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ABSTRACT

A method and apparatus for making a pipe liner and the pipe liner itself. A thin
walled pipe liner, after being provided cooled from a spool or extruded in tubular form
and cooled, is deformed to a smaller cross section at ambient temperature. The pipe
liner is then encased and held in its reduced cross section deformed shape by a
protective sleeve which is co-extruded directly over the pipe liner. The sleeved pipe
liner may then be wound on a drum for transport to a remote location. Ducts for water
may pass through the pipe liner. Other ducts, for example, for fiber optics, may pass

through the sleeve either within or outside of the deformed pipe liner.
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LINING OF UNDERGROUND PIPES

FIELD OF THE INVENTION
[0001] This invention relates to lining of underground pipes, and in particular it

relates to a new and improved liner and the method and apparatus for making same.

BACKGROUND OF THE INVENTION

[0002] Underground pipes such as those used for water mains, gas pipelines,
sewers and other service pipes deteriorate over time. It is known to rehabilitate such
pipes by inserting therein a thermoplastic liner which is installed within the pipe, referred
to as the "host” pipe in a reduced cross section shape and then forced by steam or
other pressurized fluid to expand to its original shape, whereat it engages the wall of the
host pipe to form a new leaktight passage for the flow of fluids therethrough.

[0003] A particular typé of liner which has been found advantageous is one
which, instead of being self-sustaining, relies on the residual strength of the host pipe.
Because such pipes do in fact rely in part on the residual strength of the host pipe, they
can be made with thinner walls than those which would be self-sustaining, although they
must be of sufficient strength and thickness to securely span any holes in the host pipe,
and of course strong enough and thick enough to subsequently perform the ihtended

functions of the host pipe.

[0004] Arrangements for forming deformed liners for insertion in host pipes are

shown in my prior U.S. Patent No. 5,318,421 and in my prior European Patent

1a



No. 0 787 940 as well as in U.S. Patent No. 4,207,130, PCT Published Application

No. WO 87/03840 and United Kingdom Patent No. 1,580,438.

[0005] One of the more important problems associated with the use of a liner in a
host pipe concerns protecting the deformed liner prior to and during insertion. Each
abrasion which occurs prior and especially during insertion of the liner into the host pipe
will limit the ability of the liner to expand within the host pipe and could adversely affect
its leaktight integrity.

[0006] Several of the above identified patents disclose protecting a deformed
liner with a sleeve.which surrounds the deformed liner. However, as disclosed in these
prior patents, the sleeve includes at least one seam line which provides a weakened
location which could adversely affect the structural integrity of the sleeve before or
during insertion in the host pipe, thereby exposing the liner itself to abrasions or the like
before or during insertion into the host pipe.

[0007] Thus, there exists a need for improvements to better protect a deformed

liner after it is deformed and then prior to or during insertioh of the liner within a host

pipe.

BRIEF SUMMARY OF THE INVENTION

[0008] It is a purpose of the present invention to provide an improved liner of the
type described which is deformed for insertion into a host pipe, together with a method

and apparatus for making same, all of which overcome problems which existed in the

prior art.



[0009] In accordance with the present invention, a deformed liner is, immediately
upon deformation thereof, tightly surrounded with a co-extruded seamless protective
sleeve. |

[0010] In accordance with a preferred method and apparatus of the present
invention, a thermoplastic material such as polyethylene is originally extruded in tubular
form after which it is delivered to a deforming structure which may be of any known
arrangement including the deforming structure as shown'in my U.S. Patent No.
5,318,421. The deformed liner then exits the deformer at ambient temperature. The
extruded liner is preferably cooled after it is extruded and prior to the deforming
apparatus. However, it is also possible to include cooling means within the deforming
apparatus. As is shown in the prior patents, including my prior U.S. Patent No.
5,318,421, the liner is deformed by deflecting it along a line running longitudinally along
the periphery down into a U-shape which essentially reaches the opposite side of the
periphery, leaving two rounded lobes on each side thereof, thereby providing a
deformed structure which is generally referred to as heart-shaped. Immediately after
such deformation, the deformed liner has some tendency to initially revert towards its
original shape. At this moment, i.e., immediately after deformation, the deformed liner is
passed through a tubular extrusion apparatus which extrudes a seamless tube coaxial
with the liner closely about its periphery. The slight outward movement of the liner at
this time will force it tightly against the co-ektruded tube, which then becomes a high
integrity seamless protective sleeve. The combined liner and protective sleeve may

then be wound on a drum for transport to a remote: location.



| [0011] In accordance with a preferred embodiment of the present invention, there
is provided a deformed heart-shaped liner in combination with a seamless protective
sleeve which tightly surrounds the deformed liner, thus holding it in its deformed shape
and protecting it against abrasions or the like.
[0012] - In accordance with another feature of the present invention, ducts may be
piaced through the liner during the formation thereof. For example water ducts can be
inserted therein to facilitate insertion of water to pressurize the liner to cause it to revert
to its original shape after it has been inserted into the host pipe. Additionally, ducts may
be provided either within the liner or in the U-shaped space between the liner and the
sleeve for the passage of fiber optics or other service lines. If inserted between the liner
and the sleeve, such ducts will ultimately be located, aﬁer reversion of the liner within
the host pipe, in a tight space formed between the liner and the host pipe.
[0013] Thus, it is an object of the present invention to provide a new and
improved liner, in combination with a seamless protective sleeve, for insertion into a
host pipe.
[0014] It is another object of the present invention to provide an apparatus for
providing a new and improved liner and protective sleeve combination.
[0015] It is another object of the present invention to provide a method for making
an improved liner and seamless protective sleeve combination for insertion into a host
pipe.
[0016] These and other objects of the present invention will become apparent

from the detailed description to follow, together with the accompanying drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

[0017] A preferred embodiment of the invention will now be described by way of

example with reference to the accompanying drawings, wherein:

[0018] Figure 1 is.a perspective view taken through a section line of a combined

liner and protective sleeve of the present invention;

[0019] Figure 2 illustrates the method and apparatus of the present invention,

with various apparatus components shown diagrammatically;

[0020] Figure 3 is a cross sectional view taken along line 3-3 of Figure 2;
[0021] | Figure 4 is a cross sectional view taken along line 4-4 of Figure 2;
[0022] Figure 5 is a cross sectional view taken along line 5-5 of Figure 2;
[0023] Figure 6 illustrates schematically the formed sleeved pipe lining wound
onto a drum;,

[0024] Figure 7 is an enlarged cross sectional view of the sleeved pipe lining,

shown along line 7-7 of Figure 5 and illustrating modifications; and
[0025] Figure 8 is an enlarged view showing the sleeved pipe lining of Figure 7,

after it has been restored to its original tubular condition within a host pipe.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Referring now to the drawings, like elements are represented by like
numerals throughout the several views.

[0027] Figure 1 illustrates a combined liner and protective sleeve 17 made in
accordance with the present invention. After initial extrusion of the liner 11 in cylindrical

form, it is deformed to the shape shown in Figure 1 having a U-shaped indentation 2



and rounded side lobes 3, wherein the shape of the deformed liner is referred to
generally as heart-shaped. A seamless protective sleeve 16 surrounds the deformed
liner 11, holding it in its deformed shape and protecting it against abrasions and the like
either before or during insertion of the liner and protective sleeve into a host pipe.
[0028] The liner 11 is preferably made of polyethylene, but it may be made of
other thermoplastic materials. The protective sleeve 16 is also preferably made of
polyethylene but may also be made of other materials. in a preferred embodiment, the
liner 11 is a "thin wall” liner because instead.of it being self-sustaining, it is normally
intended to be urged against the interior surface of a host pipe so as to combine its
strength with the residual strength of the host pipe, wherein the two in combination will
provide a rehabilitated pipe with adequate strength and which is leak-tight. For
leak-tightness, it is important that the material of liner 11, while thin enough to require
supplementing its strength with the residual strength of the host pipe, must also be
strong enough to span the holes, cracks or the like in the host pipe so that the material
of the liner.does not rupture while spanning these holes, cracks or the like so that the
liner retains its structural and leak-tight integrity. Although the invention is particularly
advantageous for use with thin wall liners, it is to be understood that the features of the
invention are also advantageously applicable to liners having a greater, self-sustaining
thickness.

[0029] The thickness of the sleeve must be chosen so that it is strong and
durable enough to prevent imperfections within the host pipe from reaching and
abrading the exterior surface of the liner 11. On the other hand, the protective

sleeve 16 must be thin enough, especially as a continuous extrusion without a



weakened seam, to burst when steam or pressurized water, other fluid or air within the
interior of liner 11 is made great enough to cause the liner 11 to burst through the
sleeve 16 to be restored to its original rounded shape.

[0030] After a liner is restored to its original shape by pressurizing with steam, air
or other liquid within the liner 11, and after bursting through its protective sleeve 16, the
liner can either be slightly smaller, equal to or slightly larger than the inside diameter of
the host pipe. If slightly larger, it will tend to be circumferentially compressed against
the interior of the host pipe. However, if the liner is slightly smaller, there would be a
considerable cost saving if a slightly smaller liner could be expanded past its original
shape and into engagement with the interior of the host pipe. In fact, the less the
abrasions in the liner, the more it can be expanded past its original shape. Thus, for an
abrasion-free liner made from a polymeric material, which can exist in the present
invention even after the liner has been fully inserted into its host pipe, the liner can be
expanded up to 10% beyond its original diameter. Thus, as an example, avoidance of
abrasion in the liner of the present invention which strongly enhances the chances of
minimal or zero abrasions in the liner can result in the considerable cost saving of using
a pipe which in its original state, i.e., prior to deformation, is slightly less than the inside
diameter of the host pipe.

[0031] Any polymeric pipe material capable of withstanding the necessary
pressures without damage could be used. The liner pipe SDR (diameter to wall
thickness ratio) is generally in the range of 17 to 60 for polyethylene 80 classification
pipe. A “thin wall” polymeric or plastic pipe could be defined as one that would not be

directly buried because it would not be capable of sustaining the internal conveyed



product pressure and/or the external ground pressure without other support. The point
at which a pipe with a specific SDR would be self-sustaining would depend on the
working pressures under normal operating conditions. Generally, however, a thicker
wall, self-sustaining liner would have an SDR of up to 26.

[0032] The sleeve 16 could be of any polymeric materia‘l of low friction that can
be co-extruded over the liner 11, offering the necessary protection against abrasion in
the sleeved deformed pipe. It has been found that a sleeve tHickness of between

0.3 mm and 0.8 mm is generally adequate. The precise thickness would depend on the
size and SDR of the deformed pipe being sleeved, but a specific sleeve wall thickness
could cover a range of SDRs.

[0033] The outside diameter of the liner pipe (before deformation) relative to the

inside diameter of the host pipe is exemplified by the following table:

Host Pipe Host Pipe ID Liner Outside Liner Wall
Nominal Bore Range (mm) Diameter (mm) Thickness (mm)

4" 100.0-107.0 100.0 3
94.5-100.5 94.5 3

6" 153.0-163.7 163.0 3
144.0-154.0 144.0 3

8" 200.0-214.0 200.0 4

- 188.0-201.0 188.0 4

10" 248.0-266.0 248.0 5

12" 296.0-317.0 6

[0034] Prior to insertion and reversion, the cross sectional area of the sleeved

deformed liner will have been reduced by the deformation process to approximately

60% of that of the origihal undeformed liner (and also, therefore, 60% of the host pipe



inside diameter). Appropriate selection of the diameter of the liner 11 for a given host
pipe inside diameter and application of reversion pressures and the conveyed product
pressure when in use ensures that the liner obtains as close a fit as possible to the
inside wall of the host pipe. The protective sleeve 16 allows for greater over-expansion
of the liner pipe because the pipe is abrasion free and therefore greater variation in the
inside diameter of the host pipe can be covered by a single size of liner 11. For
example when the invention is implemented on the basis of a PE liner pipe 11, an
expansion of up to 10% is possibie and would achieve the requisite close fit (as
compared to a maximum expansion of up to 6% for corresponding unprotected,
unsleeved liners.

[0035] In the present invention, the protective sleeve 16 is not adhered at any
point to the exterior surface of the liner 11. This provides the advantage that it allows
both the sleeve 16 and the restrained liner 11 to move relative to each other to give
more flexibility in negotiating tighter bends during the insertion process. Also, during
expansion a non-adhered sleeve allows the liner 11 to expand uniformly about its
circumferencé. An adhered liner would, on the other hand, promote non-uniform
expansion of the liner during reversion and hinder the ability to make satisfactory

connections to the liner after reversion (for example ferrule connections for customer

service take-offs).
[0036] It is also possible to bring the liner 11 to the deformer in the form of a
spool which is fed directly into the deformer. In this case, of course the liner 11 would

already have been cooled prior to having been spooled. While this is a possibility, it is



not preferred since it is generally preferréd in practice to extrude the liner 11 directly into
the deforming apparatus, preferably after a cooling bath.

[0037] If in fact the liner 11 is extruded from extruder 10, as preferred, it is next
Acooled. The cooler is preferably a tank or bath of flowing water through which the
extruded pipe passes following extrusion, but it also may be a spray as shown in U.S.
Patent No. 4,207,103. The normal process is to complete cooling prior to the deformer
so that deformation is carried out at ambient temperature. However, it is also possible
to deform the liner 11 while hot, followed by cooling downstream therefrom, either
before or after the subsequent co-extrusion. The sleeve 16 thereon would definitely be
cooled prior to being wound on a drum. To reiterate, following the preferred method
and apparatus, the liner 11 will have been cooled at cooling apparatus 12 downstream

from extruder 10 and prior to the deformer 14.

[0038] The method and apparatus for forming the combined liner and protective
sleeve of Figure 1 will be éxplained with reference to Figures 2-8. Referring to Figure 2,
an extruder 10 of conventional design extrudes a tubular liner 11 as shown in Figure 3.
The liner is then preferably cooled in cooler 12 after which it is deformed in liner
deformer 14 to the form as shown in cross section in Figure 4. After deformation, the
deformed liner is passed through the center of a coaxial extruder 15 which extrudes a

" tubular sleeve 16 about the liner 11, forming the combined deformed sleeved liner 17 as
shown in Figure 5 and as also shown in Figure 1. At this point, the liner has the

'U-shaped indentation 2 and the lobes 3 which give it its overall heart-shape.
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[0039] The deformer 14 might be of any suitable known construction for
deforming a liner, including for example the structure shown in my previous U.S. Patent
No. 5,318,421,

[0040] Liners for rehabilitating pipes are either formed onsite or formed offsite
and wound on a drum or the like for transport to a remote work site location. An
advantage of onsite immediate use of the liner is the avoidance of the costs of
transporting the finished liner. A disadvantage of forming a liner onsite is that it
requires taking the relatively heavy forming equipment to the site. Thus, in many cases
it might be far more beneficial to wind the completed sleeved liner 17 onto a drum for
transport to a remote location. For several reasons, the present invention lends itself to
the latter use, i.e., being wound on a drum for transport to a remote location. First, the
equipment itself would be quite heavy and cumbersome, whether it used only the
coaxial extruder 15 (together with a liner 11 which was fed from a spool) or the two
extruders 10 and 15 together with the deformer 14. Also, since the present invention
provides such excellent protection for the liner against abrasions during transport to a
remote location, the present invention lends itself particularly well to the latter
application of winding the finished sleeved liner onto a drum.

[0041] lFigure 2 therefore illustrates schematically the winding of the finished
sleeved liner 17 onto a drum 20. An extensive length of the sleeved liner 17 wound
onto the drum 20 is schematically illustrated in Figure 6.

[0042] Figure 7 is a cross sectional view of the sleeved liner 17 similar to
Figures 1 and 5, but illustrating modifications of the present invention. Since the

liner 11 is within a completely protective sleeve 16, it is possible to provide ducts
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through the sleeve. Ducts 22 and 23 show locations for ducts within thé interior of the
liner 11. These can be used for transmission of pressurized fluid to expand the liner 11
back to its original shape or as any type of service line through the pipe, especially for
fiber optic lines. Also, a duct 24 can be provided at a location within the sleeve 16 that
is exterior of the finer 11. This duct could be used for transmission of fiber optic lines
but not pressurizing fluid for expanding the pipe 11 back to its original state.
[0043] Figure 8 illustrates the liner 11 fully expanded against the interior of host
pipe 30. Also illustrated therein is a duct 23 within the liner 11 and an external duct 24
which would end up squeezed between the liner 11 and the wall of the host pipe 30.
Here, the sleeve 16 is illustrated as only partially surrounding the liner 11 because of
course upon expansion of liner 11, it bursts through the sleeve 16 and in its expanded
state occupies a larger circumference than does the sleeve 16.
[0044] Host pipe 30 will generally be of a relatively strong construction such as
steel, cast iron or the like which has signiﬁéant residual strength, even in its deteriorated.
state. While the liner pipe 11 might not be strong enough to stand on its own, the
combination of liner 11 with the residual strength of host pipe 30 definitely provides a
'rehabilitated pipe of sufficient strength and complete leak-tight integrity. Figure 8 also
illustrates one imperfection in the form of a hole 31 in the host pipe 30. The liner 11
must be of sufficient strength to span this opening and not rupture when pressurized
over this opening. The present invention is advantageous in this regard in that it
aséures that the portion of liner 11 overlying the imperfection 31 will not have defects

such as abrasions or the like.
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[0045] A duct within the liner 11 such as duct 22 or 23 would have to be added
prior to extrusion of the liner 11 at extruder 10, as illustrated at 22,23 in Figure 2. Of
course if the liner 11 were brought to the apparatus of Figure 2 on a spool rather than
extruded at 10, the ducts 22,23 would already have been inserted or formed therein. A
duct 24 befween the liner and the sleéve would have to be delivered after the
deformer 14 and before the sleeving extruder 15 as shown at 24 in Figure 2.

[0046] Although the invention has been described in detail with respect to
preferred embodiments thereof, it will be apparent to one skilled in the art that the
invention is capable of numerous madifications and variations within the spirit and

scope of the invention.

It is to be understood that, if any prior art
publication is referred to herein, such reference does not
constitute an admission that the publication forms a part
of the common general knowledge in the art, in Australia

or any other country.

For the purposes of this specification it will be
clearly understood that the word “comprising” means
“including but not limited to”, and that the word
“comprises” has a corresponding meaning.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of forming a pipe liner comprising the steps of:

providing a continuous length of tubular pipe liner,

deforming the extruded liner by forcing a perimeter of the pipe liner into and past
the central axis of the tubular pipe liner to form a U-shaped indentation and wherein the
deformed pipe liner has a total cross section which is smaller than its original cross

section prior to the deforming step, and

co-extruding a continuous tubular protective sleeve around the deformed pipe
liner, the extruded sleeve being of a strength sufficient to hold the deformed pipe liner in

its deformed state.

2. The method of claim 1, wherein the pipe liner is made of polyethylene,

plastic or other polymeric material and the sleeve is made of polyethylene.

3. The method of claim 1, wherein the providing step includes extruding the

continuous length of tubular pipe liner directly prior to the deforming step.

4, The method of claim 3, including cooling the tubular liner after extrusion

and prior to deformation.

5. The method of claim 3, including cooling the tubular liner during or after

the deforming step.
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6. The method of claim 1, including the step of introducing a duct through the

sleeve.

7. The method of claim 6, including inserting the duct along the interior of the

deformed pipe liner.

8. The method of claim 6, including inserting the duct between the deformed

pipe liner and the protective sleeve.

9. The method claim 1, including winding the combined pipe liner and

protective sleeve on a drum.

10. A pipe liner comprising:

a length of pipe liner originally of circular cross section, deformed into a
heart-shaped cross section,

a protective sleeve in the form of a seamless tubular extrusion surrounding the
deformed pipe liner, said protective sleeve having a cross section and strength sufficient
to tightly hold the deformed pipe liner in its deformed state and thin enough to burst

upon the application of sufficient fluid pressure to the inside of the pipe liner.

11. A pipe liner according to claim 10, wherein the pipe liner is polyethylene,
plastic or other polymeric material and the protective sleeve is polyethylene, plastic or

other polymeric material
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12. A pipe liner according to claim 10, including a duct within the sleeve.

13. A pipe liner according to claim 10, wherein the duct is within the pipe liner.

14. A pipe lining according to claim 12, wherein the duct is between the

deformed pipe liner and the protective sleeve.

15.  An apparatus for forming a pipe liner comprising:

means for providing a tube of pipe liner material,

a deforming structure for deforming the pipe liner into a heart -shape, and

a co-extrusion extruder for extruding a tubular protective sleeve co-axially around

the deformed pipe liner and in tight holding engagement with the deformed pipe liner.

16.  An apparatus according to claim 15, wherein the means for providing
comprises an extruder for extruding a tube of pipe liner material for delivery directly to

the deforming structure.

17.  An apparatus according to claim 16, including a cooling structure
positioned between the extruder and the deforming structure to cool the extruded pipe

liner material before it is received by the deforming structure.
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18.  An apparatus according to claim 15, including means for winding the

combined pipe liner and protective sleeve on a drum.

19.  An apparatus according to claim 16, including means for placing a duct

within the sleeve.

20.  An apparatus according to claim 18, including means for placing a duct

within the pipe liner.

Dated this 14" day of February 2003
THAMES WATER SERVICES LIMITED
'RAYMOND LIPPIATT

By their Patent Attorneys

GRIFFITH HACK

Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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