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Description

Technical Field of the Invention

[0001] The present invention relates to repair and/or
renewal of pipes. In particular, the present invention re-
lates to a pipe liner and a method of installing said pipe
liner.

Background to the Invention

[0002] It is common practice to provide utilities, such
as water or gas supply or other services including waste
water drainage/sewerage along underground pipes. This
reduces the obstruction caused by these pipes, particu-
larly in crowded urban areas. It can also provide the pipes
with some measure of protection against environmental
exposure.
[0003] Along with these advantages, there are some
disadvantages, in particular, the possibility of damage to
the pipes from ground movement, subsidence, increased
overhead traffic, tree growth or the like. Another problem
with underground pipes is the inconvenience of uncov-
ering or accessing pipes for repair. The access and repair
issue has been addressed by inserting a pipe liner, typ-
ically formed from a rigid polymer material, along a sec-
tion of underground pipe. The liner can provide additional
structural support for the pipe and may seal cracks, holes
or the likes in the existing pipe. Typically, the pipe liner
is preformed in a shape substantially corresponding to
that of the pipe, but with a slightly narrower diameter.
The liner can then be inserted into the pipe. Once in situ,
heat expansion can be used to expand the liner into a
close fit with the inner surface of the pipe. An alternative
method known as swage lining involves reducing the di-
ameter of a liner by pulling it through a die before inserting
into a pipe. After insertion, the line will gradually expand
back to its original diameter and thereby form a close fit
with the inner surface of the pipe.
[0004] A further alternative method involves soaking
an absorbent fabric pipe liner in resin, inserting said fabric
pipe liner into the pipe, pressing the liner against the pipe
surface and curing the resin. Typically, the resin is either
left to cure gradually or the curing is accelerated using
heat and/or ultraviolet light. Where the process is accel-
erated this can require large amounts of power. There
are many variants on such cured in place polymer (CIPP)
pipe lining systems, nevertheless, each suffers from the
fact that the resin components are typically toxic. As such,
soaking the liner material with resin may require a spe-
cialised equipment or facilities. Additionally, CIPP liners
tend to be very rigid once cured and thus provide minimal
flexibility to accommodate subsequent ground or pipe
movements.
[0005] Document WO2005/090848 discloses a com-
posite lining for a pipe comprising a structural layer for
providing structural integrity and a containment layer for
providing fluid impermeability. The structural layer com-

prising at least one strip of lining material arranged to
form a substantially continuous lining within said pipe.
[0006] Whilst the above methods provide for conven-
ient repair/renewal of a pipe, it can be complex and/or
costly to apply such a method in many situations. In par-
ticular, such preformed liners have limited flexibility which
can cause difficulty if the pipe includes multiple bends,
variations in diameter. Additional problems may be
caused where there are other irregularities in the interior
surface of the pipe (from collapse or otherwise) or if there
is restricted access to the pipe section to be repaired/re-
newed. A further significant problem with such liners is
storage and convenience of transport or handling. Since
the liners typically have limited flexibility, storage and de-
ployment is possible only off a relatively large spindle.
Additionally, storage of liners is volumetrically inefficient
in view of the significant empty inner volume of the liner.
[0007] It is therefore an object of the present invention
to provide an improved pipe liner and a method of install-
ing a pipe liner.

Summary of the Invention

[0008] The present invention is defined in the append-
ed independent claims. Advantageous features of the
invention are defined in the appended dependent claims.
[0009] According to a first aspect of the present disclo-
sure there is provided a pipe liner for use in repair and/or
renewal of a pipe, the pipe liner comprising an elongate
duct formed from multiple laminated layers of thermo-
plastic material.
[0010] A pipe liner of the claimed type provides excel-
lent pipe lining performance and significantly increased
flexibility. Due to the improved flexibility provided by the
laminar construction, the pipe liner may be stored in a
more volumetrically efficient fashion than preformed prior
art pipe liners but without the complexities of handling
resin required by CIPP systems. Similarly, the increased
flexibility provides for simple insertion of the liner into a
pipe without the complexities of handling resin required
by CIPP systems.
[0011] Preferably, the liner is adapted such that it may
have a substantially flat form for storage. Most preferably,
this is achieved by folding the liner. In the substantially
flat form opposing faces of the liner may be pressed to-
gether or into close proximity, this being facilitated by
axial folds at opposing sides of the liner profile. The folds
may dead folds, sharp folds or may have a curved form.
Between the folds, opposing sides of the liner profile may
extend substantially parallel to one another. The liner
may be formed in the substantially flat form or may be
formed in a substantially tubular form then flattened.
[0012] Suitable thermoplastic materials for the lami-
nate layers include but are not limited to: high/medi-
um/low density polyethylene (HDPE/MDPE/LDPE), pol-
yvinyl chloride (PVC), unplasticised polyvinyl chloride
(PVCu), polypropylene (PP), Nylon66, thermoplastic
polyurethane (TU) or the like.
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[0013] In a preferred embodiment, the laminate layers
may be bonded together by the provision of an adhesive
there between. The adhesive may be a heat melt adhe-
sive. In alternative embodiments, the laminate layers
may be heat bonded.
[0014] The laminate layer are preferably thin, say 0.5
to 2 mm or 1 to 2 mm. Typically there are at least 2, and
preferably 3 or more laminate layers. In larger pipes there
may be more layers. In particular, in some large diameter
pipes, whilst there may be 2 to 10 layers, there are pref-
erably 8 to 10 layers. Most preferably, the overall thick-
ness of the liner is of the order of a small percentage of
the pipe diameter. Preferably, the overall thickness of the
liner is of the order of 2 to 10% or 2 to 5% of the pipe
diameter.
[0015] The laminate layers may comprise substantially
coaxial elongate ducts. Preferably, the laminate layers
may be helically wound relative to the elongate axis. Most
preferably, successive laminate layers are helically
wound in opposing directions. In particular, the layers
may be wound in a braided fashion. In such cases, the
alternate molecular alignments may increase the
strength of the laminated liner. Most preferably, the lam-
inate layers may be formed from dual-orientated polymer
(DOP) strips.
[0016] The liner may be adapted to comprise a cable
duct. The cable duct may be formed from thermoplastic
or thermosetting material. Where the cable duct is formed
from a thermoplastic material, it preferably has a higher
transition temperature than the thermoplastic material
forming the laminate layers. The cable duct is preferably
provided between two laminate layers. The cable duct
may be extruded with an exterior profile adapted to min-
imise the interstitial gap between laminate layers. In par-
ticular, the cable duct may have tapered side wing sec-
tions. The cable duct may comprise a microduct, where
appropriate.
[0017] Provision of the cable duct enables cables to
be laid along the duct. The cables may be power cables
or data cables. The cables may comprise electrically con-
ductive cables or optical cables.
[0018] Heating means are provided within the pipe lin-
er. The heating means are provided between successive
laminate layers. The heating means enable the pipe liner
to be heated above the transition temperature of the lam-
inate layers. This enables the pipe liner to be softened
allowing a close fit when pressed against the inner sur-
face of the pipe to achieve a close fit. It also helps achieve
consolidation of the laminate layers during pressing.
[0019] The heating means may comprise one or more
conductive filaments provided between the laminate lay-
ers. Preferably, the filaments extend along the length of
the pipe liner. By applying an electric current along the
filaments, the pipe liner may be heated by resistive heat-
ing. The magnitude of the current may be varied. Addi-
tionally or alternatively, the applied current may be a
pulsed current. In such cases, the duty cycle of the pulsed
current may be varied. By varying the magnitude of the

current or the duty cycle of the current, the heating of the
liner may be controlled. Preferably, the magnitude or duty
cycle of the current is varied in response to monitoring
means. The monitoring means may be operable to mon-
itor the resistance of the filaments either directly or by
inference from the applied current/voltage. The moni-
tored resistance will thereby provide an indication of the
temperature of the filaments and hence the temperature
of the pipe liner.
[0020] In a preferred embodiment, the filaments may
be helically wound. Most preferably, equal numbers of
filaments are helically wound in opposing directions. In
particular, the filaments may be wound in the form of an
inter woven braid. This can help the filament structure
maintain a desired shape during manipulation of the liner
prior to installation. In alternative embodiments, the fila-
ments may be substantially axial or radial or a mixture of
axial and radial. Typically the filaments would be formed
from a suitable conductive material including, but not lim-
ited to: aluminium, copper, carbon fibre or the like.
[0021] The heating means may comprise electromag-
netic susceptor material. Preferably, the susceptor ma-
terial is evenly disposed along the length of the pipe liner.
Most preferably, the susceptor material is disposed at
the interface boundaries between laminate layers. By ap-
plying suitable radio-frequency (RF) or microwave (MW)
emissions to the pipe liner, the susceptor particles may
be heated, thereby heating the pipe liner. The level of
heating may be controlled by varying the power of the
emissions. Typically the emission will be in within the
range of 10MHz to 2.5GHz. In preferred embodiments,
the emissions may be in standard bands such as 27MHz
or 2.4GHz.
[0022] The susceptor material may comprise a plurality
of susceptor particles. The susceptor particles may be
provided: within the thermoplastic laminate layers; as a
surface coating on the thermoplastic layers; or within an
adhesive provided between the thermoplastic layers.
[0023] The susceptor particles may comprise: metals
such as aluminium, or similar; conductive ceramics or
similar; or carbon fibre. The carbon fibre may be provided
as chopped strands or woven braids as desired or as
appropriate.
[0024] The heating means comprise a plurality of mag-
netic particles adapted to have a curie temperature cor-
responding to the transition temperature of the laminate
layers. By applying a high frequency magnetic field to
the pipe liner, the magnetic particles are heated due to
hysteresis losses and thereby heat the pipe liner. Once
the magnetic particles are heated beyond the curie tem-
perature, they no longer exhibit magnetic properties and
accordingly cease to be heated by the applied high fre-
quency magnetic field. In this manner by selecting the
curie temperature of the particles to correspond to the
transition temperature of the laminate layers, heating of
the pipe liner may be controlled. The size of the magnetic
particles is preferably selected so as to minimise joule
heating effects caused by circulating currents within each
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particle.
[0025] The magnetic particles may be formed from any
suitable material. In a preferred embodiment, the mag-
netic particles comprise nickel/zinc ferrite. In such em-
bodiments, the curie temperature may be selected by
selecting magnetic particles with a desired a desired
Nickel: Zinc ratio.
[0026] The magnetic particles may be provided: as a
surface coating on the thermoplastic layers; or within an
adhesive provided between the thermoplastic layers.
[0027] According to a second aspect of the present
disclosure there is provided a pipe liner for use in repair
and/or renewal of a pipe, the pipe liner comprising an
elongate duct formed from multiple laminated layers of
thermoplastic material and heating means comprising
one or more conductive filaments provided between the
laminate layers.
[0028] The pipe liner of the second aspect of the
present disclosure may incorporate any or all aspects of
the pipe liner of the first aspect of the present disclosure
as desired or as appropriate.
[0029] According to a third aspect of the present dis-
closure there is provided a pipe liner for use in repair
and/or renewal of a pipe, the pipe liner comprising an
elongate duct formed from multiple laminated layers of
thermoplastic material and heating means comprising
electromagnetic susceptor material.
[0030] The pipe liner of the third aspect of the present
disclosure may incorporate any or all aspects of the pipe
liner of the first aspect of the present disclosure as de-
sired or as appropriate.
[0031] According to a fourth aspect of the present dis-
closure there is provided a pipe liner for use in repair
and/or renewal of a pipe, the pipe liner comprising an
elongate duct formed from multiple laminated layers of
thermoplastic material and heating means comprising a
plurality of magnetic particles adapted to have a curie
temperature corresponding to the transition temperature
of the laminate layers.
[0032] The pipe liner of the fourth aspect of the present
disclosure may incorporate any or all aspects of the pipe
liner of the first aspect of the present disclosure as de-
sired or as appropriate.
[0033] According to a fifth aspect of the present disclo-
sure there is provided a method of installing a pipe liner
according to any one of the first, second, third or fourth
aspects of the present disclosure, the method comprising
the steps of: inserting the pipe liner into the pipe; heating
the pipe liner; and subsequently pressing the pipe liner
against the interior surface of the pipe.
[0034] The method of the fifth aspect of the present
disclosure may incorporate any or all features of the first
four aspects of the present disclosure, as desired or as
appropriate.
[0035] The heating step may be achieved using heat-
ing means and preferably by heating means as described
in relation to the first four aspects of the present disclo-
sure.

[0036] The method may include the step of inserting
successive lengths of pipe liner into the pipe. In such
cases, the method may include the additional steps of
fusing together lengths of pipe liner. The fusion may be
achieved by use of an adhesive, or by welding tech-
niques.
[0037] The pressing step may be achieved using com-
pressed air or other suitable gas. In order to press using
compressed air or other gas, the method may include
the additional step of sealing the ends of the liner. The
pressing step may additionally or alternatively be
achieved using a suitable forming tool inserted into the
liner. The forming tool may comprise a suitably adapted
pipeline inspection gauge (pig). The forming tool may be
operable to activate the heating means in the pipe liner.
The forming tool may comprise one or more sprung plates
adapted to press outwardly. Pressing can help achieve
a consolidation of the heated laminate layers as well as
achieving a close fit between the liner and the pipe.
[0038] The method may include the additional step of
monitoring the temperature of the pipe liner during the
heating step. Where the heating means comprise con-
ductive filaments, the monitoring may be achieved by
monitoring the electrical properties of the filaments, in
particular by monitoring the electrical resistance of the
filaments. Where the heating means comprise susceptor
material, the monitoring may be achieved by means of
an infra red detector positioned so as to monitoring infra
red emission from the liner.
[0039] The monitoring may be achieved by a dedicated
monitoring device. Where the pressing is achieved using
a forming tool, the monitoring may be achieved using a
monitoring device incorporated into the forming tool.
[0040] According to a sixth aspect of the present dis-
closure there is provided a method of installing a pipe
liner according to the second aspect of the present dis-
closure, the method comprising the steps of: inserting
the pipe liner into the pipe; heating the pipe liner; and
subsequently pressing the pipe liner against the interior
surface of the pipe, wherein the pipe liner is heated by
applying an electric current along the filaments.
[0041] The method of the sixth aspect of the present
disclosure may incorporate any or all features of the first,
second and fifth aspects of the present disclosure, as
desired or as appropriate.
[0042] According to a seventh aspect of the present
disclosure there is provided a method of installing a pipe
liner according to the third aspect of the present disclo-
sure, the method comprising the steps of: inserting the
pipe liner into the pipe; heating the pipe liner; and sub-
sequently pressing the pipe liner against the interior sur-
face of the pipe, wherein the pipe liner is heated by ap-
plying radio frequency (RF) or microwave (MW) emis-
sions to the pipe liner.
[0043] The method of the seventh aspect of the present
disclosure may incorporate any or all features of the first,
third and fifth aspects of the present disclosure, as de-
sired or as appropriate.
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[0044] According to an eighth aspect of the present
disclosure there is provided a method of installing a pipe
liner according to the fourth aspect of the present disclo-
sure, the method comprising the steps of: inserting the
pipe liner into the pipe; heating the pipe liner; and sub-
sequently pressing the pipe liner against the interior sur-
face of the pipe, wherein the pipe liner is heated by ap-
plying a high frequency magnetic field to the pipe liner.
[0045] The method of the eighth aspect of the present
disclosure may incorporate any or all features of the first,
fourth and fifth aspects of the present disclosure, as de-
sired or as appropriate.
[0046] According to a ninth aspect of the present dis-
closure there is provided a master unit for heating a pipe
liner according to the second aspect of the present dis-
closure or for implementing the method of the sixth aspect
of the present disclosure, the master unit comprising: one
or more connectors for forming electrical connections
with the conductive filaments of the pipe liner; power out-
put means for applying an electrical current to the con-
nectors; monitoring means for monitoring the character-
istics of the applied electrical current and outputting a
response thereto; and a control unit for varying the ap-
plied electrical current in response to the output of the
monitoring means.
[0047] The master unit of the ninth aspect of the
present disclosure may incorporate any or all of the fea-
tures of the first, second, fifth or sixth aspects of the
present disclosure as desired or as appropriate.
[0048] The power output means may be operable to
output a pulsed electrical current. The power output
means may be operable to vary the duty cycle of the
pulsed current in response to the control unit. The mon-
itoring unit may be operable to monitor the electrical prop-
erties of the conductive filaments between current puls-
es.
[0049] According to a tenth aspect of the present dis-
closure there is provided a forming tool for installing a
pipe liner according to the third aspect of the present
disclosure or for implementing the method of the seventh
aspect of the present disclosure, the tool comprising:
emitting means operable to apply radio frequency (RF)
or microwave (MW) emissions to the pipe liner.
[0050] The tool of the tenth aspect of the present dis-
closure may incorporate any or all of the features of the
first, third, fifth or seventh aspects of the present disclo-
sure as desired or as appropriate.
[0051] The emitting means may comprise: an RF am-
plifier and frequency source; a magnetron; or an antenna.
The antenna may comprise a quarter wave antenna, a
helical coil or a horn antenna. The antenna may be
aligned with the axis of the pipe.
[0052] The monitoring means may be operable to mon-
itor the energy emitted by the coil. Alternatively, the mon-
itoring means may comprise one or more infra red de-
tectors.
[0053] According to an eleventh aspect of the present
disclosure there is provided a forming tool for installing

a pipe liner according to the fourth aspect of the present
disclosure or for implementing the method of the eighth
aspect of the present disclosure, the tool comprising:
magnetic means operable to apply a high frequency mag-
netic field to the pipe liner.
[0054] The tool of the eleventh aspect of the present
disclosure may incorporate any or all of the features of
the first, fourth, fifth or eighth aspects of the present dis-
closure as desired or as appropriate.
[0055] The magnetic means may comprise a conduc-
tive coil. The coil may comprise a spiral or pancake coil.
The specific form of the coil may be adapted to achieve
a desired distribution of magnetic energy. In some em-
bodiments the magnetic means may comprise multiple
conductive coils. The multiple coils may provide a better
distribution of magnetic energy or may be adapted to
enable the tool to be used with different sized pipes.

Detailed Description of the Invention

[0056] In order that the invention may be more clearly
understood an embodiment/embodiments will now be
described, by way of example only, with reference to the
accompanying drawings, of which:

Figure 1 is a schematic cross-sectional view of a
pipe liner according to the present disclo-
sure;

Figure 2 is a schematic perspective view of a pipe
liner of figure 1;

Figure 3 is a schematic cross-sectional view of the
pipe liner of figure 1 and 2 when flattened
for storage;

Figure 4 is a schematic perspective view of the flat-
tened pipe liner of figure 3;

Figure 5 is a schematic illustration of the manufac-
ture of the pipe liner of figures 1-4;

Figure 6 is a schematic cross-sectional view of an
alternative embodiment of a pipe liner ac-
cording to the present disclosure wherein
the pipe liner incorporates a cable duct;

Figure 7 is a schematic perspective view of a pipe
liner of figure 6;

Figure 8 is a schematic cross-sectional detail illus-
trating an embodiment of pipe liner ac-
cording to the present disclosure provided
with one or more conducting filaments;

Figure 9 is a schematic perspective view of the pipe
liner of figure 8;

Figure 10 is a schematic view of the current applied
to the filaments of the pipe liner of figures
8 & 9 for heating;

Figure 11 is a schematic illustration of apparatus ac-
cording to the present disclosure for ap-
plying the current of figure 10;

Figure 11a is a schematic block diagram of the master
current unit shown in figure 11;

Figure 12 is a schematic cross-sectional detail illus-
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trating an embodiment of pipe liner ac-
cording to the present disclosure provided
with susceptor material or magnetic parti-
cles;

Figure 13 schematically illustrates potential anten-
nas according to the present disclosure
for applying RF/MW emissions to the pipe
liner of figure 12;

Figure 14 schematically illustrates a coil arrange-
ment according to the present disclosure
for applying a high frequency magnetic
field to the pipe liner of figure 12; and

Figure 15 is a schematic illustration of apparatus ac-
cording to the present disclosure for ap-
plying the RF/MW emissions of figure 13
or the a high frequency magnetic field of
figure 14.

[0057] Turning now to figures 1 & 2, there is shown a
pipe liner 1 according to the present disclosure. The pipe
liner 1 comprises an elongate duct 10 formed from mul-
tiple laminated layers 11. Each layer 11 is formed of a
thermoplastic material. The layers 11 may be bonded
together by adhesive (not shown).
[0058] The layers 11 are all relatively thin (say 1-2mm
thick). As such, the liner 1 remains relatively flexible and
may be folded to a substantially flat form 2 as shown in
figures 3 & 4. In this form 2, the opposing sides of the
duct 3 are pressed into close proximity aided by folding
4 of the duct 10 at opposing edges. In this manner, the
liner 1 can be stored in a more volumetrically efficient
fashion than prior art liners. In particular, the flattened
liner 2 may be readily wound around a reel or spindle for
transport and storage.
[0059] Whilst the liner 1 shown in figures 1-4 is com-
prised of layers 11 in the form of substantially concentric
ducts, in a preferred embodiment shown in figure 5, the
liner 1 may comprise a series of oppositely wound helical
spirals 12, 13. In particular, the winding may take the
form of a woven braid.
[0060] In use, the liner 1 is inserted into a pipe to be
lined. Typically, the liner 1 is deployed in flat form 2 from
a reel or spindle and pulled/pushed to the end of the pipe
or to a suitable break point in the pipe. The liner 1 is
subsequently heated and pressed against the inner sur-
face of the pipe to form a close fit. Once the liner 1 cools,
it sets in place providing a close fitting pipe lining. The
heating and pressing are discussed in greater detail be-
low.
[0061] Turning to figure 6 & 7 a further embodiment of
the pipe liner 1 is shown. In this embodiment, the liner 1
is provided with a cable duct 13 between two laminate
layers 11. The cable duct 13 allows for cables to be rapidly
installed, typically by being blown along the duct 13 once
the pipe liner 1 is in position. The pipe liner 1 therefore
both lines the pipe and provides a secure place for cables
out of the flow passage of the pipe.
[0062] In order to ensure adequate and even heating

of the pipe liner 1 during installation, heating means 20
are provided within the liner 1. In one embodiment, the
heating means 20 may comprise a plurality of conductive
filaments 21 as shown in figure 8. The filaments 21 are
provided between the laminate layers 11 and may be
helically wrapped in opposing dimensions as shown in
figure 9. In this manner, the laminate layers 11 may be
heated by resistive losses when a current is applied to
the filaments 21. In a preferred embodiment, a pulsed
current is applied to the filaments 21 as shown in figure
10. In order to control the heating of the liner, the resist-
ance of the filaments is monitored between current puls-
es 30. As the resistance varies predictably with temper-
ature, the variations in resistance can enable the tem-
perature of the liner 1, during heating, to be controlled
by varying the duty cycle of the applied current. This is
illustrated schematically in figure 10 by the varying width
and separation of the pulses 30.
[0063] The heating is monitored and controlled by a
master unit 31, as shown in figure 11 and figure 11a. The
master unit 31 is provided with connectors 32 for forming
electrical connections with the conductive filaments 21
of the pipe liner 1. In this instance, the connectors 32
may further comprise drum sections 33 insertable into
the respective ends of the pipe liner 1. The master unit
31 further comprises a power output means 34 for ap-
plying an electrical current to the connectors 32; moni-
toring means 36 for monitoring the characteristics of the
applied electrical current and outputting a response
thereto; and a control unit 35 for varying the electrical
current by the power output means 33 in response to the
output of the monitoring means 36. As discussed above,
the control unit 35 can be operable to vary the duty cycle
of pulsed current. Nevertheless, the control unit 35 may
additionally or alternatively vary the magnitude of the cur-
rent. Furthermore, if the invention is implemented with a
steady applied current rather than a pulsed current, the
control unit 35 may be operable to vary the magnitude
of the steady current.
[0064] In order to ensure the pipe liner 1 is adequately
pressed against the pipe wall during heating, the drum
sections 33 are inserted into respective ends of the pipe
liner 1 to form a substantially airtight seal. Air can then
be pumped into the sealed pipe liner section via an air
inlet valve 37 provided in one of the drum sections 33.
After sufficient heating and pressing, the liner can be al-
lowed to cool in place. Subsequently, the air inlet valve
37 can be opened and/or the drum sections 33 removed.
Successive lengths of pipe liner 1 may be installed within
a long pipe in this fashion. After installation, adjacent
lengths of liner 1 may be sealed together by any suitable
method, in particular by plastic welding.
[0065] As an alternative to the use of electrical fila-
ments described in relation to figures 8-11, the heating
means 20 may comprise electromagnetic susceptor ma-
terial or a plurality of magnetic particles as illustrated
schematically in figure 12. The susceptor material or
magnetic particles may be provided: within the thermo-

9 10 



EP 3 164 635 B1

7

5

10

15

20

25

30

35

40

45

50

55

plastic laminate layers; as a surface coating on the ther-
moplastic layers; or within an adhesive provided between
the thermoplastic layers.
[0066] Where the heating means comprises susceptor
particles, heating is achieved by applying an RF (radio
frequency) or MW (microwave) emission to the liner 1.
The RF/MW emissions are absorbed by the susceptor
material. Accordingly, the susceptor material is heated
and heat is transferred by conduction to the liner 1.
[0067] The emissions may be applied by an antenna
40 inserted into the liner 1. The antenna 40 can then be
passed along the liner 1, successively heating the liner
1 for/during pressing. Some examples of suitable anten-
na forms are shown in figure 13, specifically a quarter
wave antenna (fig 13a), a helical coil (fig 13b) and a horn
antenna (fig 13c).
[0068] Where the heating means comprises magnetic
particles, heating is achieved by applying a high frequen-
cy magnetic field to the pipe liner 1. The high frequency
magnetic field causes heating of the magnetic particles
due to hysteresis losses. Accordingly, heat is transferred
by conduction to the liner 1. When the magnetic particles
are heated above their curie temperature, they no longer
exhibit magnetic properties and accordingly cease to be
heated by the applied high frequency magnetic field. By
selecting the curie temperature of the particles to corre-
spond to the transition temperature of the laminate layers
11, heating of the pipe liner 1 may be controlled.
[0069] The high frequency magnetic field may be ap-
plied by an antenna 40 inserted into the liner 1. The an-
tenna 40 can then be passed along the liner 1, succes-
sively heating the liner 1 for/during pressing. An example
of a suitable antenna form is shown in figure 14, specif-
ically a spiral coil.
[0070] The heating and pressing of the liner 1 in these
embodiments may be carried using a similar arrange-
ment to the electrical embodiment of figure 11 as is illus-
trated in figure 15. In this figure, a length of pipe liner is
once again sealed by drum sections 33 at either end. Air
can be pumped into the sealed volume using air inlet
valve 37, thereby enabling the liner 1 to be pressed
against the inside surface of the pipe.
[0071] The antenna 40 is provided within a shielded
portion 42 of a pig (pipeline inspection gauge) 41. The
pig 41can be pulled from one end of the liner 1 to the
other by means of a tow cable 43 which passes through
gland 38 in one of the drum sections 33. A power cable
44 passes through an equivalent gland 38 at the other
drum section 33.
[0072] In use, the liner section 1 is sealed and air is
pumped inside. The antenna 40 is activated and pulled
along by means of tow cable 43. The pipe liner 1 is thus
heated by the antenna 40 in conjunction with the heating
means 20, and pressed against the pipe by the pressure
within the sealed liner 1. After sufficient heating and
pressing, the liner can be allowed to cool in place. Sub-
sequently, the air inlet valve 37 can be opened and/or
the drum sections 33 removed. Successive lengths of

pipe liner 1 may be installed within a long pipe in this
fashion. After installation, adjacent lengths of liner 1 may
be sealed together by any suitable method, in particular
by plastic welding.
[0073] In some such embodiments, the pig 41 may ad-
ditionally comprise one or more sprung plates 45 adapted
to press outwardly on the liner 1. In such embodiments,
it is indeed possible to omit the drums 33 and rely solely
on the sprung plates 45 to press the heated liner 1.
[0074] In embodiments where the heating means 20
is susceptor material, the pig may also be provided with
an infra red sensor (not shown). The infra red sensor may
be operable to determine the temperature of the pipe
liner 1 and hence the power output of antenna 40 can be
varied in response to temperature.
[0075] The above embodiments are described by way
of example only. Many variations are possible without
departing from the scope of the invention as defined in
the appended claims.

Claims

1. A pipe liner (1) for use in repair and/or renewal of a
pipe, the pipe liner comprising an elongate duct
formed from multiple laminated layers (11) of ther-
moplastic material characterised in that heating
means (20) are provided between successive lami-
nate layers and comprise a plurality of magnetic par-
ticles adapted to have a curie temperature corre-
sponding to the transition temperature of the lami-
nate layers.

2. A pipe liner as claimed in claim 1 wherein the liner
is adapted to comprise a cable duct (13) provided
between two laminate layers, wherein the cable duct
formed from a thermoplastic material having a higher
transition temperature than the thermoplastic mate-
rial forming the laminate layers.

3. A pipe liner as claimed in any preceding claim where-
in the heating means comprise one or more conduc-
tive filaments provided between the laminate layers.

4. A pipe liner as claimed in claim 1 or claim 2 wherein
the heating means additionally comprise an electro-
magnetic susceptor material.

5. A pipe liner as claimed in claim 4 wherein the sus-
ceptor material comprises a plurality of susceptor
particles provided: within the thermoplastic laminate
layers; as a surface coating on the thermoplastic lay-
ers; or within an adhesive provided between the ther-
moplastic layers.

6. A pipe liner as claimed in any preceding claim where-
in the magnetic particles are provided: as a surface
coating on the thermoplastic layers; or within an ad-
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hesive provided between the thermoplastic layers.

7. A method of installing a pipe liner (1) of the type
comprising an elongate duct formed from multiple
laminated layers (11) of thermoplastic material
wherein heating means (20) are provided between
successive laminate layers and comprise a plurality
of magnetic particles adapted to have a curie tem-
perature corresponding to the transition temperature
of the laminate layers, the method comprising the
steps of: inserting the pipe liner into the pipe; heating
the pipe liner; and subsequently pressing the pipe
liner against the interior surface of the pipe.

8. A method as claimed in claim 7 wherein the liner is
adapted to comprise a cable duct (13) and the meth-
od includes the step of laying a cable along the cable
duct.

9. A method as claimed in claim 7 or claim 8 wherein
the heating means additionally comprise an electro-
magnetic susceptor material, and the heating is
achieved by applying radio-frequency (RF) or micro-
wave (MW) emissions to the pipe liner.

10. A method as claimed in claim 7 or claim 8 wherein
heating is achieved by applying a high frequency
magnetic field to the pipe liner.

Patentansprüche

1. Futterrohr (1) zur Verwendung bei der Reparatur
und/oder Erneuerung eines Rohrs, wobei das Fut-
terrohr einen langgestreckten Kanal umfasst, der
aus mehreren laminierten Schichten (11) aus ther-
moplastischem Material gebildet ist, dadurch ge-
kennzeichnet, dass zwischen aufeinanderfolgen-
den Laminatschichten Heizmittel vorgesehen sind
und eine Vielzahl magnetischer Partikel umfassen,
die so beschaffen sind, dass sie eine Curie-Tempe-
ratur aufweisen, die der Übergangstemperatur der
Laminatschichten entspricht.

2. Futterrohr nach Anspruch 1, wobei das Futter so be-
schaffen ist, dass es einen Kabelkanal (13) umfasst,
der zwischen zwei Laminatschichten vorgesehen ist,
wobei der Kabelkanal aus einem thermoplastischen
Material mit einer höheren Übergangstemperatur als
das thermoplastische Material, das die Laminat-
schichten bildet, gebildet ist.

3. Futterrohr nach einem vorhergehenden Anspruch,
wobei die Heizmittel einen oder mehrere leitfähige
Glühfäden umfassen, die zwischen den Laminat-
schichten vorgesehen sind.

4. Futterrohr nach Anspruch 1 oder Anspruch 2, wobei

die Heizmittel zusätzlich ein elektromagnetisches
Suszeptormaterial umfassen.

5. Futterrohr nach Anspruch 4, wobei das Suszeptor-
material eine Vielzahl von Suszeptorpartikeln um-
fasst, die vorgesehen sind: innerhalb der thermo-
plastischen Laminatschichten; als eine Oberflä-
chenbeschichtung auf den thermoplastischen
Schichten; oder innerhalb eines zwischen den ther-
moplastischen Schichten vorgesehenen Klebstoffs.

6. Futterrohr nach einem vorhergehenden Anspruch,
wobei die magnetischen Partikel vorgesehen sind
als: eine Oberflächenbeschichtung auf den thermo-
plastischen Schichten; oder innerhalb eines zwi-
schen den thermoplastischen Schichten vorgesehe-
nen Klebstoffs.

7. Verfahren zum Montieren eines Futterrohrs (1) des
Typs, der einen langgestreckten Kanal umfasst, der
aus mehreren laminierten Schichten (11) aus ther-
moplastischem Material gebildet ist, wobei zwischen
aufeinanderfolgenden Laminatschichten Heizmittel
(20) vorgesehen sind und eine Vielzahl magneti-
scher Partikel umfassen, die so beschaffen sind,
dass sie eine Curie-Temperatur aufweisen, die der
Übergangstemperatur der Laminatschichten ent-
spricht, wobei das Verfahren die folgenden Schritte
umfasst: Einführen des Futterrohrs in das Rohr; Auf-
heizen des Futterrohrs; und anschließendes Drü-
cken des Futterrohrs gegen die Innenfläche des
Rohrs.

8. Verfahren nach Anspruch 7, wobei das Futter so be-
schaffen ist, dass es einen Kabelkanal (13) umfasst,
und wobei das Verfahren den Schritt des Verlegens
eines Kabels entlang des Kabelkanals beinhaltet.

9. Verfahren nach Anspruch 7 oder Anspruch 8, wobei
die Heizmittel zusätzlich ein elektromagnetisches
Suszeptormaterial umfassen und wobei das Aufhei-
zen mittels Anlegen von Hochfrequenz- (HF-) oder
Mikrowellen- (MW-) Emissionen an das Futterrohr
erreicht wird.

10. Verfahren nach Anspruch 7 oder Anspruch 8, wobei
das Aufheizen durch Anlegen eines hochfrequenten
Magnetfelds an das Futterrohr erreicht wird.

Revendications

1. Chemisage (1) de tuyau
à utiliser dans la réparation et/ou le renouvellement
d’un tuyau, le chemisage de tuyau
comprenant un conduit oblong, formé de multiples
couches (11) stratifiées de matière thermoplastique,
caractérisé en ce que
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des moyens (20) de chauffage sont prévus entre des
couches successives du stratifié et comprennent
une pluralité de particules magnétiques propres à
avoir un point de curie correspondant à la tempéra-
ture de transition des couches du stratifié.

2. Chemisage de tuyau tel que revendiqué à la reven-
dication 1, dans lequel le chemisage est conçu pour
comprendre un conduit (13) à câble, prévu entre
deux couches du stratifié, dans lequel
le conduit à câble est en une matière thermoplasti-
que ayant une température de transition plus haute
que la matière plastique formant les couches du stra-
tifié.

3. Chemisage de tuyau tel que revendiqué suivant l’une
quelconque des revendications précédentes, dans
lequel les de chauffage comprennent un filament ou
plusieurs filaments conducteurs prévus entre les
couches du stratifié.

4. Chemisage de tuyau tel que revendiqué à la reven-
dication 1 ou à la revendication 2, dans lequel les
moyens de chauffage comprennent, en outre, un
matériau formant suscepteur électromagnétique.

5. Chemisage de tuyau tel que revendiqué à la reven-
dication 4, dans lequel le matériau formant suscep-
teur comprend une pluralité de particules formant
suscepteur, prévues : au sein des couches thermo-
plastiques du stratifié ; sous la forme d’un revête-
ment de surface sur les couches thermoplastiques ;
ou au sein d’un adhésif prévu entre les couches ther-
moplastiques.

6. Chemisage de tuyau tel que revendiqué à l’une quel-
conque des revendications précédentes, dans le-
quel les particules magnétiques sont prévues : sous
la forme d’un revêtement de surface sur les couches
thermoplastiques ou au sein d’un adhésif prévu entre
les couches thermoplastiques.

7. Procédé de montage d’un chemisage (1) de tuyau
du type comprenant un conduit oblong,
formé de multiples couches (11) stratifiées
de matière thermoplastique, dans lequel des
moyens (20) de chauffage
sont prévus entre des couches successives du stra-
tifié et comprennent une pluralité de particules ma-
gnétiques, conçues pour avoir un point de curie cor-
respondant à la température de transition des cou-
ches du stratifié, le procédé comprenant les stades
dans lesquels : on insère le chemisage du tuyau
dans le tuyau, on chauffe le chemisage du tuyau et
on presse ensuite le chemisage du tuyau sur la sur-
face intérieure du tuyau.

8. Procédé tel que revendiqué à la revendication 7,

dans lequel le chemisage est conçu pour compren-
dre un conduit (13) à câble ;
et le procédé comprend le stade de mise d’un câble
le long du conduit à câble.

9. Procédé tel que revendiqué à la revendication 7 ou
la revendication 8, dans lequel les moyens de chauf-
fage comprennent supplémentairement un matériau
formant suscepteur électromagnétique et le chauf-
fage est obtenu en appliquant des émissions en ra-
diofréquence (RF) ou en microonde (MW) au che-
misage du tuyau.

10. Procédé suivant la revendication 7 ou 8, dans lequel
le chauffage est obtenu en appliquant un champ ma-
gnétique de haute fréquence au chemisage du
tuyau.
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