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A tubular component (1) In a pipe system, the tubular component (1) including an external shell (2) and an internal wear element
(3) which Is attached to the inner jacket surface (23) of the shell (2) by a bonding mass (4) In a first annular space (91) formed
between the outer jacket surface (34) of the wear element (3) and the inner jacket surface (23) of the shell (2), the bonding mass
(4) being constituted by a hyperelastic bonding mass (4). A method of attaching the wear element (3) to the tubular component
and use of a hyperelastic bonding mass (4) for such attaching are described as well.
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(57) Abstract: A tubular component (1) in a pipe system, the
tubular component (1) including an external shell (2) and an
internal wear element (3) which is attached to the mner jacket
surface (23) of the shell (2) by a bonding mass (4) in a first
annular space (91) formed between the outer jacket surface
(34) of the wear element (3) and the mner jacket surface (23)
of the shell (2), the bonding mass (4) being constituted by a
hyperelastic bonding mass (4). A method of attaching the
wear element (3) to the tubular component and use of a hy-
perelastic bonding mass (4) for such attaching are described
as well.
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TUBULAR COMPONENT WITH AN INTERNAL WEAR-RESISTANT SURFACE

The invention relates to a tubular component with an internal wear-resistant surface
for use in pipe systems conveying aggressive and/or abrasive fluids in the oil and gas
industry, the mineral-processing industry and in other processing industries. More par-

ticularly, the invention relates to hyperelastically attaching a wear element to the shell
of the pipe system.

A fluid which may be constituted by an abrasive fluid flow with a high content of sand
and particles subjects tubular components, through which the fluid is conveyed, to
great wear. Used drilling fluid with a high content of sand and cuttings particles is an
example of such an abrasive fluid. In particular, tubular components that include
bends are subjected to great wear in consequence of the forced change of direction of
the fluid, and holes are eroded in the walls of pipe bends. Tubular components with
wear holes must be replaced, and this requires a shutdown. In pipe systems convey-
INng an abrasive fluid, downtime due to a shutdown constitutes an economic loss. Thus,
there 1s a need to increase the service life of the most wear-prone components I1n a
pipe system. Such tubular components may be pipe bends like elbow bends of differ-
ent anglings, for example 45° or 90°, U-bends, concentric or eccentric reduction piec-

es for choking, T-joints or other branching components in which the flow direction of

the fluid is changed.

It is known to use a pipe bend which is constituted by a composite material. The pipe
bend is adapted to the existing standard solutions and geometries that are used in
known pipe systems. The pipe bend may easily be connected to straight pipes in a
pipe system by means of flanges or mechanical clamping connections, for example.

This enables easy replacement of the vulnerable, conventional pipe bends with pipe

bends of a composite material.

Within the art, 1t is further known to increase the wear resistance of a pipe bend by

coating the internal shell surface of the pipe bend with a ceramic thin-film coating. It

is also known to coat the inner shell surface with a hard-metal coating by means of
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hardfacing or a tungsten carbide by means of flame brazing. It is further known to
glue a ceramic casing with a thin, linearly elastic layer of glue or to press-fit a ceramic

casing. For spectally shaped metallic pipe bends, ceramic inserts in the form of seg-
mented rings are used in some cases. The segmented rings may be mitred into an

angle.

[t 1s also known within the art to use metallic pipe bends with extra-large bending ra-

dii, so-called long-radius bends. The radius may be typically 5 to 10 times the pipe

diameter to minimize the wear.

The drawback of ceramic thin-film coatings is that they are thin and crack because of

the different thermal expansion in relation to the surrounding metal jacket in the

bend. The lifetime is mited In aggressive environments.

The drawback of surfacing with hard metals 1s that the thickness of the coating re-
duces the internal diameter and entails an undesired choking of the fluid flow with a
subsequent pressure change across the component. Further, heat introduction during
the welding process may alter the material properties of the material of the jacket,

which may reduce the firmness or toughness of the tubular component.

Brazing of thin tungsten carbide coatings is difficult to carry out because of the ther-
mal expansion of the coating. Coating with thick tungsten carbide coatings reduces the
internal diameter and with subsequent choking of the fluid flow through the compo-

nent, making the formation of transitions and adaptations to seals difficult. Tungsten

carbide 1s also a material which corrodes if the fluid is both aggressive and abrasive.

Ceramic casings that are glued to the internal jacket surface will exhibit poorer adhe-
sion over time and are vuinerable to thermal expansions. A thin glue film will behave
approximately linearly elastically. Within a narrow strain range, the glue film will re-
gain i1ts original shape when relieved, but strains beyond this narrow range will lead to
breaks and delamination. Press-fitted ceramic casings are very sensitive to thermal

expansion. Segmented ceramic rings require specially adapted bends which will be

large and heavy, and which have low pressure capacity.

Long-radius bends require more space than conventional bends. In mobile drilling rigs,

for example, space is limited, which makes the use of long-radius bends difficult in
such installations. The tubular component having an internal wear-resistant surface in
accordance with the invention will give considerable space-saving as the ratio may be

reduced to one and a haif or less than one time(s) the pipe diameter.
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The invention has for its object to remedy or reduce at least one of the drawbacks of

the prior art or at least provide a useful alternative to the prior art.

The object is achieved through features which are specified in the description below

and in the claims that follow.

One object of the invention is to provide a tubular component with an internal wear-
resistant surface which has a longer life than standard metallic tubular components
used n pipe systems or pipelines for conveying a corrosive and abrasive fluid flow.
Thereby the time between replacements is increased and the overall downtime 1s re-
duced. The tubular component with an internal wear-resistant surface in accordance
with the invention comes as one unit and may easily be connected to pipe systems by
methods known within the art, such as welding, or connection by means of a flange

connection, and is not more space-demanding than standard tubular components.

The tubutar component is used in pipe systems or pipelines conveying an aggressive
and/or abrasive flow of fluid, in which corrosion, sand and particles erode holes into
the walls of metallic tubular components. The fluid flow may be a liquid flow or a gas
flow. A wear element such as a ceramic casing lies positioned within the shell of the
tubular component and is held in place with a flextble bonding mass. The wear ele-
ment may be positioned concentrically within the shell. The wear element prevents the
internal jacket surface of the shell, in geometries that are meant to change the fluid
flow directionally, from being exposed to the abrasive and/or aggressive fluid flow.
The wear element functions as a thick-walled wear coating, and has a substantially
higher wear resistance than the shell alone. The tubular component provided with the
wear element will have a longer lifetime than conventional tubular components in
which the shells are constituted by carbon steel, stainless steel or nickel alloys, and

which are exposed to a fluid flow containing sand and particles, for example.

Ceramic materials are known for their good resistance to erosion compared with met-
als and metal alloys. However, ceramic materials are brittle and not very tough in na-
ture. Therefore they are not suitable as pressure shells on their own in tubular compo-
nents because of the risk of brittle fractures and can therefore seldom be used as the
only barrier against the surroundings in pressurized tubular components. The pressure
integrity of a pipe bend, for example, must therefore be ensured by a material of suf-
ficient toughness in accordance with effective official requirements and industrial re-
quirements. By building in and adapting a ceramic casing in a standardized bend con-
stituted by a metal or a metal alloy, the standard bend forming the pressure shell

itself, the wear resistance will increase, as the surrounding standard bend will not be
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exposed to the abrasive fluid. This gives increased lifetime and reduced downtime for

the pipe system.

Ceramic materials are hard and compression-proof, but also brittle / not very elastic
materials. They are sensitive to mechanical tension loads and bending loads. By using
a flexible hyperelastic polymer material, forming a surrounding radial jacket around a
thick-walled ceramic wear element, in combination with seals at the end surfaces of
the wear element, where the seals are placed in axially resilient seal housings, it is
achieved that the ceramic wear element lies "floating” within the surrounding shell
while, at the same time, the wear element is preloaded to counteract axial tensile
forces from the fluid flowing through the pipe system. The seals may be constituted by
an elastomer. The wear element has the freedom to accommodate displacements, so

that critical, mechanical stresses will not be transmitted from the surroundings to the

wear element to any great extent.

By a hyperelastic polymer material is meant a polymer material which can be de-
formed by an external load and which returns to its original shape when unloaded. A
hyperelastic polymer material can be stretched, it can be compressed and it can ab-
sorb shear forces. Rubber is a known hyperelastic material. Other known hyperelastic

materials include polyurethane, silicone, fluorosilicone, polyacrylate, neoprene, fluoro-
carbon and nitrile.

In a first aspect, the invention relates to a tubular component 1n a pipe system, the
tubular component including an external shell and an internal wear element which is
attached to the inner jacket surface of the shell with a bonding mass In a first annular
space formed between the outer jacket surface of the wear element and the inner
jacket surface of the shell, the bonding mass being constituted by a hyperelastic ma-

terial. The wear element may be constituted by a ceramic material. The wear element
may be concentrically positioned in the shell.

In at least one end portion, the tubular component may be provided with an end piece
which, at its first end portion facing the tubular component, is provided with an inter-
nal stepping forming a shoulder in the inner jacket surface of the end piece and being
provided, in its shoulder, with a circumferential groove in the axial direction of the end

piece, arranged to accommodate an axially acting resilient element.

In at least one end portion, the tubular component may be provided with a movable,
radial seal housing which, in a portion facing the tubular component, may be arranged

to accommodate a first sealing element arranged to seal axially between the wear el-



10

15

20

25

30

CA 02841115 2014-01-06
WO 2013/009188 PCT/NO2012/050126

ement and the seal housing, and, in a portion facing away from the tubular compo-

nent, the seal housing may be provided with a ring complementarily adapted to the
circumferential groove of the end piece and arranged to be preloaded against the axi-

ally acting resilient element of the end piece.

The ring of the seal housing may be provided with at least one second sealing element

arranged to seal between the ring and the side surfaces of the groove. The first seal-

ing element of the seal housing may be arranged to position the wear element In the
radial direction. The first sealing element of the seal housing may be constituted by a

sealing element and a radial positioning element.

The outer jacket surface of the seal housing and the inner jacket surface of the end
plece may form a second annular space between them, and the jacket of the seal
housing may be provided with at least one through-going, radial bore, so that the sec-
ond annular space is in fluid communication with the fluid channel of the tubular com-

ponent.

The seal-housing end portion facing the tubular component may form a heat shield.
The shell and wear element of the tubular component may project beyond the edge

portion of the bonding mass and may form an open annular-space portion.

The end piece may be attached to the shell with a fastening means selected from a
group including a weld, flange connection, integrated grooving and hub connection. At
its second end portion, the end piece may be provided with a fastening means ar-
ranged to attach the tubular component to a pipe system, wherein the fastening
means may have been selected from a group including a weld, flange connection, in-

tegrated grooving and hub connection.

The hyperelastic bonding mass may be selected from a group including polyurethane,

silicone, fluorosilicone, polyacrylate, neoprene, fluorocarbon and nitrile.

The invention also relates to a pipe system for conveying an abrasive and/or aggres-
sive fluid, wherein the pipe system may be provided with at least one tubular compo-

nent in accordance with the invention.

In a second aspect, the invention relates to a method of lining a tubular component
with a wear element, the method including the steps of:

a) positioning the wear element inside the shell of the tubular component and in such
a way that a first annular space is formed between the outer jacket surface of the

wear element and the inner jacket surface of the shell:
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b) positioning a sealing bottom strip at the first end portion of the tubular component in the first

annular space; and

c) filling up the first annular space with a hyperelastic bonding mass from the second end

portion of the tubular component.

In step a), the method may further include positioning the wear element concentrically in the

shell

The filling up of the first annular space with the hyperelastic bonding mass may be stopped
before the entire first annular space has been filled at the second end portion of the tubular

component, so that an open annular-space portion is formed in the first annular space.

In a third aspect, the invention relates to the use of a hyperelastic bonding mass for attaching a

wear element to the inner jacket surface of a shell in a tubular component.

In accordance with one embodiment of the invention, there is provided a tubular component in a
pipe system, the tubular component comprising an external shell having a first end portion and a
second end portion spaced from the first end portion, and an internal, tubular, solid, integrali
wear element which extends continuously in a single unit between the first end portion and the
second end portion, and is attached to an inner jacket surface of the shell with a bonding mass
in a first annular space formed between an outer jacket surface of the wear element and the
inner jacket surface of the shell, wherein the bonding mass is constituted by a hyperelastic
material, wherein in at least one end portion, the tubular component is provided with an end
piece which, in a first end portion facing the tubular component, is provided with an internal

stepping which forms a shoulder in an inner jacket surface of the end piece and, in the shoulder,

is provided with a circumferential groove in the axial direction towards a second end portion of
the end piece, arranged to accommodate an axially acting resilient element, and wherein in the
at least one end portion, the tubular component is provided with a movable, radial seal housing
which, in a portion facing the tubular component, is arranged to accommodate a first sealing

element arranged to seal axially between an end surface of the wear element and the seal
housing, and in a portion facing away from the tubular component, the seal housing being
provided with a ring complementarily engaged against a side surface of the circumferential
groove of the end piece and configured to be preloaded and abut against the axially acting
resilient element of the end piece, the seal housing further being provided with an inner jacket

surface facing a fluid channel of the tubular component and wherein any expansion and

CAN DMS: \107304831\1 A
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contraction of the end piece is absorbed by the axially resilient element and the first sealing

element without affecting the wear element.

In accordance with another embodiment of the invention, there is provided a pipe system for
conveying at least one of an abrasive and aggressive fluid, wherein the pipe system is provided
with at least one tubular component comprising: an external shell having a first end portion and
a second end portion spaced from the first end portion, and an internal, tubular, solid, integral
wear element which extends continuously in a single unit between the first end portion and the
second end portion and is attached to an inner jacket surface of the shell with a bonding mass
in a first annular space formed between an outer jacket surface of the wear element and the
inner jacket surface of the shell, wherein the bonding mass is constituted by a hyperelastic
material wherein in at least one end portion, the tubular component is provided with an end
piece which, in a first end portion facing the tubular component, is provided with an internal
stepping which forms a shoulder in an inner jacket surface of the end piece and, in the shoulder,
is provided with a circumferential groove in the axial direction towards a second end portion of
the end piece, arranged to accommodate an axially acting resilient element, and wherein in the
at least one end portion, the tubular component is provided with a movable, radial seal housing
which, in a portion facing the tubular component, Is arranged to accommodate a first sealing
element arranged to seal axially between an end surface of the wear element and the seal
housing, and in a portion facing away from the tubular component, the seal housing being
provided with a ring complementarily engaged against a side surface of the circumferential
groove of the end piece and configured to be preloaded and abut against the axially acting
resilient element of the end piece, the seal housing further being provided with an inner jacket
surface facing a fluid channel of the tubular component and wherein any expansion or
contraction of the end piece is absorbed by the axially resilient element and the first sealing

element without affecting the wear element.

In accordance with a further embodiment of the invention, there is provided a method of forming

a tubular component having an external shell provided with a first end portion and a second end

portion spaced from the first end portion and a wear element, the method including the steps of:

a) positioning the wear element inside the shell of the tubular component such that the wear
element extends continuously in a single unit between the first end portion and the second end
portion, and in such a way that a first annular space Is formed between an outer jacket surface

of the wear element and an inner jacket surface of the shell;

ba

CAN_DMS: \107304831\1
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b) positioning a sealing bottom strip at the first end portion In the first annular space;

¢) filling up the first annular space with a hyperelastic bonding mass from the second end

portion;

d) providing, in at least one end portion, the tubular component with an end piece which, in a

first end portion facing the tubular component, is provided with an internal stepping which forms

a shoulder in an inner jacket surface of the end piece and, in the shoulder, is provided with a

circumferential groove in the axial direction towards a second end portion of the end piece,

arranged to accommodate an axially acting resilient element, and

e) providing in the at least one end portion, a movable radial seal housing which, in a portion
facing the tubular component, is arranged to accommodate a first sealing element arranged to
seal axially between an end surface of the wear element and the seal housing, and in a portion
facing away from the tubular component, is provided with a ring complementarily engaged
against a side surface of the circumferential groove of the end piece, and configured to be
preloaded and abut against the axially acting resilient element of the end piece, the seal
housing being provided with an inner jacket surface facing a fluid channel of the tubular
component and wherein any expansion or contraction of the end piece Is absorbed by the

axially resilient element and the first sealing element without affecting the wear element.

In accordance with another embodiment of the invention, there is provided a method of forming
a tubular component having a tubular, solid integral wear element and an external shell wherein

the external shell includes a first end portion and a second end portion spaced from the first end

portion, the method comprising the steps of:

a) positioning the wear element inside the external shell such that the wear element extends
continuously in a single unit between the first end portion and the second end portion, and such

that a first annular space is formed between an inner jacket surface of the shell and an outer

jacket surface of the wear element;

b) providing a hyperelastic bonding mass In the first annular space between the external shell

and the wear element:

ob

CAN_DMS: V1073048311
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c) providing, in at least one end portion, the tubular component with an end piece which, in a
first end portion facing the tubular component, is provided with an internal stepping which forms
a shoulder in an inner jacket surface of the end piece and, in the shoulder, is provided with a
circumferential groove in the axial direction towards a second end portion of the end piece,

arranged to accommodate an axially acting resilient element, ana

d) providing in the at least one end portion, a movable radial seal housing which, in a portion
facing the tubular component, is arranged to accommodate a first sealing element arranged to
seal axially between an end surface of the wear element and the seal housing, and in a portion
facing away from the tubular component, is provided with a ring complementarily engaged
against a side surface of the circumferential groove of the end piece, and configured to be
preloaded and abut against the axially acting resilient element of the end piece, the seal
housing being provided with an inner jacket surface facing a fluid channel of the tubular
component and wherein any expansion or contraction of the end piece is absorbed by the

axially resilient element and the first sealing element without affecting the wear element.

In what follows, an example of a preferred embodiment is described, which Is visualized in the

accompanying drawings, in which :

Figure 1 shows a side view of a tubular component in accordance with the invention;
Figure 2 shows, on the same scale as figure 1, a top view of the tubular component;
Figure 3 shows a section through the tubular component;

Figure 4 shows a side view of another tubular component made with two other alternative

embodiments;
Figure 5 shows, on the same scale as figure 4, a top view of the tubular component;
Figure 6 shows a section through the tubular compaonent shown in figure 4

Figure 7 shows, on a larger scale, details of the section shown in figure 6; and

Figures 8A-E show perspective views, on a smaller scale, of alternative embodiments of the end

piece of a tubular component for the attachment of the component into a pipe system.

In the drawings, the reference numeral 1 Indicates a tubular component in accordance

6C

CAN DMS: \107304831\1
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with the figures. In the figures, the tubular component 1 is shown as a 90° elbow
bend and as a U-bend to visualize the structural features. However, the invention is
not limited to such bends, but can also be used together with bends having other an-
gles, such as 30°, 45° and 60°, for example, and together with, for example, straight
tubular components 1, concentric or eccentric reduction pieces for choking and on T-

shaped tubular components 1 and on other tubular components 1 known in the art.

The tubular component 1 includes a shell 2. The shell 2 may be constituted by a metal
or a metal alloy such as carbon steel, stainless steel or a nickel alloy, for example. The
shell 2 may alternatively be constituted by a composite material. The tubular compo-
nent 1 shown I1s provided with an end piece 5 at its first end portion 11 and its second
end portion 12. The end piece 5 may be constituted by a metal or a metal alloy or a
composite material. An end piece 5 which is constituted by a metal or a metal alloy is
referred to In the art as a welding end. Between the end portion 51 of the end piece 5
and the shell 2 at the end portions 11, 12, a welding groove 26 may be formed, which
may be filled with a fastening means 27 such as a weld 27 If the material of the shell 2
and end piece 5 allows such a joining method. Other fastening means 27 may include

a flange connection, integrated grooving and a hub connection.

A wear element 3 is positioned inside the sheli 2 in such a way that an annular space
91 is formed between the inner jacket surface 23 of the shell 2 and the outer jacket
surface 34 of the wear element 3. In one embodiment, the wear element 3 is posi-
tioned concentrically, positioned in the shell 2. The wear element 3 is constituted by a
material which has great resistance to abrasive and/or aggressive fluids. The wear
element 3 may be constituted by a ceramic material, such as silicon carbide, silicon
nitride, zirconium oxide, aluminium oxide or boron carbide, for example. The wear
element 3 may be a monolithic, solid, integral casing. The annutar space 91 i1s partially
filled with a bonding mass 4. The bonding mass 4 is hyperelastic and may be consti-
tuted by a polymer material, such as polyurethane, silicone, fluorosilicone, polyacry-
late, neoprene, fluorccarbon and nitrile, for example. In the drawings, two exemplary
embodiments are shown in which the shell 2 and the wear element 3 project beyond
the edge portion 45 of the bonding mass 4. Thereby an open annular-space portion 93
is formed at the end portions 11, 12. The edge portion 35 of the wear element 3 forms
a first end surface and the edge portion 25 of the shell 2 forms a second end surface.
The wear element 3 may be positioned In the shell 2 in such a way that the first end
surface is parallel to the second end surface, as shown In the figures. This means that

the edge surface 35 of the wear element 3 projects from the shell 2 by an equal dis-

tance along the circumferential edge portion 25 of the shell 2.



CA 02841115 2014-01-06
WO 2013/009188 PCT/NO2012/050126

On an inner jacket surface 33 at its first end portion 51, the end piece 3 is provided
with a stepping which forms a shoulder 57. In the shoulder 57, a circumferential
groove 58 is formed, extending in the longitudinal direction of the end piece 5. An axi-
ally acting resilient element 61 is positioned in the groove 58. The resilient element 61

s  may be constituted by a metallic, axially acting spring or an O-ring constituted by an
elastomer.

In its position of application, the tubular component 1 1s provided with a circular seal
housing 7 between the wear element 3 and the end piece 5. The seal housing 7 may

be constituted by a metal, a metal alloy or a composite material. At its first end por-

10 tion 71, on an inner jacket surface 73, the seal housing 7 is provided, in one embodi-
ment, with a stepping which forms a shoulder 77. The seal housing 7 is provided with
a first sealing element 63 which lies sealingly between the end surface 35 of the wear
element 3 and the shouider 77. The seal housing 7 is further provided with a sealing
element which lies sealingly between the outer jacket surface 34 of the wear element

15 3 and the inner jacket surface 73' of the seal housing 7. In the figures 3 and 7A, a first

sealing element 63 1s shown as one sealing element 63 sealing between the end sur-
face 35 and the shoulder 77 and sealing between the outer jacket surface 34 and the
inner jacket surface 73'. In an alternative embodiment shown in figure 7B, the sealing
element 63 is constituted by two separate sealing elements 63, 63', wherein 63" con-
20  stitutes a radial positioning element. For the operation of the invention, it is not nec-
essary for the sealing element 63’ to be sealing between the outer jacket surface 34
and the inner jacket surface 73'. The sealing element 63' may therefore, in a further
alternative embodiment, be constituted by a radial, sinuous spring, for example, which

IS arranged to position the wear element 3 radially. The first sealing element 63 may

25 De constituted by an elastomer.

In a portion 72 facing the end piece 5, the seal housing 7 is provided with a ring 75.
The ring 75 1s arranged to fit complementarily in the groove 58 and will abut against
the resilient element 61. The ring 75 1s provided with at least one second sealing ele-
ment 65 which prevents fluid and foreign bodies from penetrating to the resilient ele-
30.  ment 6l in the groove 58. The sealing element 65 may be constituted by an O-ring

which is positioned in a groove 76 in the ring 75.

In a position of application, a second annular space 95 is formed between the inner
jacket surface 53' of the end piece 5 and the outer jacket surface 74 of the seal hous-

Ing 7. In 1ts jacket, the seal housing 7 is provided with radial bores 8 forming a fluid
35 connection between the fluid channel 13 and the second annular space 95.
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In one embodiment as shown 1n the figures 3 and 7B, the seal housing 7 may be pro-
vided with a heat shield 78 projecting, 1n the position of application, into the open an-
nular space portion 93. On the outer jacket surface of the seal housing 7, the heat
shield 78 is provided with a circular recess 79, so that the welding groove 26 may be
filled completely with a weld 27. The heat shield 28 protects the first sealing element
63 and the bonding mass 4 from heat from the welding work.

At its second end portion 52, the end piece 5 may be provided with fastening means
54 for the attachment of the tubular component 1 to a pipe system (not shown). The
pipe system may be a pipeline of a kind known per se. Examples of such fastening
means 54 which are known within the art are shown in figure 8. Figure 8A shows a
welding end, figure 8B shows a plane flange, figure 8C shows a so-called hub, figure

8D shows an end piece with a grooved clamp, and figure 8E shows a compact flange.

The fluid channel 13 extends through the tubular component 1 and the end piece 5
without any restrictions, as the inner jacket surface 33 of the end piece 5, the inner
jacket surface 73 of the seal housing 7 and the inner jacket surface 33 of the wear
element 3 are of the same internal diameter. The wear element 3 is hyperelastically
connected to the shell 2. This has the advantage of any thermal expansion or shrink-
age of the shell 2 not propagating to the wear element 3. Particles in the fluid that is
being conveyed through the pipe system may impinge on the wear element 3 with
great force as the flow direction changes. The impact against the wear element 3 Is
dampened by the bonding mass 4. The hyperelastic bonding mass 4 also allows the

wear element 3 to twist somewhat within the shell 2.

Thermal expansion or shrinkage of the end piece 5 will be absorbed by the axially re-
silient element 61 and the first sealing element 63 and, thus, will not affect the wear
element 3. The seal housing 7 allows a radial movement of the wear element 3 by the
first sealing element 63 being elastic in a radial direction and by the ring 75 having
some clearance within the groove 58. The clearance allows the centre axis of the seal
housing 7 to deviate from the centre axis of the wear element 3 and the centre axis of
the end piece 5 and not be parallel to these either.

The fluid pressure against the free outer jacket surface 34 of the wear element 3 is
substantially in pressure balance with the fluid pressure against the inner jacket sur-
face 33 by there being fluid communication between the open annular-space portion
93 and the fluid channel 13 through the annular space 95 and the bores 8. The wear
element 3 is thereby not subjected to a buckling load in this area in which the wear

element 3 1s not supported by the bonding mass 4. The bonding mass 4 may not sup-
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port this area if the end piece 5 is to be attached to the shell 2 with a weld 27, such as
a butt weld in the welding groove 26, for example, because of the high temperature
used in welding. The reduced pressure difference between the open annular-space
portion 93 and the fluid channel 13 in the straight stretches of the wear element 3 in
the critical transition between the wear element 3 and the other components in the
pipe system substantially reduces the mechanical stresses in the transition. In addition
to extended lifetime, it is also achieved that either the process pressure of the fluid or

the operating temperature or both may be increased substantialiy in pipe systems In

accordance with the invention compared with known solutions.

If the pipe component 1 is constituted by a straight pipe, 1t 1s sufficient to provide the

tubular component 1 with one seal housing 7 in one end portion 11, 12 of the tubular

component 1.

To the outer jacket surface 34 of the wear element 3 and the inner jacket surface 23
of the shell 2, a suitable primer of a kind known per se is applied. The wear element 3
1Is positioned in the shell 2 in a suitable jig of a kind known per se (not shown). The jig
holds the wear element 3 fixed in a manner known per se, so that the wear element 3
IS in a desired position inside the shell 2. The desired position may be a concentric
position. A bottom stuffing strip (not shown) is positioned in the annular space 91 in
the lower and outermost part of the annular space 91. The hyperelastic bonding mass
4 is filled into the annular space 91 and in such a way that ambient gas may be evac-

uated. The annular space 91 is filled up untit an open annular-space portion 93 re-

malins.

For illustrative purposes, in figures 4-7(A, B), a U-bend 1 is shown, provided with a
wear element 3 in accordance with the invention, in which the end portions 11, 12
include alternative embodiments. In the figures 6 and 7A 1t is shown that the end por-
tion 11 of the shell 2 has been extended by a transition piece 29 forming a straight
stretch before the end piece 5. The edge portion 45 of the bonding mass 4 and the
edge portion 35 of the wear element 3 project beyond the edge portion 25 of the shell
2. The annular space 91 is completely filled up with bonding mass 4 so that no annu-
lar-space portion 93 is formed. The seal housing 7 is formed without the shouilder 77
and the heat shield 78. The circumferential groove 79 is formed in the outer jacket
surface 74 of the seal housing 7. In an embodiment in which the edge portion 35 of
the wear element 3 does not project beyond the edge portion 45 of the bonding mass
4, the bores 8 and the second annular space 95 may be left out as there will be no

buckling load against the inner jacket surface 33 of the wear element 3.

10
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In the drawings, it is shown that the wear element 3 is positioned in the shell 2 in
such a way that the first end surface is parallel to the second end surface. That is to
say, the edge portion 35 of the wear element 3 is projecting from the shell 2 by an
equal distance along the circumferential edge portion 25 of the shell 2. The invention
is not limited to this, as the seal housing 7 may be adapted for a geometry in which
the edge portion 35 projects by a varying distance from the edge portion 25.

11
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CLAIMS:

1. A tubular component in a pipe system, the tubular component comprising an
external shell having a first end portion and a second end portion spaced from the
first end portion, and an internal, tubular, solid, integral wear element which extends
continuously in a single unit between the first end portion and the second end
portion, and is attached to an inner jacket surface of the shell with a bonding mass In
a first annular space formed between an outer jacket surface of the wear element
and the inner jacket surface of the shell, wherein the bonding mass is constituted by
a hyperelastic material,

wherein in at least one end portion, the tubular component is provided with an
end piece which, in a first end portion facing the tubular component, is provided with
an internal stepping which forms a shoulder in an inner jacket surface of the ena
piece and, in the shoulder, is provided with a circumferential groove in the axial
direction towards a second end portion of the end piece, arranged to accommodate
an axially acting resilient element, and

wherein in the at least one end portion, the tubular component is provided
with a movable, radial seal housing which, in a portion facing the tubular component,
is arranged to accommodate a first sealing element arranged to seal axially between
an end surface of the wear element and the seal housing, and in a portion facing
away from the tubular component, the seal housing being provided with a ring
complementarily engaged against a side surface of the circumferential groove of the
end piece and configured to be preloaded and abut against the axially acting resilient
element of the end piece, the seal housing further being provided with an inner jacket
surface facing a fluid channel of the tubular component and wherein any expansion
and contraction of the end piece is absorbed by the axially resilient element and the

first sealing element without affecting the wear element.

2. The tubular component in accordance with claim 1, wherein the wear element is

constituted by a monolithic ceramic material.

3. The tubular component in accordance with claim 1 or 2, wherein the ring of the
seal housing is provided with at least one second sealing element arranged to seal

between the ring and the side surface forming the groove.

CAN_DMS: 1107296903\ 19
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4. The tubular component in accordance with any one of claims 1 to 3, wherein the
first sealing element of the seal housing is arranged to position the wear element in a

radial direction.

5. The tubular component according to any one of claims 1 to 3, wherein the first

sealing element of the seal housing is constituted by a sealing element and a radial

positioning element.

6. The tubular component in accordance with claim 5, wherein an outer jacket
surface of the seal housing and the inner jacket surface of the end piece form a
second annular space between them, and the seal housing is provided with at least
one radial, through-going bore so that the second annular space is in fluid

communication with the fluid channel of the tubular component.

7. The tubular component in accordance with any one of claims 1 to 6, wherein the

end portion of the seal housing facing the tubular component forms a heat shield.

8. The tubular component in accordance with any one of claims 1 to 7, wherein the
shell and the wear element of the tubular component project beyond the edge portion

of the bonding mass, forming an open annular-space portion.

9. The tubular component in accordance with any one of claims 1 to 8, wherein an

end piece is attached to the shell with a fastening means selected from a group

consisting of a weld, a flange connection, integrated grooving, and a hub connection.

10. The tubular component in accordance with claim 9, wherein at its second end
portion, the end piece is provided with a fastening means arranged to attach the
tubular component to a pipe system, the fastening means being selected from a

group consisting of a weld, a flange connection, integrated grooving and a hub

connection.

11. The tubular component in accordance with any one of claims 1 to 10, wherein the
hyperelastic bonding mass Is selected from a group consisting of polyurethane,

silicone, fluorosilicone, polyacrylate, neoprene, fluorocarbon, and nitrile.

CAN_DMS: V107296903\2 13
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12. The tubular component of any one of claims 1 to 11, wherein the external shell is

solid.

13. The tubular element of claim 1 or 12, wherein the first sealing element Is separate
from the seal housing, and the inner jacket surface of the seal housing is exposed to

the fluid channel of the tubular component.

14. A pipe system for conveying at least one of an abrasive and aggressive fluid,
wherein the pipe system is provided with at least one tubular component comprising:
an external shell having a first end portion and a second end portion spaced from the
first end portion, and an internal, tubular, solid, integral wear element which extends
continuously in a single unit between the first end portion and the second end portion
and is attached to an inner jacket surface of the shell with a bonding mass in a first
annular space formed between an outer jacket surface of the wear element and the
inner jacket surface of the shell, wherein the bonding mass is constituted by a
hyperelastic material,

wherein in at least one end portion, the tubular component is provided with an
end piece which, in a first end portion facing the tubular component, Is provided with
an internal stepping which forms a shoulder in an inner jacket surface of the end
piece and, in the shoulder, is provided with a circumferential groove in the axial
direction towards a second end portion of the end piece, arranged to accommodate
an axially acting resilient element, and

wherein in the at least one end portion, the tubular component is provided

with a movable, radial seal housing which, in a portion facing the tubular component,

is arranged to accommodate a first sealing element arranged to seal axially between
an end surface of the wear element and the seal housing, and in a portion facing
away from the tubular component, the seal housing being provided with a ring
complementarily engaged against a side surface of the circumferential groove of the
end piece and configured to be preloaded and abut against the axially acting resilient
element of the end piece, the seal housing further being provided with an inner jacket
surface facing a fluid channel of the tubular component and wherein any expansion
or contraction of the end piece Is absorbed by the axially resilient element and the

first sealing element without affecting the wear element.

15. The pipe system of claim 14, wherein the external shell is solid.

CAN_DMS: \107286903\2 14
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16. The pipe system of claim 14 or 15, wherein the first sealing element is separate
from the seal housing, and the inner jacket surface of the seal housing is exposed to

the fluid channel of the tubular component.

17. A method of forming a tubular component having an external shell provided with
a first end portion and a second end portion spaced from the first end portion and a
wear element, the method including the steps of.

a) positioning the wear element inside the shell of the tubular component
such that the wear element extends continuously in a single unit between the first
end portion and the second end portion, and in such a way that a first annular space
is formed between an outer jacket surface of the wear element and an inner jacket
surface of the shell;

b) positioning a sealing bottom strip at the first end portion in the first annular
space;

c) filling up the first annular space with a hyperelastic bonding mass from the
second end portion;

d) providing, in at least one end portion, the tubular component with an end
piece which, in a first end portion facing the tubular component, is provided with an
internal stepping which forms a shoulder in an inner jacket surface of the end piece
and, in the shoulder, is provided with a circumferential groove in the axial direction
towards a second end portion of the end piece, arranged to accommodate an axially
acting resilient element, and

e) providing in the at least one end portion, a movable radial seal housing
which, in a portion facing the tubular component, is arranged to accommodate a first
sealing element arranged to seal axially between an end surface of the wear element
and the seal housing, and in a portion facing away from the tubular component, is
provided with a ring complementarily engaged against a side surface of the
circumferential groove of the end piece, and configured to be preloaded and abut
against the axially acting resilient element of the end piece, the seal housing being
provided with an inner jacket surface facing a fluid channel of the tubular component
and wherein any expansion or contraction of the end piece is absorbed by the axially

resilient element and the first sealing element without affecting the wear element.

CAN_DMS: V107296903\2 15
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18. The method in accordance with clam 17, wherein filling the first annular space
with the hyperelastic bonding mass is terminated before the entire first annular space
has been filled at the second end portion of the tubular component, so that an open

annular-space portion Is formed In the first annular space.

19. The method of claim 17 or 18, wherein the first sealing element is separate from

the seal housing, and the inner jacket surface of the seal housing Iis exposed to the

fluid channel of the tubular component.

20. A method of forming a tubular component having a tubular, solid integral wear
element and an external shell wherein the external shell includes a first end portion
and a second end portion spaced from the first end portion, the method comprising
the steps of:

a) positioning the wear element inside the external shell such that the wear
element extends continuously in a single unit between the first end portion and the
second end portion, and such that a first annular space is formed between an inner
jacket surface of the shell and an outer jacket surface of the wear element;

b) providing a hyperelastic bonding mass in the first annular space between
the external shell and the wear element;

c) providing, in at least one end portion, the tubular component with an end
piece which, in a first end portion facing the tubular component, is provided with an
internal stepping which forms a shoulder in an inner jacket surface of the end piece
and, in the shoulder, is provided with a circumferential groove in the axial direction
towards a second end portion of the end piece, arranged to accommodate an axially

acting resilient element, and

d) providing in the at least one end portion, a movable radial seal housing
which, in a portion facing the tubular component, is arranged to accommodate a first

sealing element arranged to seal axially between an end surface of the wear element

and the seal housing, and in a portion facing away from the tubular component, is
provided with a ring complementarily engaged against a side surface of the
circumferential groove of the end piece, and configured to be preloaded and abut
against the axially acting resilient element of the end piece, the seal housing being
provided with an inner jacket surface facing a fluid channel of the tubular component
and wherein any expansion or contraction of the end piece is absorbed by the axially

resilient element and the first sealing element without affecting the wear element.

CAN_DMS: V1072969032 16
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21. The method of claim 20, wherein the external shell is solid.

22. The method of claim 20 or 21, wherein the first sealing element is separate from
the seal housing, and the inner jacket surface of the seal housing I1s exposed to the

fluild channel of the tubular component.

CAN_DMS: \107296903\2 17



CA 02841115 2014-01-06
WO 2013/009188 PCT/NO2012/050126

1/6

/Wm 5/58

\

DO~

ST

11 11

Sig, 2



CA 02841115 2014-01-06

WO 2013/009188

\\\\\\\

PCT/NO2012/050126

(\
\58 03

\
\
\
| \
I \
| \
' 85\86 C/N /37 '
Ie~45\a3>f") /74 X95/53' /5
1\ A
| \
e N I N R RS Sems
91 %%%%//Zﬂ|_§\\\\§§\\\\\\:\\\\\ 75
A SRR
3 |
33— N 23
34— \ 37
79 \ :
5 - N\ - 72
35 ” 1> 73
63 T » 71
~— Al 77




CA 02841115 2014-01-06
WO 2013/009188 PCT/NO2012/050126

3/6

11N\ 264 294 26,91 5/58

N

12 26 ™ol SKSE

Siq, 4

1 \ /8 18)?51 7‘58

VI



CA 02841115 2014-01-06
WO 2013/009188 PCT/NO2012/050126

4/6

1
\ Vo

y ~
/l'l\;fx N \\\\\\\\\\\\\
\- .

2\C6 ol o 22 O3




WO 2013/009188

8\8&

CA 02841115 2014-01-06

23+
25+

PCT/NO2012/050126

2/ 6

2 9

4526~

/9 /
(73 /74 95,03 -3

\\\\\\

N

g |u|f|/|//|/ﬁ|ﬂ|‘“\'\w\l\l\'\'\ &\\“\\ -
V1la MG NI

/ . " ;\\\§\\\\\\ \\\\\\ oL

. ¢

33 % > 65

s—" gg

A U 3

c 72

3 7

71

- 1. /A
o ~77
PR 71
63 7 73
- N 72
6335’ // - \ \27
78 / 53
// \ 65
34 / \ \g — /6
IS 1 NN
g || :a“\s§§§§>§§§i§sgm§§§§’ —61
S GZNNNNNNN E
o45/23/73326) 2979 737 \71 g5 53 \5
-1Q. /B



WO 2013/009188

CA 02841115 2014-01-06

“iq. 8

PCT/NO2012/050126



2 . \ /—\5
12 Jll 7 ol \ o2 “od

27 :
51 33 \

5 : 34/ '\
13 v | \

oC~— N :
: \

\

232627~ 7377

Y
\

5

93~ | N L/ L 55
7, 4, 7 / Z .// /I |l N \‘ N \ V X

61
28

A e S MRS
N GhRiGYy aa-iy

/‘/, LI,

S AR
i | R TE——— R

SN
' 76

—65
53
-y

IV

/

/

73

T - 71
S | I 77

0




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - abstract drawing

