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7. A method for producing a deformed pipe liner from
a tubular cress-section for inser+ion into a pipe line and
reformation substantially to said tubul=zr cross-section,
comprising the steps of:

(a) collapsing the tubular <cross-section at a
temperature above ambient temperature by
depressing one side thereof generally
diametrically toward an oppesite side thereof and
toward said axis along a2 plane of bilateral
symmetry on opposite sides of which, side
sections of the tubular cross=-section bend into
double-wall configurations;

(b) during collapsing, backing the opposite side of
the tubular cross-section along the plane of
bilateral symmetry and displacing the opposite
side sections of said double-wall configurations
laterally toward the plane of bilateral symmetry,
thereby ieducing the cross-sectional
configuration of said tubular cross-section for
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insertion into the pipe 1line and reformation
therein substantially to its initially tubular
cross-secticn;

(c) reducing the temperature of the collapsed cross-
section to form the deformed pipe liner; and

(d) disposing a rail along the plane of bilateral
symmetry inwardly of the distal ends of said side
sections to maintain the liner in the collapsed
cross-section and reducing the temperature of the
collapsed cross-section about the rail to ambient
temperature; '

whereby, as a result of steps (a)-(d), the collapsed

cross-section is maintained solely by the plastic material

of the liner.

16. An apparatus for producing a deformed pipe liner
from an extruded tubular cross-section of plastic¢ material
comprising:

at least one rotatable back-up roller disposed on an
axis parallel to an axis of, and in opposition to, at least
one rotatable shaping roller,

the back-up roller having a curved concave spool-
shaped periphery centred t a plane of bilatefal symmetry
and a&adapted to engage a 13ick-up portion of the tubular
cross-section,

the shaping roller having a periphery non-
complementary in shape to the periphery of said back-up
roller and including a pair of curved concave surfaces
extending about the periphery of said shaping roller and a
curved convex Fold initiating and fold shaping peripheral
surface at said plane of bilateral symmetry intermediate
said concave surfaces so that when said tubular cross-
section passes between said back-up and shaping rollers, a
deformable portion of the tubular cross-saction is
depressed diametricaily toward the back-up portion thereof
and along the plane of bilateral symmetry, so that opposite
side sections of the tubular cross-se&tion bend into double
wall configurations with a fold thereof juxtaposed to said
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opposite back-up portion of the tubular cross-section,

such that the cross-sectional configuration of the \
tubular cross-section is altered and reduced without
elongation.
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This invention relates to the use of
thermoplastic liners within pipe lines, either
initially or as a repair, for protecting the internal
walls from deterioration. For deteriorated or
damaged piping, the liner restores the fluid
transporting capability of the piping and prevents
further interior deterioration. One such liner “or
protecting the interior of pipe is taught by French
Patent No. 81 07346 dated April 13, 1981.

It i€ a general object of this invention to
provide methods and apparatus for the manufacture of

a deformed tube product useful as pipe liners of the

" type disclosed in the Laurent patent as well as

apparatus and methods for inserting the pipe liner

within the pipe.

SUMMARY OF THE INVENTION
< ¥

The present method of manufacturing a deformed

iy

tube product involves a first step of extruding a
pipe liner having a tubular cross-section, and a
second step of deforming the extruded tube into a
reduced cross-section for insertion into a pipe as a
liner therefor. A feature of this method of

manufacturing a tube product is the use of
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thermoplastic material and its temperature control at
the successive stages of formation, during extrusion
into its initial and subsequent form, during its
deformation, and during its return to ambient usable
condition upon installation into the pipe. It is an
object of this invention to provide a method and
apparatus for the manufacture of pipe liners in
continuous deformed lengths as well as methods and
apparatus for inserting the liners into pipe for
subsequently returning the liners in the pipe to
their original unstressed extruded cross-section. In
practice, the liner configuration has an outside
diameter equal to or slightly greater than the inside
diameter of the pipe to be protected, whereby thé
liner is either unstressed or under slight
circumferential compression; either of which
conditions is readily accommodated by the plastic
liner which relies upon the surrounding pipe for its
structural support.

It is another object of this invention to deform
an initially extruded tubular cross-section without
adverse effect on its structural integrity, and in
such a manner that its initially extruded tubular
cross-section can be restored. To this end,
controlled heat is applied to establish a softened
condition of the thermoplastic material after its
extrusion, while simultaneously applying deforming
tools thereto in order to reduce its cross-sectional

configuration. When the desired reduction is
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achieved, heat is withdrawn and the finished product
of continuous length is then stored on spools for

storage, transport and subsequent installation.

While a U-shaped reduced tubular configuration
is particularly shown and described, it is to be
understood that a V-shape or other cross-sectional
configurations may be used, whether they be H—shaped-
or sthaped, or the like. The U-shape, or V-shape,
is presently considered to be the most practical and

preferred configuration for such a tube product.

In carrying out this invention, the deformation
of the initially extruded tube, preferably of
cylinder form, progresses in a graduai manner, by
shaping means. That is, at least one side of the
tubular extrusion is increasingly depressed so as to
condition the tubular extrusion for its lateral
collapse into a reduced U-shaped, or V-shaped,
cross-sectional form; thus providing a deformed
tube. As pointed out above, this deformation is
conducted in the presence of controlled heat
substantially below fluidity of the thermoplastic
material and such that the plastic is deformed
without adversely effecting its struéiural integrity,
whether in its deformed condition or in its
subsequently re-established initial condition.
Preferably, rollers are used to deform the initially
extruded tube. 1In practice, the deformation is

gradual, step by step, utilizing combined pairs of
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opposed shaping rollers. A feature hereof is the
lateral collapse of the tubular extrusion over a

forming rail, by means of opposed shaping rollers
that embrace the forming rail. The finished product
is then cooled to ambient temperature during and/or

upon its delivery from the forming rail, as by means
of a cooling trough. Heating and cooling is by means
of heat adsbrption or radiant heating, and preferably

by temperature controlled water baths or spray.

The present day commercial demand for this pipe
liner is a product ranging from 2 inches to 24 inches
in diameter. The wall thickness will vary in
proportion to diameter as circumstances require.
Accordingly, there will bé variations in the process
steps involving the plurality of shaping means
disclosed herein as shaping rollers and back-up
roller, whereby at least one side of the tubular
That is, the
number of shaping means and the step by step degree

extrusion is deformed as required.

of deformation is variable, depending upon the size
and wall thickness and material to be deformed. A
featugg of this method and apparatus is that the
product is pulled out of the extruder and from the
deforming tool, for delivery to a storage spool, in a
controlled manner, whereby the cross-sectional
configuration of the deformed tube product is uniform
and within specified dimensional tolerance. With
respect to variations in size and tolerances, and

especially with respect to larger diameter pipe
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liners, it is an object of this invention to provide
pulling traction on the tube during its process of
deformation, and applied to the shaping means,
disclosed herein as powered rollers. In practice
torque is independently applied to the shaping and
back-up rollers, so as to ensure uniform advance of

the deforming tube product.

The product herein disclosed is a thermoplastic
pipe liner that is reduced from its initially
extruded cross-section, so that it can be easily
pulled inside a pipe line and then restored to its
initially extruded cross-section. Assuming pipe to
be round in cross-section, the outside diameter of
the initially extruded and/or reformed liner tube is
the same or slightly greater than the inside diameter
of the pipe that receives it, so that the liner
exterior comes into perfect interface contact with
the pipe interior and preferably under slight
circumferential compression. This interface contact
of liner within and with the pipe eliminates any
annulus therebetween, and so that the requirement of
filling such an annulus is virtually eliminated. A
featuge of this liner is its thin-wall configuration
made of a thermoplastic such as polyethylene, nylon,
Teflon™, ABS, or any other such plastic material,
whereby the small loss of inside diameter of the flow
passage is largely compensated for by the exceptional
flow coefficient within the liner made of such a

thermoplastic material. For new pipe line projects,
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expensive pipe materials such as stainless alloys can
be substituted with ordinary steel pipe, and lined
with this product liner, thereby realizing a cost
saving of 1.5 to 2.2, together with the improved
fluid tolerance properties of the plastic which can
be selected to best advantage. Accordingly, pipe
lines which are structurally sound need not be
replaced, since this product liner‘can be installed

and replaced as circumstances require.

The method and apparatus herein disclosed for
the manufacture of this product liner involves the
primary step of extruding thermoplastic tubing, and
the secondary step.of deforming the thermoplastic
tubing. The primary step of extrusion involves
generally, an extruder that receives raw piastic
material and delivers a tubular cross-section through
a vacuum trough that controls the processing
temperature and precise configuration of the tubular
cross-section. The secondary stéep of deforming the
precise tubular cross-section involves generally, a
multi-stage shaping tool that deforms the extrusion
at cqptrolled temperaturé and delivers it through a
coolihg trough as the finished product liner. The
finished product liner is drawn from the secondary
step by a puller that controls the linear speed of
the production and maintains a constant wall

thickness of the finished product liner.

The present invention also relates to an
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improved method and apparatus for installing the
temporarily deformed pipe liner within a pipeline,
expanding the deformed liner to its original
cylindrical shape, taking additional steps causing
the liner to conform even rore precisely to the
interior contour of the pipe, and flaring opposite
ends of the liner into engagement with respective

radially directed pipe flanges.

Before inserting the U-shaped liner in a pipe or

pipeline section, a number of preparatory steps must
be taken. For example, after accessing the pipe to
be lined by existing man or access holes, or by
digging new access holes, the pipe connections must,
be broken and the interior of the pipe or pipeline
section must be cleaned to remove all loose debris
and/or sediment therein. Subsequently, a pulling or
pilot line must be threaded through the pipeline to
enable the U-shaped liner to be pulled into the pipe
from the downstream end. In this regard, throughout
this specification, "upstream” refers to that end of
the pipe into which the liner is inserted, and
"downstream” refers to the end remote from the
insergion end. In addition, the term "pipe"” is used
hereinafter to refér to single, individual lengths

of pipe, as well as to a plurality of individual
lengths joined together to form a pipeline or section
of pipeline., In other words, "pipe"” refers to any
one or more lengths of pipe to be lined in accordance

with this invention. Moreover, regardless of the
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number of individual lengths of pipe to be lined,
typically, the open ends of the pipe or pipes, which
define the overall length to be lined, are provided
with conventional radial flanges to facilitate

5 attachment to adjacent pipe sections. Such flanges
are also utilized in conjunction with the
inatallation process and apparatus of this invention

. e as explained in greater detail below.
Tt . Thercleaning and threading operations may be

e e 10 effected by a single brush pig of conventional

LR J *

RN design. At the same time, the brush pig is utilizel

to pass the pilot or pulling line through the pipe.

»
sesses

To facilitate not only the pigging operatién, but the

liner insertion and expansion operations as well, a
Lt 15 manifold, which opens into the pipe at one end and

':::. which is closed by a removable flange at the other
v end, is applied to each end of the pipe, via the
above-described radial flanges and fasteners such as
bolts or the like. The inside diameter of the

2.0 process manifold is larger than.- the outside diameter

[ )
.

*s e

sassas of the liner, to aid in the removal of the manifold i

- »

. after the expansion process. The same manifold size {

sxs890
- .

is also used as a "pigging station.” Prior to

3 attaching the manifold at the upstream endt the brush

25 pig is introducesd into the manifold, and a pulling or
pilot line is fed into a vent in the manifold and

attached to the trailing end of the pig.

Once the manifolds are attached at either end of
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the pipe, liquid or air is supplied behind the pig to
drive it the length of the pipe. At the same time, a
relief valve in the downstream manifold permits ai:
ahead of the pig to be released from the pipe

5 interior. Brushes attached to the front of the pig
clean the interior pipe wall surface in a manner well
understood by those skilled in the art.

When the pig and pulling lines have reached the
downstream end of the pipe, the downstream manifold

10 is opened and the pig removed. The pulling line is

e then attached to a downstream winch or other suitable
crrees winding device.

At the upstream end, the upstream manifold is

opened and the pilot or pulling line cut from the

et (5 supply reel. The line is then drawn through the open
manifold and attached to a lead end of the U-shaped
?-,” liner. The U-shaped liner may then be pulled from

its own supply reel into the pipe via actuation of
the downstream winch or other suitable winding

sresen 20 dEVICQ-

ft will be appreciated that depending on the
leﬁgth of pipe, the pressure available to push the
pig through the pipe, and the tensile strength of the
pulling line, a multiple stage process may be
25 required to thread the final pulling line through the
pipe. For example, for long sections of pipe on the

order of 2 miles or even longer, or where there is a
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leak in the pipe, the pressure build-up in the pipe
may not be sufficient to push the pig and, at the
same time, pull a line or cable of the required
strength through the pipe. 1In this case, a

5§ relatively light, so-called "fishing line” is
initially threaded through the pipe by a relatively
lightweight pig, followed by one or more increasingly
stronger lines, drawn by larger pigs, until the final
pulling line or cable is drawn through the pipe.

'O Once the liner is drawn into the pipe wvia the
downstream winch, it is cut to an appropriate length,
such that a relatively short section of liner extends
beyond either end of the pipe, i.e., to approximately
the length of the pipe section itself plus upstream

15 and downstream manifolds at either end.

Subsequently, packer/expander assemblies are

introduced into the manifolds to seal the liner ends

. and to mechanically initiate expansion of the liner.
Thereafter, fluid, preferably bot liquid from a
20 closed boiler system, is supplied through one of the
teenes packer}expander assemblies and into the pipe to
s reheat the liner to a temperature which is to be
above\the raw materials' crystallization point, for
k example, 260°F, when using Union Carbide Polyethylene
25 raw material. During the reheating stage, an outlet
ﬁf valve in the manifold opposite that through which the
hot liquid is supplied, is left partially open to
allow the hot liquid to flow through, until the

desired temperature is achieved. Onc¢e the linexr has
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reached a temperature above the raw me<-erials’
crystallization temperature, it will begin to assume
its original cylindrical shape. At the same time,
pressure withip tiie liner rises, preferably to about
7 bars in a fi.st pressurizing stage.

It is often the case, however, that the pipe
itself may not be pe-fectly rourd along iés entire
length and, therefore, absent some further step,
there may be annular or other pockets of air between

the liner and the inne: pipe wall.

According to this inv?ntion, the outlet valve is
adjusted so that the pressure within the liner is
increased in a second stage to about 15 bars to cause
the liner to conform more precisely to the inner
surface contours of the pipe. It is to be understood
that the second-stage pressure application can be
considered optional and will depend on the condition
of the pipe to be lined as well as the wall thickness
of the liner.

Subsequently, thé packer/expander assemblies are
removed after the hot liquid, such as water, is
emptied from the pipe thr&ugh a valve in the
manifold. A calibrated pig is then introduced into
the upstream manifold to traverse the pipeline while
the liner is still hot, and to apply a radially
outwardly directed force about the circumference of

the liner to squeeze out any remaining a. ¥ between

5 ¥ o b VR
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the liner and pipe used thereby ensure even further
conformance to the inner pipe wall, including
weldments and other surface irregularities. This
second pig is driven through the pipeline with cold
5 water which tends to to "freeze” the liner in place.

Once liner expansion within the pipe is
éompleted, the upstream and downstream manifolds are
removed, and the liner ends are reheated and flared
into contact with the blind flanges of the pipe, as

e 10  described in further detail below.

By this invention, pipes of bhetween 2 and 24
inches in diameter, and as long as two miles or more
may be fitted with a continuous liner to provide
. ideal corrosion protection in both new and existing

C - 15 corroded pipes.
Other advantages of this invention include:
1. Structural characteristics of the pipe to be

relined are preserved while the thickness of the

U-Liner wall can be from 3.5 to 18 mm, depending on

0 desigﬁ requirements. The minimal reduced inside
diameter will be compensated by the exceptional flow

coefficient of the thermoplastic liner.

Y
¥ 2. In the case of new pipe projects, the
U-shaped liner can be used to avoid the need for
3 25 expensive materials such as stainless steel or alloys
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for transport of highly corrosive products. In most

cases, the flow inside the plastic liner will be more
efficient than if stainless steel or alloy pipes are

used.

3. Lining of internally corrodible pipes will
provide operators with longer life in both new and
repaired pipelines, without costly total replacement
of pipe sections due to corrosion damage. This will
effectively reduce repair and maintenance downtime

and therefore greatly reduce production loss.

4. Since the U-shaped liner can be inserted in
very long sections, this method simplifies the often
difficult and much protested surface disturbance of
right-of-way in environmentally sensitive areas or

across urban concentrations of people and traffic.

5. Although the normal use life expectancy of
the thermoplastic lining is up to one hundred years,
unexpected damage can be repaired economically due to
the easy reﬁoVaI and replacement of the U-Liner and
its relatively minimal cost. The thermoplastic
inseré‘U-Liner will restore corroded pipes to
original flow quality and eliminate further abrasion
and corrosion damage to the steel pipe walls, thus
substantially lengthening the economic life of the

installation.

6: The process is simple, fast and cost
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effective, with minimum downtime.

Iin a preferred embodiment, the pipe liner is
constructed of high density polyethylene (HDPE),
which may be a Union Carbide DGDB-2480 Black 4865
compound meeting the requirements of ASTM 1248-81la
for Type PE 34 Class C product. It is characterized
by a high level of environmental stress cracking
resistance and high strength. Nylon, Teflon™, ABS
or any other such plastic material may also be

utilizgd.

The preferred HDPE liner material has been
tested with over 280 chemicals that might be expected
to flow through a pipeline and the following
observations have been reported relating to the above
identified HDPE which are particularly relevant to
this invention:

S, €O

2 and NacCl;

(a) high resistance to H 3

(b) excellent for transporting gases;
(c) cross-linkable to handle products at high
temperatures (250°F);

{d) stability in aging;

(&) low roughness coefficient o6f 0.020;
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(f) does not retain deposits or sediments.

It will be appreciated from the foregoing that
heat is used to relieve the stress in the liner in
order for the liner to remain and to be frozen in its
original cylindrical shape after processing has been
completed. However, it has been found in accordance
with another aspect of the present invention that
this stress relief can also be obtained without a
temperature increase provided the pressure within the
pipe is maintained over a predetermined time period
in order to relieve the stresses and ensure that the
liner will remain in its generally cylindrical shape
bearing against the interior wall of the original
pipe. This discovery is particularly important in
the relining of pipelines which normally carry a
fluid under pressure, i.e., gas or liquid, wherein
the pressure of the fluid carried by the relined
pipeline is sufficient to maintain the liner in its

generally cylindrical shape.

In accordance with this aspect of the present
invention, once the deformed liner is disposed in the
pipe ;hd the opposite ends of the liner are deformed
at each end of the manifold as described previously,

instead of heating the pipe, a pig is then inserted

into the pipe to mechanically reform the liner into a

generally cylindrical configuration. To accomplish
this, the pig is preferably inserted at the
downstream end of the pipe (although it may be

PRSPV PSRRIV SR
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inserted at the upstream end) and a pressurized
fluid, either a gas or liquid but preferably a gas,
such as air, is introduced into the pipe behind the
pig. Preferably, a backpressure is provided at the
upstream end of the pipe. For example, the fluid
behind the pig may be pressurized to about 25 to 150
p.-s.i., while the upstream end of the pipe may be
pressurized to about 5 to 40 p.s.i. As the pig
travels through the liner, it reforms the liner into
its original cylindrical shape. At the end cof the
travel of the pig, the liner is maintained under
internal pressure for a predetermined time, for
example, on the order of about 30 minutes. The
pressure is then relieved, the pigs and the manifolds
are both removed, the opposité ends of the liner are
flared, all as described previously, and service to
the pressure fluid is restored. Particularly, such
service is reconnected within a relatively short
period of time, on the order of about 24 hours or
less, so that the interior of the liner is
repressurized by the pressure of the service fluid to
maintain the liner in generally cylindrical form
bearing against the inner walls of the pipe.
Conse&uently, the pressure will ensure that the liner
conforms to the existing pipe and, over time, all
stresses are relieved such that the liner will remain
substantially cylindrical even when the service

pressure 1is removed.

It will be appreciated that the foregoing
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described method of relining pressurized pipelines
may be applied to non-pressurized pipe, provided the
liner is maintained under pressure over a
predetermined time. For example, maintaining the
pressure for a time on the order of 3 to 4 weeks will
in most cases ensure that the liner returns and is
retained in its prior cylindrical configuration. For
shorter periods of time, for example, less than one
week, the liner may not return to and be retained in
its perfectly cylindrical configuration. However,
sufficient stress is relieved in such shorter period
of time such that the liner will be maintained
generally cylindrical. The capacity to return to and
to retain its generally cylindrical original
configuration is a function of the diameter, material
and wall thickness of the liner. Thus, the greater
the diameter and/or thickness, the greater the time
period the liner should be maintained under pressure
in order to return to and to be retained in its
original cylindrical configuration. The converse is

also true.

The invention as described herein has g
appliéﬁtions to many types of pipeline, including
water and mud injection; oil and gas; vapors and
fumes; saltwater; utility sewage and drainage; gas

gathering and distribution, etc.

e

There is provided in accordance with a preferred

embodimerit of the present invention a method for
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producing a deformed pipe liner of tubular
cross-section having an outside diameter to fit into
a pipe line and formed of plastic material for
subsequent insertion into a pipe line and then
reformed to the cross-section wherein the improved
method is characterized by firstly collapsing the
tubular cross-section at a deformable portion thereof
by folding it by depression diametrically toward an
opposite side portion thereof along a plane of
bilateral symmetry about which opposite side sections
of the tubular cross-section bend into double-wall
configurations with the fold juxtaposed to the
opposite side portion of the tubular cross-section,
secondly collapsing the opposite side sections of,
double-wall configurations laterally toward the plane
of bilateral symmetry by bending the double-wall
configuration of the opposité side sections, thereby
reduciné the cross-sectional configuration without
elongation and for insertion into the pipe line and
reformation therein to its initial tubular

cross-section to fit within the pipe line.

There is further provided in accordance with a
prefefred embodiment of the present invention an
apparatus for producing a deformed pipe liner having
a tubular cross-section and formed of plastic
material for subsequent insertion into a pipe line
and then reformed to the extruded ¢ross-section to
fit the inside diameter of the pipe line, wherein the

improved apparatus is characterized by at least one
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revolvable back-up roller disposed on a horizontal
axis parallel to the axis of and in opposition to at
least one revolvable shaping roller, the back-up
roller having a concave spool-shaped periphery
centered at a plane of bilateral symmetry to engage a
back-up portion of the tubular cross-section, the
shaping roller having a convex fold initiating and
fold shaping perimeter at the plane of bilateral
symmetry to depress a deformable portion of the
tubular cross-section diametrically toward the
back-up portion thereof and along the plane of
bilateral symmetry about which opposite side sections
of the tubular cross-section bend into double wall
configuratiohs with a fold thereof juxtaposed to the
opposite back-up portion of the tubular cross-section
and a pair of laterally positioned revolvable shaping
rollers disposed on vertical axes at opposite sides
of the plane of bilateral symmetry and each having a
concave curvilinear periphery to engage and further

depress the double-wall configurations of the side

" sections laterally inward toward the plane of

25

bilateral symmetry by bending the double-wall
configurations of the opposite side sections, thereby
reduc{ng the cross-sectional configuration of the
tubular cross-section and further collapsing the
opposite side sections thereof from a top dead center
position thereof coincidental with the plane of

bilateral symmetry.

A further preferred embodiment of the present

}
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invention provides a process for installing a hollow
cylindrical thermoplastic liner in a pipe wherein the
process is characterized by the steps of altering the
cross-sectional shape of the liner to reduce the
cross-sectional dimension thereof at a shape memory
activation temperature of about 160-180°F, pulling
the altered liner into the pipe such that the tubular
liner extends beyond opposite ends of the pipe,
reheating the liner to the memory activation
temperature to cause the liner to return to the
cylindrical cross-sectional size and shape and,
subsequently, increasing pressure within the liner to

cause the liner to conform to interior contours of

the pipe.

A still further preferred embodiment of the
invention provides a process for installing a
thermoplastic liner in a substantially round pipe
having inside and ocutside diameters wherein the
process is characterized by forming at a first
elevated temperature a thermoplastic liner having a
cylindrical shape and an outside diameter larger than
the inside diameter of the pipe, temporarily
defor;ing the cylindrical liner at a second elevated
temperature to an altered cross-sectional
configuration which reduces the cross-sectional
dimension of the liner by about 25%, cooling the
liner to ambient temperature, inserting the liner in
the pipe, reheating the liner to at least the second

elevated temperature to cause the liner *o return to
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the cylindrical shape and applying additional
expansion forces to the liner to substantially
conform the liner to the pipe.

A still further preferred embodiment of the
present invention provides a process for installing a
thermoplastic liner in a pipe comprising the steps of
providing a hollow generally cylindrical liner formed
of thermoplastic material, altering the
cross~sectional shape of the liner to reduce the
cross-sectional dimension thereof, disposing the
altered liner into said pipe such that the liner
extends beyond the opposite ends of the pipe,
mechanically reforming the liner to cause the liner
to return to its generally cylindriéal cross-section
and bear against the inner walls of the pipé and
pressurizing the interior of the liner from end to
end and for a predetermined time to maintain the
liner against the interior walls of the pipe and to
relieve the stresses in the liner tending to cause

the liner to return to its altered shape.
Qther objects and advantages will become
apparent from the detailed description of the

invention which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a block diagram illustrating the

method of producing an extruded plastic pipe liner

=am Ny,

L LT [l LU N



:;I;j”u‘ﬁ -

i
%

i~

Fe

2.0

22

for restoration to its initially extruded

cross-sectional configuration;

FIGURES 2a, 2b, 2c, 2d and 2e are sectional
views of the extruded pipe liner in its sequential
stages of deformation, and showing in phantom line
the cylindrical configuration of the finished liner

for compafison of the deformation in each figure;

FIGURE 3 is an enlarged longitudinal sectional
view of the deformer apparatus which performs the
method herein disclosed to deform extruded

thermoplastic tubing;

FIGURES 4 through 9 are enlarged detailed
sectional views taken substantially as indicated by
lines 4-4, 5-5, 6-6, 7-7, 8-8 and 9-9 in FIGURE 3;

FIGURE 10 is a schematic side view showing a
pilot line being pulled through a pipe section to be

lined in accordance with the invention;

FIGURE 11 is a schematic, side view illustrating
a fur%her step in a pipe lining process wherein a
heavier gauge pulling line is being pulled through
the pipe section to be lined;

FIGURE 12 is a schematic top view illustrating a
temporarily deformed pipe liner being pulled through

a pipe section in accordance with the invention;
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FIGURE 13 is a cross-sectional view of a pipe

section and associated liner;

FIGURE 14 is a cross-sectional view of a
temporarily deformed pipe liner in accordance with

the invention;

FIGURE 15 is a partial, perspective view
illustrating a temporarily deformed liner within a

pipe section to be lined;

FIGURE 16 is a schematic side view illustrating
the commencement of a pipe liner expansion process in

accordance with the invention;

FIGURE 17 is a side elevation of a
packer/expander assembly for use in the subject

invention;

FIGURE 18 is a partial side view of the device
illustrated in FIGURE 17;

-
b
H

FIGURE 19 is a side schematic view illustrating
a fully expanded pipe liner in accordance with the

invention;

FIGURES 20-22 represent a schematic progression

e

illustrating the formation of a radial flange on a

pipe liner in accordance with the invention;
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FIGURE 23 is a top sectional view illustrating a
flaring tool in accordance with the subject invention;
FIGURE 24 is a side view of a tool element for
use with the flaring tool illustrated in FIGURE 23:
5 FIGURE 25 is an end view of a pipe lined in
accordance with the invention; and
. ee FIGURE 26 is a side schematic view illustrating
Tetet a plurality of aligned pipe sections with individual
M pipe liners in accordance with the invention.
A 10 DESCRIPTION OF THE PREFERRED EMBODIMENTS
£ Referring now to the drawings, this invention is
concerned with lining new and old pipe lines with a
.}::. deformed tube that is pulled into the pipe line and
R LN then reformed to tightly fit therein. The tube can
v )5 be made of any suitable material which will collapse
E’u.. and subsequently return to its original
cross-section, i.e., a plastic. In practice, the
pipe liner is a thin-~walled plastic sleeve extruded
: .:H.E in continuous lengths and later inserted into pipe
% Cevent 20 lines for internal protection; for example to protect

new pipe lines and to reconstitute deteriorated pipe

lines as well.

Accordingly, the pipe liner L as it is disclosed

herein is initially extruded so as to have an
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mxterior diameter at least as large as the interior
diameter of the pipe into which it is to be inserted,
and preferably slightly in excess of said pipe
diameter in order that the tubular pipe liner L is
5 under slight circumferential compression when it is
in operating position in the pipe line. A feature of
this invention is the deformation of the tubular pipe
liner L, to decrease its cross-~section configuration
for storage and to faci}itate its insertion into a
I0 pipe. That is, the original cylinder cross-section
of the pipe liner L is collapsed and later restored,
. all without destroying its dimensional properties.
Therefore, the circular configuration of the pipe
£ s liner L is not stretched, ‘even though the material is
“ e E 15 plastic and subject to flow. In other words, the
original cylindrical cross-section properties of the
initially extruded pipe liner L are preserved in its

deformed condition which enables its insertion into

W pipe lines and for its subsequent reformation into
e 20 its original cylindrical cross—-section. The
¢ Tre characteristic feature of this invention is that the

initially extruded thermoplastic pipe liner L is

:
;
:
'

. shaped and thereby deformed without elongation,
retree
T whereby its dimensional properties necessary for

1
LR X 87
- <

25 restoration are retained.

Referring now to the deformation of pipe liner L

as shown in Figures 2a through 2e of the drawings,

[

the initially extruded configuration is cylindrical,

having inner and cater diaméter walls 10 and 11. As

5y
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shown, there is an upper back-up section 12 and a
lower deformable section 13. The deformation is
bilaterally symmetrical and disposed about a vertical
plane a of symmetry and about which the tube
formation is collapsed by means of bending and
folding. Accord ' ngly, there are opposite side
sections 14 and 15 which are estgblished by a center
fold 16 that inverts the lower deformable section 13
upwardly into juxtaposed relation to the inside
diameter 10 of the back-up section 12. Therefore,
each side section is comprised of a side wall
depending from top dead center of the tube form and
bent inwardly so as to continue upwardly to the
center fold 16. It is significant that the two side
sections 14 and 15 are thereby collapsed into double
wall configurations which are further collapsed
inwardly toward thé center plane a of symmetry as
clearly shown in Figure 2e which is the desired

product formation.

Referring now to Figure 1 of the drawings, the
entire method of tube formation and deformation is
illustrated in its general form. As shown, there is
an extruder mean§‘E‘followed by a qooling means C1l
that delivers the tube form into a deformer apparatus
D which performs the product deformation process. ‘
Following the deformation process, the product is

then delivered through cooling means C2 so as to

e

establish it at ambient temperature for delivery

thrsugh a puller means P and onto a storage gpool S
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or the like. The extruder means E is state of the
art and receives the raw thermoplastic material and
forces it through an extrusion die 17 at, for
example, 350° to 440°F using heating means 18 to

5§ attain that temperature. The cooling means C1 is
state of the art, and preferably a vacuum cooling
means supported by a vacuum cooling unit 19 and
reducing the tube form temperature to, for example,
260°F. The deformer apparatus D is suvbjected to heat

10 eontrol means H that maintains this necessary

. s deformation temperature of, for example, 260°F. The
: A cooling means C2 is state of the art and reduces the
f::a tube form temperature to ambient, and it is

supported, for example, by a cooling tower 20 or 'the
15 like. During the cooling period, the shape of the

deformed liner is to be maintained until the pipe

reaches an ambient temperature. This shape can be
o%e mairntained by outside pressure such as rollers,

L 4
® S8

L caterpillars, or straps, or maintained by an internal

« &8

206 vacuum. The means Cl and C2 include pump means for

[ X X ]
.

water recirculation, and it is to be understood that

s

the aforementioned temperatures can vary as

e R iy

circumstances require. Puller means P is also state

cessus of the art and draws the finished deformed tube

- .

cesess 25 product from the preceding apparatus, its pulling

o

force being controlled so as not to stretch or i

¢ompress the tube form in the process of its !

AR 84

deformation, and thereby contreliing its wall

oc

thickness.
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Referring now to the method or process of
deforming a continuously extruded tube form of
plastic material, the steps thereof are sequentially
as follows: firstly, a cylindrical tube form is
extruded as shown by phantom lines in Figures 2a
through 2e, thereby establishing a uniform wall
section, and preferably of cylindrical
configuration. The top semi-circular portion, namely
the back-up section 12, is supported and the fold 16
is impressed at bottom dead center of the tube form
in alignment with the center plane of symmetry and
progressing upwardly and into juxtaposed relation to
the inside wall 10 of the tube form at top dead
center thereof. It is to be understood that the
deformation process can be performed on any angle,
such as prescribed above on a dead center bottom, but
also from its side, top or any other angle. 1In this
process of deformation, the opposite side sections 14
and 15 are turned and/or bent inwardly at their lower
extremities 21 and 22, so that the walls thereof
continue upwardly within their respective inside
walls 10 and to the fold 16 (see Figures 2a through :
2d). i

The fold 16 is formed by bending the tube form
inwardly at bottom dead center thereof for collapse
along the center plane of symmetry. Simultaneously
with this collapse, the lower extremities 21 and 22
of the side sections 14 and 15 are also inwardly bent

as above described. In practice, collapse of the




20

25

- i s ol i o i

29

tube form is preferred in a multiplicity of steps, in
order to conform gradually to the changing
configuration of the tube form and without elongation
of its cross-sectional configuration. However, it is
to be understood that collapse as thus far described
can be accomplished in a single step, for example in
small diameter tubing. As shown, however, there are
four steps of éollapse along the center line a of
symmetry, and each of which has back-up against the
top section 12, it being the bottom section 13 that
is deformed.

The first step of collapse shown in Figure 2a

initiates the fold 16 by bending and commences tc

‘bend the lower extremities 21 and 22. The succeeding

three steps of Figures 2b and 2c and 2d progressively
and increasingly bend and move the fold 16 close to
the inside wall 10 at the top dead center of the tube
form and simultaneously increasingly and
progressively bend and move the lower extremities 21
and 22 upwardly as shown. Thus, the tubular
cross-section is reduced in its sectional

configuration.

Referring now to Figure 2e of the drawings, a
final step of collapse is performed by bending the
opposite side sections 14 and 15 inwardly toward the
center plane of symmetry, in order to reduce the
arcuate configuration of said two side sections and

so that they occur within the radius or outside
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diameter of the initial tube form, and so as to clear
within the inside diameter of the pipe line into
which the ultimate pipe liner L is inserted. A
feature of this final collapsing step is bringing

5 together the two lower extremities 21 and 22 into
juxtaposed relation to the center plane of symmetry,
and preferably closer together than the continuing
tube walls upstanding therefrom to the bends of fold
16. -

10 Referring now to the preferred form of apparatus
for deforming a continuously extruded tube form of
plastic material, see Figure 3 and the fecllowing ,
sectional views Figures 4 throhgh 9. It will be
observed that there are five collapsing steps

15 performed thereby, four incrementally progressive
steps of folding the bottom section 13 of the tube
form upwardly along the center plane of symmetry, and
a fifth step of laterally inward collapse. Each and
all of these five steps involves bending, and is

20 essentially if not completely devoid of'stretching or
elongation of the tube wall of the pipe liner L, in
its transverse cross-section. Each step of collapse
is performed by forming means, preferably in the form
of shaping rollers R1l, R2, R3 and R4, followed by

25 shaping rollers S1 and S2. It is these rollers which
increasingly and progressively collapse the extruded

tube form. In practice, the shaping rollers R1-R4

S e

are lowermost, there being back-up rollers Bl, B2 and

B3 to support the tube form as it is impressed upon
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by the said rollers R1-R4. As shown, the rollers
R1-R4 and B1-B3 are on spaced and parallel

horizontally disposed and transverse axes.

Back-up roller Bl is disposed over the shaping
5 roller Rl (see Figure 4) and is characterized by its
concaved spool-shape 25 at the center plane of
symmetry and conforming to thezsubsténtially
semi-circular back-up section 12 o¥ the tube form.

Back-up roller Bl has opposite flaring side flanges

£ c

¢ c i0 that embrace the initial formation of the side
A sections 14 and 15 of the tube form.

:t:t

AL Shaping roller Rl (see Figure 4) is
characterized by its convex fold initiating and

£
[ S N
t

shaping perimeter 27 at the center plane of symmetry
15 to depress the tuke form wall upwardly at bottom dead
PR center. Shaping roller Rl has opposite concave gide
flanges 28 that embrace the initial formation of the
lower extremities 21 and 22 of the side sections 14
e and 15. The perimeters of roller flanges 26 and 28
20 are closely related so as to capture the tube form

§
§
£
¢

therebetween.

Back-up roller B2 is disposed over and
intermediate shaping rollers R2 and R3 (see Figure 3)
and is characterized by its concaved spool shape 35

25 at the center plane of symmetry and conforming to the
substantially semi-circular back-up section 12 of the

tube form. Back-up roller B2 has opposite flaring
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flanges 36, to a lesser extent than that of roller
Bl, to embrace the formation of the side sections 14
and 15 of the tube form.

Shaping roller R2 (see Figure 5) is
5 characterized by its convex fold shaping perimeter 37
at the center plane of symmetry to further shape the
tube form wall upwardly along said plane of
symmetry. Shaping roller R2 has opposite concaved
side flanges 38 that embrace the lower extremities 21
10 and 22 of the side sections 14 and 15. The
perimeters of roller flanges 36 and 38 are somewhat

spaced and guide the tube form therebetween.

Shaping roller R3 (see Figure 6) is

characterized by its convex fold shaping perimeter 47
15 at the center plane of symmetry to further shape the

tube form wall upwardly along said plane of

symmetry. Shaping roller R3 has opposite concaved

side flanges 48, of lésser extent than roller R2,

that embrace the lower extremities 21 and 22 of the
20 side sections 14 and 15. The perimeters of roller

flanges 36 and 48 are somewhat spaced and guide the

tube form therebetween.

Back-up roller B3 (see Figure 7) is disposed
over shaping roller R4 and is characterized by its
25 concaved spool-shape 55 at the center plane of
symmetry and conforming to the substantially
semi-circular back-up section 12 of the tube form.
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Back-up reoller B3 has minimized side flanges 56 that
embrace the side sections 14 and 15 of the tube form.

Shaping roller R4 (see Figure 7) is
characterized by its most sharply convexed fold
shaping perimeter 57 at the center plane of symmetry
to still further shape the tube form wall along said
plane of symmetry. Shaping roller R4 has opposite
concaved side flanges 58, of still lesser extent than
roller R3, that embrace the lower extremities 21 and
22 of the side sections 14 and 15. The perimeters of
roller flanges 56 and 58 are closely related so as to

capture and guide the tube form therebetween.

The fifth and final collapsing step is performed
by a pair of laterally positioned shaping rollers S1
and S2 disposed at opposite sides of the tube form as
it emanates from shaping roller R4 (see Figures 8 and
9). Rollers S1 and S2 are to reduce the arcuate
cross-section of back-up section 12 of the tube form,
as shown. Accordingly, the réllers S1 and S2 are
disposed on spaced and parallel vertical axes and are
characterized by a concave spool shape 60 of
curviiinear configuration increasing in curvature
from top dead center, each roller, from the jnitial
full radius of the tube form to the smaller radius of
the lower extremities 21 and 22. The rollers S1 and
S2 have top and bottom flanges 61 and 62 which are
peripherally juxtaposed so as to completely capture

the finally collapsed and deformed tube form, thereby
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establishing the product pipe liner L.

In accordance with this invention, and as best
illustrated in Figures 8 and 9 of the drawings, the
tube form of pipe liner L is finally collapsed onto a
rail R disposed between the shaping rollers S1 and
S2. The rail R is of a cross-sectional configuration
to conform with the ihside walls of the side sections
14 and 15 and of the lower extremities 21 and 22.
Accordingly, and as clearly shown, the final
cross-sectional configuratior of the pipe liner L is
established. In practice, the rail R has sliding
engagement with the tube form and is of substantial
longitudinal extent so as to enable a reduction in
tempefature and firming up while being held in the
required cross-sectional configuration. Note
particularly the hourglass cross-section of the rail
R that accommodates the aforementioned collapsing of
the lower extremities 21 and 22, bringing them closer
together in relation to the center plane of symmetry
than the upstanding inner walls extending to the
bends of fold 16. 1In practice, rail R is optional
depending on the shape to be defined. If a precise
curvature 16 is necessary, the rail R will aid in
keeping such a shape. This rail R, for example,
would be necessary for the bud fusion of the deformed

pipe.

From the foregoing, it will be observed that the

shaping of the tube form is gradual and progressive
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(see Figures 3 and 9) and from Figure 1 it will be
observed that the temperature control is involved,
and the preferred material involved is a
thermoplastic. Accordingly, and as best illustrated
in Figure 3 of the drawings, there are water nozzles
70 that dispense tempered water so as to maintain the
temperature of, for example, 210°F in order to soften
the plastic material and toe ensure its bending
properties. Other heat sources such as hot air or
radiant heat can be incorporated to obtain the
desired temperature of the pipe, which is to be above
the raw materials' crystallization point. Nozzles 70
disseminate hot water into the area of the shaping
rollers Rl through R4 and S1 and S2. Thus, the tube
form is made plastic so as to be shaped and bent into
the desired deformed condition. Following the final
shaping of the tube form and its sliding engagement
on the rail R, the shape enabling temperature of the
plastic tube form is reduced to ambient by water
nozzles 71 that dispense tempered water at lower
temperature so as to cool the finished pipe liner L
to, for example, 70°F, all as shown in Figures 1 and
3 of the drawings. As shown in Figure 3, the
tempe;ed water is collected in a sump or pan 72 for
its recitrculation as shown in Figure 1. The cooling
means C2 reduces the tube form to ambient temperature

on or passing into delivery from the rail R.

As shown in Figure 3 of the drawings, the
rollers B1l-B3, R1-R4 and S$1 and S2 are free to turn

oS
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on bearings 73 and thereby enable forward motion of
the tube form through the apparatus as described.
However, as thin-walled large diameter pipe liners L
are processed, it becomes necessary with some

5 materials to assist movement of the tube form
therethrough. Accordingly, torque means M in the
form of motors M, electrical or hydraulic{ provide
the assist required (see Figure 4). It is to be
understood that anti-friction bearings 73 are

(6 provided with shafting 74, all as is shown throughout
the drawings.

: ? From the foregoing, it will be understood that a
E":‘ ! tubular pipe line L is provided that is reduced in
':S'; cross-sectional configuration so as to be readily
.:q:. IS5 inserted into pipe lines and then reformed to its
. initially extruded cross-sectional configuration,

whereby it properly fits into the pipe line for which
it is designed, all as differing circumstances

e require.

t.co ) N } _ é
20 To insert the liner L into a pipe line and b

e, reform it, and with reference now to Figures 10-26, a b

cylindrical section 80 of pipe to be lined is shown.
The pipe is formed with radial flanges 82, 84 at

R

€ s 1 B a . . - s .
sascxs either end to enable connection with adjacent pipe §
evests 25 sections in a conventional manner.
€ L

While the pipe lining procedure is shown

primarily in schematic form, it will be understood :
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that the pipe may be lined above ground or, in situ,
underground or underwater. In any or all of the
above cases, it may be necessary to disconnect the
pipeline at selected, longitudinally spaced access

5 points and, if continuous pipeline flow is required,
splice in a bypass section between pipe sections on
either side of the section to be lined. This
Bypassing or splicing procedure forms no part of the

present invention and need not be described further.

(Q Before commencing the lining operation, the pipe

section should be inspected to determine its ability

o e to withstand pressures applied during the lining
'2.3:' operation. Of course, if the pipe is damaged, )
'.:S': corroded, etc. to the point of not being able to

KL 15 withstand such pressures, then the pipe section in

.‘.. question must to be replaced rather than lined.

The interior of the pipe 80 may be cleaned by a

‘Lt conventional brush pig 86 designed to traverse the
R pipe interior with brushes extending radially into

20 contact with the interior pipe wall, to effect

e removal of loose material, residue, sediment, and the
*

like ;hich might otherwise negatively impact the

lining process. Once the pig 86 is introduced into

the upstream end of pipe 80, upstream and downstream
29 manifolds 88 and 90 are attached to the pipe flanges

! e o

82, 84, respectively. To facilitate this connection,
the manifolds are provided with abutting flanges 82',

84' and connection is achieved via bolts or other
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suitable fasteners in conjunction with aligned

apertures (Figure 25) in the respective flanges.

A pulling or pilot line 92, fed from a reel 94
through a vent hole 96 in the manifold 88, is
attached to the trailing end of the pig 86 before
closure of the upstream manifold 88.

The upstream manifold 88 has a closéd end 98
which comprises a removable plate, and in which is
mounted an inlet valve 100. 1In this initial pigging
operation, the valve 100 is connected via conduit 102
to a pressurized air or liquid source 104. The
downstream manifold 90 is also provided with an end
plate which mounts a relief valve 106. A pressure
gauge 108 monitors pressure within the pipe.

Pressurized air or water is introduced through a
valve 100 into the pipe behind the pig 86, so as to
push the brush pig and pulling line 92 through the
pipe to the downstream end thereof. During this
pigging operation, relief valve 106 is set at about
100 psi to ensure proper degassihg of the pipe as the
pig‘ﬁgves to the downstream end -of the pipe. When
the pig 86 reaches the downstream end, and moves into
the manifold 90, the interior pressure of the pipe is
gradually released, manifolds 88 and 90 are opened,
and pig 86 removed. Thereafter, line 92 may be drawn
out and subsequently fastened to an associated winch

or reel 110 as shown in Figure 11.
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With further reference to Figure 11, the pipe
section 8Q is shown witn manifolds 88 and 90 opened
at their remote ends and with an initial lightweight
fishing line 92 connected to a heavier gauge pulling
or pilot line 112. Lines 92 and 112 are pulled
through the pipeline 80 by winch 110 located adjacent
the downstream end of the pipeline 80 and manifold
90. The pilot line 112 is unwound from a reel 114 at
the upstream end of the pipeline section. As
indicated earlier, the requirement for progressively
stronger pilot or pulling lines is necessitated only
if the pipeline section to be lined is of great
length or, if there is an inability to build up
sufficiént pressure, by reason of leakage for
example, in the existing pipeline, to push the pig 86
and associated fishing or pilot line through the pipe
section. Once the appropriate gauge pulling line is
drawn through the pipe section 80, it may be cut
adjacent the upstream manifold 88 and thereafter
attached to the temporarily deformed U-shaped liner
L, as more clearly illustrated in Figure 12. The
pulling line 112 is c¢onnected to the U-shaped liner L
by a suitable gripping arrangement shown in schematic
form ;t 116 in Figure 12. Preferably, the gripping
means»li& is of the radial expansion type so as to
prevent damage to the end of the liner. As also
illustrated in Figure 12, the U-shaped liner L may be

unwound from a storage or supply reel S which is

>

located adjacent the upstream manifold. It will be
appreciated that depending on the diameter of the
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originally extruded liner L, the liner may be
temporarily deformed at the factory and shipped in
continuously wound reels S or, where the diameter of
the originally extruded pipe is so large as to make
such predeformation and shipment impractical, mo¥ile
deforming apparatus may be provided at the site for
deforming the liner L in situ and pulling it through
the pipe section to be lined in one continuous
operation. A ierobile deforming apparatus may be
provided constituting the same principle as the
apparatus disclosed in this invention, with the
exception that the heating device before deforming
will be extended té raise the temperature of the now
ambient round pipe to past its crystallization
peint. In other words, the benefit of an already
warm pipe fout of the extruders' vacuum trough) is
not available working with a mobile deforming tool.

Figure 13 illustrates a cross-sectional view of
pipeline section 80 with the liner L in its finally
This is to contrasted with the

cross-sectional view of the pipe liner L in Figure 14

expanded form.

which illustrates it in its temporarily deformed
U-shaﬁe. In Figure 15, a perspective view
illustrates the temporarily deformed U-shaped liner L
after it is pulled through the pipe section 80 to be
lined. Turning now to Figure 16, it will be noted
initially that the l.ner L extends approximately to
the open ends of the manifolds 88 and 90 to not only

facilitate the expansion process, but alsoc to leave
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sufficient liner to form radial flanges in a manner
to be described in greater detail below.

In Figure 16, there is schematically shown a
representation of the initial expansion of the liner g

5 L within the pipe 80. Once the liner is properly

positioned, a pair of mechanical expansion/packer

assemblies are inserted into the liner from either

end of the upstream and downstream manifolds 88, 90.

* " " The packer/expander assemblies 120, 122 are identical
A © in every respect and, therefore, only one need be
LN described in detail. As best s=en in Figures 6-18,
::.. the downstream packer/expander 122 assembly includes
,an inlet conduit or manifold 124 operatively
e connected to a closed boiler 126 through which hot
19 1liquid may be introduced into the liner via valve
o, 128. The temperature of the liquid is monitored by a
o conventional gauge 130, while the pressure within the
el liner is monitored by a conventional pressure gauge
., 132. Inlet pipe 124 is connected via pipe extension
o 20 124" to a cylindrical packer assembly 134 consisting i
of conventional packing rings which are sized to seal §
R off the liner relative to the manifold 90 to prevent i

to any‘e;cape of liquid from the liner through the
e manifold. A cylindrical wedge_like expander 136,
25 provided with a tapered surface 138, extends forward
of the packer assembly and serves to force the liner
end back into a cylindrical shape, as best seen in i
Figure 16. A similar arrangement is provided at the

upstream manifold 88 so that the liner L is initially




(&}

10

15

Q

25

42

expanded mechanically at both ends in the above
described manner. The expander 136 is provided with
an internal bore 140 (Figures 17 and 18) which
operatively connects to the inlet conduit 124 and
closed boiler 126. It will thus be appreciated that
expander 136 only initiates the expansion process,
while facilitating introduction of hot liquid through
the bore 140 and into the liner L.

Once the packer/expander assemblies 120, 122
have been positioned within the manifolds 88, 90,
respectively, so that flanges 142 abut corresponding
flanges on the manifolds 88, 90, hot water is
introduced from the source 126 into the interior of
the liner. Because the system is closed, the hot
water may be raised to high temperatures without the
creation of steam and, in this initial stage, the hot
water is introduced into the liner so as to raise the
temperature of the liner above its crystallization
point. 1In the temperature raising stage, a relief
valve 144 in the packer/expander assembly 120, allows
hot water to flow continuously through the liner, at
a first pressure of about 7 bars. It will be
appreéﬁated that the period of time required to
reheat the liner to its shape memory temperature at
the first pressure will depend on the diameter and
length of the pipe to be lined.

Once the liner has been heated to 160°, the

U-shaped memory of the liner is erased and the liner
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tends to assume its original cylindrical shape.
However, as previously mentioned, because the
interior wall of the pipe 80 may not be perfectly
round, the now cylindrical liner L may not conform
exactly to the inner surface of the pipe which may be
warped, particularly over extended distances.
Accordingly, the pressure inside the liner is raised
in a second stage to about 15 bars to expand the
liner L into substantially exact conformance with the
interior surface of the pipe 80, as illustrated in
Figure 19. The process manifold is further equipped
with an air outiet (air leak) that enables the air or
liquid which might have been trapped between the
liner and the original pipe to escape. This is '
another reason why the manifold is slightly oversized:

as compared to the O0.D. of the liner.

Thereafter, valve 128 is closed, hot water
supply 126 disconnected, and the hot water within the
pipe is emptied. The packer/expander assemblies 120,
122 are then withdrawn. It is a further feature of
this invention that, while the liner is still hot, a
conventional expansion pig, having a diameter
subst;ntially identical to the inside diameter of the
expanded liner, is introduced into the pipe 80 and is
pushed through the pipe section applying a radial
force to the liner so as sgueeze any remaining air
from between the pipe and liner so as to conform 100%
of the liner surface against the interior surface of

the pipe. The pig is preferably driven by a supply
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of cold water which more or less "freezes”" the
plastic into final form behind the pig, eliminating
all air spaces between tie liner and the pipe
section.

While the expansion stage has been described
with reference to the introduction of heated fluid
from source 126 at the downstream side of the pipe 80
via packer/expander assembly 122, it will be
appreciated that source 126 may be operatively
connected to the upstream assembly 120 as well.
this regard, manifolds 88, 90 and assemblies 120,
122, including conduit 124 are provided with the
necessary iniets,

In

outlets for monitoring devices,
relief valves, and the like so that,

are interchangeable.

in effect, they

Turning now to Figures 20 through 22, a
schematic progression of steps involved in the liner
end flaring process is illustrated. Thus, Figure 22
shows the expanded liner L extending beyond pipe 80,
with the manifold 88 removed. Typically, the liner g
will be trimmeéd in accordancé with predetermined and :
calculated data establishing the length of liner
required to ﬁroduce aAgiveh size radial flange for
pipes of various diameters. Once the liner is
trimmed, a first flaring stage commences wherein the

liner end is heated, by an air guh for example, to -

about 180-200°F, and flange 148 is partially formed ’

at an angle of about 50 to about 70°, relative to
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horizontal, as shown in Figure 21. The specific
angle will depend on factors such as the diameter of
the pipe, the flange length, and so on. Once the
initial flare is formed in the liner end, the latter
5 is quickly cooled and then reheated to about
180-200°F. 1In a second flaring stage, the partially
flared end is further deformed into engagement with
pipe flange 82 to form radial flanges 148 as
illustrated in Figure 22, after which the liner is
y¢ again quickly cooled. )

Figure 23 illustrates an exemplary flaring tool
for carrying out the first and second flaring stages

as described above. A manually operated screw jack

150 is fastened at at least two locations, preferably

/5 180° apart, about the pipe flange 82. Thus, a pair
of heavy duty bolts 152 extend between bolt holes

formed in the flange 82 and a cross bar 154. Bar 154

is provided with a threaded aperture 156,
intermediate the ends thereof, for receiving a

20 threaded jack member 158 which mounts a flaring tool
160, a packing assembly 162, a washer 164 and a nut
166 on one side of the cross-bar 154, and a handle
168 on the other side of the cross bar. Rotation of
handle 168 in a clockwise direction will result in

2.5 flaring tool 160 entering the liner end to flgre the
same in a first flaring stage as previously
described. The packer assembly 162 is utilized to
prevent the liner L from creeping into the pipe 30

during the flaring operation. After completion of
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the first flaring stage, tool 160 is removed from
jack 158 and is replaced by a second stage flaring
tool 170, shown in Figure 24. This second stage tool
is no more than a bored, cylindrical block which
flattens the partial flare into full engagement with
the pipe flange 82. In this regard, Figure 25 shows
in an end view, the liner L in its finally flared and
expanded configuration within the pipe 80. '

In further connection with the first and second
flaring stages, it will be appreciated that the speed
with which the flaring tools are brought into
engagement with the liner end or ends must be
correlated to the pipe diameter, femperature, etc. to
prevent damage to the end or ends. Thus, theée flaring
tools do not engage the liner end or ends, until the
temperature, monitored by conventional means, reaches
the predetermined level. In addition, during the
flaring stages, the tools remain in full pressure
engagement with the liner end or ends during the

respective cooling steps.

It will be further appreciated that the screw
jack 150 may be hydraulically actuated, particularly
for larger diameter pipes. '

In Figure 26, there is illustrated a plurality
of adjacent pipes 80, each having an individual liner
L applied in accordance with the above described

process. The formation of radial flanges 148 on each
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liner section results in a continuous interior lining
with no pipe exposure to the materials flowing
through the pipeline. This of course is an
alternative to introducing a single continuous liner
through a plurality of single pipe sections, but with
similarly effective results.

For those pipes typically in service under
pressure, it has been found that it is not necessary
to heat the liner to its crystallization point in
order for the liner, after being reformed, to remain
frozen in its original generally cylindrical shape,
provided the liner is maintained under pressure for
an extended period of time. That pressure may, in
accordance with the present invention, comprise the
pressure of the liquid in the pipe when in normal
service. Consequently, after the interior of the
pipe to be lined is cleaned by the conventional brush
pig 86, the manifolds 88 and 90 are in place and the
deformed liner is inserted into the pipe, the liner
can be mec¢hanically reformed to its original,
generally cylindrical shape with the use of a pig and
applied pressure. Consequently, in this embodiment,
the ends of the manifolds are initially deformed as
previously described and the pig is inserted,
preferably at the downstream end. The pig may be
conventional and may comprise a medium density foam.
Upon initial insertion of the pig, the ends of the
pipe are closed and a fluid under pressure, for

example, air, under a pressure between about 25 and
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150 p.s.i., depending on the pipe size and length, is
introduced behind the plug at the downstream end.
Additionally, a back pressure or vacuum pressure is
provided at the upstream end of the pipe, for
example, on the order of about 5 to 40 p.s.i., again
depending upon the length and size of the pipe.
Because of the differential pressure applied to the
pig, the pig advances from the downstream end of the
pipe to the upstream end, mechanically reforming the
pipe to its generally‘cylindrical configuration as it
moves between those ends. Upon arrival at the
upstream end; the pressure is maintained behind the
pig throughout the length of the pipe and liner for a
predetermined time interval, for example, about 30
minutes. The pipe liner is then depressurized and
both manifolds and the pig are removed. Both ends of
the liner are subsequently flared, as described

previously, and the fluid service is reconnected.

1t has been found that if the service is
reconnected and pressure applied to the interior of

the liner from the service fluid flowing through the

%
i
i
4

linep'within a predetermined time, for example,

within about 24 hours after completion of the liner

installation, particularly after the liner has been

depressurized, such pressure will ensure that the

liner conforms to the walls of the existing pipe. 1t

has also been found that over time, for example, on 5
the order of about 3 or 4 weeks, the stresses within

the liner are relieved and the liner will remain
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generally cylindrical, even when the pressurized
service fluid is subsequently removed. Consequently,
the foregoing lining process may be used for lines
that are not normally under pressure, provided the
pressure is maintained within the liner for the
predetermined time necessary to relieve the stresses
in the liner tending to deform the liner to its
initial deformed shape. The time required is a
function of the diameter, wall thickness and material
of the liner and the degree of circularity required.
For example, if an expanded but non-cylindrical
configuration of the liner in the pipe is acceptable,
the time period during which the liner is held under
pressure may be less than one week. On the other
hand, such time'period should be on the order of 3-4
weeks if a perfectly cylindrical liner is required.
Consequently, the use of high temperature fluids to
relieve the stresses in the liner as previously
discussed is not necessary where the pressure can be
maintained in the liner for a predetermined time
period after‘méchanical reformation. This technique
is therefore particularly useful for relining pipes
whereén fluid under pressure is the typical fluid

being transmitted by the pipe.

While the invention has been described in
connection with what is presently considered to be
the most practical and preferred embodiment, it is to §
be understood that the invention is not to be limited

to the disclosed embodiment, but on the contrary, is
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intended to cover various modifications and
equivalent arrangements included within the spirit

and scope of the appended claims.

The claims form part of the disclosure of this specification,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for producing a deformed pipe liner from
an extruded tubular cross-section for insertion into a pipe
line and reformation substantially to said extruded tubu.ar
cross-section, comprising the steps of:

(a) extruding plastic material at a raised
temperature into an 1initial elongated tubular
cross-section having a predetermined outside
diameter and an elongated axis;

{b) collapsing the tubular cross-section at a reduced
temperature above ambient temperature by
depressing one side thereof generally
diametrically toward an opposite side thereof and
toward said axis along a plane of bilateral
symmetry on opposite sides, of which side
sections of the tubular cross-section bend into
double-wall configurations;

(c¢) during collapsing, backing the opposite side of
the tubular cross-section along the plane of
bilateral symmetry, thereby reducing the cross-

sectional configuration of said tubular cross-

section for insertion into the pipe 1line and
reformation therein substantially to its
initially extruded tubular cross-section;

(d) reducing the temperature of the collapsed cross-

section to form the deformed pipe liner; and

(e) disposing a rail along the plane of bilateral

symmetry inwardly of the distal ends of said side
sections to maintain the liner in the collapsed
cross-section and reducing the temperature of the
collapsed cross-section about the rail to ambient
temperature;

whereby, as a result of carrying out steps (b)-(e),
the collapsed cross-section 1is maintained solely by the
plastic material of the liner.

2. A method as set forth in Claim 1, wherein the
step of collapsing the tubular cross-section includes
folding the one side progressively toward the opposite
side, thereby progressively dimensionally reducing the

bcspe.007/pipe712 91 2 12
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tubular cross-section.

3. A method as set forth in Claim 1, wherein the
plastic material 1is a thermosetting polyethylene and
wherein the step of extruding is accomplished at a
tempéerature of about 250°F to 300°F.

4, A method as set forth in Claim 1, including
displacing the opposite side sections of said double-wall
configurations laterally toward the plane of bilateral
symmetry.

5. A method as set forth in Claim 4, wherein
collapsing the tubular cross-section includes folding the
one side progressively toward the opposite side, thereby
progressively dimensionally reducing the tubular ecross-
section, and progressively displacing said opposite side
sections toward one another toward the plane of bilateral
symmetry.

6. A method according to Claim 4, wherein collapsing
the tubular cross-section includes folding the one side and
locating the fold on the side of the axis closest to the
opposite side of the tubular cross-section.

7 A method for producing a deformed pipe liner from
a tubular cross-section for insertion into a pipe line and
reformation substantially to said tubular cross-section,
comprising the steps of:

(a) collapsing the

tubular cross-section at a

temperature above ambient temperature by

depressing one side thereof generally
diametrically toward an opposite side thereéof and
toward said axis along a plane of bilateral
which, side

sections of the tubular cross-section bend into

symmetry on opposite sides of

double-wall configurations;

(b) during collapsing, backing the opposite side of
the tubular cross-section along the plane of
bilateral symmetry and displacing the opposite
side sections of said double-wall configurations
laterally toward the plane of bilateral symmetry,
thereby
configuration of said tubular cross-section for

reducing the cross~-sectional
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insertion into the pipe 1line and reformation
therein substantially to its i1initially tubular
cross-section;

(¢) reducing the temperature of the collapsed cross-—

section to form the deformed pipe liner; and

(d) disposing a rail along the plane of bilateral

symmetry inwardly of the distal ends of said side
sections to maintain the liner in the collapsed
cross-section and reducing the temperature of the
collapsed cross-section about the rail to ambient
temperature;

whereby, as a result of steps (a)-(d), the collapsed
cross-section is maintained solely by the plastic material
of the liner.

8. A method as set forth in Claim 7, wherein the
step of collapsing the tubular cross-section includes
folding the one side progressively toward the opposite side
thereby progressively dimensionally reducing the tubular
cross-section.

g. A method as set forth in Claim 7, wherein the
step of collapsing the tubular cross-section is at a
temperature to prevent elongation of the plastic material.

10. A method as set forth in Claim 7, wherein the
step of collapsing the tubular cross-section includes
folding the one side progressively toward the opposite
side, thereby progressively dimensionally reducing the
tubular cross-section, and progressively displacing said
opposite side sections toward one another toward the plane
of bilateral symmetry.

11. A method as set forth in Claim 10, wherein the
step of collapsing the tubular cross-section and displacing
the side sections 1is accomplished at a temperature to
prevent elongation of the plastic material.

12. A method according to Claim 7, wherein the step
of collapsing the tubular cross-section includes folding
the one side and locating the fold on the side of the axis
closest to the opposite side of the tubular cross-section.

13. An apparatus for producing a deformed pipe liner
from an extruded tubular cross-section of plastic material

bcspe.007/pipe712 91 2 12
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comprising:

at least one rotatable back-up roller disposed on an
axis parallel to an axis of, and generally in opposition
to, at least one rotatable shaping roller;

the back-up roller having a curved concave spool-
shaped periphery centred at a plane of tilateral symmetry
and adapted to engage a back-up portion of the tubular
cross-section;

the shaping roller having a periphery non-
complementary in shape to the periphery of said back-up
roller and including a curved convex fold initiating and
fold shaping peripheral surface at said plane of bilateral
symmetry so that when said tubular cross-section passes
generally between said back-up and shaping rollers, a
deformable portion of the tubular cross-section 1is
depressed diametrically toward the back-up portion thereof
and along the plane of bilateral symmetry, so that opposite
side sections of the tubular cross-section bend into
double-wall configurations with a fold thereof juxtaposed
to said opposite back-up portion of the tubular cross-
section;

such that the cross-sectional configuration of the
tubular cross-section is altered and reduced; and

a rail disposed generally along said plane of
bilateral symmetry downstream of said back-up and shaping
rollers and between said side sections.

14. An apparatus according to Claim 13 including
means for applying heat to the pipe liner as the back-up
and shaping roller deform the pipe liner to its reduced
cross-sectional configuration.

15. An apparatus according to Claim 14 wherein said
heat applying means applies heat to the liner as the liner
is disposed between said side sections.

(16. An apparatus for producing a deformed pipe liner
from an extruded tubular cross-section of plastic material
comprising:

at least one rotatable back-up roller disposed on an

axis parallel to an axis of, and in opposition to, at least
one rotatable shaping roller,

bespe. 007 /pipe712 91 2 12

e ey SRR, SO el o A = - ] e af e g

L4




- §5 -

the back-up roller having a curved concave spool-
shaped periphery centred at a plane of bilateral symmetry

B e st G ——v.;,

and adapted to engage a back-up portion of the tubular
cross~section,

5 the shaping roller having a periphery non-
complementary in shape to the periphery of said back-up
roller and including a pair of curved concave surfaces
extending about the periphery of said shaping roller and a
curved convex fold initiating and fold shaping peripheral

10 surface at said plane of bilateral symmetry intermediate
said concave surfaces so that when said tubular cross-
section passes between said back-up and shaping rollers, a

:"': deformable portion of the tubular cross-section is

depressed diametrically toward the back-up portion therecof

EIS.' and along the plane of bilateral symmetry, so that opposite

PR side sections of the tubular cross-section bend into double

wall configurations with a fold thereof juxtaposed to said

;,.,; opposite back-up portion of the tubular cross-section,

-;-uf such that the cross-sectional configuration of the

20 tubular cross-section 1is altered and reduced without

elongation.

17. The apparatus for producing a deformed pipe liner
as set forth in Claim 16, wherein the at least one back-up
e roller is in opposition to two shaping rollers disposed in
25 parallel axes parallel to the axis of the back-up roller
for disposition on the side of the tubular cross-section

.
i
?

opposite the back-up roller, the first mentioned shaping

roller comprising one of said two shaping rollers.
¢ 18. The apparatus for producing a deformed pipe liner
* 3¢ as set forth in Claim 16, wherein the at least one back-up "
roller has opposite flaring tapering side flanges adapted
to embrace the opposite side sections of the tubular cross-

section.

19. The apparatus for producing a deformed pipe liner
35 as set forth in Claim 16, wherein the at least one of the
rotatable rollers is powered by torque means for assisting

o

B

w5

rotation thereof and adrancement of the tubular cross-
section therethrough.
20. The apparatus for producing a deformed pipe liner

, bespe.007/pipe712 91 2 12
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as set forth in Claim 16, and including means for heating

the tubular cross-section of plastic material at a
temperature that enables bending and prevents elongation

————dties

thereof.

5 21. An apparatus for producing a deformed pipe liner
from an extruded tubular and substantially circular cross-
section of plastic material comprising:

at least one rotatable back-up roller disposed on a
first horizontal axis,

10 to the axis of and in opposition at 1least one
rotatable shaping roller disposed on a second horizontal
axis substantially parallel to said first axis and

. vertically spaced relative thereto,

the back-up roller having a concave spool-shaped
15.° periphery centred at a plane of bilateral symmetry and

1 adapted to engage a back-up portion of the tubular cross-

. section,
’ the shaping roller having a convex fold initiating and
’ fold shaping perimeter at said plane of bilateral symmetry

20 and adapted to depress a deformable portion of the tubular

cross-section diametrically toward the back-up portion

thereof and along the plane of bilateral symmetry so that

opposite side sections of the tubular cross-section bend

‘ into double wall configuration with a fold thereof
25, juxtaposed to said opposite back-up portion of the tubular

?

cross~section,
and a pair of laterally positioned rotatable shaping
e rollers disposed on generally vertical axis at opposite
side of the plane of bilateral symmetry and each having a
,r30 concave curvilinear periphery adapted to engage and further
depress the double wall configurations of the sidéVSections
laterally inward toward the plane of bilateral symmetry by
bending the double wall configurations of the opposite side
sections, so that when said tubular cross-section passes
35 between the back-up roller and shaping roller and then
between said pair of laterally positioned shaping rollers,
the tubular cross-~-section is altered and reduced and the
opposite side sections thereof are collapsed inwardly from
a top dead center position thereof coincidental with the

., bespe.007/pipe712 91 2 12
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plane of bilateral symmetry.

22. The apparatus for producing a deformed pipe liner
as set forth in Claim 21, wherein the pair of laterally
positioned shaping rollers have peripherally juxtaposed

5 side flanges adapted to capture the finally collapsed
tubular cross-section.

23. The apparatus for producing a deformed pipe liner
as set forth in Claim 21, and further comprising a rail
carried by said apparatus following said shaping rollers

10 and said back-up roller and having a generally hour-glass
cross-section adapted to conform to inner wall portions of
the double wall configuration of the opposite side

ot sections, said rail surface adapted to have sliding

¢ re

- P

LR
LX)
-

3¢ ¢t

engagement with the tubular cross-section.
15 24. The apparatus for producing a deformed pipe liner
i as set forth in Claim 21, and further including a first
o heating means 1located at the shaping rollers for
maintaining the tubular cross-section of plastic material
~vu-§ at a temperature that enables bending and prevents
20 elongation thereof, and a cooling means located at the rail

and following the first heating means for reducing the

temperature of the collapsed tubular cross-section to

LX]

LX)
-

s 2
. 0

.
ss00sq
.

. ambient for delivery of the finished deformed pipe liner.
QI’E 25. The apparatus for producing a deformed pipe liner f
.25, as set forth in Claim 21, and further comprising a rail ¢
et carried by said apparatus following said shaping rollers

and said back-up roller and adapted to conform to inner

wall portions of the double wall configurations of the

opposite side sections, said rail having a surface portion
<3 in sliding engagement with the tubular cross-section. \

26. The apparatus for producing a deformed pipe liner

as set forth in Claim 25, including a heating means located

at the shaping rollers for maintaining the tubular cross-

section of plastic material at a predetermined temperature

35 and a cooling means located at the rail and following the
heating means adapted to reduce the temperature of the !

collapsed tubular cross-section from about said

. t'i predetermined temperature to ambient.

> 27. Apparatus as defined in Claim 26 or Claim 20, :
L
427 bespe.007/pipeTi2 91 2 12
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wherein sald heating means comprises a plurality of fluid
nozzles.

28. A process for installing a hollow thermoplastic
liner in a pipe wherein the process is characterised by the
steps of:

producing a deformed pipe liner in accordance with any
one of method claims 1 - 12,

pulling said deformed pipe liner into said pipe such
that said deformed liner extends beyond opposite ends of
said pipe;

reheating said deformed liner to a temperature above
the crystallisation temperature of said deformed liner to
cause said liner to return to its tubular cross-sectional
size and shape; and, subsequently,

increasing pressure within said liner to cause said
liner to conform to interior contours of said pipe.

29. The process according to claim 28 further
characterised by the steps of cleaning the interior of the
pipe before the pipe 1liner is pulled onto said pipe,

introducing a pulling 1line at an upstream end of the
pipeline and pulling it through the pipe, attaching said

pulling line at an upstream end to said liner, partially
expanding the liner by mechanical means inserted into both
ends of said liner introducing an expansion pig into said
liner to further expand said liner against said pipe and
forming radial flanges at opposite ends of said liner.

30. A method for producing a 1liner for a pipe
substantially as hereinbefore described with reference to
Figures 2 and 7 of the accompanying drawings.

31. An apparatus for producing a liner for a pipe
substantially as hereinbefore described with reference to
the accompanying drawings.

32. A process for installing a 1liner in a pipe
substantially as hereinbefore described with reference to
the accompanying drawings.

DATED this 12 February, 1991
‘SMITH SHELSTON BEADLE

Fellows Institute of Patent Attorneys of Australia
Patent Attorneys for the Applicant:
PIPE LINERS, INC.
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