fluid. The central passage 16 extends along an axis A-A’,
between the upstream end and the downstream end of the pipe 10. It emerges through the
end-fittings 14.

The flexible pipe 10 is designed to be positioned through a body of water (not shown)
In a fluid exploitation facility, in particular for hydrocarbons.

The body of water Is for example a sea, lake or ocean. The depth of the body of
water at the fluid exploitation installation is for example between 500 m and 3000 m.

The fluid exploitation installation includes a surface assembly, in particular floating,
and a bottom assembly (not shown), which are generally connected to one another by the
flexible pipe 10.

The flexible pipe 10 is preferably an "unbonded" pipe.

At least two adjacent layers of the flexible pipe 10 are free to move longitudinally
relative to one another when the pipe bends. Advantageously, all of the layers of the flexible
pipe are free to move relative to one another. Such a pipe is for example described in
normative documents published by the American Petroleum Institute (APl), APl 17J
“Specification for Unbonded Flexible Pipe" (4" edition, May 2014), APl RP17B
"Recommended Practice for Unbonded Flexible Pipe" (5" edition, May 2014) and API 16C
“Choke and Kill Equipment” (2" edition, March 2015).

As lllustrated by figure 1, the pipe 10 delimits a plurality of concentric layers around
the axis A-A', which extend continuously along the central segment 12 up to the end-fittings
14 situated at the ends of the pipe.

According to the invention, the pipe 10 includes at least one first tubular sheath 20

with a base of a polymer material advantageously forming a pressure sheath.
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The pipe 10 further includes at least one tensile armor layer 24, 25 positioned

outwardly relative to the first sheath 20.

Advantageously, and depending on the desired use, the pipe 10 further includes an
Inner carcass 26 positioned inside the pressure sheath 20, a pressure arch 28 Inserted
between the pressure sheath 20 and the tensile armor layer(s) 24, 25, and an outer sheath
30, designed to protect the pipe 10.

In @ known manner, the pressure sheath 20 is designed to tightly confine the fluid
transported in the passage 16. It iIs made from a polymer material, for example with a base
of a polyolefin such as polyethylene or polypropylene, a base of a polyamide such as PA11
or PA12, or a base of a fluorinated polymer such as polyvinylidene fluoride (PVDF) or
perfluoroalkoxy (PFA).

The thickness of the pressure sheath 20 is for example between 5 mm and 20 mm.

When the carcass 26 is present, it Is formed by a profiled metal sheet, wound In a
spiral. The turns of the sheet are advantageously stapled to one another, which makes it
possible to react the radial crushing forces.

In this example, the carcass 26 Is positioned inside the pressure sheath 20. The pipe
IS then designated by the term "rough bore" due to the geometry of the carcass 26.

In an alternative that is not shown, the flexible pipe 10 has no inner carcass 26, and
IS then referred to as "smooth bore”.

The helical winding of the profiled metal sheet forming the carcass 26 has a short
pitch, 1.e., It has a spiral angle with an absolute value close to 90°, typically between 75°
and 90°.

In this example, the pressure arch 28 is designed to react the forces related to the
pressure prevailing inside the pressure sheath 20. It is for example formed by a profiled
metal wire wound In a spiral around the sheath 20. The profiled wire generally has a
complex geometry, in particular in the shape of a Z, like in the example of figure 2, or in the
shapeofaTl, U, K, Xorl.

The pressure arch 28 I1s wound In a spiral with a short pitch around the pressure
sheath 20, i.e., with a spiral angle with an absolute value close to 90°, typically comprised
between 75 and 90°.

The flexible pipe 10 according to the invention comprises at least one armor layer
24, 25 formed by a helical winding of at least one elongated armor element 29.

Typically, the flexible pipe comprises at least two armor layers, but it can comprise

more than two armor layers, for example four armor layers.
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In the example shown In figure 1, the flexible pipe 10 includes a plurality of inner

armor layers 24, 25, In particular an inner armor layer 24, pressed on the pressure arch 28,
and an outer armor layer 25 around which the outer sheath 30 Is positioned.

Each armor layer 24, 25 includes longitudinal armor elements 29 wound In a helix
with a long pitch around the axis A-A' of the pipe.

"Wound with a long pitch"” means that the absolute value of the spiral angle Is less
than 60°, and typically between 25° and 55°.

The armor elements 29 of a first layer 24 are generally wound by an opposite angle
relative to the armor elements 29 of a second layer 25. Thus, If the winding angle of the
armor elements 29 of the first layer 24 is equal to +a, a being between 25° and 55°, the
winding angle of the armor elements 29 of the second armor layer 25 positioned in contact
with the first armor layer 24 is for example equal to -a.

The armor elements 29 are for example formed by metal wires, In particular steel
wires, or strips of composite material, for example reinforced carbon fiber strips.

As will be seen later, In reference to figure 2, the armor elements 29 each have an
end segment 32 inserted Into the fitting piece 14. The end segment 32 extends to a free
end positioned In the fitting 14. It advantageously has a spiral or pseudo-spiral trajectory
with axis A-A' In the fitting 14.

The outer sheath 30 Is designed to prevent the permeation of fluid from the outside
of the flexible pipe toward the inside. It Is advantageously made from a polymer material, In
particular with a base of a polyolefin, such as polyethylene or polypropylene, a base of a
polyamide, such as PA11 or PA12, or a base of a fluorinated polymer such as polyvinylidene
fluoride (PVDF) or perfluoroalkoxy (PFA).

The thickness of the outer sheath 30 Is for example between 5 mm and 20 mm.

According to one embodiment variant of the flexible pipe of Figure 1, the tensile
armor layers are wound In a helix around its longitudinal axis, in opposite directions,
according to a precise winding angle equal to 55°. The flexible pipe structure I1s then
"balanced" and is thus not highly subject to the variations in length and to torsion effects In
case of strong internal pressure. Such a structure does not comprise a pressure arch. Thus,
the iInner armor layer is no longer pressed on the pressure arch, but is pressed directly In
contact with the pressure sheath.

As lllustrated by figure 2, each fitting 14 includes an end arch 50 and an outer
connecting cover 51 protruding axially rearwards from the arch 50. The cover 51 delimits,

with the end arch 50, a space 52 for receiving the free ends 32 of the armor elements 29.
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The fitting 14 further includes a front sealing assembly 54 around the pressure

sheath 20, and a rear sealing assembly 55 around the outer sheath 30, shown schematically
In figure 2.

In this example, the end arch 50 Is intended to connect the pipe 10 to another
connecting fitting 14 or to terminal equipment, advantageously by means of an end flange
56.

The arch 50 has a central bore intended to receive the end of the first sheath 20 and
to allow the flow of the fluid circulating through the central passage 16 toward the outside
of the pipe 10.

The cover 51 includes a tubular peripheral wall 58 extending around the axis A-A'.
The peripheral wall 58 has a front edge 60 attached on the end arch 50, radially away from
the armor layers 24, 25, and a rear edge 62 extending axially backward past the end arch
50, on which the rear assembly 55 Is attached.

The cover 51 delimits the space 52 radially toward the outside. A rear face of the
end arch 50 axially defines the space 52 in the forward direction.

The volume of the space 52 varies depending on the size of the fitting. For example,
for a pipe with an inner diameter equal to 6", or about 15.2 cm, the volume of the space 52
IS about 30 liters, and for a pipe with an inner diameter equal to 16", or about 40.6 cm, the
volume of the space 52 Is about 60 liters.

The front sealing assembly 54 |s advantageously situated in front of the fitting 14, In
contact with the arch 50, while being axially offset in the forward direction relative to the rear
sealing assembly 55.

In @ known manner, the front assembly 54 includes a front crimping ring, intended
to engage on the pressure sheath 20.

In the example shown In figures 1 and 2, in which the pipe 10 includes a pressure
arch 28, the front assembly 54 further includes an intermediate stop ring for the pressure
arch 28.

The rear sealing assembly 55 is positioned behind the front assembly 54. It includes
at least one rear crimping ring crimping the outer sheath 30.

The front 54 and rear 55 assemblies are attached with conventional attachment
means, such as screws, to the arch 50 and to the cover 51, respectively.

The fitting 14 further includes a solid filler material 64. The filler material 64 for
example includes a thermosetting polymeric resin of the epoxy, polyimide (Pl), polysulfone

(PS), polyether either ketone (PEEK), or polyphenylene sulfide (PPS) type.
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The filler material 64 is arranged In the space 52 around the arch 50 and embeds

the end segments 32 of the armor elements 29. Advantageously, the filler material 64
completely fills the space 52.

As shown In figures 2 and 3, the end segments 32 of the armor elements 29 are
each provided with at least one anchorage element 70, for example two anchorage
elements 70 in the illustrated case. Each anchorage element 70 protrudes transversely from
the end segment 32 of the armor element 29 toward the outside of the pipe 10.

In the case where the end segment 32 Is provided with several anchorage elements
70, the anchorage elements 70 are substantially aligned along the armor element 29, and
separated from one another by a distance, measured relative to the center of each
anchorage element, of between 2 cm and 20 cm, preferably between 2 cm and 10 cm, and
advantageously between 2 cm and 5 cm.

The anchorage element 70 is a metal part, for example cylindrical, having an axis
X-X'. In a variant, the anchorage element 70 has a threaded cylinder shape with axis X-X’,
or an elongated parallelepiped shape along a direction X-X' transverse to the armor element
29.

Advantageously, the axis X-X' of the anchorage element 70 Is substantially
orthogonal to a local axis Y-Y' of the armor element 29 at the attachment of the anchorage
element 70 on the armor element 29.

The anchorage element 70 has a length, measured in a direction transverse to the
axis Y-Y' of the armor element 29, and a width, measured in a dimension parallel to the axis
Y-Y' of the armor element 29.

According to the invention, a ratio between the length and the width of the anchorage
element 70 is greater than 2, advantageously greater than 4.

The anchoring element 70 Is for example made from steel, and has a tensile strength
limit greater than or equal to 400 MPa, advantageously greater than 600 MPa, as measured
according to standards NF EN ISO 6892-1 (November 2016 Edition), NF EN 1SO 898-1
(May 2013 Edition) and NF EN 1SO 3506-1 (January 2010 Edition).

In reference to figure 4, the anchorage element 70 is attached to the armor element
29 by a weld 72 connecting a lower end 74 of the anchorage element 70 to the armor
element 29.

The length of the anchorage element 70 Is greater than a thickness of the armor
element 29, measured along the axis X-X' of the anchorage element 70, advantageously

two times greater.
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The anchorage element(s) 70 are embedded In the filler material 64. A high ratio

ensures better maintenance of the end segment 32 of the armor element 29 in the recelving
space 52, owing to a better interaction with the filler material 64.

As lllustrated In figure 4, the weld 72 has an expanse slightly greater than the width
of the anchorage element 70, but smaller than a width of the armor element 29, measured
IN a direction orthogonal to the axis X-X' of the anchorage element 70 and the axis Y-Y' of
the armor element 29.

The weld 72 has a high mechanical shear strength in a direction parallel to the axis
Y-Y" of the armor element 29. Thus, each anchorage element 70 has a maximum shear
strength along the axis Y-Y' of the armor element 29 greater than or equal to 15 kN,
advantageously greater than 30 kN, as measured by standards NF EN |SO 6892-1
(November 2016 Edition), NF EN ISO 898-1 (May 2013 Edition) and NF EN ISO 3506-1
(January 2010 Edition).

The method for attaching the anchorage element 70 on the armor element 29 will
now be described In reference to figures 5 to 7.

This method I1s implemented using an attachment device 80, shown schematically
INn figures 5 to 7, suitable for attaching the anchorage element 70.

The device 80 is for example a welding gun, comprising control electronics suitable
for iImplementing the attachment method of the "melting-forging"” type.

The device 80 comprises a tube 81 defining a cavity 82 in which the anchorage
element 70 I1s loaded. The cavity 82 assumes the form of an elongate cylinder, emerging at
one end of the tube 81 through an opening 84.

The device 80 comprises, In the cavity 82, a guide 85 suitable for guiding the
anchorage element 70 in the cavity 82, and a clamp 86 keeping the anchorage element 70
IN the cavity 82.

The device 80 also comprises a handle 87, located on the opposite side of the tube
31 relative to the opening 84, suitable for the handling of the device 80, as well as a trigger
388 situated close to the handle 87, capable of triggering the attachment method of the
anchorage element 70.

The device 80 comprises at least one neutral gas diffusing nozzle 90 emerging In
the cavity 82, connected to a neutral gas supply hose 92. In order for the gas to be able to
flow In the cavity 82, the guide 85 has perforations 93, and the tube 81 also has radial
perforations 94 at the opening 84.

The device 80 further comprises a striker 95, capable of applying a forging force on

the anchorage element 70, as well as an electric current generator (not shown), capable of
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generating at least one electric current through the anchorage element 70 and the armor

element 29 when they are Iin contact with one another.

When the anchorage element 70 I1s at a distance from the armor element 29, the
electric current generator I1s capable of forming an electric melting arc between the
anchorage element 70 and the armor element 29.

The device 80 i1s handled by an operator, who holds it by the handle 87.

As shown In figure 5, an anchorage element 70 is supplied, placed in the cavity 82
of the device 80. The anchorage element 70 Is arranged with the lower end 74 oriented
toward the opening 84, and is held in the clamp 86 by its free end.

The anchorage element 70 Is for example placed manually in the cavity 82 by the
operator.

In a variant, the device 80 Includes a loading system capable of placing the
anchorage element 70, and replacing it at the end of the attachment method. This makes it
possible to iImplement a series of anchorage element 70 attachments, with a duration
separating each attachment of less than or equal to 5 seconds.

Preferably, the lower end 74 of the anchorage element 70 is flat. Advantageously,
however, the lower end 74 has a protuberance 95A protruding toward the armor element
29. This faclilitates the welding of the anchorage element 70 on the armor element 29.

During a first step for placement of the device 80, the tube 81 Is placed in contact
with an end segment 32 of an armor element 29. The opening 84 of the cavity 82 extends
facing the armor element 29 and defines, on the armor element 29, an attachment region
96 of the anchorage element 70.

The anchorage element 70 Is initially positioned in contact with the armor element
29.

Preferably, the device 80 is oriented such that the axis of the tube 81 Is substantially
orthogonal to the local axis of the armor element 29.

During a diffusion step, the operator activates the trigger 88, and neutral gas is
diffused by the nozzles 90. The neutral gas flows into the cavity 82, through the perforations
93, up to the opening 84. The neutral gas flows In particular around the anchorage element
/0 and the attachment region 96, then along the radial perforations 94 to the outside.

After a diffusion duration from about 0.5 seconds to 2 seconds, the neutral gas has
at least partially driven out the air around the anchorage element 70 and the attachment
region 96.

The diffusion of neutral gas by the nozzles 90 Is maintained during the following

steps, and reduces the porosity in the weld 72, which improves its mechanical strength.
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A melting step, illustrated by figure 6, Is triggered once the diffusion duration has

elapsed. The duration of the diffusion step Is advantageously programmed in the control
electronics of the device 80, and the latter automatically triggers the following step once the
duration has elapsed. This duration is for example less than 1 second.

During the melting step, an electric current i1s generated by the electric current
generator through the anchorage element 70 and the armor element 29.

The anchorage element 70 is next gradually moved away from the armor element
29, which leads to the generation of an electric melting arc in the volume of gas present
between the anchorage element 70 and the armor element 29 by the electric current
generator. The electric melting arc forms in the cavity 82, in the neutral gas stream.

Advantageously, the electric melting arc initially forms between the flat face of the
lower end 74 of the anchorage element 70 or, when it is present, between the protuberance
95A and the armor element 29, owing to the reduced distance that separates them.

Under the effect of the heat given off by the electric melting arc, the lower end 74 of
the anchorage element 70 and part of the attachment region 96 partially melt, forming a
molten pool 98 on the armor element 29. The molten pool 98 contains molten metal and
has a width measured transversely to the axis X-X' greater than the width of the anchorage
element 70 measured transversely to the axis X-X".

A forging step, shown In figure 7, 1s then triggered by the control electronics of the
device 80, during which the striker 95 exerts a force on the anchorage element 70 along
the axis X-X' to forge the lower end 74 against the armor element 29. The lower end 74 Is
submerged In the molten pool 98, fusing the lower end 74 of the anchorage element 70 and
the attachment region 96.

The method lastly comprises a heat treatment step during which the temperature In
the cavity 82 decreases, which causes a solidification of the molten metal and the formation
of the weld 72.

Advantageously, the decrease In the temperature In the cavity 82 is controlled In
order to ensure a good mechanical strength of the weld 72.

Preferably, a preheating heat treatment of the anchorage element 70 is done before
the diffusion step In order to avoid cold cracking problems at the weld. Furthermore, a post-
heating heat treatment of the anchorage element 70 is also done after allowing it to cool In
order to solidify the weld. This post-heating heat treatment consists of an annealing step of
the anchorage element 70. The anchorage element 70 is thus heated so as to increase Its
temperature to homogenize its microstructure and eliminate the residual stresses that may

remain after the implementation of the welding method.
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The described method for attaching at least one anchorage element 70 is particularly

advantageous, since it requires a much shorter implementation time than that of the existing
methods. Furthermore, it iIs done with a simpler and partially automated device 80, therefore
requiring less significant technical skills from the operator.

According to a first variant that is not shown, the method for attaching the anchorage
element 70 follows a shorter process time not comprising diffusion of a neutral gas.

In this case, the anchorage element 70 has a collar extending transversely to the
axis X-X" around the lower end 74, In order to increase the transverse expanse of the weld
/2. This partially offsets the lower mechanical strength of the weld 72 due to the formation
of a porosity caused by the absence of the neutral gas around the molten pool 98 during
the melting step.

The melting step comprises a preliminary step for forming a priming arc before the
formation of the electric melting arc.

The priming arc has an intensity lower than an intensity of the electric melting arc
and primes the melting of the material of the lower end 74 and the attachment region 96,
which makes it possible to accelerate the process.

According to a second variant that is not shown, the diffusion of neutral gas is
replaced by the placement of a ring made from a refractory material around the anchorage
element /0. The ring widens, protruding around the lower end 74.

The ring bears on the armor element 29 during the step for placement of the device
80, defining a closed space for protection of the molten pool 98 during the melting step. The
ring contains and isolates the molten pool 98 from the surrounding air, reducing porosity
formation in the weld 72.

The ring I1s partially burned during the melting step and is easily removed from the
anchorage element 70 once the heat treatment step is completed.

The method for assembling the fitting 14 according to the invention Is done as
follows.

Initially, the different layers of the pipe 10 are cut to the correct length to expose, on
the pressure arch 28, a free end segment 32 of each armor element 29 of the armor layers
24, 25. This being done, the end segments 32 of the armor elements 29 of the armor layers
24, 25 are folded rearwards. The end arch 50 and the front sealing assembly 54 are next
put Into place. Then, each end segment 32 of the inner armor layer 24 is unfolded in the
forward direction.

At least one anchorage element 70 Is attached on each end segment 32, according
to the attachment method described above. Advantageously, at least two anchorage

elements 70 are attached on each end segment 32.
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The end segments 32 are spaced apart from one another by a distance on the order

of several millimeters.

Next, at least one anchorage element 70 Is attached on each end segment 32 of the
elements 29 of the outer armor layer 25 according to the same attachment method as that
used for the inner armor layer 24.

Then, each end segment 32 of the outer armor layer 25 is unfolded in the forward
direction.

Alternatively, the attachment of the at least one anchorage element 70 on the end
segments 32 of the armor elements 29 of the armor layers 24, 25 can be done before they
are unfolded in the forward direction.

The cover 51 Is next placed and attached to the arch 50, thus forming the receiving
space 52 around the end segments 32.

The rear sealing assembly 55 I1s next placed and attached to the cover 51.

According to a first variant, the end segments 32 of the armor elements 29 of the
outer armor layer 25 are folded in the rear direction in order to allow access to the elements
29 of the inner armor layer 24. At least one anchorage element 70 Is attached on each end
segment 32 of the inner armor layer 24, according to the attachment method described
above. Advantageously, at least two anchorage elements 70 are attached on each end
segment 32.

Next, at least one anchorage element 70 Is attached on each end segment 32 of the
elements 29 of the outer armor layer 25 according to the same attachment method as that
used for the inner armor layer 24. Then, each end segment 32 of the outer armor layer 25
IS unfolded In the forward direction.

Alternatively, the attachment of the at least one anchorage element 70 on the end
segments 32 of the armor elements 29 of the outer armor layer 25 Is done after they are
unfolded in the forward direction.

Preferably, according to a second embodiment variant of the fitting method of the
fitting 14 according to the invention, the end segments 32 of the armor layers 24, 25 are
arranged during the manufacture of the end fitting 10 to have their configuration as close
as possible to their natural configuration, in which they are the least stressed.

This configuration Is obtained by allowing the end segments 32 of each layer 24, 25
to relax freely, which allows them to adopt a divergent configuration, with a bell shape. The
end segments 32 thus configured do not need to be folded rearwards, since they are

unfolded forwards to allow the placement of the end arch 50 and the front sealing assembly
54
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Thus, once the access to the free end segments 32 of each armor element 29 of the

armor layers 24, 25 1s authorized after the cutting of the outer layers, at least one end 70 Is
attached on each end segment 32 of the armor layers 24, 25 using the same attachment
method as that described hereinabove. Advantageously, at least two anchorage elements
/0 are attached on each end segment 32.

The cover 51 Is next placed and attached to the arch 50, thus forming the receiving
space 52 around the end segments 32.

The rear sealing assembly 55 I1s next placed and attached to the cover 51.

Advantageously, according to a third variant (not shown), the outer sheath 30 Is
machined to show the outer armor layer 25. A rear cannula, element belonging to the rear
sealing assembly 55, Is then inserted between the armor layer 25 and the outer sheath 30.
One then arranges a first attachment collar of the “band-it” type around the outer armor
layer 25, near the rear cannula, leaving a sufficient length between the first attachment
collar and the rear cannula to allow the attachment of at least one anchorage element 70.

At least one anchorage element 70 Is then attached on each end segment 32 of the
elements 29 of the outer armor layer 25, between the first attachment collar and the rear
cannula, according to the same attachment method as that described hereinabove.
Advantageously, at least two anchorage elements 70 are attached on each end segment
32 of the armor elements 29. Lastly, one cuts all of the excess lengths of the end segments
32 of each armor element 29 forming the outer armor layer 25, located In front of the
attachment collar.

Eliminating the excess lengths of the armor elements 29 of the layer 25 makes it
possible to access the inner armor layer 24. By proceeding in the same way as before, one
arranges a second attachment collar around the inner armor layer 24 while leaving a
sufficient length between the second attachment collar of the outer armor layer 25, to allow
the attachment of at least one anchorage element 70.

At least one anchorage element Is then attached on each end segment 32 of the
elements 29 of the inner armor layer 24, between the second attachment collar and the
armor layer 25, according to the same attachment method as before. Advantageously, at
least two anchorage elements 70 are attached on each end segment 32 of the armor layer
24.

The cover 51 Is next placed and attached to the arch 50, thus forming the receiving
space 52 around the end segments 32.

The rest of the elements forming the rear sealing assembly 55 are next placed and

attached to the cover 51.
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This last method for fitting an end-fitting has the advantage of shortening the

necessary total length of the end-fitting as well as reducing the total cost of a flexible pipe
INcluding such an end-fitting. Indeed, the length of the end segments 32 being reduced, it
IS NO longer necessary to provide for supplying an end arch 50 having an area with a
frustoconical section.

The filler material 64 is then inserted into the space 52, advantageously in fluid form.

The material 64 fills the space 52 and solidifies between the arch 50 and the cover
51 around end segments 32 of the armor elements 29 and around anchorage elements 70.
The material 64 solidifies at ambient temperature, corresponding to the temperature inside
the end-fitting, and under atmospheric pressure. In cases where the outside temperature is
below 15°C, heating means are used to control the solidification of the material 64, for
example a heated blanket.

The solidification time Is on the order of several hours, more particularly from 3 hours
to 6 hours.

The end segments 32 are then embedded In the filler material 64.

During operation, when the end-fitting 14 is connected to another end-fitting or to a
surface assembly, the axial tension transmitted by the armor layers 24, 25 resulting from
the weight of the pipe 10 is reacted by the segments 32 embedded in the filler material 82,

and more particularly by the anchorage elements /0.



5

10

15

20

25

30

DK/EP 3610185 T3

PATENTKRAV

1. Fremgangsmade til fastgerelse af mindst et tveergaende forankringselement
(70) til et armeringselement (29), der er bestemt til at blive modtaget | en ende-
fitting (14) pa et fleksibelt rar (10), kendetegnet ved, at fremgangsmaden om-

fatter de falgende trin:

- tilvejebringelse af en fastgerelsesindretning (80), der har en kavitet
(82), som modtager et forankringselement (70);

- anbringelse af en abning (84) i kaviteten (82) over for armeringsele-
mentet (29);

- smeltning af en ende (74) af forankringselementet (70), og som ligger
over for armeringselementet (29), samt af et omrade af armeringsele-
mentet (29), og som vender mod forankringselementet (70), inden | ka-
viteten (82) | fastgerelsesindretningen (80);

- smedning af forankringselementet (70) pa tvaers af armeringselemen-
tet (29) ved anvendelse af fastgerelsesindretningen (80); og

- dannelse af en svejsning (72), der forbinder forankringselementet (70)

0g armeringselementet (29).

2. Fremgangsmade ifelge krav 1, omfattende et trin til varmebehandling af for-
ankringselementet (70) og armeringselementet (29) efter trinnet med smedning,
hvorved svejsningen (72), der forbinder forankringselementet (/0) og arme-

ringselementet (29), dannes under trinnet med varmebehandling.

3. Fremgangsmade ifalge et hvilket som helst af kravene 1 og 2, hvorved svejs-
ningen (72) har en tveergaende udstraekning, som er mindre end en bredde af

armeringselementet (29).

4. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
trinnet med smeltning omfatter dannelse af en elektrisk smelte-lysbue mellem

forankringselementet (70) og armeringselementet (29).
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5. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, omfatten-
de et trin med fordeling af en neutral gas rundt om mindst en af enden (72) af
forankringselementet (70) eller omradet med armeringselementet (29), hvorved

fordelingstrinnet realiseres under trinnene med smeltning og smedning.

6. Fremgangsmade ifalge et hvilket som helst af kravene 4 og 5, kendetegnet
ved, at trinnet med smeltning omfatter dannelse af en teendbue fer dannelsen
af den elektriske smelte-lysbue, hvilken teendbue har en intensitet, som er lave-

re end en intensitet for den elektriske smelte-lysbue.

/. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved
en varmefast ring positioneres rundt om enden (74) af forankringselementet
(70), og som vender mod armeringselementet (29) | labet af trinnet med anbrin-

gelsen.

8. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvorved et
forhold mellem en leengde af forankringselementet (70), malt langs en retning
pa tveers af armeringselementet (29), og en leengde af forankringselementet
(70), malt langs en retning parallelt med armeringselementet (29), er starre end

2. med fordel starre end 4.

9. Fremgangsmade ifelge krav 8, hvorved leengden af forankringselementet
(70), er starre end en tykkelse af armeringselementet (29), malt langs samme
retning som laeengden af forankringselementet (70), med fordel to gange starre

end tykkelsen af armeringselementet (29).

10. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvorved
forankringselementet (70) | det veesentlige er cylindrisk og har en akse (X-X'),

der i det veesentlige er vinkelret pa en lokal akse (Y-Y’) for armeringselementet
(29).

11. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, omfat-

tende en serie af fastgerelsestrin af forankringselementer (70), som streekker



10

15

20

25

30

DK/EP 3610185 T3

3

sig pa tveers, hvorved hvert fastgarelsestrin omfatter trinnene levering, anbrin-
gelse, smeltning og smedning, hvorved en varighed, som adskiller hvert fastge-
relsestrin, er mindre end eller lig med 1 minut, fortrinsvis mindre end 30 sekun-

der.

12. Fremgangsmade ifelge krav 11, hvorved forankringselementerne (70) fast-
geres adskilt fra hinanden med en indbyrdes afstand langs armeringselementet
(29), og som er mellem 2 cm og 20 cm, fortrinsvis mellem 2 cm og 10 cm, og

navnlig mellem 2 cm og 5 cm.

13. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvorved
forankringselementet (70) er fremstillet af et stal med en mekanisk treekstyrke,

som er h@jere end eller lig med 400 MPa.

14. Fremgangsmade til montering af en endefitting (14) pa en fleksibel ledning,

0g som omfatter de falgende trin:

- tilvejebringelse af en fleksibel ledning (10), omfattende:

- mindst en rerformet kappe (20), der afgreenser en cirkulati-
onspassage (16); og

- mindst et traek-armeringslag (24, 25), som er positioneret
yderst | forhold til den rerformede kappe (20), hvorved arme-
ringslagene (24, 25) omfatter en flerned af filiforme armerings-

elementer (29);

- frigivelse af et endeafsnit (32) af hvert armeringselement (29);
- anbringelse af en endebue (50) pa en ende af ledningen (10);
- fastgerelse af mindst et forankringselement (70) pa hvert armeringse-
lement (29) ved anvendelse af en fremgangsmade ifalge et hvilket som

helst af kravene 1 til 13;
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- anbringelse og fastgerelse af en kappe (51) pa endebuen (50), hvor-
ved der dannes et rum (52) til modtagelse af armeringselementernes
(29) endeafsnit (32);

- Indsaetning af et fyldmateriale (64) | rummet (52), og som Indlejrer for-
ankringselementerne (/70); og

- sterkning af fyldmaterialet (64) rundt om endeafsnittene (32) og foran-

kringselementerne (70).

15. Fleksibel ledning (10), omfattende:

- mindst en rerformet kappe (20), som afgreenser en cirkulationspassa-
ge (16);

- mindst et treekarmeringslag (24, 25), som er positioneret udadtil 1 for-
hold til den rerformede kappe (20), hvorved armeringslagene (24, 25)
omfatter en flerned af filiforme armeringselementer (29), og

- mindst en ende-fitting (14), som er anbragt pa en ende af ledningen
(10),

hvorved ende-fittingen (14) omfatter en endebue (50) samt en kappe (51), der
mellem hinanden definerer et rum (52) til modtagelse af endeafsnit (32) af ar-
meringselementerne (29), hvorved rummet (52) er fyldt med et fyldmateriale
(64),

hvorved hvert endeafsnit (32) mindst omfatter et forankringselement (70), som
rager frem pa tveers, hvorved forankringselementet (70) er indlejret | fyldmate-
rialet (64),

kendetegnet ved, at forankringselementet (70) er blevet fastgjort til endeafsnit-

tet (32) ved en fremgangsmade ifalge et hvilket som helst af kravene 1 til 13.
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