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DESCRIPTION

Description

[0001] The present invention relates to a flexible pipe and a method of manufacturing a flexible
pipe of a type which may be used to convey the production fluids associated with the oil and
gas industry. In particular, but not exclusively, the present invention relates to a flexible pipe
which includes an end fitting in which a fluid communication passageway is provided to connect
a local hydrostatic pressure provided by nearby seawater to a region within the end fitting. This
enables a differential pressure approach to be used to specify a structural design of the flexible

pipe.

[0002] Traditionally, flexible pipe is utilised to transport production fluids, such as oil and/or gas
and/or water, from one location to another. Flexible pipe is particularly useful in connecting a
subsea location to a further subsea location or a sea level location. Flexible pipe is generally
formed as an assembly of a segment of flexible pipe body and one or more end fittings in
which respective ends of the flexible pipe body are terminated. The pipe body is typically
formed as a composite of tubular layers of material that form a fluid and pressure containing
conduit. The pipe structure allows large deflections without causing bending stresses that
impair the pipe's functionality over a desired lifetime. The pipe body is generally, but not
necessarily, built up as a composite structure including metallic and polymer layers. Flexible
pipe may be utilised as a flowline overland and/or at a subsea location. Flexible pipe may also
be used as a jumper or riser.

[0003] It is known that when flexible pipes are designed the environmental factors which the
flexible pipe is to experience over its service life are taken into account so that the flexible pipe
hopefully functions in use without failure. A typical service lifetime is twenty years or more and
some flexible pipes are utilised in deep or indeed ultra-deep water conditions where many
kilometres of overlying seawater can be expected to continually apply a high pressure crushing
force on an external part of flexible pipe body or an end fitting. Such high pressures can easily
reach 20684.27 kPa (3000 psi) or more.

[0004] Likewise an internal bore in a flexible pipe which is used to transport production fluids
can continuously experience very high pressures of up to more than 137895.15 kPa (20,000
psi) or more. These considerable pressures, and the timeframes over which such pressures
must be withstood, mean that designing and manufacturing flexible pipe involves the use of
materials and manufacturing processes which are complex and costly to implement.

[0005] Still furthermore because flexible pipes are difficult to replace after being installed at a
subsea location, any design of a flexible pipe usually involves an overestimation of
environmental conditions which could be experienced by the flexible pipe. Effectively
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considerable in-built redundancy must be designed in to minimise risk of failure. Detailed and
rigorous testing procedures are in place which must be qualified by any flexible pipe prior to
being put in service. For example API standard 17J (ISO 13628-2) defines a design pressure
which is a maximum internal pressure expected to be experienced by a flexible pipe. A factory
acceptance test (FAT) which must be passed by a flexible pipe requires that a test pressure of
1.5 x this design pressure must be applied to a flexible pipe during testing after manufacture to
test for latent defects. It is noted that the 1.5 x design pressure threshold is allocated for
flexible pipes destined to be used as flexible risers and topside jumpers whilst 1.3 x the design
pressure is specified for flexible flowlines and subsea jumpers. In any event the 1.5 or 1.3 x
factor when applied to pressures which are already expected to be considerable means that
testing pressures applied to flexible pipe during qualification can be very significant and as a
result very costly and complex design and manufacturing is needed to create a pipe that will
pass such tests.

[0006] It is also known that during manufacturing of a particular flexible pipe seal rings are
utilised in an end fitting to help terminate an end of the flexible pipe body of that pipe. During
manufacture from time to time it is desirable to be able to test to see if successful sealing has
been achieved when the sealing elements are energised or thereafter. Conventional testing
methods are complex and prone to user error and can require bespoke test ports and test
passageways to be included in a design which become redundant subsequent to testing.

[0007] It is also known that from time to time flexible pipes are manufactured which are not
immediately put into service but can instead be stored for some time prior to installation at a
desired location. Sometimes the length of time of such storage can be a few months or even
years. Subsequent to a period of storage it is preferable (and in some cases essential) to be
able to test whether any failure of any sealing mechanisms has occurred during storage. This
is preferable to putting the pipe in service and then finding out about a failure. Conventionally
there has been little or no solution to this other than putting the flexible pipe into service and
monitoring for failure or alternatively running a complicated hydro test process. This can of
course be a costly and time consuming process to rectify if a failure occurs.

[0008] WO2008053142 discloses a method and apparatus for testing the integrity of a portion
of flexible pipe body.

[0009] It is an aim of the present invention to at least partly mitigate the above-mentioned
problems.

[0010] It is an aim of certain embodiments of the present invention to provide a way in which a
design differential pressure can be utilised during a design process for a flexible pipe.

[0011] It is an aim of certain embodiments of the present invention to enable a smaller and
lighter structure of a flexible pipe and end fitting to be provided for any given internal design
pressure.
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[0012] It is an aim of certain embodiments of the present invention to provide a flexible pipe in
which at least one pressure resistant fluid communication passageway is constantly provided
between at least one external port which experiences local high hydrostatic or test pressure
and a location or multiple locations between spaced apart seals in an end fitting.

[0013] It in an aim of certain embodiments of the present invention to provide a method of
transporting production fluids in which a local hydrostatic or test pressure can constantly be
communicated between key structural elements of an end fitting and flexible pipe located at a
subsea location.

[0014] It is an aim of certain embodiments of the present invention to provide a method and
apparatus for communicating a high local hydrostatic pressure to an internal region of an end
fitting as desired and to automatically release high pressure at an internal location of an end
fitting whilst the end fitting is submerged in a body of seawater as the end fitting is lifted
towards the surface of the body of seawater.

[0015] According to a first aspect of the present invention there is provided an end fitting for a
flexible pipe for transporting production fluids, comprising:

an end fitting body comprising a first end region that provides an end fitting connector and a
further end region that provides an open mouth for receiving a flexible pipe body end; and

an end fitting jacket secured to the end fitting body; wherein

the end fitting body further comprises at least one external port of the end fitting located on an
outwardly facing surface of the end fitting body for receiving a local hydrostatic pressure
exerted by a surrounding body of seawater in use, at least one corresponding inner port
located on an inwardly facing surface of the end fitting body and a corresponding fluid
communication passageway, pressure resistant to at least about around 9652.67 kPa (1400
psi), extending between the external port and the inner port for communicating pressure
between said external port and said inner port, wherein said fluid communication passageway
comprises at least one lumen connected between a first bore in the end fitting body extending
between a first lumen end and the inner port, and a further bore in the end fitting body
extending between a further lumen end and the external port, said inner port being located at a
location between a pair of spaced apart seal elements sealed against at least one internal fluid
retaining layer of a flexible pipe body wherein the first bore extends radially outwardly from an
inner surface of the end fitting body to an outer surface of the end fitting body that faces an
inside of the jacket.

[0016] Aptly said external port is located to receive a local hydrostatic pressure in use when an
end of a segment of flexible pipe body is terminated in the end fitting and submerged in a body
of seawater.
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[0017] Aptly the passageway comprises a bore through the end fitting body between the outer
and inner ports.

[0018] Aptly the passageway comprises at least one lumen connected between a first bore in
the end fitting body, extending between a first lumen end and the inner port, and a further bore
in the end fitting body extending between a further lumen end and the external port.

[0019] Aptly the lumen is at least partially filled with a pressure communicating fluid.

[0020] Aptly the communicating fluid is a grease or hydraulic oil.

[0021] Aptly the lumen is a metal pressure resistant tube.

[0022] Aptly the tube is pressure resistant to about around 20684.27 kPa (3000 psi) or more.
[0023] Aptly the tube is pressure resistant to about around 27579.03 kPa (4000 psi) or more.
[0024] Aptly the tube is pressure resistant to about around 34473.77 kPa (5000 psi) or more.
[0025] Aptly the external port comprises a gas vent port.

[0026] Aptly the external port comprises a filter element.

[0027] Aptly the external port is always open to constantly communicate local hydrostatic
pressure to the inner port.

[0028] Aptly said at least one external port, at least one corresponding inner port and
corresponding fluid communication passageway, comprises:

at least one external inlet port, in fluid communication with a corresponding inner port via a
corresponding inlet passageway, that selectively permits fluid at a local pressure to enter the
inlet port from outside the end fitting; and

at least one external exit port, in fluid communication with a corresponding inner port via a
corresponding exit passageway, that selectively permits fluid at an internal pressure to exit the
exit port from said a location.

[0029] Aptly the end fitting further comprises:

a one way inlet valve at each external inlet port for selectively opening when a local pressure at
the external inlet port is at a first predetermined threshold pressure; and

a one way exit valve at each external exit port for selectively opening when a local pressure at
the external exit port is at a second predetermined threshold pressure.
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[0030] Aptly the end fitting further comprises:
a plurality of seal ring elements for sealing against at least one internal fluid retaining layer of
the flexible pipe body.

[0031] According to a second aspect of the present invention there is provided a flexible pipe
for transporting production fluids, comprising:

a segment of flexible pipe body comprising a first pipe body end and a further pipe body end;
and

at least one end fitting as claimed in any one of claims 1 to 3.

[0032] Aptly the fluid communication passageway comprises a lumen having pressure
resistant walls for communicating pressure up to about around 20684.27 kPa (3000 psi) or
more to or from said a location.

[0033] Aptly the at least one internal fluid retaining layer is a barrier layer or liner of the flexible
pipe body.

[0034] Aptly the at least one internal fluid retaining layer is an intermediate layer between a
barrier layer or liner and an outer sheath of the flexible pipe body.

[0035] Aptly the at least one internal fluid retaining layer comprises a barrier layer or liner and
an intermediate layer configured between the barrier layer or liner and an outer sheath of the

flexible pipe body.

[0036] Aptly each seal element is an annular seal ring having a cross-section comprising a
seal ring body and a sealing lip extending from the seal ring body.

[0037] Aptly the seal rings are arranged in a spaced apart coaxial and commonly facing
configuration.

[0038] Aptly each seal element is a sealing lip extending in opposed directions in a back-to-
back relationship from a shared body region of an annular seal ring.

[0039] Aptly the flexible pipe further comprises a respective valve for selectively opening and
closing each external port.

[0040] Aptly each valve is a one way valve.
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[0041] Aptly each valve comprises an always open valve.

[0042] Aptly the at least one external port and corresponding fluid communication passageway
further comprises:

at least one external inlet port, and a corresponding inlet passageway, that selectively permits
fluid at a local pressure to enter the inlet port from outside the end fitting; and

at least one external exit port, and a corresponding exit passageway, that selectively permits
fluid at an internal pressure to exit the exit port from said a location.

[0043] Aptly the flexible pipe further comprises:

a one way inlet valve at each inlet port for selectively opening when a local pressure at the inlet
port is at a first predetermined threshold pressure; and

a one way exit valve at each exit port for selectively opening when a local pressure at the exit
port is at a second predetermined threshold.

[0044] Aptly the flexible pipe further comprises:
a pressure communicating material at least partially filing at least one fluid communication
passageway.

[0045] According to a third aspect of the present invention there is provided a method of
testing at least one seal in an end fitting, as described in the first aspect of the invention, of a
flexible pipe, comprising the steps of:

subsequent to at least one of a first and further pipe body end of a segment of flexible pipe
body being terminated in a respective end fitting comprising an end fitting body and an end
fitting jacket secured to the end fitting body, applying a test pressure at at least one external
port of at least one end fitting; and

communicating the test pressure, via a fluid communication passageway that is pressure
resistant to at least about around 9652.67 kPa (1400 psi), from said external port to an inner
port located at a location between a pair of spaced apart seal elements sealed against at least
one internal fluid retaining layer of the flexible pipe, said fluid communication passageway
comprising at least one lumen connected between a first bore in an end fitting body extending
between a first lumen end and said inner port, and a further bore in the end fitting body
extending between a further lumen end and said external port, wherein the first bore extends
radially outwardly from an inner surface of the end fitting body to an outer surface of the end
fitting body that faces an inside of the jacket.
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[0046] Aptly the method further comprises testing seal integrity of a seal provided by said seal
elements during onshore storage of the flexible pipe.

[0047] Aptly the method further comprises testing seal integrity of a seal provided by said seal
elements immediately subsequent to completion of end fitting assembly.

[0048] Aptly the method further comprises simultaneously testing seal integrity of a primary
seal ring and a secondary seal ring, respectively comprising the spaced apart seal elements,
sealed against a common internal layer or different internal layers of the flexible pipe.

[0049] Aptly the method further comprises applying the test pressure by providing a test fluid
at a test pressure, from a test fluid source, at said external port.

[0050] Aptly the method further comprises, subsequent to the application of a test pressure,
monitoring pressure at said external port over a pre-determined period of time.

[0051] Aptly the method further comprises applying the test pressure to said a location via at
least one inlet valve of an external inlet port of the end fitting.

[0052] Aptly the method further comprises subsequently releasing test pressure from said a
location via at least one exit valve of an external exit port of the end fitting.

[0053] Also disclosed is a method of transporting production fluids via a flexible pipe,
comprising the steps of:

during transport of production fluids along an inner bore of a flexible pipe defined by an inner
fluid retaining layer, continually communicating a local hydrostatic pressure to a location
between a pair of spaced apart seal elements sealed against a radially outer surface of the
inner fluid retaining layer and/or a location between a pair of spaced apart seal elements
sealed against a radially outer surface of an intermediate fluid retaining layer disposed
between the inner fluid retaining layer and an outer sheath layer.

[0054] Also disclosed is a method of transporting production fluids via a flexible pipe,
comprising the steps of:

during transport of production fluids along an inner bore of a flexible pipe defined by an inner
fluid retaining layer, continually communicating a local hydrostatic pressure to a location
between a pair of spaced apart seal elements respectively sealed against a radially outer
surface of the inner fluid retaining layer and against a radially outer surface of a radially outer
polymer layer disposed between the inner fluid retaining layer and an outer sheath layer
respectively.

[0055] Aptly the method further comprises the steps of:
communicating the local hydrostatic pressure by applying the hydrostatic pressure via a body
of seawater to an external port of an end fitting of the flexible pipe; and communicating the
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local hydrostatic pressure from the external port to said a location via a fluid communication
passageway that is pressure resistant to at least about around 1400 psi.

[0056] Certain embodiments of the present invention enable a differential pressure approach
to be taken when a flexible pipe is designed and manufactured for submerged applications.
This can be used to specify the structural design of a flexible pipe (i.e. the difference between
the external pressure and the internal pressure is used to calculate a net force acting on the
pipe structure).

[0057] For deep and ultra deep water applications where a significant external hydrostatic
pressure is expected this approach can allow a smaller, lighter structure to be provided for any
given internal design pressure than would otherwise conventionally be permitted. This benefits
both material usage and logistics and ultimately overall project costs.

[0058] It is to be noted that for a sealing mechanism within an end fitting of a traditional/
conventional structure such a differential pressure approach is not possible as the seal sits
within a pipe annulus region. The external hydrostatic force is therefore not directly applied to a
seal ring unless there has been a failure of an outer sheath. It will be appreciated that
conventionally in such a situation any internal metallic layers would be subject to local
corrosion with a corresponding reduction of the serviceable life of the product.

[0059] Certain embodiments of the present invention utilise a double seal arrangement
whereby a first seal prevents pressure release from a bore of a pipe and a secondary seal
allows reverse testing of the primary seal and/or allows a local hydrostatic pressure to be
applied to a side of the primary seal without necessarily flooding an annulus region of the
flexible pipe.

[0060] Certain embodiments of the present invention allow for nitrogen testing of a sealing
mechanism at any time during manufacture or subsequent to a period of onshore storage. This
negates the need for filling a pipe with water etc. to complete a full hydro test. Testing can also
validate both internal pressure (of a primary seal) and external pressure (a secondary seal)
integrity.

[0061] Certain embodiments of the present invention also provide the advantage that by
allowing free flooding of a port during installation a primary seal will see a differential pressure
only across the seal whilst a secondary seal will prevent annulus flooding by resisting the
hydrostatic head.

[0062] Certain embodiments of the present invention provide for the automatic opening of a
fluid communication passageway in an end fitting when a flexible pipe including the end fitting
is submerged beyond a predetermined depth. The fact that a local hydrostatic pressure is
always communicated to a desired location in use means that a differential pressure approach
can be taken when the flexible pipe is designed and manufactured. Likewise an accumulated
high pressure in a region of an end fitting can automatically be released as a flexible pipe
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including the end fitting are lifted towards a surface region subsequent to a period of use. This
helps avoid harm to users.

[0063] Certain embodiments of the present invention will now be described hereinafter, by way
of example only, with reference to the accompanying drawings in which:

Figure 1 illustrates flexible pipe body;
Figure 2 illustrates use of flexible pipe;
Figure 3A illustrates how an end of flexible pipe body can be terminated in an end fitting;

Figure 3B illustrates an alternative way in which an end of flexible pipe body can be terminated
in an end fitting;

Figure 4 illustrates an alternative way in which an end of flexible pipe body can be terminated
in an end fitting;

Figure 5 illustrates an inlet port and corresponding fluid inlet passageway used to provide local
hydrostatic pressure at an internal region of an end fitting:

Figure 6 illustrates an exit port and corresponding fluid exit passageway used to permit fluid, at
a relatively high internal pressure, to be released from an internal region of an end fitting; and

Figure 7 illustrates external ports on an outer surface of an end fitting.

[0064] In the drawings like reference numerals refer to like parts.

[0065] Throughout this description, reference will be made to a flexible pipe. It will be
understood that a flexible pipe is an assembly of a portion of pipe body and one or more end
fittings in each of which a respective end of the pipe body is terminated. Figure 1 illustrates
how a portion of pipe body 100 (referred to as a segment) is formed from a combination of
layered materials that form a pressure-containing conduit. Although a number of particular
layers are illustrated in Figure 1, it is to be understood that the present invention is broadly
applicable to coaxial pipe body structures including one or more layers manufactured from a
variety of possible materials. For example, the pipe body may be formed from metallic layers,
composite layers, or a combination of different materials. It is also to be further noted that the
layer thicknesses are shown for illustrative purposes only.

[0066] As illustrated in Figure 1, the pipe body includes an optional innermost carcass layer
101. The carcass provides an interlocked construction that can be used as the innermost layer
to prevent, totally or partially, collapse of an internal pressure sheath 102 due to pipe
decompression, external pressure, and/or tensile armour pressure and mechanical crushing
loads. The carcass layer may be a metallic layer, formed from carbon steel or the like, for
example. The carcass layer may also be formed from composite, polymer, or other material, or
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a combination of materials. It will be appreciated that certain embodiments of the present
invention are applicable to 'smooth bore' operations (i.e. without a carcass) as well as such
‘rough bore' applications (with a carcass).

[0067] The internal pressure sheath 102 acts as a fluid retaining layer and comprises a
polymer layer that ensures internal fluid integrity. It is to be understood that this layer may itself
comprise a number of sub-layers. It will be appreciated that when the optional carcass layer is
utilised the internal pressure sheath may be referred to by those skilled in the art as a barrier
layer. In operation without such a carcass the internal pressure sheath may be referred to as a
liner.

[0068] The pressure armour layer 103 is a structural layer with elements having a lay angle
close to 90° that increases the resistance of the flexible pipe to internal and external pressure
and mechanical crushing loads. The layer also structurally supports the internal pressure
sheath, and is an interlocked construction of wires wound with a lay angle close to 90°.

[0069] The flexible pipe body also includes an optional first tensile armour layer 105 and
optional second tensile armour layer 106. Each tensile armour layer is used to sustain tensile
loads and internal pressure. The tensile armour layer may be formed from a plurality of
metallic wires (to impart strength to the layer) that are located over an inner layer and are
helically wound along the length of the pipe at a lay angle typically between about 10° to 55°.
The tensile armour layers may be counter-wound in pairs. The tensile armour layers may be
metallic layers, formed from carbon steel, for example. The tensile armour layers may also be
formed from composite, polymer, or other material, or a combination of materials.

[0070] The flexible pipe body shown also includes optional layers 104 of tape which each help
contain underlying layers and may act as a sacrificial wear layer to help prevent abrasion
between adjacent layers.

[0071] The flexible pipe body also includes optional layers of insulation 107 and an outer
sheath 108, which comprises a polymer layer used to help protect the pipe against penetration
of seawater and other external environments, corrosion, abrasion and mechanical damage.

[0072] Each flexible pipe thus comprises at least one segment of pipe body 100 together with
an end fitting located at at least one end of the flexible pipe. An end fitting provides a
mechanical device which forms the transition between the flexible pipe body and a connector.
The different pipe layers as shown, for example, in Figure 1, are terminated in the end fitting in
such a way as to transfer the load between the flexible pipe and the connector.

[0073] Figure 2 illustrates a riser assembly 200 suitable for transporting production fluids such
as oil and/or gas and/or water from a subsea location 201 to a floating facility 202. For
example, in Figure 2 the subsea location 201 includes an end of a subsea flowline. The flexible
flowline 205 comprises a flexible pipe, wholly or in part, resting on the sea floor 204 or buried
below the sea floor and used in a static application. The floating facility may be provided by a
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platform and/or buoy or, as illustrated in Figure 2, a ship. The riser assembly 200 is provided
as a flexible riser, that is to say a flexible pipe 203 connecting the ship to the sea floor
installation. The flexible pipeline may be formed from a single segment or multiple segments of
flexible pipe body with end fittings connected end-to-end.

[0074] It will be appreciated that there are different types of riser, as is well-known by those
skilled in the art. Certain embodiments of the present invention may be used with any type of
riser, such as a freely suspended riser (free, catenary riser), a riser restrained to some extent
(buoys, chains) or totally restrained riser. Certain other embodiments of the present invention
can be used as flowlines or jumpers or the like and also with hybrid pipe structures including
sections of flexible pipe and rigid pipe.

[0075] Figure 3A illustrates how an end 300 of a segment of flexible pipe body 100 is
terminated in an end fitting 305. As illustrated in Figure 3A the end fitting 305 includes an end
fitting jacket 310 which is securable to an end fitting body 315. The end fitting body 315 is a
unitary piece which has a first end region that defines an open mouth in which the end 300 of
the flexible pipe body is received. As illustrated in Figure 3A an inner surface 317 of the end
fitting body 315 has a stepped cross section which generally widens towards a pipe facing end
320 of the end fitting body 315. The inner surface faces layers of the flexible pipe body when
the pipe body is terminated in the end fitting. An outer surface of the end fitting body 315
extends from the pipe facing and open mouthed end 320 of the end fitting body to a flange 322
which extends radially outwardly from a central region of the end fitting body 315. The flange
part 322 of the end fitting body is secured to an end of the jacket 310 by conventional
techniques (such as bolts or threaded connections or the like). When so secured a space 324
is provided between the jacket and the end fitting body 315 in which armour wires 326 of the
flexible pipe body can be terminated. Aptly the space 324 is filled with an epoxy during a
manufacturing step during which flexible pipe body is terminated in the end fitting 305. As
illustrated in Figure 3A an external port 330 is provided on an outwardly facing surface 331 of
the end fitting body. The outwardly facing surface is a part of the end fitting that experiences
local hydrostatic pressure in use. Other such surfaces are the outer cylindrical surface and end
fitting connector (not shown) at the remaining end region of the end fitting body. A test
pressure may optionally be applied locally at the external port prior to use of the pipe. A
through bore 332 extends through the flange part 322 of the end fitting body to a tube
connector 334 which connects a further end of the bore 332 that is spaced apart from the port
330 to a pressure resistant tube 340. The pressure resistant tube 340 helps provide a
passageway that is collapse and burst resistant at high pressures. That is to say when fluid at
high pressure is in the tube 340 the walls of the tube do not collapse or burst. Likewise the
bores in the end fitting body do not collapse or burst. Aptly the tube is a stainless steel tube.
Aptly the tube is manufactured using corrosion resistant material. Aptly the bores in the end
fitting body are lined or clad with a corrosion resistant material. Aptly the walls of the tube 340
are pressure resistant to a pressure of 9652.66 kPa (1400 psi) or more. Aptly the walls of the
tube 340 are pressure resistant to a pressure of 20684.27 kPa (3000 psi) or more. Aptly the
walls of the tube 340 are pressure resistant to a pressure of 27579.03 kPa (4000 psi) or more.
Aptly the walls of the tube 340 are pressure resistant to a pressure of 34473.79 kPa (5000 psi)
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or more.

[0076] A further end 342 of the tube is connected to a further tube connector 344 which
connects the tube to an end of another bore 346 through the end fitting body. This bore 346
extends radially outwardly from the inner surface of the end fitting body 315 to an outer surface
of the end fitting body that faces the inside of the jacket.

[0077] A remaining end of the bore 346 through the end fitting body 315 near the open
mouthed end 320 defines an inner port 350. This inner port 350 is located at a position
between a primary seal ring 355 and secondary seal ring 360 which seal against a fluid
retaining layer of the flexible pipe body.

[0078] During a termination process in which an end of a segment of flexible pipe body is
terminated in the end fitting 305 a carcass latch ring 362 and inner sleeve 364 are located with
respect to a carcass 101, sacrificial layer 366 and a barrier layer 102. The seal rings 355, 360
thus bear on a radially outer surface of the barrier layer 102. During the termination process
the primary seal 355 is energised against the outer surface of the barrier layer 102 by securing
an inner collar member 370 against the end 320 of the end fitting body 315. An "O" ring 372
helps create a seal at an interface between the inner collar member 370 and the end fitting
body 315. Subsequently the secondary seal ring 360 is energised by securing a pressure
armour collar 375 to the inner collar member 370 which action urges a pressure armour
termination ring 377 and corresponding spacer ring 378 against an abutment end of the
secondary seal ring 360. This process urges the secondary seal ring 360 against the outer
surface of the barrier layer 102.

[0079] The first (or primary) sealing ring 355 and second (that is to say secondary) sealing ring
360 have a similar inner diameter and radius but, as illustrated in Figure 3 may not be
identical. Rather an abutment end of one may be larger and have a different shape to the
other. Each has a block like abutment end from which a sealing lip extends. The lip is tapered.
Aptly the lip is wedge like. Aptly the lip has a serrated inner surface. The inner port 350 can be
used as a test port or as a hydrostatic pressure communicating port. That is to say if a test
pressure is applied locally at the external port 330 or if a hydrostatic pressure is applied locally
at the external port 330 then this pressure is communicated inside the end fitting via the fluid
communication passageway. This passageway is provided by the bore 332 in the flange 322
and the connecting tube 340 and the bore 346 in the open mouthed end of the end fitting body.
Thus a corresponding test pressure or hydrostatic pressure is experienced at the internal port
350 on the inner surface of the end fitting body. When a test pressure is applied locally at the
external port 330 the applied pressure is used to verify that the primary and secondary seals
have been correctly energised during manufacturing. This can be achieved by applying a test
pressure and then monitoring any degradation in the applied pressure for a predetermined
period of time. Such degradation in pressure indicates one or more leak paths which permit
pressure in the fluid communication passageway to escape. This helps test seal integrity of the
seals that are created. During an in service lifetime of the flexible pipe body and end fitting the
local hydrostatic pressure is continually applied at the external port 330. In the circumstances
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where the flexible pipe is put into service in deep or ultra deep water environments the local
pressure at the external port 330 can be in the range of about around 9652.66 to 34473.79
kPa (1400 to 5000 psi) or more. This pressure is constantly applied via the fluid communication
passageway to the internal port 350 between the sealing rings. As a result the primary sealing
ring 355 experiences a reduced pressure difference across it. That is to say one side of the
primary sealing ring 355 experiences a bore pressure whilst a remaining side of the primary
sealing ring 355 experiences the local hydrostatic pressure. By way of example, where a bore
pressure is 137895.15 kPa (20,000 psi) and a local hydrostatic pressure is 20684.27 kPa
(3000 psi) the primary seal sees only a difference of 117210.87 kPa (17,000 psi). This is in
contrast to a primary seal ring in a conventional situation where local hydrostatic pressure is
not communicated to one side of the seal ring which thus experiences a greater 137895.15
kPa (20,000 psi) difference.

[0080] The duel sealing ring technique allows a high test pressure or hydrostatic pressure to
be communicated to one side of a primary seal ring without that pressure being communicated
to a pipe annulus.

[0081] Figure 3B illustrates an alternative arrangement whereby hydrostatic pressure is
communicated to a position behind and between a double seal provided by a single double
facing sealing ring 380. Such a ring is formed as an integral piece with two opposed lips 385
extending from a central body region 387. The sealing ring 380 has a generally open V-shape
which is energised from both sides to create a double seal. Optionally one or more small holes
390 are formed at an apex region of the sealing ring 380 to allow hydrostatic pressure to be
communicated from the bore 346 past the seal to the void space created between the two
sealing areas and the underlying barrier layer 102.

[0082] Figure 4 illustrates how an end 400 of a segment of flexible pipe body is terminated in
an alternative end fitting 405. The end fitting 405 includes an end fitting jacket 410 (not shown)
which is securable to an end fitting body 415. The end fitting body 415 defines an open mouth
in which the end 400 of the flexible pipe body is received. As illustrated in Figure 4 an inner
surface 417 of the end fitting body 415 has a stepped cross section which generally widens
towards a pipe facing end 420 of the end fitting body 415. The inner surface faces layers of the
flexible pipe body when the body is terminated in the end fitting. An outer surface of the end
fitting body 415 extends from the pipe facing an open mouthed end 420 of the end fitting body
to a flange 422 (not shown) which extends radially outwardly from a central region of the end
fitting body 415. The flange part 422 of the end fitting body is secured to an end of the jacket
410 by conventional techniques such as via bolts, threaded connections or the like. WWhen so
secured a space 424 is provided between the jacket and the end fitting body 415 in which
armour wires 426 of the flexible pipe body can be terminated. Aptly the space 424 is filled with
an epoxy during a manufacturing step during which flexible pipe body is terminated in the end
fitting 405. An external port 430 (not shown) is provided on an outwardly facing surface 431 of
the end fitting body. The outwardly facing surface is a part of the end fitting that experiences
local hydrostatic pressure in use. Other such surfaces are the outer cylindrical surface and end
fitting connector at the remaining end region of the end fitting body. As per the end fitting
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illustrated in Figure 3A a through bore 432 extends through the flange part 422 of the end
fitting body to a tube connector 434 which connects a further end of the bore 432 that is
spaced apart from the port 430 to a pressure resistant tube 440. The pressure resistant tube
440 helps provide a passageway that is collapse resistant at high pressures. That is to say
when fluid at high pressure is in the tube 440 the walls of the tube do not collapse or burst.
Likewise bores in the end fitting body do not collapse or burst.

[0083] A further end 442 of the tube is connected to a further tube connector 444 which
connects the tube to an end of another bore 446 which extends through the end fitting body.
This bore 446 extends radially outwardly from the inner surface of the end fitting body 415 to
an outer surface of the end fitting body that faces the inside of the jacket. A remaining end of
the bore 446 through the end fitting body 415 near the open mouthed end 420 defines an
inner port 450. This inner port 450 is located at a position between a primary seal ring 455 and
a secondary seal ring 460 which each seal against a respective but different fluid retaining
layer of the flexible pipe body. By contrast to the end fitting illustrated in Figure 3A the seal
rings of the end fitting illustrated in Figure 4 do not seal against a common layer. Rather one
sealing ring seals against an outer surface of one layer and a further seal ring seals against an
outer surface of another layer. For example as illustrated in Figure 4 the primary seal ring 455
may seal against an outer surface of a barrier layer whilst a secondary seal ring 460 seals
against an outer surface of an overlying sacrificial layer 461.

[0084] During a termination process in which an end of a segment of flexible pipe body is
terminated in the end fitting 405 a carcass latch ring 462 and inner sleeve 464 are located with
respect to a carcass 101, sacrificial layer 466 and barrier layer 102. During the termination
process the primary seal ring 455 is energised against the outer surface of the barrier layer
102 by securing an inner collar 470 against the end 420 of the end fitting body 415. An "O" ring
472 helps create a seal at an interface between the inner collar member 470 and the end
fitting body 415. Subsequently the secondary seal ring 460 is energised by securing a pressure
armour collar 475 to the inner collar member 470 which action urges a pressure armour
termination ring 477 and corresponding spacer ring 478 against an abutment end of the
secondary seal ring 460. This process urges the secondary seal ring 460 against the outer
surface of the sacrificial layer 461.

[0085] As with the end fitting shown in Figure 3A, the end fitting illustrated in Figure 4 allows a
locally applied test pressure or local hydrostatic pressure to be communicated as desired to a
location between seal rings. Applying a test pressure enables sealing elements to be tested
during a termination process in which an end of flexible pipe body is terminated in an end
fitting. Alternatively a test pressure can be applied at any stage subsequent to manufacture.
For example subsequent to the elapse of a period of time in which manufactured flexible pipe
is stored. Alternatively in use, after installation at a subsea location, a fluid communication
passageway provided by an external port, bore, tube, bore and port can be used to constantly
communicate a local pressure to the location between the seal rings. This pressure can be a
pressure generated by a head of water at a depth where the flexible pipe and end fitting is
submerged. Aptly in service the pressure generated by the head of water is transmitted
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through the communication pathway without valves or other impedance. In this way not only
does the seawater communicate in to the inner port 450 between the primary seal 455 and the
secondary seal 460 but also gas which has permeated through the barrier layer 102 into the
void space between the barrier layer 102 and the overlying seal layer 461 may escape out
from the end fitting through the same high pressure communication pathway (overcoming the
local hydrostatic pressure).

[0086] Figure 5 illustrates how an end 500 of a segment of flexible pipe body 100 is terminated
in an end fitting 505. As illustrated in Figure 5 the end fitting 505 includes an end fitting jacket
510 which is securable to an end fitting body 515. The end fitting body 515 is a unitary piece
which has a first end region that defines an open mouth in which the end 500 of the flexible
pipe body is received. As illustrated in Figure 5 an inner surface 517 of the end fitting body 515
has a stepped cross section which generally widens towards a pipe facing end 520 of the end
fitting body 515. The inner surface faces layers of the flexible pipe body when the pipe body is
terminated in the end fitting. An outer surface of the end fitting body 515 extends from the pipe
facing and open mouthed end 520 of the end fitting body to a flange 522 which extends radially
outwardly from a central region of the end fitting body 515. The flange part 522 of the end
fitting body is secured to an end of the jacket 510 by conventional techniques (such as bolts or
threaded connections or the like). When so secured a space 524 is provided between the
jacket and the end fitting body 515 in which armour wires 526 of the flexible pipe body can be
terminated. Aptly the space 524 is filled with an epoxy during a manufacturing step during
which the flexible pipe body is terminated in the end fitting 505. As illustrated in Figure 5 an
external port 530 is provided on an outwardly facing surface 531 of a valve. A through bore
532 extends away from the external port 530 through the flange part 522 of the end fitting
body to a tube connector 534 which connects a further end of the bore 532 that is spaced
apart from the external port 530 in the valve to a pressure resistant tube 540. The pressure
resistant tube 540 helps provide a passageway that is collapse and burst resistant at high
pressures. That is to say when fluid at high pressure is in the tube 540 the walls of the tube do
not collapse or burst. Likewise the bores in the end fitting body do not collapse or burst. Aptly
the tube is a stainless steel tube. Aptly the tube is manufactured using corrosion resistant
material. Aptly the bores in the end fitting body are lined or clad with a corrosion resistant
material. Aptly the walls of the tube 340 are pressure resistant to a pressure of 9652.66 kPa
(1400 psi) or more. Aptly the walls of the tube 340 are pressure resistant to a pressure of
20684.27 kPa (3000 psi) or more. Aptly the walls of the tube 340 are pressure resistant to a
pressure of 27579.03 kPa (4000 psi) or more. Aptly the walls of the tube 340 are pressure
resistant to a pressure of 34473.79 kPa (5000 psi) or more.

[0087] A further end 542 of the tube is connected to a further tube connector 544 which
connects the tube to an end of another bore 546 that extends through the end fitting body. This
bore 546 extends radially outwardly from the inner surface of the end fitting body 515 to an
outer surface of the end fitting body that faces the inside of the jacket.

[0088] A remaining end of the bore 546 that passes through the end fitting body 515 near the
open mouthed end 520 defines an inner port 550. This inner port 550 is located at a position
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between a primary seal ring 555 and a secondary seal ring 560 which, in the example shown,
seal against a common fluid retaining layer of the flexible pipe body.

[0089] During a termination process in which an end of a segment of flexible pipe body is
terminated in the end fitting 505 a carcass latch ring 562 and inner sleeve 564 are located with
respect to a carcass 101, sacrificial layer 566 and a barrier layer 102. The seal rings 555, 560
thus bear on a radially outer surface of the barrier layer 102. During the termination process
the primary seal 555 is energised against the outer surface of the barrier layer 102 by securing
an inner collar member 570 against the end 520 of the end fitting body 515. An "O" ring 572
helps create a seal at an interface between the inner collar member 570 and the end fitting
body 515. Subsequently the secondary seal ring 560 is energised by securing a pressure
armour collar 575 to the inner collar member 570 which action urges a pressure armour
termination ring 577 and corresponding spacer ring 578 against an abutment end of the
secondary seal ring 560. This process urges the secondary seal ring 560 against the outer
surface of the barrier layer 102.

[0090] The inlet valve 580 is a one way valve that has a closed state and an open state. In the
closed state the valve blocks any fluid flow through the bore 532 in the end fitting body 515 and
the external port 530. In an open state local external pressure P¢, which may be a hydrostatic

pressure is fluidically communicated via the external port 530 along the fluid communication
passageway to the internal port 550. Aptly the valve 580 is a high pressure ball valve. The
valve is designed and manufactured to open at a respective predetermined pressure. Aptly the
predetermined opening pressure of the valve is a pressure associated with a particular depth
of water in which the end fitting and flexible pipe is submerged. Aptly the open pressure
threshold is 1378.95 kPa (200 psi) or more. Aptly the open pressure is 500 psi or more. Aptly
the open pressure is 6894.76 (1000 psi) or more. In this way when the flexible pipe is installed
at a desired subsea location, fluid pressure is not communicated to the internal port 550 until
the flexible pipe is submerged at a predetermined water depth. At that predetermined point in
time corresponding to the end fitting, carrying the valve 580, being at a predetermined water
depth, the valve 580 opens and the local hydrostatic pressure is communicated to the internal
port 550. It will be appreciated that one or more externally located inlet ports 530 of respective
inlet valves and corresponding fluid communication passageways may be provided in each end
fitting. Aptly multiple external inlet ports and corresponding fluid communication passageways
are included in the end fitting with a corresponding number of internal ports 550. Aptly the inlet
ports, valves, fluid communication passageways and internal ports are arranged
circumferentially around the end fitting.

[0091] Figure 6 illustrates a cross section through a part of the end fitting shown in Figure 5
and illustrates how in addition to inlet valves and inlet passageways an end fitting 505 can
include one or more external exit ports 630 (one shown in Figure 6). The exit port is formed in
an outer surface 631 of an exit valve. A corresponding through bore 632 extends through the
flange part 522 of the end fitting body to a tube connector 634 which connects a further end of
the bore 632 that is spaced apart from the exit port 630 to a pressure resistant tube 640. The
pressure resistant tube 640 helps provide a passageway that is collapse and burst resistant at
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high pressures. That is to say when fluid at a high pressure is in the tube 640 the walls of the
tube do not collapse or burst. Likewise the bores in the end fitting body do not collapse or
burst. Aptly the tube is a stainless steel tube. Aptly the tube is manufactured using corrosion
resistant material. Aptly the bores in the end fitting body are lined or clad with a corrosion
resistant material. Aptly the walls of the tube 340 are pressure resistant to a pressure of
9652.66 kPa (1400 psi) or more. Aptly the walls of the tube 340 are pressure resistant to a
pressure of 20684.27 kPa (3000 psi) or more. Aptly the walls of the tube 340 are pressure
resistant to a pressure of 27579.03 kPa (4000 psi) or more. Aptly the walls of the tube 340 are
pressure resistant to a pressure of 34473.79 kPa (5000 psi) or more.

[0092] A further end 642 of the tube is connected to a further tube connector 644 which
connects the tube to an end of another bore 646 through the end fitting body. This bore 646
extends radially outwardly from the inner surface of the end fitting body 515 to an outer surface
of the end fitting body that faces the inside of the jacket.

[0093] A remaining end of the bore 646 through the end fitting body 515 near the open
mouthed end 520 defines an inner port 650. This inner port 650 is located at a position
between a primary seal ring 555 and a secondary seal ring 560 which seal against a fluid
retaining layer of the flexible pipe body.

[0094] The valve 680 associated with the exit port 630 and the exit passageway provided by
the through bore 632 in the flange of the end fitting body 515 is a one way valve. The exit valve
680 has an open state and a closed state. In the closed state fluid, and thus pressure,
communication does not occur between the exit port 630 on the outer surface 631 of the exit
valve 680 and the inner port 650. In the open state a build-up of internal pressure P, at the
region around the inner port 650 is released outwardly via the exit port 630 into a surrounding
region. Aptly the exit valve 680 is a high pressure ball valve. The exit valve 680 opens when a
local pressure P4 external to the end fitting is no longer high enough to force the valve into a
closed state. This results in the valve being open until it is submerged at a predetermined
depth of seawater. At the predetermined depth a pressure exerted by the local hydrostatic
pressure P reaches the predetermined threshold pressure for the valve which thus closes.
The depth at which the valve changes state from open to closed and from closed to open may
optionally be the same as when the inlet valve 580 discussed with respect to Figure 5 changes
state. Aptly the inlet valves open at a lower hydrostatic pressure than the exit valves open.

[0095] By way of example the pressure control valve 580 may be set, for example, to open
when the external pressure P¢, or a test pressure P3; applied to the external side of the

pressure control valves, is greater than or equal to 1400 kPa (14 bar/200 psi). The pressure
control exit valve 680 is a one-way valve which opens where P is greater than P4 (or is greater

than an applied test pressure P3 on the external side of the pressure control exit valve 680).
That is to say when a pressure P> in an annulus region between the opposed seal rings 555,

560 (and which is communicated via the internal fluid communication pathway), is greater than
the external pressure P4 the pressure control exit valve opens. During end fitting and prior to
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installation the external pressure P4 is 101.33 kPa (1 atm/1 bara). Thus P4 is equal to P, and
the inlet valve 580 is closed and the exit valve 680 is closed. When a test pressure Pj is

applied to the inlet valve 580 to test the seals (and for the purpose of the test the same test
pressure is applied to the exit valve 680) the inlet valve opens and P, is equal to P3. With the

annulus region between the opposed seal rings 555, 560 pressurised the normal pipe FAT test
pressure cycle can be performed in the bore of the pipe, providing confirmation of the
differential pressure containment across the inner seal ring required by the pipe in service.
When the test pressure P35 is removed at the external valves the inner annulus pressure Ps is

greater than the external pressure P{ and therefore the valve 680 opens to release the
pressure P> in the annular region until P> = P4 again at which point the valve 680 closes again.
By contrast, when the pipe is installed P4 increases with water depth and the external pressure
P4 is greater than the pressure in P in the annular region until the set differential pressure is

reached (e.g. 1400 kPa/14 bara/200 psi) at which point in time the inlet valve 580 opens (the
valve 680 remains closed). The external pressure P4 and the pressure P in the annular region

are equalised as a result of the opening of the valve 580. If the pipe is recovered the valve 580
closes and so P, becomes greater than the external pressure Pq as the end fitting rises

through the water column. Because the internal pressure P, is now greater than the external
pressure P4 the valve 680 opens and the pressure at the openings 550, 650 in the annular

region is released again until the internal pressure P» is equal to the external pressure P4.

[0096] Figure 7 helps illustrate how inlet and outlet valves 580, 680 can be arranged
circumferentially around an external back surface 700 of the flange part of the end fitting 505 in
more detail. As illustrated in Figure 7 two inlet valves 580 and two exit valves 680 may be
arranged substantially opposite each other. It will be appreciated that other numbers of inlet
and outlet valves and corresponding passageways and ports can be utilised according to
certain embodiments of the present invention. The number of inlet valves/ports does not have
to equal the number of exit valves/ports.

[0097] Aptly, according to certain embodiments of the present invention the pressure at the
external port may be communicated directly or indirectly. That is to say fluid may be allowed to
flow throughout the passageway or alternatively part or parts of the passageway may be filled
with a pressure communicating fluid such as a grease or hydraulic oil or the like. Aptly different
regions of the fluid communication passageway contain different fluid communicating fluids
which are separated as required by one or more filters able to communicate pressure but
which constrain flow of different fluids across an interface region.

[0098] Throughout the description and claims of this specification, the words "comprise" and
"contain” and variations of them mean "including but not limited to" and they are not intended
to (and do not) exclude other moieties, additives, components, integers or steps. Throughout
the description and claims of this specification, the singular encompasses the plural unless the
context otherwise requires. In particular, where the indefinite article is used, the specification is
to be understood as contemplating plurality as well as singularity, unless the context requires
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otherwise.

[0099] Features, integers, characteristics or groups described in conjunction with a particular
aspect, embodiment or example of the invention are to be understood to be applicable to any
other aspect, embodiment or example described herein unless incompatible therewith. All of
the features disclosed in this specification (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or process so disclosed, may be combined in
any combination, except combinations where at least some of the features and/or steps are
mutually exclusive. The invention is not restricted to any details of any foregoing embodiments.
The invention extends to any novel one, or novel combination, of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or process so disclosed.

[0100] The reader's attention is directed to all papers and documents which are filed
concurrently with or previous to this specification in connection with this application and which
are open to public inspection with this specification.
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PATENTKRAV

1. Endebeslag (305, 405, 505) til et bgjeligt rer til transport af

produktionsfluider, hvilket endebeslag omfatter:

et endebeslaglegeme (315) omfattende et ferste endeomrade, der
tilvejebringer en endebeslagkonnektor og et yderligere endeomrade (320, 420,
520), der tilvejebringer en aben munding til modtagelse af en bgjelig

rerlegemeende (300); og

en endebeslagkappe (310, 410, 510), der er fastgjort til endebeslaglegemet;
hvor endebeslaglegemet (315) yderligere omfatter i det mindste en ekstern port
(330, 430, 530, 630) i endebeslaget, hvilken ekstern port befinder sig pa en
udadvendende flade (331, 341, 531, 631) af endebeslaglegemet (315) til
modtagelse af et lokalt hydrostatisk tryk udevet af en omgivende masse af havvand
under anvendelse, i det mindste en modsvarende indvendig port (350, 450, 550,
650), der befinder sig pa en indadvendende flade af endebeslaglegemet (315), og
en modsvarende stremningsteknisk forbundet gennemfering (340, 440, 540, 640),
der er trykfast op til i det mindste cirka 9652,67 kPa (1400 psi), forlabende mellem
den eksterne port (330, 430, 530, 630) og den indvendige port (350, 450, 550, 650)
til viderebringelse af tryk mellem den eksterne port (330, 430, 530, 630) og den
indvendige port (350, 450, 550, 650), hvor den stremningsteknisk forbundne
gennemfaring omfatter i det mindste et lumen (340, 440, 540, 640), der er forbundet
mellem et farste borehul (346, 446, 546, 646) | endebeslaglegemet, hvilket borehul
forlaber mellem en farste lumenende og den indvendige port, og et yderligere
borehul (332, 432, 532, 632) i endebeslaglegemet, hvilket yderligere borehul
forlaber mellem en yderligere lumenende og den eksterne port, hvor det ferste
borehul forlgber radialt udad fra en indvendig flade af endebeslaglegemet til en
udvendig flade af endebeslaglegemet, der vender mod en indvendig side af kappen,
hvilken indvendig port (350, 450, 550, 650) befinder sig pa et sted mellem et par af
fra hinanden adskilte teetningselementer (355, 360, 455, 460, 555, 560), der er

teetnet mod i det mindste et indvendigt fluidfastholdelseslag af et bgjeligt rerlegeme.

2. Endebeslag (305, 405, 505) ifelge krav 1, hvor den i det mindste ene
eksterne port (330, 430, 530, 630), den i det mindste ene modsvarende
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indvendige port og den modsvarende stremningsteknisk forbundne
gennemfaring (340, 440, 540, 640) omfatter:

I det mindste en ekstern indlgbsport (530), stramningsteknisk forbundet
med en modsvarende indvendig port (550) via en modsvarende
indlebsgennemfaring (532), der selektivt tillader fluid ved et lokalt tryk at lebe ind
I indlgbsporten (530) fra ydersiden af endebeslaget (305, 405, 505); og

I det mindste en ekstern udlgbsport (630), stremningsteknisk forbundet til
en modsvarende indvendig port (650) via en modsvarende udlgbsgennemfaring
(632), der selektivt tillader fluid ved et internt tryk at lebe ud af udlabsporten
(630) fra stedet.

3. Endebeslag (305, 405, 505) ifglge krav 2, yderligere omfattende:

en envejs-indlgbsventil (580) ved hver ekstern indlgbsport (530) til
selektiv abning, nar et lokalt tryk ved den eksterne indlgbsport (530) nar et ferste

forudfastsat teerskeltryk; og

en envejs-udlgbsventil ved hver ekstern udlgbsport (630) til selektiv
abning, nar et lokalt tryk ved den eksterne udlsbsport (630) nar et andet

forudfastsat teerskeltryk.

4. Bajeligt rar til transport af produktionsfluider, hvilket bajeligt rear omfatter:
et segment af et bgjeligt rerlegeme (100) omfattende en farste rerlegemeende og
en yderligere r@rlegemeende; og i det mindste et endebeslag (305, 405, 505)
ifelge et hvilket som helst af krav 1 til 3.

5. Bojeligt rar ifelge krav 4, yderligere omfattende:

det i det mindste ene indvendige fluidfastholdelseslag er et speerrelag

(102) eller en foring af det bgjelige rarlegeme (100).
6. Bojeligt rar ifelge krav 4, yderligere omfattende:

det i det mindste ene indvendige fluidfastholdelseslag er et mellemlag mellem
et spaerrelag (102) eller en foring og en ydre skal (108) af det bgjelige rerlegeme
(100).



10

15

20

25

DK/EP 3066374 T3

3

7. Bojeligt rarlegeme ifelge krav 4, yderligere omfattende:

det i det mindste ene indvendige fluidfastholdelseslag omfatter et speerrelag
(102) eller en foring og et mellemlag, der er konfigureret mellem spaerrelaget (102)

eller foringen og en ydre skal (108) af det bgjelige r@rlegeme (100).

8. Bojeligt rer ifalge et hvilket som helst af de foregaende krav, yderligere

omfattende:

en respektiv ventil (580, 680) til selektiv abning og lukning af hver
ekstern port (330, 430, 530, 630).

9. Bojeligt rar ifelge krav 8, hvor hver ventil (580, 680) er en envejsventil.

10. Bajeligt rer ifelge et hvilket som helst af krav 4 til 7, hvor den i det mindste
ene eksterne port (300, 430, 530, 630) og den modsvarende streamningsteknisk
forbundne gennemfaring (340, 440, 540, 640) yderligere omfatter:

I det mindste en ekstern indlgbsport (530), og en modsvarende
indlebsgennemfaring (532), der selektivt tillader fluid ved et lokalt tryk at lebe ind
I indlgbsporten (530) fra ydersiden af endebeslaget (305, 405, 505); og

I det mindste en ekstern udlgbsport (630), og en modsvarende
udlgbsgennemfaring (632), der selektivt tillader fluid ved et internt tryk at lgbe ud
af udlgbsporten (630) fra stedet.

11. Bojeligt rarlegeme ifelge krav 10, yderligere omfattende:

en envejs-indlabsventil (580) ved hver indlabsport (530) til selektiv abning,
nar et lokalt tryk ved indlabsporten (530) nar et ferste forudfastsat teerskeltryk. og

en envejs-udlgbsventil (680) ved hver udlabsport (630) til selektiv abning,

nar et lokalt tryk ved udlgbsporten (630) nar et andet forudfastsat teerskeltryk.

12. Fremgangsmade til test af i det mindste en teetning i et endebeslag (305,
405, 505), ifelge et hvilket som helst af krav 1 til 11, til et bgjeligt rer, hvilken

fremgangsmade omfatter falgende trin:
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efter at i det mindste en af en farste og en yderligere r@rlegemeende af et
segment af et bgjeligt rarlegeme (100) ender i et respektivt endebeslag (305, 405,
505) omfattende et endebeslaglegeme og en endebeslagkappe, der er fastgjort til
endebeslaglegemet, pafaring af et testtryk ved i det mindste en ekstern port (330,
430, 530, 630) af i det mindste et endebeslag (305, 405, 505); og

viderebringelse af testtrykket, via en stremningsteknisk forbundet
gennemfaring (340, 440, 540, 640), der er trykfast op til i det mindste cirka
9652,67 kPa (1400 psi), fra den eksterne port (330, 430, 530, 630) til en indvendig
port, der befinder sig pa et sted mellem et par af fra hinanden adskilte
teetningselementer (355, 360, 455, 460, 555, 560), der er teetnet mod i det mindste
et indvendigt fluidfastholdende lag af det bgjelige rer, hvor den streamningsteknisk
forbundne gennemfaring omfatter i det mindste et lumen (340, 440, 540, 640), der
er forbundet mellem et farste borehul (346, 446, 546, 646) | et endebeslaglegeme,
der forleber mellem en fgrste lumenende og den indvendige port, og et yderligere
borehul (332, 432, 532, 632) i endebeslaglegemet, der forlaber mellem en
yderligere lumenende og den eksterne port, hvor det farste borehul forlaber radialt
udad fra en indvendig flade af endebeslaglegemet til en udvendig flade af

endebeslaglegemet, der vender mod en indvendig side af kappen.
13. Fremgangsmade ifelge krav 12, yderligere omfattende felgende trin:

pafering af testtrykket pa stedet via i det mindste en indlsbsventil (580) i
en ekstern indlgbsport (530) af endebeslaget (305, 405, 505).

14. Fremgangsmade ifelge krav 13, yderligere omfattende falgende trin:

efterfelgende udligning af testtrykket fra stedet via i det mindste en
udlgbsventil (680) i en ekstern udlabsport (630) af endebeslaget (305, 405, 505).
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