Pl PELI NES This invention relates to a METHOD .-~ far:;the :lining of

exi sting pipes. The invention will be described in rekatii on ta gas, oil and
wat er supply pipes, but it will be appreciated that t'he i'nvention is &
applicable to pipes of all kinds. This patent application is %(W@
application from which copendifhg UK pat enty applicati on Nos. 9204094.°8;
9218495. 1 and 9218494. 4 are divi ded out. V%en lining installed pipes (which
pi pes when ground enbedded are prone ?@uﬁ%%§§¥%ue to ground novenent) it is
known to draw a heated liner of plastiC. rough a die to reduce the

di anmeter and then into a length of the existing pipe. The present invention
relates to inproved METHOD OF lining installed pipework when using a
swagi ng di eThds efiiventliendireXdtss oftot he . | i erudzi pe foor the i linbergnef
drawn into the existing pipework. By "installed" pi-pewrk i.s nmeant pipework
t hat has al exdstirerpipes al | Ehei inpestionnwidlcher desgribed iim aedation
purpose, such as for exanple, ground enbedded pipework for gas, oil, water
or sewage, [iopgasnkofidr andgwpter supnlyapipesi reutlitamidd decpPR¥eciakied or
gas refinery or storage insfallation, or pipework, resting opn the ground and
laid down t%héé’-nr"étﬁ wmﬁ%@oﬁfssﬁmiw?glgh@rewﬁeﬁf ahdnkindg, o |

pi pe connecting a well to a refinery or port. 2

This patent application is the parent application from which

*

copending UK patent application Nos. 9204094.8, 9218495.1 and

9218494.4 are divided out.

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 rglates to improved mMe&ETHEP.-oF lining
installed pipework when using a swaging die to reduce the
diameter of the liner pipe pfior to its being drawn into the (!,
existing pipework. By "installed" pipework is meant pipework
that has alféady been installed in position to carry out its
intended purpose, such as fo£ example, . ground embedded
pipework for gas, oil, water or sewage, pipework forming part
of a larger installation such as in oil or gas refinery or
storage installation, or pipework resting on the ground and
laid down to connect a'éource of supply to the recipient such

as an oil pipe connecting a well to a refinery or port.
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In the case of ground enbedded pipework it will bé appreciated .that the

nor mal a{rangenent when such a process is being carried out will involve a
w nch adj acent -to an excavation at one end of a length of pipe to be lined,
whence & cable or simlar flexible |iganent gpasses through the |ength of
pi pe to a second excavati on beyond which it is attached to the front end of
a liner pipe gn ghestaee SElgroahd &bhedaed (pipéeoricdndidlc beahppreciated
t ube heating and conpressing apparatus which has a heater and a size
reducti on di ethiit athewrsirmeln aptdangeibnt aytpen asuesht ler proeesise Bs being
reci procatabl e "pusher” which can grip the pipe and draw it fromthe

appar at us - and cargd ed autwaridd timyoiiviee at wimeh iaddacendtc dod amg excavad ixspadt
of the present invention, there is provided a nmethod of lining installed

pi pewor k whi clenendgndieeft Ae length &f tRivegta benddmest, whenceipecabhde or
froma nmenory retaining plastics.material of external dianeter greater than
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pi pework with its outer dianmeter reduc to an mai nt ai ned at

di ngnsi on. | esgngh@dt Whiils 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_tb one aspect of the present invention,. there is
provided a method of lining installed pipework which includes
the steps of taking a length of liner pipe made from a.memor§ _
retaining plastics material of éxternal diameter greater than
the internal diameter of the pipeﬁork to be lined, drawing the
liner pipe ét ambient temperature through a swaging die which
is attached directly or indirectly to the pipe to be lined
using pulling means under tension attached to the leading end
of the liner pipe and threaded through the pipework to reduce
the external diameter of the liner pipe . the
tension applied_by the pulling means being such as partially
to restrain the radial expansion of the outer surface of the
linér pipe after its emergence from the die, drawing the liner
pipe through the installed pipework with its outer diameter

reduced to and/or maintained at a dimension less than that of



3 the inner dianmeter of the pipework and thereafter:allow ng the |iner pipe~
to expand within the pipework by relaxation of*the'said tension followed by
menory induced expansi on at ordinary atnospheric pressure and at the &~

anbi ent tenperature of the pipework, thg | i ner pipe being of polyet hy*g;ine_
or a co-polyner of ethylene and at |east one other al phaolefin of up to ten

hyl ene and : o | |
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which nmay be lined in a single operation by the nethod of this invention

may typi caltmosSphdriun pPesBures ananalttisthdhambiienti "gehpesitupé picP My K
which may be lined in any particular case will depend upon a conbi nati on of

factors i pdpetioxk,t the liinkeropipesbeingoef tpoXyethyplenendr af ddipdliyrr

within the pipewsrk, the extent to which the liner pipe with reduced

di amet er offt ethylkane i andi atolehstpopewerthere colphaclef ot ofougefter rhen on

(a probl emencountered with |arger dianeter |iner pipes of relati velgldl arge
e .
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and at least 10 metres in length.

The process of the invention defined above relies both upon o/
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.

The length of the pipework which may be lined in a single
operation by the method 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 1liner pipe with reduced diameter afte.f insertion
into the pipework becomes subject to deformation (a problem
encountered with larger diameter 1liner _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 winch)

operating the pulling means and the uniformity of diameter



the liner pipe beyond which it may suffer pernanent danmge or el ongati on,
the capacity of the mechanism (such as a winch) operating the 'pulling neans
and the unifornmity of dianeter 4 and/or directio or otherw se of the

pi peworNg i nterior. The nost suitable practicable length to be lined in any
particul ar case can readily be ascertai ned Hy trial and error. By the
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The precise operating conditions enployed in order to carry out the nethod

of the preseniengt®l icH pipdwolpansl toasé hfettpesrét hogeors referred to
above in any particularly case and will vary according to the pipework

i nternal dianeter and the purpose for which it is put to use (for exanple
whet her for water or gas), the material of the pipelining and the SDR of

t he pipelinindt ma/uﬁﬁé¢esaammttohhawatm@auunﬂaahbzﬁhaemeahstpEOVLded by

pi pelining before swaging to its wall thickness).
the prior art for expanding the pipe 1lining within the

pipework such as the application of 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 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 refefred to above in any particularly case and
will vary according to the pipework internal diameter and the
purpose for which it is put to use (for example whether for
U 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).

A preferred material for the liner pipe is polyethylene, bﬁt |
other materials having ‘the necessary memory retaining
characteristics, such as a co-polymer of ethylene and at least
one other alphaolefin 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%,



A preferred material for the liner pipe is polyéethylene, but ather
materials having the necessary nenory retaining characteristics, such as a
co-pol ymer of ethylene and at |east one other al phaolefin of up to tem

carbon atons may equally be used. Although the reduction in dianEter=’, t he
| i ner pipe during passage through the swaging die may be up to 15% = 5
reductions in the range 5.0%to 9.8% are preferred. The reduction should

be such axrdductiens diawitige Orankde | 508t tiopesidt ougl grefertrddNg PNE.
This sonmewhat sinple requirenent is conplicated by the fact that existing
pi pes ar e rédwrtion sthoouldtlss \sucly ad it edlek draving ofethetkimat pliipaet er
may vary along the length of the pipe, and that the rate of recovery of the
| i ner pi p&hregughirvhei exiatbngnpipendi Thdiss semewhiath simp Len tragudlrment

whi ch the pipe is_made. The wall thickness of the liner pipe should be as
thin as pdssiepmplimatedchy ®henfaps that #xistdna Pipgispares affeane nak and
the requirement to_ proyi de gdequate .internal sealing of the existing.pipe.
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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 e
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 yielad 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 \J/
advantageously be in the range. 1.05:1 to 1.15:1. A
reciprocatable pusher may be employed to augment the tension
exerted by the said pulling means to draw the 1liner pipe

through the swaging die.

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:-



the die to the dianmeter of the existing pipe shoudld advantageously
be. in the range 1.05:1 to 1.15:1. A reci ptocatabl & pushefr may be
enpl oy d‘to augnent the tension exerted by the said pulling nmeans to draw
the Iin pipe through the swaging die. In order that the invention may be
nor e cIearIy understood one enbodi ment of th® invention mﬁll now be
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apparatus shomn in Figure 1. Referring to Figure 1, the apparatus conprises
a supporting structure 1 which incorporates a pipe clanmp 2 at one end and a

swagi ng die 3 pighphg Ohhefs The §Y@PI Nén &Vt fonsl Jarrew! | in cxeédtcirdrpalofan%
conprises a sectlon of larger dianeter 4 joined to a section of smaller

di anmeter 5 by mlo@PpPicatibACHEORNE. anﬁr&WﬁBl BBoWheihagigupel ished swagi ng
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 | east down to
N7, typically Referringlotpr Figuate y1, 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 °
joined 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
degreeé 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
U 1.05:1 to 1f15=1‘ This has been found to provide an adequate
1ével 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
electricity via an eleéﬁrical 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.-td 95



down to N5 and ideally in the order of N4 or Idmer..ﬂhe:rafhb'bétmeen t he
diameters at 4 and 5 is preferably in the range 1.05:1 to 2:15:1. This has
been found to provide an adequate |evel of clearance between pipe |inet and
i nternal pipe dianmeter for nost normal pipes and to be confortably ng%in
the dianetric dimensional recovery of thé naterial. The body of the &ie 3
in the enbodi ment illustrated is hollow and _houses an _el ectrical_heating
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pi pe and provides in conjunction W th the existing pipe, referenced id, an
anchor agay@eérWBrChAnyhetheresultA®1é fauiae pulled. The supporting
structure to which the pipe clanmp is connected may be tubular in formor
may consist of a plurality of arnms connecting the pipe clanp 2 and swagi ng
di e 3 together. : _

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 thé liner pipe 7 may be pulled. The o/
supporting structure to whiqh 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 tﬁe apparatus, a lehgth 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 méy be fitted. A
ratio of wall thickness to diameter of the liﬁer 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 a cable is connected to the pipe. The cable
is threaded through the swaging die 3 and the exisﬁing
pipeline and connected to some form of pulling device such as
a winch appropriately anchored. The electrical supply is
switched on to heat tﬁé die to the required temperature and
the mitred end of the liner pipe is introduced into the

upstream end of the dié. Tension in the cable is increased to



Ih operation of the apparatus, a length of liner pipe 7.of' pol yet hyl ene or
other suitable material may be mtred at one end or pre-forned‘effectively
to fornpia nose.cone at that end over which an apertured netal nose cone nmay
be fitted. A.ratio of wall thickness to dianeter of the liner pipe in the
range 10 to 46 is preferred. Holes are puncBed in the nitre sections which
correspond with those in the netal nose cone and through_which a cable is
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exi sting pipeline. pI pe | inthis way T etely throug
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the material of the pipe is then permtted to expand the pipe until it

contacts the itNeer pabesuid aamhe phemextedi ngp Piexpantdl i rEibe t hartdilpeit
may be- assisted through the existing pipe
contacts the internal surface of the existing pipe.

- -1f 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 1liner pipe through the

swaging die 3 and pushes it into the existing pipeline.

K) - It will be appreciated that the above embodiments have been
described by way of example 6n1y and that many variations are
. possible without departing from the invention as defined in
the appended claims. For example the liner pipe may be heated
prior to entry into the sﬁaging die as in the manner described

in our co-pending application No. 2186340.



by neans of ‘@ |iner pipe pusher machi ne. Such an arfangeneht is illustrated
in Figure 2 of the drawings. Referring this’ flgure the-puSher machi ne,
whi ch generally conprises a frane 21, hydraul iccytinmder—22;——ctanp rlﬁ 23
and ancillaries is disposed between the swagin Ia| ;4 I n
operation, this machine pulls the |iner pipe taﬂ"ﬂmwﬁﬂ mg di e“3 and
pushes it into the existing pipeline. It will be apprecia t the above
enbodi mrentCLAEM& been descri bed by way of exanple only and that many
variations are possible wi thout departing fromthe invention as defined in

the appended cl ai ns. For exanple the liner pipe may be heated prior to

entry into the swaging_ die as in the manner descri ped. i,n, oyr endj ng
appl i cati dr No.A 2%%@Eﬁb 191ng "sEalleﬂlplpSw°rECEﬁFﬁB i“cguggﬁthﬁd of
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threaded tyy oI 4t At Rehpetature through a swaging die which

is attached directly or indirectly to the pipe to be lined

using pulling means under tension attached to the leading end

of the liner pipe and threaded through the pipework to reduce "/
the external diameter of the liner pipe - , the
tension applied by the pulling means being such as partially
to restrain the radial gxpansion of the outer surface of the
liner pipe after its emergence from the die, drawing thé liner
pipe through the installed pipework with its outer diameter
reduced to and/or maintained at a dimension less than that of
.the inner diameter of the pipework and thereafter allowing the
liner pipe to expand within the pipework by relaxation bf the
said tension followed by memory induced expansion at ordinary "
atmospheric pressure and at the ambiént temperature of the
pipework, the liner pipe being of polyethylene or a co-polymer

of ethylene and at least one other alphaolefin of up to ten

carbon atoms and the installed pipework being ground embedded

and at least 10 metres in length.

2. A method as claiméd in claim 1, in which the liner pipe

is pre-heated to a temperature of from 45°C to 55°C.



t he external dianmeter of the liner @g " the ten5|on
applied by the pulling neans being su as partial I y to W\ﬂm m\nal
expansi;oh of the outer surface of the liner pipe after 'a

t he dléxﬁdramnng the liner pipe through the installed plpemd¥k‘mn hits

out er di aneter reduced to and/or maintained at a dinension | ess than that
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pol yet hyl ene gfag ifgs pol ymer of ethylene and at | east one other al phaol efin
of up to ten carbon-atons and the installed pipework being ground enbedded

and at |east 10 nmetres in length. 2. A nmethod as clainmed in claim11, in
which the liner pipe is pre-heated to a tenperature of from45[err]Cto
55[err] C 3. A nethod of lining installed pipewrk substantially as

her ei nbef ore described with reference to the acconpanying draw ngs.




