Thi%s A \ins Boget H °8n apparatus for the |ining of existingngtgz.
-“The inventi | i\m H cri be@HINSHEETAHA®BEENG gas, oil and wat er s 6 y
" pipes, but j i prect at ed REPRACEINE i nvention i s applicabl

pi pes of al .

APPARATUS FOR LINING INSTALLED PIPEWORK EP 3830

This invention relates to an apparatus for the lining of existing
pipes. The invention will be described in relation to gas, oil
and water supply pipes, but it will be appreciated that the

invention is applicable to pipes of all kinds.

When lining installed pipes (which pipes when ground embedded are
prone to crack due to ground movement) it is known to draw a
heated liner of plastic tube through a die to reduce the diameter

and then into a length of the existing pipe.

The present invention relates to inproved apparatus Ilining
installed pipework when using a swaging die to reduce the
diameter of the liner pipe prior to its being drawn into the
existing pipework. By "installed" pipework is meaht pipework
that has already been installed in position to carry out its
intended purpose, such as for example, ground é.mbedded pipework
for gas, oil_, v}ater or sevage, pipework forming part of a larger
installation, or pipework resting on the ground and laid down to
connect a source of supply to the recipient such. as an oil pipe

connecting a well to a refinery or port.

In the case of ground embedded pipework it will be appreciated
that the normal arrangement when such a process is being carried
out will ~involva a winch adjacent to an excavation at one end of
a length of pipe to be linad, whence a cable or similar flexible
ligament passes through the length of pipe to a second excavation

beyond which it is attached to the front end of a liner pipe of



ki nds. “JMVhen lining install ept Wulbn pi pes when ground
-enbedded are prone to crack due tﬁﬂgﬁéﬁﬁﬂ'ﬁé§ ) it is known to draw a

heated liner of plastic tube thrpugh QEBL&CHIO reduce the dianeter and then
into a length of the existing pipe. The present invention relates to

| nproved apparatus lining installed pipewrk when using a swaging die to
reduce the dianeter of the liner pipe prior toits being drawn into the
exi sting migmwork mat@yiali nAdizest i fhsoskeccnd epgamation is a tube

heating and compressing apparatus which has a heater and a size

reduction die. At a downstream end of this apparatus there may
be a reciprocatable "pusher' which can grip the pipe and draw it

from the apparatus and urge it towards the pipe to be lined.

According to the present invention, there is provided apparaﬁus
for lining installed pipework, the apparatus comprising a support
structure, a swaging die dQisposed within the structure for
reducing the diameter of a liner pipe passed through it and
fixing means for enabling the structure to be fixed to the
pipework, the swaging die being provided with a swaging surface
which, or part of which, is inclined at an angle between 6° and
32° to the die axis, and the fixing means béing adapted to fix
the structure at a spacing from the pipework together with a
pusher device located within the spacing and adapted to grip the
liner pipe after its emergence from the die and urge it towards

and through the pipework.

In one aspect of the present inveﬁtion, the liner pipe may be
heated prior to the swaging operation. Alternatively, or in
addition, the liner pipe may also be heated during its péssage
through the swaging die. In such a case, means are provided for
heating the internal surface of the swéqing die simultaneously

with the passage of the liner pipelthrough'it.

According to another aspect of the present invention, apparatus

is provided for lining installed pipework, the apparatus
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pi pework that has al ready been ir@LaLLed_Ln_pnsLLLEn to carry out its

‘i ntended purpose, such as for exqnhi® SHEEDUHAS BESMEdded pi pework for gas,
oil, water or sewage, pipework florm ngEfasCgDof a jarger installation, or
pi pework resting on the ground amd-taid—-dowr-to—cbnnect a source of supply
to the recipient such as an oil pipe cognecting a well to a refinery or
port. 2

comprising a support structure, a swaging die disposed within the
structure for reducing the diameter of a liner pipe passed
through it, fixing means for enabling the structure to be fixed
to the pipe to be lined, and means for heating the liner pipe
before it emerges from the die, the swaging die being provided
with a swaging surface which, or part of which is inclined at an
angle hetween 6° and 32° and no part at an angle of 32° to the die
axis the fiwing means beinyg adapted to fix the structure at a
spacing from the pipework and there being means located within
the spacing to ¢ool the heated liner pipe ag it emerges from the

die.

Dies used according to the prior art methods of pipe swaging as
employed in practice have comprised two portions, the first being
the inclined swaging surface reducing in diameter to a minimum
value and the second being an axial continuation of the die
interior having its 'walls parallel to the die axis and an
internal diameter equal to such minimum value. We.have found
that in the c¢arrying out of the present invention, it is
advantageous to reduce the axial length of the said second
portion relative to the axial length of the first portien, or
else to dispense with the second portion altogether. In
particular, by so designing the die that is at least 70%, and
preferably over 80%, and advantageocusly over 85% of the axial
distance between the part where the liner pipe engages with the
inclined surface and the ocutlet orifice where the pipe emerges
from the die, the pulling tension required to swage the liner

pipe is substantially decreased. Another consequence of the use

s Sheet Has Been Replacec

R




In the case of ground enbedded pi pe  appreci ated that the
:normal arrangenment when such a pnﬂSQﬁEfTﬁ#“bBEﬂﬁ carried out will involve a
‘wi nch adj acent to an excavatign at RpPLACED of ajll ength of pipe to be
lined, whence a cable or sim|lH-exrtfeTTgament passes through the

| ength of pipe to a second excavation beypnd which it is attached to the
front end of a liner pipe of plastics material. Adjacent to the second
excavat i onofi sught abelieheni i tige atalr cYing esst NgE aphar prasenhi dhveatianhést er:
and a size reduction die. At a downstreamend of this apparatus there
may be -a rtbap;owheablsingushelinathi pipeaorgsiypthabicphpdrasdrdenweesingom

the apparatus and urge it towards the
such as polyethylene or medified polyethylene as conventionally

used in practice, the liner pipe on emerging from such outlet
orifice maﬁifests a greater tendency towards radial expansion
relative to the degree of swaging exerted by ﬁhe die than in the
case where, as in the prior art, the swaging die was provided
with a second portion as mentioned above of substantial length,
typically in the order of 50% of the overall die length. ©Omn
reiease of pulling tension such tendency will result in a greater
proportional radial expansion in relation to the pulling tension

employed than would have occurred using the prior art dies.

The present invention relies both upon the expansion of the liner
pipe within the pipework as a result of relaxaticon of the pulling
tension and also as a result of the memory induced expansion of
the swaged liner pipe. By the use of a die having a reduced
axial length of its second portion felative to the axial length
ef its first portiom as mentioned akove the proportionate
expansion resulting from the relaxation of the pulling tension
may be significantly increasing thus resulting in improved

control over the pipe lining operation.

The arrangements described above furthermore provide a
significant -advantage in relation to the case where a “pusher"
device as e.g. of the kind described in our copending published
Patent Application UK No. 2215804A is used. It is inherent in

the operation of such a pusher that, when it grips the liner pipe
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pi pe to be |ined. Accor di ng tpmi-he ention, there is provided

_apparatus for lining installed p'BQQCEHEETtm gﬁm atus conprising a
swagi ng die for reducing the di meterREPLﬁcEﬂ | ner |pi pe passed through the
die and a pusher device to grip ==gfd Urge the |iner pipe
towards and through the pipework, both the die and the pusher device
being, in use, spaced fromthe pipework, wherein the die 3 is provided
wWith a swagidgusddsaceeWhteRaras Peid phipehbeR, tbs pacllined,attharangls
bet ween 6 degrees and 32 degrees and no part at an angle or nore than 32
degrees t GihariircdXiss temporary reduction in the pulling tension exerted

by the pulling device (such as a winch) at the far end of the
pipework. Upon the pusher releasing its grip, the tension
resorts back to its original value. 1In practice, this results
in a continuous fluctuation in the tension. It is desirable that
the changeover bhetween maximum and minimum tensions in the course
of the fluctuations be affected as smoothly as possible and with

the minimum amount of sharp transitions or jerks.

We have found that as a result of the preferred use of the dies
of the present invention which require substantially lower
puiling tensions to effect a comparahle degree 'of swaging as
compared with prior art dies and which furthermore bring about
a greater "springback" tendency on the part of the pipe emerging
from the die orifice, the amplitudes of the fluctuations are
reduced and the fluctuations themselves become smoother. Having
regard to the very high forces involved in exerting the pulling
tension, this again constitutes a signifiecant improvement in hoth

the safety and the efficiency of the operations.

The length of the pipework which may be lined in a single
operation by the methods of this invention may typically be from
10 metres upwards. The limiting length of pipework which may be
lined in any particular case will depend upon a combination of
factors including the friction resistance to the movement of the
liner within the pipework, the extent to which the liner pipe

with reduced diameter after 1nsertlon 1nto the pipework beccomes
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a-support structure 1 is provided to supporf t
pusher device 21,22,23 and fi xi hgHIB§HEERHAS BHEN
at a spacing fromthe pipework {10 s@RRPrACEDOt h
3 the die 3 and the pusher devi aced fromthe pipework
10, the pusher device 21, 22,23 being Iocaged bet ween the swaging die 3 and
t he. pi pework 10 so that the pusher device 21,22,23 is able, in.use, to

grip the ld@gfect to deformation (a problem encountered with larger

swaging die 3 and the
ided to fix the structure

diameter liner pipes of relatively large SDR ratio), the limiting
tension on the leading end of the liner pipe beyond which it may
suffer permanent damage or elongation, the capacitj of the
mechanism (such as a winch) operating the pulling means and the
uniformity of diameter and/or direction or otherwise of the
pipework interior. The most suitable practicable length to be
lined in any particular case can readily be ascertained by trial
and error. By the method of the present invention, it becomes
possible to line lengths of pipework up to 450 metres or more.
The surface finish of the die may be provided by means known in
the art. It is preferred that such surface finish shonld be at
least down to N7 typically down to N6 preferably down to N& and

ideally in the order of N4 or lower.

It has been found advantageous to employ a die having a
relatively shallow angle of inclination of the inclined surface
of the die axis and within the range of 12 degrees to 2% deqrees
and preferably from 20 degrees to 25 degrees. Reduction of the
angle assists in reducing the pulling lead required to effect
compression of the liner pipe but at the same time increases the
area of the swaging surface for any given degree of compression.
The optimum angle will be that which, in any particular case,
minimises the overall disadvantages of a highload to bring about
compression on the one hand and a large friction inducing die
surface area on the other hand. The die surface may be frusto
cohical in shape. Aiternatively, it may have a variable angle

of inclination to the die axis within the above stated limits.
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pi-pe 7 after its energence from die 3 before urging the |iner pi pe 7
towards and through the pi pewor k} 1S SHERTHAR'BERgRect of the present

i nvention, the liner pipe may b heamﬁ‘_mw)r tolt he swagi ng operati on.
Alternatlvely, or in addition, ¥ Re pe—ray al so be heated during
Its passage through the swaging die. In;such a case, neans are provided
for heating the internal surface of the swaging die simultaneously with

the passaggg ofiof he Ligenficaat! Rl ddvaitageod Coedtuget @fantidepraspntt
of the present invention,
invention that when using a liner pipe made of a deformable
memory retaining material in accordance with the method of the
invention, the liner pipe may be left to expand radially within
the lined pipework and under the influence of the memory of the
material constituting it. By sujtable choice of initial diameter
of the liner pipe, degree of compression during the swaging
operation and die orifice diameter in relation to the internal
diameter of the pipework to be lined, the present invention can
bring about the provision of a close fitting lining to the
pipework resulting, (following relaxation of tension} from the
memory induced expansion of the pipelining at the ambient
temperatures and pressure within the pipework. It is unnecessary
o have recourse to the means provided by the prior art for
expanding the pipe lining within the pipework such as the
application or internal .super atmospheric pressure or the
application of heat to the pipelining from within or the initial
application of very high stretching forces to the pipelining to
bring abeut an initial reduction in its diameter prior to .
ingertion into the pipework. The precise dperating conditions
employed in order to carry out the method of the present
invention will depend upon the several factors referred to above
in any particular case and will vary according to the pipework
internal diameter and the purpose for which it is put to use (for
example whether for water or gas), the material of the pipelining
and the SDR of the pipelining. (By SDR is meant the ratio of the

diameter of the pipelining before swaging to its wall thickness).
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apparatus is provided for lining dpnstalled pi pework, the apparatus

. conprising a swaging die for redycHg A@r@% | of a liner pipe pass
t hrough the die, neans for heating t%?j%ﬁh p@é before it energes from
the die and neans for cooling t”H}#heaLD A er

pipe as it energes from

die, characterised in that the die 3 isgprovided with a swaging surfac
part of which, is inclined at an angle of nore than 32 degrees
to the di egaprefedreddiitartdlCtsr etle iSneroyiged il0 pipRaty 14t SWagt Ng
die 3 and the cooling neans 12 and fixing nmeans 2 is provided to fix the
structure othen spacielgidIsom hheipgpevihek lAesessdmey baehorie diet3iminh
the cooling nmeans 12 are spaced fromthe pipework 10.

whi ch, or

characteristics, such as a co-polymer of polyethylene and at

least one alphaolefin of up to ten carbon atoms may egually be

ed

t he
e

used. Although the reduction in diameter of the liner pipe -

during passage through the swaging die may be up to 15%,
reductions in the range 5.0% to 8.8% are preferred. The
reduction should be such as to allow drawing of the liner pipe
through the existing pipe. This somewhat simple requirement is
complicated by the fact that existing pipegs are often not
accurately sized internally, that the internal diameter may vary
along the length of the pipe, and that the rate of recovery of
the liner pipe may vary with ambient conditions and with the
material from which the pipe is made. The wall thickness of the
liner pipe should be as thin as possible consistent with the use
to which the pipe is to be put and the reguirement to provide
adegquate internal sealing of the existing pipe. A ratio of wall

thickness to diameter of the liner pipe in the range 10 to 46 is

" preferred.

The maximum tension chosen for pulling the liner pipe through the
existing pipe should advantagecusly be in the range 45% to 55%
of the yield strength of the liner pipe in guestion, and in
particular about 50%. The ratic of the throat diameter of the
die to the diameter of the existing pipe should advantageously

be in the range 1.05:1 to 1.15:1,

In order that the invention méy be more clearly understood one
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4 Dies used according to the prig+ Fet-hods—e+—pi pe swagi ng as
.enpl oyed in practice have conpri SBEHESJ\SI‘IEHrHAS&EENt he first being the
i nclined swagi ng surface reducinglin dERAEED to 4 mi ni nrum val ue and the
second being an axial continuatiom of The dfe tnterior having its walls
parallel to the die axis and an internalsdi aneter equal to such mninmm
value. W have found that in the carrying out of

embodiment of the invention will now be described by way of

example, with reference to the accompanying drawings, in which:-

Figure 1 is a side elevational view in section of one form of

apparatus according to the invention, and

Figure 2 is a side elevational view in section of a modification

of the apparatus shown in Figure 1.

Referring to Figure 1, the apparatus comprises a supporting
structure 1 which incorporates a pipe clamp 2 at one end and a
swaging die 3 at the other, The swaging die 3 is generally
cylindrical and comprises a section of larger diameter 4 jeined
" to a section of smaller diameter 5 by a. conical section 6. The
swaging die has a polished swaging ‘surface which is inclined at
an angle of between 6 degrees and 32 degrees to the axis of the
die advantageously between 12 degrees to 29 degrees and
preferably between 20 degrees to 25 degrees. The polish is at
least down to N7, typically down to N6 preferably down to N5 and
ideally in the order of N4 or lower. The ratio between the
diameters at 4 and 5 is preferably in the range 1.05:1 €to 1.16:1,
This has been found to provide an adequate level of clearance
between pipe liner and internal pipe diameter for most normal
pipes and to be comfortably within the diametric dimensional

recovery of the material.

The body of the die 3 in the embodiment illustrated is hollow and

houses an electrical heating coil 8 which is supplied with
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the present invention, it is advant e the axial length of
the said second portion relativel TRIStSHEETHASIBEENfgt h of the first portion,
or else to dispense with the slecondREPDAGEDon alft oget her. I n
particular, by so designing ttrediethat—t3s at | east 70% and preferably
over 80% and advant'ageously over 85%g,of the axial distance between
the part where the liner pipe engages with the inclined surface and the
outlet oridigermierty tViaa pirP@1eetPLE8S S69P1Y Rathdit Bhe ?H%i-%fﬁ@s'tw
required to swage the Iliner pipe is substantially decreased.
Anot her cunsefeatdegf colie ube abpidel atdli @dat t BReCaAINEMIpapk Glo the
present invention is that, when using a |iner pipe or

temperature within the range 35 degrees centigrade to 95 degrees

centigrade and preferably to about 50 degrees centigrade. On
leaving the die, the swaged liner pipe is cooled py meang of an
annular heat exchanger 12 which is disposed around the pipe and
which extracts heat from the pipe. The heat exchange medium may

be carbon dioxide, air, water or any other suitable fluid.

The pipe clamp 2 is fixed to the free end of existing pipe and
provides in conjunction with the existing pipe, referenced 10,
an anchor against which the liner pipe 7 may be pulled. The
supporting structure to which the pipe clamp is connected may he
tubular in form or may consist of a plurality of arms connecting

the pipe clamp 2 and swaging die 3 together.

In operation of the apparatus, a length of liner pipe 7 of
polyethylene or other suitable material may be mitred at one end
or pre—-formed effectively to form a nose cone at that end over
which an apertured metal nose cone may be fitted. & ratio of
wall thickness to diameter of the liner pipe in the range 10 to
46 is preferred. Holes are punched in the mitre sections which
correspond with those in the metal nose cone and through which
& cable is connected to the pipe. The cable is threaded through
the swaging die 3 and the existing pipeline and connected to some
form of pulling device such as a windh appropriately ancheored.
The electrical supply is switched on to heat the die to the

required temperature and the mitred end of the liner pipe is
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synt heti c hydrocarbon resins such _as polyvethylene or nodified polyethyl ene
as conventionally used in pract] ¢S SHEE HASSEENIipe on energi ng from such
outlet orifice manifests a grepter ¢§p95@gy_tOMErds radi al expansion
relative to the degree of swagi hg—exertee—by—tHwe—die than in the case
where, as in the prior art, the smaglng fie was provided with a second
portion as nmentioned above of substantial length, typically in the order
of 50% of imerodivesdl inte ethengplstr@anr elrehser oftheulilieng Tensiion siuchthe

cable is increased to the required value (usually between 45% and
55% of the yield strength of the liner pipe in question and in
particular 50%) until the liner pipe begins to move through the
die and be pulled into the existing pipeline. The liner pipe is
pulled in this way completely through the exisfing pipe. The
cable is released and the memory characteristic of the material
6f the pipe is then permitted to expand the pipe until it

contacts the internal surface of the existing pipe.

If desired, the pipe may be assisted through the existing pipe
by means of a liner pipe pusher machine. Such an arrangement is
i1llustrated in Figure 2 of the drawings. Referring to this
figure, the pusher machine, which generally comprises a frame 21,
hydraulic cylinder 22, clamp ring 23 and ancillaries is disposed
between the swaging die 3 and pipe claim 2. In operation, this
machine pulls the liner pipe through the swaging die 3 and pushes

it into the existiﬁg pipeline.

It will pe appreciated that the above enbodiments have been
described by way of example only and that many variations are
possible within departing from the invention. For example the
liner pipe may -be heated prior to entry into the swagﬁ.ng die as
in the manner described in our co-pending Application No.

2186340,
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5 tendency wll result in a gre
relation to the pulling tension
the prior art dies. The present i nvRERLAGEDreli e

y adiral expansion in
rTHIIS)ﬁHHETMB BEERDU) d ;have occurred using

of the Iliner pipe within the pipework—as—a Tesurt of rel axation of
pulling tension and al so as a result of ybhe nenory

th
i nducHd8’s e epm°a
the swaged |liner pi.pe. By the use of a die having a reduced ' uu
of its second portion relative to theratMsl |length of its f

menti oned above the proportionate expansion resulting from

1.

Apparatus for 1lining installed pipework comprising a
support structure, a swaging die disposed within the
structure for reducing the diameter of a liner pipe passed

through it and fixing means for enabling the structure to

be fixed to the pipework, characterised in that the swaging

die (3) is provided with a swaging surface which, or part
of which, is inclined at an angle between 6° and 32° and no
part at an angle of more than 32° to the die agis, and in
that the fixing neans (2} is adapted to fix the structure
at a spacing from the pipework (10) and a pusher device
(21, 22, 23) is located within the spacing and adapted to
grip the liner ﬁipe (7) after its emergence from the die

(3) and urge it towards and through the pipework (10).

Apparatus as claimed in claim 1, characterised in that
means (8) are provided to heat the die (3) so that the
liner pipe (7) is heated before it emerges from the die

(3).

Apparatus as claimed in claim 1 or claim 2, characterised
in that means (8) are located within the spacing to cool

the heated liner pipe (7) as it emerges from the die (3).

Apparatus for lining installed pipework compriéing a
support structure, a svaging die disposed within the

structure for reducing the diameter of a liner pipe passed

[

both upon-t he - expans4on



the rel axation of the pulling_tension may be signifi Caqtl'hMShéé?‘FlragééérngeﬂlaQ:H(S

resulting in inproved control ‘PHI@S?HEFH HA$NBEENI ni ng operatlmﬂwmg

arrangenents described above urt ¢wpr@EerV|ce a signif

in relation to the case wher elg-~-pusher—dev+c€e as e.g
described in our copending publlshed Pakent Application UK No. 2215804A is
used. It is inherent in the operation of such a pusher that, when it

grips the |inegnhpbignant, UrdeSngt neanar ¢ort BRabpi pgWeRE serbethiacto bhere

I s experienced a tenporary reduction in the pulling tension exerted by the

pul I'i ng fixed to the pipe to be lined, and means for heating the
liner pipe before it emerges from the die, characterised in
that the swaging die (3) is provided with a swaging surface
which, or part of which is inclined at an angle between 6°
and 32° and no part at an angle of 32° to the die axis and
in that the fixing means (2) is adapted to fix the
structure at a spacing from the pipework (10) and means

(12) are located within the spacing to cool the heated

liner pipe (7) as it emerges from the die (3).

5. Apparatus as claimed in any of claims 2 to 4, characterised
in that the die (3) has a hollow body in which there are

located the means (8) for heating the die (3).

6, Apparatus as claimed in claim 5, characterised in that the
heating means (&) comprises an electrical heating coil (8)
which in use is supplied with electricity by way of an

electrical supply circuit. -
7. Apparatus as claimed in any of claims 1 to 6, characterised
in that the angle of inclination of the swaging surface is

between 12" and 29°.

8, Apparatus as claimed in claim 7, characterised in that the

angle of the swaging surface is between 20°C and 25°.

9. Apparatus as claimed in any of claims 2 to 8, characterised

) 0 R L



devi ce (such as a w nch)

t he pj pework. Upon the pusher

at the far_end of
releasing its grip, the tension ﬁﬁﬁ@%HEEP
practice, this results in a

BEEN [ ts original val ue. I n

Bctuat onin the tension. It is

cqnt I nu [
desirabl e that the changeover tﬁimeegﬁﬂéié

6 course of the fluctuations be affecteq4as snoot hly as

the m ni mum anount of sharp transitions or

m nimumtensions in the
possi ble and with

in that the inclined surface extends over an axial length
that represents a proportion of at least 70% of the overall
axial distance between that part of the swaging surface

that has the maximum diameter and the die outlet.

Apparatus as claimed in clain 9, characterised in that the

Apparatus as claimed in c¢laim 10, characterised in that the

10.

proportion is at least 80%.
11.

proportion is at least 85%.
12,

Apparatus as c¢laimed in any of the preceding claims,
characterised in that the walls of that part of the die
interior that extends between the said swaging surface and

the outlet are parallel to the die axis.

ML
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j erks. We have found that as a result of the preferred use of the dies
~of the present invention which require substantially [ower pulling
“tensions to effect a conparable degree of swagi ng FaisGhegdaeGes Réplgpet or

art dies and which furthernore bring about a greater [ i endency
des of
econe

on the part of the pipe emerging fromthe die orifice
the fluctuations are reduced and the fluctuation

snoot her. Having regard to the ver | orces involved in exerting the
pulling tension, this again constitutes a significant inprovenent in
APPARATUS FOR LINING INBTALLED PIPEWORK

Apparatus for lining installed pipework comprises a support
structure 1, a swaging die 3 disposed within the structure 1 for
reducing the diameter of a liner pipe 7 passed through it and
fixing means 2 for enabling the structure 1 to be fixed to the
pipework 10, the swaging die 3 being provided with a swaging
surface which or part of which is inclined at an angle between
6° and 32° and no part at an angle of more than 32° to the die
axis and the fixing means 2 being adapted to fix the structure
1 at a spacing from the pipework 10, together with a pusher
device located with the spacing and adapted to grip the liner
pibe 7 after its emergence from the die 3 and urge it towards and
through the pipework 10. Where the liner pipe 7 is heated either
before it reaches the die or within the die structure there may
be cooling means 12 located within the spacing to cool the heated

liner pipe 7 as it emerges from the die 3.
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beth the safety and the efficiency of the operations. The |l ength of the
pi pework which may be lined in a single operation by the nethods of this
i nvention may typically be from 10 netres upwards. The limting length
of pipework which may be lined in any particular case will depend upon a
conbi nation of factors including the friction resistance to the novenent
of the liner wwthin the pipework, the extent to which the liner pipe with
reduced di aneter after insertion into jh I pewor k becones subject to
deformation .(a problem encountered mﬁﬂh/ﬁéfger di aneter |iner pipes of
relatively large SDRratio), the limti'hng tension on the | eading end of
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the |liner pipe beyond which it may suffer permanent damage or el ongation,

the capacity of the nechanism (such as a
7 wi nch) operating the pulling nmeans and the uniformty of dianeter _
and/or direction or otherwise of the pipewrk interior. The nost suitable

practicable length to be lined in any particular case can readily be
ascertained by trial and error. Byé?ﬁ thod of the present invention,

it becomes possible to |ine | engths p#pewor k up to 450
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metres or Hore. The surface fiplshof the die may be provided by fé&hs?7
known in the art. It is prefefTidiS SHERT Hl%"BEEN”face finish should be at
| east down to N7 typically d toREﬁngﬁera iy down to N5 and ideaIIy in

the order of N4 or |ower. advart € ﬁ{—
die having a relatively shallow angle f% i nclinati &EPQZC%N hSHERT

surface of the die axis and within the nge of 12 |dgQTees 10 29 dledrees
and preferably from 20 degrees to 2 : Rech
assists in reducing the pulling | oa ed to df

| i ner pipe but at the

—hr—|>

oA I
eg?gc%rrpres& njof the

PIPELINES

Apparatus for lining installed pipework comprises a support
structure 1, a swaging die 3 disposed within the structure 1 for
reducing the diameter of a liner pipe 7 passed through it and
fixing means 2 for enabling the structure 1 to be fixed to the
pipework 10, the swaging die 3 being provided with a sya'ging
surface which or part of which is inclined at an angle between
6° and 32° and no part at an angle of more than 32° to the die
axis and the fixing means 2 being adapted to fix the structure
1 at a spacing from the pipework 10, together with a pusher
device located with the spacing and adapted to grip the liner
pipe 7 after its emergence from the die 3 and urge it towards and
through the' pipework 10. Where the 11;1er pipe 7 is heated either
before it reaches the die or within the die structure there may
be cooling means 12 located within the spacing to cool the heated

liner pipe 7 as it emerges from the die 3.
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PIPELINES

%Apparatus for 1lining installed pipework comprises a support
%structure 1, a swaging die 3 disposed within the structure 1 for
reducing the diameter of a liner pipe 7 passed through it and
;fixing means 2 for enabling the structure 1 to be fixed to the
‘pipework 10, the swaging die 3 being provided with a swa'ging

.surface which oxr part of which is inclined at an angle between

;6" and. 32° and no part at an angle of more than 32° tao the die -

ﬁagis and the fixing means 2 being adapted to fix the structure

1 at a spacing from the pipework '1.0,- togéther with a pusher
' 5dev1ce located with the spacing and adapted to grip the liner
plpe 7 after its emergence from the dle 3 and urge it towards and
through the pipework 1_0. Where the lmer p:x.pe_, 7 is heated either
before it reaches the die or within the die structure there may
‘be cooling means 12 located within the spacing to cool the heated

liner pipe 7 as it emerges from the die 3.

{Figure 1)
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1. Apparatus for lining installed pipework comprising a swaging
die for reducing the diameter of a liner pipe passed through the
die and a pusher device to grip the liner pipe and urge the liner
pipe towards and through the pipework, both the die and the
pusher device being, in wuse, spaced from the pipework,
characterised in that the die (3) is provided with a swaging
surface which, or part of which, is inclined at an angle between
6 degrees and 32 degrees and no part at an angle of more than 32
degreés to'the die axis, a support structure (1) is provided to
support the swaging die (3) and the‘puSher device (21,22,23) and
fixing means (2) is provided to fix the structure at a spacing
from the pipework (10) so that both the die (3) and the.pusher
device (21,22,23) are spaced from the pipework (10), the pusher
device (21,29,23) being located between the swaging die (3) and
the pipework (10) so that the pusher device (21,22,23) is able,
in use, to grip the liner pipe (7) after its emergence from the
die (3) Dbefore urging the liner pipe (7) towards and through

the pipework (10).

2. Apparatus as claimed in claim 1, characterised in that means
(8) are provided to heat the die (3) so that the liner pipe (7)

is heated before it emerges from the die (3).

3. Apparatus as claimed in claim 1 or claim 2, characterised in
that means (8) are located within the spacing to cool the heated

liner pipe (7) as it emerges from the die (3).

iThis Sheet Has Been R

T




(follow ng relaxation of tension) fromthe menor y i nduced

pi pelining at the ambient tenperatures .

i S unnecessary to have rg 2
-expandi ng-the_pipe lini

|t
for
or

plpeh
force

its

SEAACHIEY ST

k|such as the ]
appll i cBODEE Y98hefit | to the
appllcatJ njof very high

Initial

in
e pipeworlk, The precises

conditions enployed in .order to carry out the nethod of t he present
I nvention will depend upon the several

4. Apparatus for lining installed pipework comprising swaging

- die for reducing the diameter of a finer pipe passed through the

die, means for heating the liner pipe before it emerges from the
die and means for . cooling the heated liner pipe as it emerges
from the die, characterised in that the die (3)‘is provided with
a swaging surface which, or part of which, is inclined at an
angle between 6 degrees and 32 degrees and no part at an angle of

more than 32 degrees to the die axis, a support structure (1) is

provided to support the swaging die (3) and the cooling means

(12) and fixing means (2) is provided to fix the structure at a
spacing from the pipework (10) so that both the die (3) and the

cooling means (12) are spaced from the pipework (10).

5. Apparatus as claimed in any of claims 2 to 4, characterised
in that the die (3) has a hollow body in which there are located
the means (8) for heating the die (3).

6. Apparatus as claimed in claim 5, characterised in that the
heating means (8) comprises an electrical heating coil (8) which
in use is supplied with electricity by way of an electrical

supply circuit.

7. Apparatus as claimed in any of claims 1 to 6, characterised
in that the angle of inclination of the swéging surface is

between 32° and 29°.
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factors referred to above in any particular case and will vary accordlng
to the pipework internal dianeter and the purpope—ter—whi-ech put to

use (for exanple whet her f of THige4 @E%N t he| RERIAGEMENT H qulp¢|lnlng
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na erial's chaving the necessary menory Jgetaining

8. Apparatus as claimed in claim 7, characterised in that the

angle of the swaging surface is between 20°C and 25°C.

9. Apparatus as claimed in any of claims 2 td 8, characterised
in that the inclined surface extends over an axial length that
repreéents a proportion of at least 70% of the overall axial
distance between that part of.the éwaging surface that has the

maximum diameter and the die outlet.

10. Apparatus as claimed in claim 9, characterised in that

the proportion is at least 80%.

11. Apparatus as claimed in claim 10, characterised in that

the proportion is at least 85%.

12. Apparatus as claimed in any of the preceding claims,
characterised in that the walls of that part of the die interior
that extends between the said swaging surface and the outlet are

pérallel to the die axis.
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fact theiamag sting pipes are often not accur rﬁally, t hat
the internal dianeter may vary along the |len th of the pipe, dand that the
rate of recovery of the liner pipe may vary wth anbient conditions and

with the material fromwhich the pipe is
1. Apparatus for lining installed pipework comprising a swaging

af7 JVN 1999 ne

, pi pe through
ment is conpl

I dat ed by the

die for reducing the diameter of a liner pipe passed through the
die and a pusher device to grip the liner pipe and urge the liner
pipe towards and thfough the pipework, both the die and the
pusher device being, 1in use, spaced from the pipework,
characterised in that the die (3) 1is provided with a swaging
surface which, or part of which, is inclined at an éngle between
6 degrees and 32 degrees and no part at an angle of more than 32
degrees to the die axis characterised a support structure (1) is
provided to support the swaging die (3) and the pusher device
(21,22,23) and fixing means (2) is provided to fix the structﬁre
at a spacing from the pipework (10) so that both the die (3) and
the pusher device (21,22,23) are spaced from the pipework (10),
the pusher device (21,29,23) being located between the swaging
die (3) and the pipework flO) so that the pusher device
(21,22,23) is able, in use, to.grip the liner pipe (7) after its
emergence from the die (3) before urging the liner pipe (7)

towards and through the pipework (10).

2. Apparatus as claimed in claim 1, characterised in that means
(8) are provided to heat the die (3) so that the liner pipe (7)

is heated before it emerges from the die (3).

3. Apparatus as claimed in claim 1 or claim 2, characterised in
that means (8) are located within the spacing to cool the heated

liner pipe (7) as it emerges from the die (3).
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This invention relates to an apparatus for the lining of

existing pipes. The invention will be described in relation

to gas, o0il and water supply pipes, but

it will be

appreciated that the invention is applicable to pipes of all

kinds.

When 1lining installed pipes (which pipes

when ground

embedded are prone to crack due to ground movement) it is

known to draw a heated liner of plastic tube through a die

to reduce the diameter and then

existing pipe.

into a 1length of the

The present invention relates to improved apparatus lining

installed pipework when using a swaging die to reduce the

diameter of the liner pipe prior to its being drawn into the

existing pipework. By T'"installed"

pipework

is meant

pipework that has already been installed in position to

carry out its intended purpose, such as for example, ground

embedded pipework for gas, oil, water or sewage, pipework

forming part of a larger installation,

or pipework resting

on the ground and laid down to connect a source of supply to

the recipient such as an oil pipe connecting a well to a

refinery or port.
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pi pe shoul d advant ageously be in the range 1.05:1 to 1.15:1.

10 In order that the invention nay be nore clearly understood one

erbodi nent of the invention will now be described by way of exanple, wth
reference to the acconpanying draw ngs,2in which:- Figure 1 is a side
el evational view in section of one form

In the case of ground embedded pipework it will be
appreciated that the normal arrangement when such a process
is being carried out will involve a winch adjacent to an
excavation at one end of a length of pipe to be 1lined,
whence a cable or similar flexible ligament passes through
the length of pipe to a second excavation beyond which it is
attached to the front end of a liner pipe of plastics
material. Adjacent to the second excavation is a tube
heating and compressing apparatus which has a heater and a
size reduction die. At a downstream end of this apparatus
there may be a reciprocatable "pusher" which can grip the
pipe and draw it from the apparatus and urge it towards the

pipe to be lined.

According to the present invention, there is provided
apparatus for lining installed pipework, the apparatus
comprising a swaging die for reducing the diameter of a
liner pipe passed through the die and a pusher device to
grip the liner pipe and urge the liner pipe towards and
through the pipework, both the die and the pusher device
being, in use, spaced from the pipework, wherein the die 3
is provided with a swaging surface which, or part of which,
is inclined at an angle between 6 degrees and 32 degrees and
no part at an angle or more than 32 degrees to the die axis,
a support structure 1 is provided to support the swaging die
3 and the pusher device 21,22,23 and fixing means 2 is
provided to fix the structure at a spacing from the pipework

10 so that both

This is the replacement sheet

X

Date: = 3 Nov 1998



of -apparatus according to the invention, and Figure 2 is a side
el evational viewin section of a nodification of the apparatus shown in

Figure 1. Referring to Figure 1, the apparatus conprises a supporting
structure 1 which incorporates a pipe cdanp 2 at one end and a swaging die
3 at the other. The swaging die 3 is generally cylindrical and conprises

a sectionthé Baegar andi aimet @usheroidesd ceo 24 ,2@¢RBoAaref spawieiderf mpmarkdteer 5

by a conical section 6. The swaging die has a polished swaging surface

whi ch is papeiwnel aflOan &ingl e pofshiset wéevi®ede@le@?,23 being located
between the swaging die 3 and the pipework 10 so that the
pusher device 21,22,23 is able, in use, to grip the liner

pipe 7 after its emergence from the die 3 before urging the

liner pipe 7 towards and through the pipework 10.

In one aspect of the present invention, the liner pipe may
be heated prior to the swaging operation. Alternatively, or
in addition, the liner pipe may also be heated during its
passage through the swaging die. 1In such a case, means are
provided for heating the internal surface of the swaging die
simultaneously with the passage of the liner pipe through

it.

According to another aspect of the present invention,
apparatus is provided for 1lining installed pipework, the
apparatus comprising a swaging die for reducing the diameter
of a liner pipe passed through the die, means for heating
the liner pipe before it emerges from the die and means for
cooling the heated liner pipe as it emerges from the die,
characterised in that the die 3 is provided with a swaging
surface which, or part of which, is inclined at an angle of
more than 32 degrees to the die axis, a support structure 1
is provided to support the swaging die 3 and the cooling
means 12 and fixing means 2 is provided to fix the structure
at a spacing from the pipework 10 so that both the die 3 and

the cooling means 12 are spaced from the pipework 10.
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aﬁ& 32 degrees to the axis of the die advantageously between 12 degrees to
29 degrees and preferably between 20 degrees to 25 degrees. The polish is
at- | east down to N7, typically down to N6 preferably down to N5 and
ideally in the order of N4 or lower. 4he ratio between the dianmeters at 4
and 5 is preferably in the range 1.05:1 to 1.15:1. This has been found to
provi de abDiesdequatie acevridialy tlocahangeieat sren npithedd ioferpigrd dwidginnl
pi pe di ameter for nost normal pipes and to be confortably within the
di anetri cadi nemsloyed necopragticé thwenatemprmised two portions, the
first being the inclined swaging surface reducing in
diameter to a minimum value and the second being an axial
continuation of the die interior having its walls parallel
to the die axis and an internal diameter equal to such
minimum wvalue. We have found that in the carrying out of
the present invention, it is advantageous to reduce the
axial length of the said second portion relative to the
axial length of the first portion, or else to dispense with
the second portion altogether. In particular, by so
designing the die that is at least 70%, and preferably over
80%, and advantageously over 85% of the axial distance
between the part where the liner pipe engages with the
inclined surface and the outlet orifice where the pipe
emerges from the die, the pulling tension required to swage
the liner pipe 1is substantially decreased. Another
consequence of the use of such a die in the carrying out of
the present invention is that, when usiﬁg a liner pipe or
synthetic hydrocarbon resing such as polyethylene or
modified polyethylene as conventionally used in practice,
the 1liner pipe on emerging from such outlet orifice
manifests a greater tendency towards radial expansion
relative to the degree of swaging exerted by the die than in
the case where, as in the prior art, the swaging die was
provided with a second portion as mentioned above of

substantial length, typically in the order of 50% of the

overall die length. On release of pulling tension such

Tiig iz ™he reOEnese shaw;
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The body of the die 3 in the enbodinent illustrated is hollow and houses
an electrical heating coil 8 which is supplied with electricity via an
electrical supply circuit 9. Power supply to the heating coil is applied
to heat the Iliner pipe to a tenperaturg within the range 35 degrees
<entigrade to 95 degrees centigrade and preferably to about 50 degrees
centi gradeen@nkeaviiiglt heedar t i seagegddtrer pliogpertdcted ed-adiaieans
of an annul ar heat exchanger 12 which is disposed around the pipe and
whi Eh ext eaphnsieat irf roslatiomi pe. theThmulieiatg ekehabge swgloyedaythsn
car bon

would have occurred using the prior art dies.

The present invention relies both upon the expansion of the
liner pipe within the pipework as a result of relaxation of
the pulling tension and also as a result of the memory
induced expansion of the swaged liner pipe. By the use of a
die having a reduced axial length of its second portion
relative to the axial 1length of its first portion as
mentioned above the proportionate expansion resulting from
the relaxation of the pulling tension may be significantly
increasing thus resulting in improved control over the pipe

lining operation.

The arrangements described above furthermore provide a
significant advantage in relation to the case where a
"pusher" device as e.g. of the kind described in our
copending published Patent Application UK No. 2215804A is
used. It is inherent in the operation of such a pusher
that, when it grips the liner pipe and urges it towards the
pipework to be 1lined, there is experienced a temporary
reduction in the pulling tension exerted by the pulling
device (such as a winch) at the far end of the pipework.
Upon the pusher releasing its grip, the tension resorts back
to its original wvalue. In practice, this results in a
continuous fluctuation in the tension. It is desirable that

the changeover between maximum and minimum tensions in the
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di oxi de, air, water or any other suitable fluid. The pipe clanp 2 is
fixed to the free end of existing pipe and provides in conjunction
witth the existing pipe, referenced 10, an anchor agai nst which the
liner pipe 7 may be pulled. The supportg ng structure to which the pipe
clanp is connected may be tubular in formor may consist of a plurality

of arms cofhgede Nt hechip perBiciiutdciyl peRgdffecte@ 3ak0gehbethly &8
operation of the apparatus, a length of liner pipe 7 of polyethylene or
ot her sui tpddeibind eindl whely bRemnintdumt amoent of sharp transitions or

jerks.

We have found that as a result of the preferred use of the
dies of the present invention which require substantially
lower pulling tensions to effect a comparable degree of
swaging as compared with prior art dies and which
furthermore bring about a greater "springback" tendency on
the part of the pipe emerging from the die orifice, the
amplitudes of the fluctuations are reduced and the
fluctuations themselves become smoother. Having regard to
the very high forces involved in exerting the pulling
tension, this again constitutes a significant improvement in

both the safety and the efficiency of the operations.

The length of the pipework which may be lined in a single
operation by the methods of this invention may typically be
from 10 metres upwards. The limiting length of pipework
which may be lined in any particular case will depend upon a
combination of factors including the friction resistance to
the movement of the liner within the pipework, the extent to
which the liner pipe with reduced diameter after insertion
into the pipework becomes subject to deformation (a problem
encountered with larger diameter liner pipes of relatively

large SDR ratio), the limiting tension on the leading end of
the liner pipe beyond which it may suffer permanent damage

or elongation, the capacity of the mechanism (such as a
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- 3 NOV 1998

Date:



end or pre-forned effectively to forma nose cone at that end over which
an apertured netal nose cone may be fitted. A ratio of wall thickness to
dianeter of the liner pipe in the range 10 to 46 is preferred. Holes are
punched in the mtre sections which cogyrespond with those in the netal
nose 12 cone and through which a cable

I s connecwdtich) tHSePaPEng the pulling means and the uniformity of
diameter and/or direction or otherwise of the pipework
interior. The most suitable practicable length to be lined
in any particular case can readily be ascertained by trial
and error. By the method of the present invention, it
becomes possible to 1line lengths of pipework up to 450
metres or more. The surface finish of the die may be
provided by means known in the art. It is preferred that
such surface finish should be at least down to N7 typically
down to N6 preferably down to N5 and ideally in the order of

N4 or lower.

It has been found advantageous to employ a die having a
relatively shallow angle of inclination of the inclined
surface of the die axis and within the range of 12 degrees
to 29 degrees and preferably from 20 degrees to 25 degrees.
Reduction of the angle assists in reducing the pulling load
required to effect compression of the liner pipe but at the
same time increases the area of the swaging surface for any
given degree of compression. The optimum angle will be that
which, in any particular case, minimises the overall
disadvantages of a highload to bring about compression on
the one hand and a large friction inducing die surface area
on the other hand. The die surface may be frusto conical in
shape. Alternatively, it may have a variable angle of

inclination to the die axis within the above stated limits.
It is a significant and advantageous feature of the present

invention that when using a liner pipe made of a deformable

Tiig I8 he ramansnet thee:
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The cable is threaded through the swaging die 3 and the existing pipeline
and connected to sone formof pulling device such as a wnch
appropriately anchored. The electrical supply is switched on to heat the
die to the required tenperature and the mtred end of the liner pipe is
introduced into the upstreamend of the die. Tension in the cable is

I ncr eased memolriye reftpiniag vabterfasudhl wdeeindeewe 46Pbanthé5iethodhenfyi el d
strength of the liner pipe in question and in particular 50% until the

| i ner pi p&hgedinventtiomowd Hrioezh dilpe disy ded Lef thidd eakpand tddiakivt i ng
pipeline. The liner pipe is pulled in this way conpletely through the

exi sting pipdin Thee cdiined spreeweriedandd wder the influence of the

memory of the material constituting it. By suitable choice
of initial diameter of the liner pipe, degree of compression
during the swaging operation and die orifice diameter in
relation to the internal diameter of the pipework to be
lined, the present invention can bring about the provision
of a close fitting 1lining to the pipework resulting,
(following relaxation of tension) from the memory induced
expansion of the pipelining at the ambient temﬁeratures and
pressure within the pipework. It is unnecessary to have
recourse to the means provided by the prior art for
expanding the pipe lining within the pipework such as the
application or internal super atmospheric pressure or the
application of heat to the pipelining from within or the
initial application of wvery high stretching forces to the
pipelining to bring about an initial reduction in its
diameter prior to insertion into the pipework. The precise
operating conditions employed in order to carry out the
method of the present invention will depend upon the several
factors referred to above in any particular case and will
vary according to the pipework internal diameter and the
purpose for which it is put to use (for example whether for
water or gas), the material of the pipelining and the SDR of
the pipelining. (By SDR is meant the ratio of the diameter

of the pipelining before swaging to its wall thickness).
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menory characteristic of the material of the pipe is then permitted to

expand the pipe until it contacts the internal surface of the existing
pi pe. | f desired, the pipe may be assisted through the existing pipe by
means of a liner pipe pusher machine. 9Such an arrangenent is illustrated

in Figure 2 of the drawings. Referring to this figure, the pusher machine,
whi ch gelepaledferymdmatmscianl e 2 Thiysmaiipe dd ipulere il erlegnpoutt i ng
23 and ancillaries is disposed between the swaging die 3 and pipe claim?2.
| n oper at iO§fert himatrcki ¥ pbdvinghethei neecpisperyhr meglonyhe setemimingli e 3
and pUShe%hg&aL%%%iEQ%cs, such as a co-polymer of polyethylene and at
least one alphaoclefin of up to ten carbon atoms may equally
be used. Although the reduction in diameter of the liner
pipe during passage through the swaging die may be up to
15%, reductions in the range 5.0% to 9.8% are preferred.
The reduction should be such as to allow drawing of the
liner pipe through the existing pipe. This somewhat simple
requirement is complicated by the fact that existing pipes
are often not accurately sized internally, that the internal
diameter may vary along the length of the pipe, and that the
rate of recovery of the liner pipe may vary with ambient
conditions and with the material from which the pipe is
made. The wall thickness of the liner pipe should be as
thin as possible consistent with the use to which the pipe
is to be put and the requirement to provide adequate
internal sealing of the existing pipe. A ratio of wall

thickness to diameter of the liner pipe in the range 10 to

46 is preferred.

The maximum tension chosen for pulling the liner pipe
through the existing pipe should advantageously be in the
range 45% to 55% of the yield strength of the liner pipe in
question, and in particular about 50%. The ratio of the

throat diameter of the die to the diameter of the existing

pipe should advantageously be in the range 1.05:1 to 1.15:1.
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existing pi pel i ne. It will be appreciated that the above enbodi nents

Jhave been 13 described by way of
exanpl e only and that many variations are possible wthin departing from
the invention. For exanple the |linero pi pe may be heated prior to entry

qinto the

swagi ng die as in the manner described in our co-pending
In order that the invention may be more clearly understood

one embodiment of the invention will now be described by way
of example, with reference to the accompanying drawings, in

which:—

Figure 1 is a side elevational view in section of one form

of apparatus according to the invention, and

Figure 2 1is a side elevational view in section of a

modification of the apparatus shown in Figure 1.

Referring to Figure 1, the apparatus comprises a supporting
structure 1 which incorporates a pipe clamp 2 at one end and
a swaging die 3 at the other. The swaging die 3 is
generally cylindrical and comprises a section of larger
diameter 4 Jjoined to a section of smaller diameter 5 by a
conical section 6. The swaging die has a polished swaging
surface which is inclined at an angle of between 6 degrees
and 32 degrees to the axis of the die advantageously between
12 degrees to 29 degrees and preferably between 20 degrees
to 25 degrees. The polish is at least down to N7, typically
down to N6 preferably down to N5 and ideally in the order of
N4 or lower. The ratio between the diameters at 4 and 5 is
preferably in the range 1.05:1 to 1.15:1. This has been
found to provide an adequate level of clearance between pipe
liner and internal pipe diameter for most normal pipes and
to be comfortably within the diametric dimensional recovery

of the material.
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Appli cation No. 2186340. 14  CLAIMB

1. Apparatus for lining installed pipework conprising a support
structure, a swaging die disposed within the structure for reducing
the diameter of a liner pipe 11

The body of the die 3 in the embodiment illustrated is
hollow and houses an electrical heating coil 8 which is
supplied with electricity wia an electrical supply circuit
9. Power supply to the heating coil is applied to heat the
liner pipe to a temperature within the range 35 degrees
centigrade to 95 degrees centigrade and preferably to about
50 degrees centigrade. On leaving the die, the swaged liner
pipe is cooled by means of an annular heat exchanger 12
which is disposed around the pipe and which extracts heat
from the pipe. The heat exchange medium may be carbon

dioxide, air, water or any other suitable fluid.

The pipe clamp 2 is fixed to the free end of existing pipe
and provides in conjunction with the existing pipe,
referenced 10, an anchor against which the liner pipe 7 may
be pulled. The supporting structure to which the pipe clamp
is connected may be tubular in form or may consist of a
plurality of arms connecting the pipe clamp 2 and swaging

die 3 together.

In operation of the apparatus, a length of liner pipe 7 of
polyethylene or other suitable material may be mitred at one
end or pre-formed effectively to form a nose cone at that

end over which an apertured metal nose cone may be fitted.

A ratio of wall thickness to diameter of the liner pipe in
the range 10 to 46 is preferred. Holes are punched in the

mitre sections which correspond with those in the metal nose
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passed through it and fixing neans for enabling the structure to be
fixed to the pipework, characterised in that the swaging die (3) is
provi ded with a swaging surface which, or part of which, is inclined
at an - angl e between 6[err] and 32[err] and no part at an angle of
"nor e than 32 to the die axis, and in that the fixing means (2)
i s adapt edohe fand t harsughctulizciat aa A% NYs f EeRnected tthe PhBeWNde (10)
and a pusher device (21, 22, 23) is | ocated within the spacing and
adapt ed t 8hgrigable is threadedpighercugh ather swagy ierprdeace f ang tdiee di e
(3) and urge it towards and through the pipewrk (10).
existing pipeline and connected to some form of pulling
device such as a winch appropriately anchored. The
electrical supply is switched on to heat the die to the
required temperature and the mitred end of the liner pipe is
introduced into the upstream end of the die. Tension in the
cable is increased to the required value (usually between
45% and 55% of the yield strength of the liner pipe in
question and in particular 50%) until the liner pipe begins
to move through the die and be pulled into the existing
pipeline. The liner pipe is pulled in this way completely
through the existing pipe. The cable is released and the
memory characteristic of the material of the pipe is then

permitted to expand the pipe until it contacts the internal

surface of the existing pipe.

If desired, the pipe may be assisted through the existing
pipe by means of a liner pipe pusher machine. Such an
arrangement is illustrated in Figure 2 of the drawings.
Referring to this figure, the pusher machine, which
generally comprises a frame 21, hydraulic cylinder 22, clamp
ring 23 and ancillaries is disposed between the swaging die
3 and pipe claim 2. In operation, this machine pulls the
liner pipe through the swaging die 3 and pushes it into the

existing pipeline.

It will be appreciated that the above embodiments have been
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2. " Apparatus as clainmed in claim11, characterised in that means ( 8)

.are provided to heat the die (3) so that the liner pipe (7) is heated
before it enmerges fromthe die (3). 3. Apparatus as clained in
claim 1 or claim 2, characterised in that nmeans (8) are |ocated
“within the spacing to cool the heated liner pipe (7) as it energes
fromthe die (3). 13

described by way of example only and that many variations
are possible within departing from the invention. For
examplé the liner pipe may be heated prior to entry into the
swaging die as in the manner described in our co-pending

Application No. 2186340.
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15. 4. Apparatus for lining installed pipework conprising a suppor t
.structure, a swaging die disposed within the structure for reducing
the diameter of a liner pipe passed through it, fixing nmeans for
enabl i ng the structure to be fixad to the pipe to be lined, and
.means for heating the liner pipe before it energes from t he die,
characterised in that the swaging die (3) is provided with a swagi ng
surface which, or part of which is inclined at an angl e between 6 and
32[err] acgAIMSpart at an angle of 32[err] to the die axis and in
that the fixing nmeans (2) is adapted to fix the structure at a

1. Apparatus for lining installed pipework comprising a
support structuré, a swaging die disposed within the
structure for reducing the diameter of a liner pipe
passed through it and fixing means for enabling the
structure to be fixed to the pipework, characterised in
that the swaging die (3) is provided with a swaging
surface which, or part of which, is inclined at an
angle between 6° and 32° and no part at an angle of more
than 32° to the die axis, and in that the fixing means
(2) is adapted to fix the structure at a spacing from
the pipework (10) and a pusher device (21, 22, 23) is
located within the spacing and adapted to grip the
liner pipe (7) after its emergence from the die (3) and

urge it towards and through the pipework (10).

2. Apparatus as claimed in claim 1, characterised in that
means (8) are provided to heat the die (3) so that the
liner pipe (7) is heated before it emerges from the die

(3).

3. Apparatus as claimed in «claim 1 or claim 2,
characterised in that means (8) are located within the
spacing to cool the heated liner pipe (7) as it emerges

from the die (3).
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spacing fromthe pi pework (10) and neans (12) are | ocated within the

_spacing to cool the heated |iner pipe (7) as it energes fromthe die
(3. 5. Apparatus as clained in any of <clains 2 to 4,
characterised in that the die (3) has ashol |l ow body in whi ch there
-are located the neans (8) for heating the die (3). 6. Apparatus
as clained.in epgiafatuschioactldniisey instahdled pipevtrkheacinnyisdags 4 8)
conprises an electrical heating coil (8) which in use is supplied

with electricitopdpprt structure, a swaging die disposed within the
structure for reducing the diameter of a liner pipe
passed through it, fixing means for enabling the
structure to be fixed to the pipe to be 1lined, and
means for heating the liner pipe before it emerges from
the die, characterised in that the swaging die (3) is
provided with a swaging surface which, or part of which
ig inclined at an angle between 6° and 32° and no part
at an angle of 32° to the die axis and in that the
fixing means (2) is adapted to fix the structure at a
spacing from the pipework (10) and means (12) are
located within the spacing to cool the heated liner

pipe (7) as it emerges from the die (3).

5. Apparatus as claimed in any of claims 2 to 4,
characterised in that the die (3) has a hollow body in
which there are located the means (8) for heating the

die (3).

6. Apparatus as claimed in claim 5, characterised in that
the heating means (8) comprises an electrical heating
coil (8) which in use is supplied with electricity by

way of an electrical supply circuit.

7. Apparatus as claimed in any of claims 1 to &6,
characterised in that the angle of inclination of the

swaging surface is between 12° and 29°.
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way of an electrical supply circuit. 7. Apparatus as clainmed in

.of clains
of- t he

16" 8. Apparatus as clained in claim %&g characterised in that

1

any

to 6, characterised in that the angle of inclination

swagi ng surface is between 12[err] and 29[err].

“angl e of the swaging surface is between 20[err]C and

8.

10.

11.

12.

Apparatus as claimed in claim 7, characterised in that
the angle of the swaging surface is between 20°C and

25°C.

Apparatus as claimed in any of c¢laims 2 to 8,
characterised in that the inclined surface extends over
an axial 1length that represents a proportion of at
least 70% of the overall axial distance between that
part of the swaging surface that has the maximum

diameter and the die outlet.

Apparatus as claimed in claim 9, characterised in that

the proportion is at least 80%.

Apparatus as claimed in claim 10, characterised in that

the proportion is at least 85%.

Apparatus as claimed in any of the preceding claims,
characterised in that the walls of that part of the die
interior that extends between the said swaging surface

and the outlet are parallel to the die axis.
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25_[-err]C 9. Apparatus as clainmed in any of «clains 2 to 8,

characterised in that the inclined surface extends over an axi al
Iehgth that represents a proportion of at | eaqt ; =3
axi al di stance between that part afy t he swaginf
~ maxi mum di aneter and the die outlet. 10. Ag Sollor-1 =
claim9, characterised in that the proportion is at | east 80%
ABSTRACT

APPARATUS FOR LINING INSTALLED PIPEWORK

Apparatus for lining installed pipework comprises a support
structure 1, a swaging die 3 disposed within the structure 1
for reducing the diameter of a liner pipe 7 passed through
it and fixing means 2 for enabling the structure 1 to be
fixed to the pipework 10, the swaging die 3 being provided
with a swaging surface which or part of which is inclined at
an angle between 6° and 32° and no part at an angle of more
than 32° to the die axis and_ the fixing means 2 being
adapted to fix the structure 1 at a spacing from the
pipework 10, together with a pusher device located with the
spacing and adapted to grip the 1liner pipe 7 after its
emergence from the die 3 and urge it towards and through the
pipework 10. Where the liner pipe 7 is heated either before
it reaches the die or within the die structure there may be
cooling means 12 located within the spacing to cool the

heated liner pipe 7 as it emerges from the die 3.

iThis Sheet Has Been Replaced

TITIRLL

This is tha replacement sheet

Date:



{

{
1. «Apparatus as clainmed in claim210, characterised in thét %ﬁf\}-‘*gﬁi&”eﬁg SHEET

proportion is at |east 85% 12. Apparatus as clained in

precedi ng cl ai ns, characterised in that the walls of jthat part of thg
-di e interior that extends between the said swagi ng syriacgy NOV 285d
the outlet are parallel to the die axis.

ABSTRACT

PIPELINES

Apparatus for lining installed pipework comprises a support
structure 1, a swaging die 3 disposed within the structure 1
for reducing the diameter of a liner pipe 7 passed through
it and fixing means 2 for enabling the structure 1 to be
fixed to the pipework 10, the swaging die 3 being provided
with a swaging surface which or part of which is inclined at
an angle between 6° and 32° and no part at an angle of more
than 32° to the die axis and the fixing means 2 being
adapted to fix the structure 1 at a spacing from the
pipework 10, together with a pusher device located with the
spacing and adapted to grip the liner pipe 7 after its
emergence from the die 3 and urge it towards and through the
pipework 10. Where the liner pipe 7 is heated either before
it reaches the die or within the die structure there may be
cooling means 12 located within the spacing to cool the

heated liner pipe 7 as it emerges from the die 3.

Fig. 1



