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The present invention relates to a flexible pipe for transporting fluid according to

the preamble of claim 1.

WO03/004921 discloses a flexible pipe of the above-mentioned type. The pipe is in
particular a flexible pipe of a type that is not bonded ("unbonded") intended for use In the
transportation of hydrocarbons across a body of water, such as an ocean, a sea, a lake or
a river.

Such a flexible pipe is for example fabricated in accordance with the documents
relating to the standards API 17J (Specification for Unbonded Flexible Pipe) and APl RP
17B (Recommended Practice for Flexible Pipe) established by the American Petroleum
Institute.

The pipe I1s generally formed of a plurality of layers that are concentric and
superposed. It Is considered "unbonded" within the scope and purpose of the present
Invention since at least one of the layers of the pipe Is capable of moving longitudinally In
relation to the adjacent layers during the bending or flexion of the pipe. In particular, an
unbonded pipe I1s a pipe that Is free of any bonding materials that connect the layers
forming the pipe.

The pipe I1s generally disposed across a body of water, between a bottom
assembly, designed for collecting the fluid used at the bottom of the body of water and a
floating surface assembly designed for collecting and distributing the fluid. The surface
assembly may be a semi-submersible platform, an FPSO (Floating Production Storage
and Offloading unit) or another floating unit.

In certain cases, for enabling the operational use of the fluids In deep waters, the
flexible pipe has a length greater than 800 m. The ends of the pipe have end-pieces to be
used for the connection to the bottom assembly and the surface assembly.

These pipe lines are subjected to very high axial tensile forces, In particular when
the body of water in which the pipe is disposed Is extremely deep.

In this case, the upper end-piece that connects the pipe to the surface assembly
must absorb a very high degree of axial tension, which can reach several hundreds of
tonnes. These forces are transmitted to the end-piece by means of the tensile armour
layers extending along the pipe.

The axial tension not only has a high mean value, but also presents continuous
and ongoing variations as a function of the vertical movements of the surface assembly of
the pipe, under the effect of the agitation of the body of water brought about by the swell

or by the waves.
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The variations In axial tension may reach several tens of tonnes and be repeated

on a continual basis during the service life of the pipe. Over a period of 20 years, the
number of cycles thus may well go up to more than 20 million.

It Is therefore necessary to ensure that the attachment between the layers of
tensile armour and the body of the end-piece is particularly robust.

The patent document WO 200/7/144553 describes an end-piece of the
aforementioned type, wherein the reinforcing armour wires diverge in a helical manner
away from the axis of the pipe, and then converge together in a helical manner towards
the axis of the pipe In the chamber delimited by the end vault and the cover of the end-
piece. This results in a "capstan” like effect, which locks the armour wires into position In
the end-piece.

However, such an end-piece iIs not entirely satisfactory. In order to assemble the
end-piece, It Is necessary to move the armour wires away from the axis of the pipe, and
then to bring them close together towards the axis of the pipe, which results Iin a
hardening of each armour wire at the point of separation. This hardening is quite likely to
lead to a localised weakening of the bond, which may prove to be detrimental over the
course of time, In particular when the end-piece is subjected to repetitive variations in
axial tension.

In order to alleviate this drawback, the document WO 2007/144553 proposes to
arrange a collar around the reinforcing armouring without unduly tightening it so as to limit
the radial deformation of each armour wire during the assembly.

Such a solution is however not sufficient in some cases, in particular when the pipe
gets subjected to a number of cycles of axial tension variations.

An object of the invention is therefore to obtain an end-piece that ensures effective
absorption of axial tension, not only for high mean values of axial tension, but also when
numerous cycles of axial tension variation are applied to the pipe.

To this end, the object of the invention relates to a flexible pipe according to claim

The pipe according to the invention may comprise one or more of the features of
claims 2 to 11.

The description also relates to a connection end-piece of a flexible pipe for
transporting fluid, the flexible pipe comprising at least one pressure sheath and at least
one layer of tensile armour disposed externally relative to the pressure sheath, the end-
piece comprising:

- an end vault extending along a central axis;
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- an exterior cover fastened on to the end vault and delimiting with the end vault, a

reception chamber for receiving an end section of the reinforcing armour elements;

- at least one annular member applied externally on to the reinforcing armour
elements of a reinforcing armour layer, the annular member being accommodated at least
partially in the reception chamber between the reinforcing armour elements and the
exterior cover:

characterised In that the annular member applies on to the reinforcing armour
elements a radial clamping pressure for clamping towards the central axis;

and In that at least one free portion of an end section of an armour element
protrudes out axially towards the end vault beyond the annular member into the reception
chamber, the free portion being embedded In a filler material disposed In the reception
chamber.

In this case, the annular member does not necessarily apply on the reinforcing
armour elements a radial clamping pressure towards the central axis greater than 100
bars, this radial clamping pressure may possibly be less than or equal to 100 bars, for
example comprised between 50 bars and 100 bars.

Preferably, the annular member of this end-piece then partially absorbs the axial
tension transmitted by the layer or layers of reinforcing armouring. It absorbs, for example
between 15% and 50% of the axial tension transmitted by the layer or layers of reinforcing
armouring.

The end-piece according to the invention may further comprise one or more of the
characteristic features outlined above, taken Into consideration In isolation or In
accordance with any technically possible combination.

The object of the invention also relates to a mounting method according to claim
12.

The method according to the invention may include one or more of the features of
claims 13 and 14.

The Iinvention will be better understood upon reading the description which will
follow, given solely by way of example, and with reference being made to the
accompanying drawings, in which:

- Figure 1 Is a partially stripped down view In perspective of a section of a flexible
pipe on which I1s mounted an end-piece according to the invention;

- Figure 2 1s a simplified schematic view, taken In cross section along a median
axial plane, of the relevant portions of a first end of a flexible pipe according to the

Invention:
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- Figure 3 I1s a view of a detall of a front crimping variant of the pressure sheath of

the first end-piece according to the invention;

- Figure 4 i1s a view similar to that in Figure 2 of a second end-piece according to
the Invention;

- Figure 5 Is a view similar to that in Figure 2 of a third end-piece according to the
Invention;

- Figure 6 is a view similar to that in Figure 2 of a fourth end-piece according to the
Invention;

- Figure 7 1s a view similar to that in Figure 2 of a fifth end-piece according to the
Invention;

- Figure 8 Is a view similar to that in Figure 2 of a sixth end-piece according to the
Invention;

- Figure 9 Is a front view of an annular clamping member for clamping the armour
wires In the sixth end-piece according to the invention;

- Figure 10 1s a view similar to that in Figure 2 of a seventh end-piece according to
the iInvention;

- Figure 11 Is a view similar to that in Figure 2 of an eighth end-piece according to
the Invention;

- Figure 12 1s a side view of an example of an annular clamping member for an
end-piece according to the invention;

- Figure 13 Is a view of a detall from Figure 12;

- Figure 14 Is a view similar to that in Figure 13 of another example of an annular
clamping member;

- Figure 15 Is a view of a detail of a variant of an armour element for an end-piece
according to the invention;

- Figure 16 1s a view similar to that in Figure 10 of another variant of an armour
element for an end-piece according to the invention.

In the following sections, the terms "exterior” and "interior" are to be understood
generally in a radial manner relative to an axis A-A’ of the pipe, the term "exterior" is to be
understood as being relatively further away radially from the axis A-A’ and the term
"Interior” 1s to be understood as being relatively closer radially to the axis A-A’ of the pipe.

The terms "front" and "rear” are to be understood In a radial manner relative to an
axis A-A’ of the pipe, the term "front" Is to be understood as being relatively further away
from the middle of the pipe and closer to one of the ends thereof, the term "rear" is to be

understood as being relatively closer to the middle of the pipe and further away from one
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of the ends thereof. The middle of the pipe Is the point of the pipe located equidistant from

the two ends thereof.

A first flexible pipe 10 according to the invention is partially illustrated in Figure 1
and Figure 2.

The flexible pipe 10 comprises a central section 12 illustrated in part in Figure 1. It
comprises, at each of the axial ends of the central section 12, an end-piece 14 (not visible
IN Figure 1), the relevant parts of which are represented in Figure 2.

With reference to Figure 1, the pipe 10 delimits a central passage 16 for circulation
of a fluid, advantageously a petroleum fluid. The central passage 16 extends along an
axis A-A’, between the upstream end and the downstream end of the pipe 10. It opens out
through the end-pieces 14.

The flexible hose 10 Is intended to be disposed across a body of water (not shown)
and In an installation for prospecting and exploitation of fluids, in particular hydrocarbons.

The body of water I1s, for example, a sea, a lake or an ocean. The depth of the
body of water to the right of the fluid prospecting and exploitation installation is for
example between 500 m and 3,000 m.

The fluid prospecting and exploitation installation includes a surface assembly In
particular a floating assembly and a bottom assembly (not represented) which are
generally connected to each other by the flexible pipe 10.

The flexible pipe 10 Is preferably a pipe that is "not bonded"” (referred to by the
term "unbonded"” as per the accepted English terminology).

At least two adjacent layers of the flexible pipe 10 are free to move longitudinally In
relation to each other upon the bending or flexion of the pipe. Advantageously, all of the
layers of the flexible pipe are free to move relative to the other. Such a pipe is described
for example In the documents relating to the standards APl 17J and APl RP1/B,
published by the American Petroleum Institute (API).

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

According to the invention, the pipe 10 comprises at least one first sheath 20 made
of polymer based material that advantageously constitutes a pressure sheath.

The pipe 10 further comprises at least one tensile armour layer 24, 25 disposed
externally relative to the first sheath 20.

Advantageously, and according to the desired use, the pipe 10 In addition
comprises an internal carcass 26 disposed on the interior of the pressure sheath 20, a

pressure vault 28 Interposed between the pressure sheath 20 and the layer or layers of
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tensile armour 24, 25 and an exterior sheath 30, designed to ensure the protection of the

pipe 10.

In @ known manner, the pressure sheath 20 is designed to be used for confining In
a sealed manner the transported fluid in the passage 16. It is formed of polymer material,
for example based on a polyolefin such as polyethylene, based on a polyamide such as
PA11 or PA12, or based on a fluorinated polymer such as polyvinylidene fluoride (PVDF).

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

The carcass 26, when it Is present, I1s formed for example of a profiled metal strip
that 1Is wound In a spiral. The spiral windings of the strip are advantageously interlocked
INnto each other, which allows for absorbing the radial crushing forces.

In this example, the carcass 26 i1s disposed within the interior of the pressure
sheath 20. The pipe Is then referred to as "rough bore” as per the accepted English
terminology on account of the geometry of the carcass 26.

By way of a variant (not shown), the flexible pipe 10 is free of any internal carcass
20, It 1s then referred to as "smooth bore" as per the accepted English terminology.

The helical winding of the profiled metal sheet forming the carcass 26 i1s short
pitched that Is to say that it has a helix angle having an absolute value close to 90°,
typically comprised between 75° and 90°.

In this example, the pressure vault 28 is designed to absorb the forces related to
the pressure prevailing within the interior of the pressure sheath 20. It i1s for example
formed of a metal profiled wire wound helically around the sheath 20. The profiled wire
generally has a complex geometry, in particular having a form shaped likea Z, T, U, K, X
orl.

The pressure vault 28 Is helically wound with a short pitch around the pressure
sheath 20, that i1s to say, with a helix angle having an of absolute value close to 90°,
typically comprised between 75° and 90°.

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

In the example shown In Figure 1, the flexible pipe 10 Includes a plurality of
reinforcing armour layers 24, 25, in particular an interior armour layer 24, applied on to the
pressure vault 28 (or on the sheath 20 when the vault 28 Is absent) and an exterior
reinforcing armour layer 25 around which Is disposed the exterior sheath 30.

Each armour layer 24, 25, includes longitudinal reinforcing armour elements 29

wound with a long pitch around the axis A-A’ of the pipe.
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The term "wound with a long pitch", is used to indicate that the absolute value of

the helix angle is less than 60°, and Is typically comprised between 25° and 55°.

The reinforcing armour elements 29 of a first armour layer 24 are generally wound
at an angle In the opposite direction relative to the armour elements 29 of a second
armour layer 25. Thus, If the winding angle of the reinforcing armour elements 29 of the
first layer 24 1s equal to + a, a being comprised between 25° and 55°, the winding angle of
the reinforcing armour elements 29 of the second armour layer 25 disposed in contact
with the first armour layer 24 is for example - a, with a comprised between 25° and 55°.

The reinforcing armour elements 29 are for example formed by metal wires, or
strips.

As will be discussed below, the reinforcing armour elements 29 each have an end
section 32 inserted into the end-piece 14. The end section 32 extends up to a free end 34
disposed within the end-piece 14. It advantageously presents a helical or pseudo-helical
trajectory path with axis A-A’ in the end-piece 14.

In this example, each layer of reinforcing armour 25, 26 is provided with at least
one anti - wear strip 36 on which the layer 25, 26 is supported. The anti - wear strip 36 Is
for example made of plastic.

In the example shown In Figure 2, the anti - wear strip 36 extends up to the free
end 34 of each armour element 29. By way of a variant, as will be discussed farther
below, the end section 32 of each armour element 29 is stripped so as to be free of any
anti - wear strip.

The exterior sheath 30 Is intended to prevent the permeation of fluid from the
exterior of the flexible pipe to the interior. It Is advantageously made of polymer material,
IN particular based on a polyolefin, such as polyethylene, based on a polyamide, such as
the PA11 or PA12, or based on a fluorinated polymer such as polyvinylidene fluoride
(PVDF).

The thickness of the exterior sheath 30 Is for example comprised between 5 mm
and 15 mm.

As Illlustrated in Figure 2, each end-piece 14 has an end vault 50 and an exterior
connecting cover 51 protruding out axially towards the rear from the end vault 50. The
cover 51 delimits, with the end vault 50, a reception chamber 52 for receiving the free
ends 34 of the armour elements 29.

The end-piece 14 further also comprises a front sealing assembly 54 around the
pressure sheath 20, and a rear sealing assembly 56 around the exterior sheath 30.

The end-piece 14 in addition comprises a fastening assembly 58 for fastening of

the armour layers 24, 25 in the chamber 52.
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In this example, the end vault 50 i1s intended for connecting the pipe 10 to another

connection end-piece 14 or to the terminal equipment units, advantageously by means of
an end flange (not shown).

The end vault 50 has a central bore 62 designed for receiving the end of the first
sheath 20 and for permitting the flow of fluid flowing through the central passage 16 to the
exterior of the pipe 10.

In the example shown In Figure 2, the end vault 50 internally defines a rear surface
64 delimiting a converging support surface 66 for supporting a crimping ring and an
Insertion housing 68 for inserting a rear stop ring.

The cover 51 comprises a tubular peripheral wall 70 extending around the axis A-
A'. The peripheral wall 70 has a front edge 72 secured on to the end vault 50, diverging or
moving away radially from the armour layers 24, 25 and a rear edge 74 extending axially
towards the rear beyond the end vault 50.

The cover 51 delimits the chamber 52 radially towards the exterior. The rear
surface 64 of the end vault 50 axially delimits the chamber 52 towards the front.

The front sealing assembly 54 is advantageously situated at the front of the end-
piece 14, In contact with the end vault 50, while being offset axially towards the front
relative to the fastening assembly 58, and relative to the downstream sealing assembly
56.

It comprises a front crimping ring 76, designed to come Iinto engagement on the
pressure sheath 20, and a front clamping flange 78 for clamping the front crimping ring 76.

In the example shown In Figure 2, in which the pipe 10 includes a pressure vault
28, the front assembly 54 In addition comprises an intermediate stop ring 80 for the
pressure vault 28, interposed between the crimping ring 76 and the clamping flange 80.

The crimping ring 76 Is thus wedged on the converging or tapered surface 66 and
IS compressed by the clamping flange /8 for crimping the sheath 20.

In the variant represented in Figure 3, the front crimping ring 76 Is arranged In
direct support on to the front clamping flange 81 without any intermediate piece between
the two.

The rear sealing assembly 56 Is disposed at the rear of the fastening assembly 58.
It Includes a rear crimping ring 82, a rear clamping flange 84, and advantageously, an
Intermediate support cannula 86 Interposed between the exterior sheath 30 and the
reinforcing armour layers 24, 25.

The rear crimping ring 82 Is interposed between a rear surface of the cover 51 and

the exterior sheath 30.
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The rear clamping flange 84 is fastened on to the rear edge 74 of the cover 51. It

pushes forward the rear crimping ring 82 towards the front in order to compress and crimp
the exterior sheath 30.

The exterior sheath 30 Is supported on the intermediate cannula 86. It Is wedged
axially to the rear of the fastening assembly 58.

According to the invention, the fastening assembly 58 comprises at least one
annular clamping member 90 for clamping the armour layers 24, 25 applying a radial
pressure P that Is greater than 100 bars on the armour layers 24, 25. It preferably
comprises at least one Intermediate friction layer 92 disposed between the annular
member 90 and the exterior layer of reinforcing armour 25, and/or between the annular
member 90 and the cover 51 and/or between layers of reinforcing armour 24, 25.

According to the Iinvention, the annular clamping member 90 applies on to the
armour layers 24, 25, a radial pressure P directed towards the axis A-A" that I1s greater
than 100 bars, In particular greater than 150 bars, for example between 180 bars and 250
bars.

This radial pressure I1s applied over an active length L which, in this example
corresponds to the length of the annular member 90, taken along the axis A-A'.

With reference to Figures 2, and 12 to 14, the annular clamping member 90
comprises a tubular body 94 with axis A-A" having an interior peripheral bearing surface
96 on the end sections 32 of the reinforcing armour elements 29 of the armour layer 25,
and an exterior peripheral surface 98, intended for making the axial connection with the
cover 51.

In the example represented In Figure 2, the interior peripheral surface 96 Is
cylindrical with axis A-A’. It maintains In place the end sections 32 of the reinforcing
armour elements 29 In a cylindrical casing envelope, In a manner such that these end
sections 32 do not move away from or move inward close to the axis A-A'.

The end sections 32 may thus adopt a helical configuration which does not entall
detachment of the reinforcing armour elements 29 away from the axis A-A'.

In this example, the annular clamping member 90 substantially covers the entire
end section 32 of each armour element 29 up to its free end 34. Each end section 32 Is
thus placed In engagement with the annular member 90 over substantially the entire
length L of the annular member 90.

The retention force FR of the annular member 90 iIs proportional to the clamping
pressure P, taken at the level of the interior surface 96, to the clamping surface S and to
the coefficient of friction fr between the annular member 90 and the armour elements 29

according to the following equation:
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FR=P.S.fr

In the case of a cylindrical interior surface 96:

S=L.1m.D,LandD being respectively the length and the internal diameter of the
annular member 90.

Asaresult: FR=P.L. m.D.fr

Advantageously, In order to provide an adequate retention force, the length L of
the annular member 90 is greater than 200 mm.

The annular clamping member 90 Is distinctly separate and is axially offset relative
to the front sealing assembly 54.

This avoids having to detach the reinforcing armour elements 29 radially away
from the axis A-A'. A minimal radial dimension iIs thus obtained.

The annular clamping member 90 includes a clamping collar 100, applied around
the armour layer 25, the collar 100 being capable of passing from a radially expanded
configuration for installation - mounting to a contracted configuration for the application of
a radial pressure that i1s greater than 100 bars over the end sections 32 of the reinforcing
armour elements 29.

In the example illustrated by Figures 12 and 13, the clamping collar 100 comprises
a plurality of bearing segments 102 that are assembled together therebetween by
connecting elements 104.

Each segment 102 has a form shaped like a longitudinal section of cylinder having
axis A-A’ having an angular span measuring less than 360°, the sum of the angular spans
of the segments 102 being substantially equal to 360°.

In the example represented In Figure 12, the number of segments 102 is equal to
2, with each segment 102 extending over 180°.

By way of a variant, the number of segments 102 Is greater than 2, for example
equal to N, with each segment 102 extending over an angular span equal to 360°/N.

The lateral edges 106 of each segment 102 extend along a generatrix of the
cylinder formed by the annular clamping member 90.

The segments 102 are connected tangentially to one another by their lateral edges
106 by application of a tangential force F generated by the connecting elements 104.

As Illustrated by Figure 13, the connecting elements 104 comprise a plurality of
parallel screw/nut systems 108, which are mounted tangentially through the lateral edges
106 of two adjacent segments 102 by being distributed along the length of each lateral
edge 1006.
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In order for applying a given radial pressure P at the level of the interior surface 96,

IN the event where the thickness E of the collar 20 is significantly less than its internal

diameter D, the pressure P follows the following law:

_2F
DL

where L Is the length of the clamping collar and F iIs the tangential clamping force

P

of the connecting elements 104.

Advantageously, In order to allow for breathing of the connecting elements 104,
and to offset the risk of loosening of the collar 100, which may be linked to the possible
creep of the anti-wear strips 36, long stroke spring washers 110, for example, of the
Belleville type, are interposed between the screw heads and the nuts, as is visible In
Figure 13.

In a variant illustrated by Figure 14, the collar 100 Is formed integrally in one single
piece over Iits entire periphery around the axis A-A’, from a shape memory material.

The shape memory material advantageously presents a transition temperature that
IS lower than 0°C. At ambient temperature, the collar 100 has an interior diameter that is
smaller than the exterior diameter of the external armour layer 25. During the mounting of
the end-piece, the collar 100 is cooled to below the transition temperature, which then
makes It possible to greatly increase its internal diameter without the risk of damaging the
material. This increase In diameter may for example be brought about by means of an
expansion mandrel.

The collar 100 then presents an internal diameter that is substantially greater than
that of the external armour layer 25, and is found to be In the expanded configuration of
installation - mounting as represented in dotted lines in Figure 14. Subsequently, the collar
100 1s threaded In the expanded configuration around the external armour layer 25, with
the temperature of the collar 100 then being required to be maintained below the transition
temperature.

Finally, the temperature of the collar 100 is increased up to a value higher than the
transition temperature, In practice up to the ambient temperature, which results In the
shape memory material being able to regain its original geometry, such that the collar 100
then resumes the retracted clamping configuration, illustrated in solid lines in Figure 14.

In the example illustrated in Figure 2, a rear edge 112 of the annular member 90 Is
wedged axially against a shoulder 114 defined by the cover 51, so as to retransfer to the
cover 51 and to the end vault 50 the axial tension forces received by the annular member
90. In addition, the annular member 90 may be attached to the cover 51 by other means,

for example by means of screws.
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In this example, the cavity 52 Is free of any filler material, the absorption of axial

forces originating from the armour layers 24, 25 being effected exclusively by means of
the annular member 90.

By way of a variant (not shown), a solid filler material, such as a thermosetting
polymeric resin of such types as epoxy or araldite Is disposed In the chamber 52 around
the annular member 90.

Preferably, in order to improve the absorption of forces, the coefficient of friction fr
between the armour layer 25 and the annular member 90 Is greater than 0.1,
advantageously greater than 0.3 and preferably greater than 0.4.

In order to do this, the end sections 32 of the reinforcing armour elements 29 are
advantageously stripped down so as to remove the anti-wear strips 36.

This operation Is for example carried out prior to the installing in place of the
annular member 90, by placing an inductive or heating collar to the right of the rear
cannula 86 over the layer of reinforcing armour 25.

This being done, the reinforcing armour elements 29 are released so as to allow
for the exterior armour layer 25 to flare out. The ends of the two anti-wear strips 36 of this
layer 29 are thus accessible.

The heating collar i1s then activated so as to reach a temperature of about 100°C to
150°C In a rapid fashion in order to limit the diffusion.

The end sections of the anti-wear strips 36 are then torn by taking advantage of
the locally reduced mechanical strength.

This operation Is In addition also repeated for the internal armour layer 24, either
with the heating collar in the same place, or by moving it towards the front in an
iIncremental manner in order to minimise the thermal resistance and therefore the heating
time.

The tear obtained I1s advantageously localised at the rear of the annular member
109. This method averts any mechanical intrusion that is likely to create local defects on
the reinforcing armour elements 29.

Advantageously, the reinforcing armour elements 29 are degreased, in order to
Increase the coefficient of friction of the surface thereof at the level of the end section 32.

Preferably, at least one intermediate friction layer 92 Is arranged between the
annular member 90 and the armour layer 25, and/or between the annular member 90 and
the cover 51 and/or between the layers of reinforcing armour 24, 25.

In certain cases, the Intermediate friction layer 92 increases the coefficient of

friction up to at least 0.35.
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The Intermediate layer 92 may be made of composite material, polymer material or

metallic material.

It I1s for example formed of a strip of a material used to make the friction linings In
brake systems. Such a material is for example marketed by the company Bremskerl in the
form of an asbestos free lining having a coefficient of friction with steel of the order of
0.35.

The presence of at least one intermediate friction layer 92 substantially increases
the retention force provided by the fastening assembly 58 by limiting its length.

By way of example, an annular member 90 having a length equal to 0.3 m and
clamping at 200 bars the reinforcing armour elements 29 having a diameter of 0.3 m with
a coefficient of friction of 0.35 is capable of absorbing a tension of the order of 200 t.

The assembly of the end-piece 14 according to the invention is carried out as
follows.

Initially, the various different layers of the pipe 10 are cut to the appropriate length
IN order to make apparent on the pressure vault 28, a free end section 32 of the armour
layers 24, 25.

In the example shown In Figure 2, the free end sections 32 are received In a
cylindrical casing envelope, and therefore do not undergo any torsion or twisting during
their installation in place.

The downstream sealing assembly 56 1s then installed in place by positioning the
cannula 86 between the exterior sheath 30 and the exterior armour layer 25.

Preferably, a friction layer 92 is disposed around the end sections 32.

Then, the annular member 90 In its expanded configuration is introduced around
the armour layer 25, with the interposing of the friction layer 92.

The end vault 50 and the front sealing assembly 54 are subsequently installed In
place.

The annular member 90 Is then moved to its retracted configuration in order to
apply a radial pressure greater than 100 bars on the end sections 32 of the reinforcing
armour elements 29.

The armour layers 24, 25 are then secured to the annular member 90 by clamping.

Then, the front sealing assembly 54 Is activated by clamping. The cover 51 iIs then
positioned and Is placed In engagement around the annular member 90, before being
fastened on to the vault 50.

The downstream sealing assembly 56 is then activated by clamping on the cover
51.
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In operation, when the end-piece 14 Is mounted on to another end piece, or on a

surface assembly, the axial stress transmitted by the armour layers 24, 25 resulting from
the weight of the pipe 10 1s absorbed radially through the annular member 90, preferably
by means of the friction layer 92.

On account of the high radial clamping pressure, the forces absorbed are
significant and may be transmitted to the cover 51 and/or to the end vault 50 in order to
ensure robustness of the end-piece 14.

The reinforcing armour elements 29 then have end sections of 32 that are
maintained In place by the annular member 90 In a cylindrical casing envelope, without
radial flaring. The Initial risk of damage for each armour element 29 Is therefore very
limited, which increases the resistance of the end-piece 14 to a very high average axial
tension, but also to variations in axial tension oscillating around the average tension in a
large number of tension variation cycles.

The robust attachment of the end sections 32 of the reinforcing armour elements
29 may even be obtained In this case without filler material being injected into the
chamber 52.

A second end-piece 14 according to the invention is illustrated in Figure 4.

Unlike the first end-piece 14 represented in Figure 2, the annular member 90 of
this end-piece 14 comprises at least one axial attachment member 120 for attachment on
the end vault 50. This attachment member 120 is for example formed by a hook received
IN @ corresponding radial groove 122 formed in the vault.

In this case, the axial contact between a rear edge of the annular member 90 and
the cover 51 Is no longer necessary. The axial forces transmitted by the armour layers 24,
25 to the annular member 90 are directly absorbed by the cooperation between the
attachment member 120 and the corresponding groove 122 of the vault 50.

A third end-piece 14 according to the invention is illustrated in Figure 5.

Unlike the first end-piece 14 illustrated in Figure 2, the annular member 90 partially
overlaps the end section 32 of each armour element 29, in the vicinity of the rear edge 74
of the cover 51.

At least one portion 130 of the free end of each armour element 29 protrudes out
towards the front beyond the annular member 90.

Each free end portion 130 has a rear region 132 extending radially away from the
axis A-A’ by moving towards the front, a front region 134 approaching radially closer
towards the axis A-A" by moving towards the front and an attachment member 138

situated at the free end 34 of the armour element 29.
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The fastening assembly 58 then Includes a filler material 140 such as previously

defined above, the material 140 filling the chamber 52 In order to embed the portion 130
of each armour element 29 and to axially secure it relative to the vault 50 and to the cover
51.

In this example, the exterior surface 98 of the annular member 90 Is located
radially away from the cover 51. The filler material 140 is disposed Iin the annular space
defined between the exterior surface 98 and the cover 51.

In this end-piece 14, the annular member 90 partially absorbs the axial tension
transmitted by the armour layers 24, 25. It absorbs for example between 5% and 50% of
the axial tension transmitted by the armour layers 24, 25. Advantageously, the annular
member 90 absorbs between 15% and 50% of the axial tension transmitted by the armour
layers 24, 25.

In the case where the annular member 90 only partially absorbs the axial tension
transmitted by the armour layers 24, 25, the invention could also function when the radial
clamping pressure towards the central axis A-A" applied by the annular member 90 of the
reinforcing armour elements 29 iIs less than 100 bars, for example between 50 bars and
100 bars.

When the annular member 90 absorbs only a very small proportion of the axial
tension, for example less than 30% of the axial tension, 1t I1s In effect possible to
compensate for a reduction in the clamping pressure by an increase In the length of the
annular member 90 while also maintaining an acceptable overall dimensional profile.

The annular member 90 being situated at the rear of the free end portion 130, the
stress In the reinforcing armour elements 29 and the axial displacements of the latter are
significantly reduced at the zone of detachment at the start of the rear region 132.

This greatly reduces the phenomenon of fatigue which may be observed at the
zone of detachment of the reinforcing armour elements 29, since the stresses are lower,
and the displacements are reduced.

Thus, by placing the zone of detachment of the reinforcing armour elements 29 at
the front of the annular member 90, the problem of fatigue of the reinforcing armour
elements Is resolved, without there being any need for absorption of the entire load by
making use of the annular member 90.

The length of the annular member 90 may then be reduced, In particular when the
tensions manifest on the end-piece 14 reach several hundreds of tonnes, sometimes
more than 1000 t.

This makes it possible to keep the length L of the end-piece 14 relatively small,

while also effectively ensuring absorption of the load.
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A fourth end-piece 14 according to the invention iIs Illustrated In Figure 6. In

contrast to the first end-piece 14 illustrated in Figure 2, this end-piece 14 comprises a
single Iindividual annular member 90 associated with each armour layer 24, 25.

Thus, the reinforcing armour elements 29 of the Interior armour layer 24 extend
towards the front beyond the reinforcing armour elements 29 of the exterior armour layer
25.

A first annular clamping member 90 is applied over the interior armour layer 24. A
second annular clamping member 90 1s applied In a manner to be adjacent to the first
annular clamping member 90 over the exterior armour layer 25.

The annular clamping members 90 are placed axially into contact with each other.

Preferably, a friction layer 92 1s disposed between each armour layer 24, 25 and
the annular member 90 disposed over the respective layer of reinforcing armour 24, 25.

Advantageously, a first support cannula 150 for clamping Is Interposed between
the end sections 32 of the reinforcing armour elements 29 of the first armour layer 24 so
as to be facing the first annular member 90. A second clamping support cannula 152 iIs
Interposed between the first layer of reinforcing armour 24 and the end sections 32 of the
armour elements 29 of the second layer of reinforcing armour 25, so as to be facing the
second annular member 90.

The cannulas 150, 152 are advantageously cylindrical or conical so as to respect
the natural angle of flaring associated with the spring back after the holding strips for
holding In place the armour members 29 have been released during the assembly and
mounting of the end-piece 14.

The cannulas 150, 152 make it possible to obtain a better clamping support and
avold damaging the pressure vault 28 during the clamping.

Such an arrangement reduces the length of attachment or increases the tension
absorbed, since each armour layer 24, 25 Is clamped In an independent fashion.

A fifth end-piece 14 according to the invention is illustrated in Figure 7.

Unlike the first end-piece 14 illustrated in Figure 2, the annular member 90 has a
conical interior ring 160 delimiting the interior surface 96 disposed in contact with the end
section 32 of the armour layer 25.

The annular member 90 further also comprises an exterior clamping ring 162
capable of clamping the interior ring 160 radially towards the axis A-A’ by means of a
wedge effect.

Thus, the interior ring 160 presents a conical or tapered exterior bearing surface
164 disposed to be facing a conical interior bearing surface 166 of the exterior ring 162.

The exterior ring 162 delimits an exterior surface 98 for contact with the cover 51.
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The relative displacement of the exterior ring 162 parallel to the axis A-A’ along the

Interior ring 160 causes a radial displacement of the interior ring 160 which generates a
radial clamping pressure on the layers of reinforcing armour 24, 25. According to
iInvention, this radial pressure is greater than 100 bars.

Such an annular member 90 has the advantage of creating a major radial
pressure.

In the example shown In Figure 7, the exterior bearing surface 164 of the interior
ring 160 and the interior bearing surface 166 of the exterior ring 162 converge towards the
axis A-A’ by moving towards the rear.

This system iIs thus self - tightening, without limitation of the clamping forces on the
armour layers 24, 25, and on the pressure vault 28.

By way of a variant (not shown), in order to control the clamping, the exterior
bearing surface 164 of the interior ring 160 and the interior bearing surface 166 of the
exterior ring 162 converge towards the axis A-A’ by moving towards the front. In this case,
the exterior ring 162 Is locked In translational motion for example by a pin, so as to
maintain the clamping.

A sixth end-piece 14 according to the invention is shown in Figures 8 and 9.

Unlike the first end-piece 14 shown in Figure 2, the annular clamping member 90
of the sixth end-piece 14 comprises a ring 1/0 that is deformed locally on selected
angular sectors about the axis A-A’ .

Thus, when 1t Is disposed In an active manner in contact with the armour layers 24,
25, the deformed ring 170 includes a plurality of first angular regions 172 applied and
tightened on to the end sections 32 of the armour layer 25.

The deformed ring 170 In addition comprises a plurality of second angular regions
174 disposed between the first angular regions 172, with the second angular regions 174
not being applied and tightened on to the end sections 32 of the armour layer 25.

In order to deform the ring 170, and create the first angular regions 172 applied
and tightened on to the end sections 32, a machine of such type as the "radial crimping”
machine, comprising a plurality of radial clamping fingers is for example used.

This crimping method for radial crimping of the ring 170 Is rapid, reproducible, easy
to iImplement, and provides the ability to obtain a radial clamping pressure of about 300
bars.

The radial clamping pressure being high, it iIs advantageous to insert under the end
sections 32 of the reinforcing armour elements 29 a support cannula of such type as that
shown In Figure 6, the support cannula being disposed to be facing the ring 170 clamped

by radial crimping. This variant combining the use of a support cannula and a ring
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tightened by radial crimping makes it possible to reduce the manufacturing cost of the

end-piece 14.

By way of a variant, the second angular regions 174 are made out of a shape
memory material having a form that presents a first expanded or deployed configuration,
IN the circumferential extension of the first regions 172, and a second contracted
configuration, bulging radially towards the exterior, as shown in Figure 9.

A seventh end-piece 14 according to the invention is shown in Figure 10.

Unlike the first end-piece 14 illustrated in Figure 2, the additional armouring wires
180, advantageously made out of carbon or steel, are coupled between the reinforcing
armour elements 29, so as to be facing the end sections 32.

These additional armouring wires 180 are interposed between the pressure vault
28 or the pressure sheath 20 and the interior armour layer 24 and/or between the interior
armour layer 24 and the exterior armour layer 25 and/or between the exterior armour
layer 25 and the annular member 90.

Each reinforcing armouring wire 180 Is rolled up around the front edge of the
annular member 90 and along the exterior surface 98 of the annular member 90.

Each reinforcing armouring wire 180 here has a rear end disposed In the end —
piece 14 so as to be axially facing the cover 51, advantageously under the rear edge of
the annular member 90.

A solid filler material 140 1s arranged In the reception chamber 52 so as to embed
the armouring wires 180 and enter into contact with the vault and 50 with the cap 51.

This provides for spreading the tension forces over at least four layers, namely two
layers of reinforcing armour 24, 25 coupled with two or three layers of armouring wires
180.

The annular member 90 shares the tension force over all of the wires situated at
the front of the member 90, which thereby makes it possible to apply a lower rate of strain
over the reinforcing armour elements 29 of the layers of reinforcing armour 24, 25.

In the example shown In Figure 10, the end sections 32 of the reinforcing armour
elements 29 are substantially completely covered by the annular member 90.

The eighth end-piece 14 according to the invention, illustrated in Figure 11, differs
from the seventh end-piece 14 represented In Figure 10 In that, In an analogous manner
to the third end-piece 14 represented In Figure 5, a portion 130 of the end section 32 of
each armour element 29 protrudes out beyond the annular member 90.

The additional armour wires 180 are not rolled up around the annular member 90,

but are disposed between the parts that protrude out 130 of the end section 32.
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In one variant (not shown) of the end-piece 14 shown In Figure 10, longitudinal

INnserts made out of carbon fibre based composite material or of steel are interposed at the
rear between the annular member 90 and the reinforcing armour layers 24, 25 and
protrude out towards the front in the filler material 140.

Thus, while the end sections 32 of the reinforcing armour elements 29 stops at the
annular member 90, a portion of the stress Is transferred to the inserts in the filler material
140, either only by friction, or aided In terms of shear stress by beads added by bonding,
or directly machined in the insert.

In the variant illustrated in Figure 15, each end section 32 of an armour element 29
IS folded over itself in a loop, under the annular member 90.

Each end section 32 thus includes a rear interior portion 184 disposed under the
annular member 90, a front portion 186 folded In a loop 188 and a rear exterior portion
arranged radially between the rear interior portion 184 and the annular member 90.

In the example shown In Figure 15, the rear exterior portions 188 are placed In
contact with the rear interior portions 184.

In the example shown In Figure 16, an Iintermediate collar 190 iIs Interposed
between the rear interior portions 184 and rear exterior portions 138.

The front portion 186 Is embedded in the filler material 140.

By way of a variant, a piece of cylindrical section (not shown) Is placed within the
Interior of the loop formed In the front portion 186 In order to control the folding radius.

This arrangement of the end sections 32 decreases the anchoring length or
Increases the tension absorbed.

Thanks to the invention which has just been described, it i1s possible to maintain
the reinforcing armour elements 29 in their initial state, without any change in their state of
stress.

In the embodiments shown In Figures 2, 4, 6, 10, the folding/unfolding of the
reinforcing armour elements 29 at their end sections 32 Is deleted and it iIs not necessary
to form attachment - engagement elements at the level of the free ends 34 of the armour
elements 29.

In addition, the end sections 32 are contained in a cylindrical casing envelope with
a constant radius, which eliminates the risk of winding/unwinding of the reinforcing armour
elements 29 at the level of their flaring when they are subjected to very considerable
variations in tension.

This makes it possible to eliminate the weak points over the fatigue strength, and

decrease the time of assembly of the end-piece 14.
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Thus, the annular member 90 may by Iitself alone absorb all of the rated tension of

the end-piece 14, without increasing in a significant manner the anchoring length.

In some cases, the filler material 140 may even be omitted in the chamber 52.

By way of example, an annular member 90 having a length L of 1 m, and applying
a radial clamping pressure P of 200 bars on the end sections 32, considering a coefficient
of friction of 0.1 between the annular member 90 and the end sections 32 allows an
absorption of tension of 63 t for a structure with diameter measuring 100 mm, and 189 t
for a structure with diameter measuring 300 mm.

The use of an additional friction layer 92 with a coefficient of friction greater than
0.1, In particular greater than 0.3, increases the tension absorbed and/or decreases the
length of the annular member 90.

Thus, with an annular member measuring only 0.3 m In length, which exerts a
radial pressure P of 200 bars on the end sections 32 for a diameter of 0.3 m, with a
coefficient of friction of 0.35, a tension of the order of 198 t Is absorbed.

On the surface, the clamping of the annular member 90 at a radial pressure that is
greater than 100 bars 1s applicable directly on the pressure vault 28, with no particular
reinforcement, because it Is of the same order as the hydrostatic stress to which the
flexible pipe 10 Is subjected at its maximum depth.

As has previously been seen above, for applications In deep water, when the
tension taken on increases further, it i1s possible to only partially absorb one part of the
axial tension by making use of the annular member 90, and to absorb the rest of the axial
tension with an anchoring by embedding as has been described in the Figures 5 or 11.

In this case, the presence of the annular member 90 very considerably limits the
stresses and displacements in the zone of separation of the parts 130 that protrude out, of
the reinforcing armour elements 29, which solves the problem of fatigue, without having to

significantly increase the length L of the annular member 90.
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Patentkrav

1. Fleksibel rerledning (10) der omfatter mindst en trykkappe (20), mindst et
treekarmeringslag (24, 25) der er anbragt udvendigt | forhold til trykkappen (20),
og et forbindelsesendestykke (14), hvilket forbindelsesendestykke (14) omfatter:

- en endehveelving (50) der streekker sig langs en central akse (A-A');

- en ydre afdeekning (51) der er fastgjort til endehveelvingen (50) og som
sammen med endehveaelvingen (50) afgreenser et modtagekammer (52)

til modtagelse af en endesektion (32) af armeringselementer (29);

- mindst et ringformet element (90) der er anvendt udvendigt pa arme-
ringselementerne (29) af et armeringslag (24, 25), hvilkket ringformede
element (90) er anbragt mindst delvist | modtagekammeret (52) mellem

armeringselementerne (29) og den ydre afdaekning (51);

kendetegnet ved, at det ringformede element (90) pafarer et radialt tryk pa ar-
meringselementerne (29) mod den centrale akse (A-A'), der er starre end 100
pbar, og ved at det ringformede element (90) holdes aksialt | fornold til ende-
hveelvingen (50), ved at den er | aksialt iIndgreb med endehvaelvingen (50), hvil-
ket ringformede element (90) omfatter mindst et fastgerelseselement (120) til
aksialt fastgerelse pa endehveelvingen (50) eller/og ved at den er i radialt ind-
greb udad med afdaekningen (51), hvorved der er en aksial kontakt mellem den

pageste kant af det ringformede element (90) og afdeekningen (51).

2. Rerledningen (10) ifelge krav 1, kendetegnet ved, at laengden af det ring-
formede element (90), taget langs den centrale akse (A-A'), er sterre end 200

MIm.

3. Raerledning (10) ifelge et hvilket som helst af de foregaende krav, kendeteg-
net ved, at friktionskoefficienten mellem armeringselementerne (29) og det

ringformede element (90) er starre end 0,1 og er Iseer starre end 0, 3.
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4. Rorledning (10) ifelge et hvilket som helst af de foregaende krav, kendeteg-
net ved, at det omfatter et mellemliggende friktionslag (92), der er anbragt radi-
alt mellem armeringselementerne (29) og det ringformede element (90) og/eller

mellem det ringformede element (90) og afdeekningen (51).

5. Rarledningen (10) ifelge krav 4, kendetegnet ved, at armeringselementerne
(29) overfor det ringformede element (90) har en ydre eksponeret overflade, der

er anbragt | direkte kontakt med det mellemliggende friktionslag (92).

6. Rarledning (10) ifelge et hvilket som helst af de foregaende krav, kendeteg-
net ved, at afdeekningen (51) streekker sig aksialt mellem en forkant (72) der er
fastgjort til endehveelvingen (50), og en bagkant (/4) der er anbragt veek fra en-
dehveelvingen (50), hvor det ringformede element (90) straekker sig aksialt veek

fra endehveelvingen (50) | naernheden af bagkanten (74).

/. Rerledningen (10) ifelge krav 6, kendetegnet ved, at endestykket (14) om-
fatter en sammensat frontteetning (54) omkring trykkappen (20), hvilken sam-
mensatte fronttaetning (54) er forskudt aksialt vaek fra det ringformede element

(90) | neerheden af endehveelvingen (50).

8. Raerledning (10) ifalge et hvilket som helst af de foregaende krav, kendeteg-
net ved, at det ringformede element (90) har en indvendig perifer overflade
(96), der | det veesentlige er cylindrisk omkring den centrale akse (A-A'), hvor
armeringselementerne (29) hver har en endesektion (32), der straekker sig ind |

en cylindrisk kappe over for den indre perifere overflade (96).

9. Raerledning (10) ifalge et hvilket som helst af de foregaende krav, kendeteg-
net ved, at den frie ende (34) af hvert armeringselement (29) streekker sig aksi-
alt over for det ringformede element (90), pa fordelagtig made radialt mod det
Indre | forhold til det ringformede element (90), hvor modtagekammeret (52)

eventuelt er tilvejebragt med et fyldstof.
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10. Rerledning (10) ifelge et hvilket som helst af kravene 1 til 8, kendetegnet
ved, at mindst en fri del (130) af en endesektion (32) af et armeringselement
(29) stikker aksialt ud mod endehveelvingen (50) ud over det ringformede ele-
ment (90) Ind | modtagekammeret (52), hvilken frie del (130) der er indlejret | et
fyldmateriale (140), er anbragt | modtagekammeret (52), og ved at den frie del
(130) streekker sig pa fordelagtig made radialt veek fra den centrale akse (A-A")
og/eller neermer sig radialt den centrale akse (A-A') og/eller har et forankringse-

lement (138), der er anbragt | fyldmaterialet (140).

11. Raerledning (10) ifelge et hvilket som helst af de foregaende krav, kende-
tegnet ved, at det ringformede element (90) er valgt blandt: en klemkrave (100)
der har en Indvendig perifer overflade (96), der er | det veesentlige kontinuerlig
omkring den centrale akse (A-A'), en deformeret ring (170), eller en sammensat
enhed der omfatter en indre ring (160) og en ydre ring (162), som klemmer den

Indvendige ring (160) radialt mod den centrale akse (A-A') ved hjeelp af en Kkile-
effekt.

12. Fremgangsmade til montering af et endestykke (14) af en fleksibel rarled-
ning (10) ifalge et hvilket som helst af de foregaende krav, kendetegnet ved, at

den omfatter f@lgende trin:

- at tilvejebringe en rerledningsende (10) der omfatter en trykkappe (20),
0og mindst et armeringslag (24, 25) som er anbragt omkring trykkappen
(20);

- at anbringe det ringformede element (90) omkring og pa det ydre af en-

desektionerne (32) af armeringselementerne (29) af et armeringslag (24,
29);

- at klemme det ringformede element (90) for at pafare et radialt tryk pa

endesektionerne (32) mod den centrale akse (A-A'), der er sterre end
100 bar:;
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- at anbringe en afdaekning (51) og en endehveaelving (50) omkring det
ringformede element (90) for at definere et modtagekammer (52) til at

modtage de frie ender af armeringselementerne (29) og mindst delvist

det ringformede element (90).

13. Fremgangsmaden ifalge krav 12, kendetegnet ved, at den omfatter et trin
med at indfere et mellemliggende friktionslag (92) mellem det ringformede ele-
ment (90) og armeringselementerne (29) fer klemningen af det ringformede

element (90).

14. Fremgangsmade ifalge et hvilket som helst af kravene 12 til 13, kendeteg-
net ved, at der efter klemningstrinnet stikker en fri del (130) af mindst et arme-
ringselement (29) aksialt ud mod endehveaelvingen (50) ud over det ringformede
element (90) ind i modtagekammeret (52), hvilken fremgangsmade omfatter at

Indsprajte et fyldstof (140), der er | stand til at sterkne | modtagekammeret (52)
for at iIndlejre den frie del (130).
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