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MVETHOD & APPARATUS FOR LINING A PI PE WTH A POLYMER LJ@E; The invention
t h(a

“felates to a method of and apparatus for lining a pipe & pal ymer
| i ner. The nethod is applicable, for exanple, to I|n|ng a blrijed gas,
wat er or sewage pipe. Such pipes are made of cast irop steéL or

" particularly, in the case of water, of asbestos cement, @L;hgnﬁr te for

-~ exanpl e, and particularly cast iron pi pes may be lined with bitunmen or

concrete. t | sh.Gas Leati - Ao eL S
descri bed a .p§9,éba§p8?v i ,9 in
which a length of synthetic resin liner is heated, pulled through a die

and through the pipe to be lined and pressurised to cause it to expand
into engagegRat invbAtioR réldidab Wahnkthbdt 68 @h@capparatus for lining

a pipe with a polymer liner.

the method is applicable, for example, to lining a buried
.gas, water or sewage pipe. Such pipes are made of cast iron
or steel or particularly, in the case of water, of asbestos
cement or concrete for example, and particularly cast iron

pipes may be lined with bitumen or concrete.

In British Gas patent application GB-A-~21B6340 there is
described a method applicable to buried gas, water or sewage
pipes in which a length of synthetic resin liner is heated,
pulled through a die and through the pipe to be lined and
pressurised to cause it to expand into engagement with the
internal wall of the pipe.

In United States patent No. 3 462 825 (Pope et al) there is
described a method applicable to the lining of flexible or
rigid pipes in the factory by pulling a liner throﬁgh a die
and through the pipe and then releasing the liner PiP?{m_
whereupoﬁufhe liner pipe expégds intﬁ'tigh¥ engagement with
the internal wall of ihe pipe. The pipe ﬁas of relatively
small diameter, having an inside diameter of 2.08 inches
{51.5 millimetres) and the liner pipe had an cutside diameter
of 2.3 inches (57.5 mm}. The liner pipe was relatively thin,
having a wall thickness of 0.07 inch (1.75 mm) giving a
Standard Dimension Ratio (SDR} of 33. The liner pipe was of

A ~ fluorocarbon. In general, the outside diameter of the liner



-

“met hod applicable to the lining of flexible or rigid pipes in the factory

In United States patent No. 3 462 825 (Pope et al) there is described a

by pulling a liner through a die and through the pipe and then rel easing
the liner pipe, whereupon the liner pip3 expands into tight engagenent
with the internal f I pe. Th I pe was ,0f rel ativel mal |

di anet er, habitRy gﬁ\é?hbi g@ Eggng’f%?t%ﬁ @86&?‘%%‘{9( gia@eﬁ'?ﬂgfn%ees) and
the liner pi aggapaoytghge diameter of 2.3 inches (57.5 nmm). The liner
pi pe was relg'?Péqu? tﬂﬁi n, ﬁl!"ﬁélvi ng a wall thickness of 0.07 inch (1.75 mm)
giving a Standard Di nension Ratio (SDR) of 33. The liner pipe was of
fluorocarbon. In general, the outside dianeter of the |liner _
2 pipe was 1l Bpitishgpatent ifedifitatiosine dioymatar (ohbbhet Sddieeat 0 be

| i ned, In British patent specification No. 807 413 (Tubovit Societa

per Azioni) Ppeerdziongdsthepedism detdribedpplnatdiode applilkeble | toithe of net al

pi pes in the fagtoré by pulling a heater line _pipe _through a die and
through a pi btningnef| fatal pipesmsimghe factory by pulling a heater line

pipe through a die and through a pipe to be lined, releasing
the liner pipe, and heating the liner pipe. The die diameter
is the same as the pipe to be lined or very slightly less.

The liner is of polyvinyl chloride very slightly larger than
the pipe to be lined and is 3 mm thick or less. fThe liner is
heated before or during the die reduction to a temperature at
which it is relatively soft and the force used to pull it

through the pipe is only relatively low. .

In GB 2186340 such die swell as does occur after the main die
is el:imindted by the effect of the second die which makes the
diametei‘ of the throat, in each case, the diameter which does
into the pipe. In US 3 462 825 and GB 807 413, no die swell
is shown and the diameter which goes into the pipe is the

diameter of the throat. Die swell is the increase in

diameter which the liner“ undergoes after passing through the

die.

Our patent No. EP-B-0341941 describes a method of lining a
buried pipe with a pélymer liner, which comprises pulling a
length of liner through a die to reduce its diameter and
through the pipe and on removal of the pulling load allowing
the liner to revert to at least the minimum internal diameter

of the pipe, the liner having a maximum diameter before the



the Iiner pipe, and heating the liner pipe. The die dianeter IS the sane
as the pipe to be lined or very slightly less. ~The liner is of polyvinyl
chloride very slightly larger than the pipe to be lined and is 3 nmthick
“or less. The liner is heated before ot during the die reduction to a

t enper at ur e, at ich it is relative oft.,and_the forge used to pull it
through t hé}f & S dippe 9‘&!@@&9 digp, &‘512'1%96513@ LAYRG; 8 svel |
as does occy Lr 4t R he sz 1 i IiLn . ef t he
second di e %If@hrefm}ec{s}&@dhg?a%? e‘?xi?f atryﬁeg%)ﬁggg%/%&‘f%nea%‘%%agé? I?‘ﬁhe

di anet er ' ¢ ~H ' 3 h a 413, no die
swel | IS S om#gﬁl c':tHhe%t’%'ltg tgFPgﬁichrbbggetsslé%%o%h%e' B#‘Sggf‘g he

di aneter ofgddreddir@atin BigmeeRl! tbRatde sanar eas6at thardicteRigedWphch the
| i ner undergoes after passing through the di e. Qur patent No.

EP- B- 034194thalestdhel ke almet bodpoises nimegxdt which echqrieasesi ih a pol yner
l'iner, which conprises pulling a | ength of liner through a die to reduce
its di anet liangter oveyudromhsapdpeheont endr thevhbinesr baydnguirhi ng | oad

‘all owi n the li r to revert to_at |east..the m ni m i_nternal di aneter
9 inte %ate diameter after the die beforergﬁe IQner enters

the pipe, the force of pulling being such as partially to
restrain die swell of the liner after its emergence from the
throat, and the liner bending inwards before firét contacting
the die at the entry, then leaving the entry before
continuously bending through its minimum diameter as it
passes the throat, and then undgrgeing die swell resﬁlting in

said intermediate diameter, which enters the pipe.
In that method, the liner bends as it passes through the die.

The present invention modifies the invention described in
EP-B-0341941 in that the strﬁin. in the liner due to its
bending is introduced into the liner more gradnally compared
with the method descﬂbed in EP 0341941B. This is achieved

using a die in which the entry is curved instead of straight.

D_ies having curved internal working surfaces have been
proposed in GB-A-807413, US-A-2249510, FR-A-2096557 and
AU-A-65481/74. However, none of these proposals resulted in
& method of lining a pipe using a polymer lining as proposed
in the present invention. The methods disclosed do not deal

vwith a polymer liner which exhibits die swell.



of the pipe, the liner having a maxi mum di aneter before the

+3 die and a mninmumdianeter in the die, and the die having a central,

| ongi tudi nal die axis and conprising an entry and a throat which are
symmet ri cal about said axis, the entry 4decreasing in dianmeter towards said
throat characterised in_that the die also conprises an exit whjch

i ncreases i A nathad of dising 8ping Fith aapolmes Helngfe ACFRTANRT FP

internedi ate di aneter after the.die befqre R_J_}e | ner .enter tae pipe, the
force of pultheginRandioncconprises pihling, thetiner FROR9A8 f18f P he

[ i f [ f h h . j L j d
L er T ARSI WA R el Sld 1 Shipdlacol v s
bef or e COM%M%G%O&:H%&Q i’ﬂ&v?ﬂﬂ;f‘ trleS 1&}1@&-”1:'8‘_ FU-AR o a8t LbasPases the .

t hroat, and 3|e swell resulting in said internedi ate

di aneter, Whalimm Sfitdri@lPdRsmeter I0F hat pipéothe tlimdr havihgnals as it

passes through the die. The present invention nodifies the invention

descri bed i naximum diameter before the die and a minimum diameter in the
die and the die having an aperture which is symmetrical with
respect to a central, longitudinal axis and comprising in the
direction in which the liner is passed, an entry, a th;‘oat
and en exit, the diameter of the aperture in said direction
decreaéing over said entry to a minimuom at said throat and
increasing over said exit, the liner having an intermediate
diameter after the die and before the liner enters the pipe,
the force of pulling being such as partially fo restrain die
swell of the liner after its einefgéxicé from the throat and
the liner bending towards said axis and in so doing
presenting a convex outér surface (wiien viewed in a sectional
piane extending longitudinally of the liner an& containing
said axis) and then the liner bending away from the axis and
in so doing presenting a concave outer surface (when viewed
in said pléne) ; the liner continuously bending through its
minimum diameter as it passes the throat and thereafter
undergoing die swell resunlting in said intermediate
diameter, which enters the pipe, characterised in that the
entry, when viewed in s\aid plane, is convex over an' axial
length between where the liner first contacts the die after

bending inwardly and said throat.

Apparatus for performing that invention, according to the

invention comprises in combination upstream of the pipe a die



EP-B-0341941 in that the strain in the liner due to its bending is
I ntroduced into the liner nore gradually conpared wth the nethod
~described in EP 0341941B. This is achieved wusing a die in which the entry
is curved instead of straight. D es taving curved internal working
surfaces have been proposed in GB-A-807413, US-A-2249510, FR-A-2096557 and
AU- A- 65481/ Raving vy @épemtare whichete gymmetsical reblth tmaspact 4omét hod of
l'ining a pipe using a polyner linipng as._ proposed in the present inyention.
The net hodsCeRkEabe dpng thddngdapxigand LoperiFerd | mdheydigectipnpins die

1. . . 4 A nethod of, |ini [
?\A?A?h at ﬁol ym‘c}l‘i'ﬁé‘? Liner, ds; H@T‘S?%d' tHe ‘TW@_M?O ,r%'pﬁ"o Of%é’é‘n;?%apﬁngl ltoﬁe
“ liner ro e : angls Ferilely | and on
renmoval of %gd%%‘%‘%g qrfggzz}ga?k%émt%é{%e%hﬁe‘?ﬂt‘%g r everétr"b’.'fréatgl as?'glgeast t he

m ni mum i ntgyeal s sifmiey ¢ bhRiRinmen dtheaklnekrbay i ndFedsing di anet er
before the die and a mninumdi aneter in the die and the die having an

aperture whoedr i saidy ey, saidwiié bekapeetuted arserlie alurfavgigtudhgal axis
and conprising in the '

ground or being connected to the leading end of the pipe,

guide means for said liner, and downstream of said pipe winch

means for exerting a pull on a rope connected to the leading

end of liner and quide means for said rope, characterised in

that the entry of the die is convex over an axial length

between where the liner first contacts the die after bending

inwardly and said throat of the die.

A method of lining a'pipe with a polymer lining, and

-apparatus for performing that method, will now be.described
by way of example witﬁ'reference to the accompanying
drawings, in which:- | .
Figure 1 is & vertical section through the ground showing the

. pipe to be lined and showing the liner pipe in the course of
being pulled through the pipe to Be lined; and

Figure 2 is an enlarged vertical section through the die and

through the liner pipe as it is passing through the dies

The method of lining a pipe using a polymer liner pips is
substantially thé same as that described in EP-B-0341941 and
the whole of the contents of the specification of that patent

are incorporated herein by reference. The description which



direction in which the liner is passed, an entry, a throat and an exit,

; the diameter of the aperture in said direction decreasing over said entry

to a mnimumat said throat and increasing over said exit, the liner
" having an internediate diameter after fhe die and before the liner enters

th I pe, the f | 1. ' h tially_t train d

suel | 6f theBPRAEF 2 ok H1LIdd4 0 AT CD, BARERGH 1 GErCahRtioRcoTi the ©

S e & e ! f
Canenvi cuederhod ued i5f 0 prsRhy, ThRHABioT B, Bof e aptEGei ! 200
containing 45ai sa¥i S)a H¥bdMeRibACOE BRE GEAdidKl AeRYrding tderiki s and

In so doing presenting a concave outer surface (when viewed in said

pl ane), the greB8ht COMEdMiNS lappeandi Rerélinough its- m ni mum di amet er as it
passes the Fhroat and thereafter wundergoing die swell resulting in said
i nternmedi ate diameter, which enters the pipe, characterised in that the

entry, when viewed in said plane, is convex over an axial |ength between
where the | Thermethed bommchownrhdndFégureel, Hn@E*e@Plewardly and said
- throat. Apparatus for perform ng that invention, according to-the

I nvention conprises in conbination upstream of the pipe a die
from now on, the liner pipe will be referred to as "the

liner" and the pipe to be lined will be referred to as "the

Pim L] -

Figure 1 shows a buried pipe 10, which in this case may be
for example a cast-iron gas main, with its ends 12,14 exposed
at two excavations 16,18. The pipe contimnes at 20,22 and
pieces héve been removed at the excavations 16,18.

Eventually, the whole pipe will be lined and the liner joined

up to make a continuous main.

The liner 30 is made, for exampie, of polyethylene and is
pulled by a winch 32 and cable 34 through a swaging die 36
and through the pipe 10. The liner 30 after emerging from

| F;e die 36 is guided by.a ;ql}er 38 to facilitate entry into
the end 12 of the pipe 10. The die 36 is secured by mewbers
{not shown) drivemn into the ground. In another alternative
position, the die 36 is supported by direct engagement with
the end 12 of the pipe 10, or with members engaging the end
12. - The winch 32 also has to be secured by members (not
shown) driven into the ground, or from the end of the pipe

. 14.



havi ng an

* | ongi tudi n
passed, an
said direc
" i.ncreasing
ground or

said liner

a rope congdebeaddt and hchdaked fgr batlenhal i sbze angd guiitedleephgs fpasssd d
acterised in that the entry of the die is convex ‘over an axi al

rope, char

aperture which is symmetrical with respect to a central,
al axis and conprising in the direction in which the liner

entry, a throat and an exit, the dianmeter of the aperture in

S

tion decreasing over said eptry to a mninumat said throat and

over said exit, said die being secured to the surface of the

peiing €aNEREGbralibAe $B6WA NIN ePIy@fe 1S thePPipedvasie means for
, and downstream of said pipe wnc nmeans for exerting a pul

| ength bethwonghhthe pine. i Abrthersameohime: ssnhuitausfions wexeli ng
i nwardly and said throat, of the die. A net hod of Iining a pipe with a

pol ymer i
descri bed
in which:-
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joined end to end by butt fusion and the external bead at
each fusion joint was removed or directly inserted from a
coil of liner (this being the case in sizes up to 180 mm, for
example}., A pulling cone was attached to the leading end of
the liner., The cable 34 was attached to the end of a stiff
rod and the rod was pushed through the pipe 10 from the end
14 to the end 12 until the cable end (at the trailing end of
the rod) emerged at the end 12. The cable 34 was
disconnected and fed through the die 36 and attached to the
cone onlthe liner. The winch 32.was then operated to draw
the liner through the die 36, with the 1ongitudinal extension
of the liner being less than 10%, preferably 8%. -

The operator of the winch keeps the winch turning at a
constant rate, or nearly so. The rate of advance of the
liner 30 may for example be 3 metres per minute.
Whén“pulling is completed, the linér is allowed to revert at
least to the minimum internal diameter of the pipe. The
liner is cut leaving sufficient pipe to enable a suitable
connection to be effected. Where the die engages the end of
the pipe 10 or a member ox members eéngaging the end of the
pipe 10, a split die is essential. The winch cable 34 is
removed from the liner 30 which is then cut to allow

sufficient length to accommodate contraction as the liner



pi'pe to be Iined and showing the liner pipe in the coarse of being pulled
t hrough the pipe to be |ined; and Figure 2 is an enlarged vertical
section through the die and through the liner pipe as it is passing

- through the die; The met hod of linin® a pipe using a polyner |iner pips
I5 substantially the sane as that described in EP-B-0341941 and the whol e
of the contmevegisf. t he specification of that patent are incorporated
herein by reference. The description which appears in EP-B-0341941
may be taken as a description of the nethod used in the present invention

o the | pr ESeREe A Sevon i esha inh FE ThelnafRer R0 A8 HL pelfRBd "o 1O
“the | ?neﬁ&%ﬁ”}%‘%.sgsﬁ?ﬁ LRI be eP'eP?eé“ l'o 2 "the piper.

As is shown in Figure 2, the liner 30 engages the die 36 at

its entry 54, the liner wall 74 having bent inwardly to do

S0. As vieﬁed in the sectional plane represented by Figure 2

the liner presents a convex outer surface 72 during this

stage of bending towards the axis 50. The liner 30 bends

away from the axis 50 and in so doing presents a concave

exterior surface at 76, as viewed in the same sectional

plane. Then, the wall bends continuously through its ainimum

diameter as it passes the throat 58, the outer surface

remaining concave. The liner 30 after it leaves the die

again bends away from the axis 50 presenting a convex cuter

surface as it does so. At the point 80 the diameter, which

has been increasing after the die, reaches a maxzmum value.

This is defined as "die swell" which enters the pipe 10.

aAfter the point 80 the wall 74 bends inwards very slightly to

a lesser diameter some distance beyond the region shown in

the figure.

The exact amount of die swell is the difference between the
diameter at 80 and the minimum or throat diameter at 58 of
the die 36, |

The die swell has to be taken account of in choosing the
parameters of the present invention. Thus, in this

invention, it is the diameter of the liner, including die



Figure 1 shows a buried pipe 10, which in this case may be for exanple a

cast-iron gas main, with its ends 12,14 exposed at two excavations 16, 18.

_ The pipe continues at 20,22 and pieces have been renoved at the
excavations 16,18. Eventually, the whol® pipe will be lined and the |iner

jjoined wup to ke .a continyous I n. The liner, 30 is.made, for exanple,

of pol yet hy# PR rlﬁuf’ Bﬂeﬁggﬁ%ﬁ T3 Q‘Hdg'gﬁb?énm h a swagi ng

die 36 and,t.h qugh | O,dhe l'iner 30 after emerging from the die

g%f%@aa rot%qg:rh%?;&gf% }a-

36 is guid acilitate entry into the end 12 of the
pi pe 10. The die 36 is secured by nmenbers (not shown) driven into the
ground. In another alternative position, the die 36 is supported by direct

engagenent md pullingetdréd 28 kég: mwfe&%lgr ati bBolt el s tHwadiend t he

end 12. The winch 32 also has to be secured by nenbers (not shown) driven
into the gretunshgtdy ofr diwet Aéneng ahd tthe @ige 36145 dimension to ensure
7 Prior to the operations_shown in Figure 1, the pipe was

that the die swell is just at the correct value., Preferably,

the choice is made to allow the liner 30 to be pulled into

the pipe 10 with a "window" to allow the pull to be stopped

for say, for example, 30 minutes if necessary.

The die acts as & means of reducing the liner diameter
through its pfofile and fricticnal resistance. Work on the

liner is primarily bending.

The liner 30 (Figure 2} approaches the die 36 and bends
towards the axis 50. The external surface of the liner 30 is

convex as viewed in this section.

Then, the liner 30 contacts the entry 54 of the die 36, the
entry beinq the whole of the arcuate surface up to but not
including the throat 58. It is not easy to differentiate
these portions on the figure shown. To make it easier a
radiai ii;é.normal to the internﬁl sﬁrfaéé at the throat 58
has been drawn on the figure. The entry 54 is the whole of
the internal arcuate surface of the die 36 to the left ofﬁfhe
line A. The throat 58 is at the line A. To the right of the
line A is the exit 60.

At about the region 90 the liner 30 reverses its bending and

bends away from the axis 50. In so doing it presents a



cl eaned and checked for internal size by suitable pigs passed through the
<« pipe. At the sane tine, any protrusions were renoved fromw thin the pipe.
The liner was made up of |engths of |iner above ground. The | engths of
liner-were joined end to end by butt fuagi on and the external bead at each
fusion joint was renoved or directly inserted froma «coil of liner (this
bei ng the ceencawespuber ipurHaa®0 nm for exanple). A pulling cone was
attached to the leading end of the liner. The cable 34 was attached to the
end of a stiff rod and the rod was pushed- through the pipe 10 fromthe end

14 h 1 Ll th I h i1, .epd of h d

errer ged ot CHE i 16: AFEOESEAE B thel LnFREire dect  ERERE ATPLIR « he
die 36 d to.t ' : ; th

oper ated t otuPaihoMn Er |G HfMCRR-BRogATSE, Tl e plad e 100
extension phvifg Al SeFaghd EddsSion Ranthe%ntihear abl ¥hB80pointhenaper at or

of the winch keeps the wwnch turning at a constant rate, or nearly so.

The rate of dagdvaecka®fah hinwaddly cdRveRryshofacxdm| eThe Bnwdtdigs per
m nut e. Wien pulling is conpleted, the liner is allowed to revert at
convex surface 92 matches as far as possible the outer

concave surface of the liner 30.

The liner 30 contacts the die 36 for the first time at the
point 100. A line B normal to the die surface has been drawn
on the figure. Compared with the method described in
EP-B-0341941, the liner engages the die continuously up to
the throat 58. Therefore, the strain introduced into the
liner 30 by the die 36 is introduced mofe gradually'over the
arc of the surface of the through aperture between the lines
2 and B as compared with the method described in )
EP~B-0341941. |

The dimensions shown in Figure 2 are as follows:

160 millimetres (nominal)
140 -millimetres --
10 millimetres
30 millimetres

A second die, similar to that described but _in which
T = 144 pm instead of 140 mm was used to produce the
following results:

"EFDN

Original Dizmeter ' mrn ( 160.8 {a)

" { 160.7 (h)
Diameter after die (while under nm ( 149.4 (a)
load) measured at B0 " { 150.4 (b)
Diameter after die with load mm { 155.5 {a)
removed ¢ after 1 hour " { 155.6 (b)



| east to the minimuminternal dianeter of the pipe. The Iliner is cut
ileaving sufficient pipe to enable a suitable connection to be effected.
Where the die engages the end of the pipe 10 or a nenber or nenbers
‘engaging the end of the pipe 10, a splay die is essential. The wi nch cable
34 is renoved fromthe liner 30 which is then cut to allow sufficient

| ength to apiamsmest aftent déefiPinads the |iner mm (rdb6s?s.{(a) Fi gure 2
shows the behaviour of the liner 30 as it passes ™ throu§hl&feBstdel swagi ng
di e 36. As is shown in Figure 2, the liner 30 enga esthe ie 36 at its
entry 54, tFRuliingr lpadl 74 havi ng bent |nvvardly g §$ Zab din
the sectional plane represented by Figure 2 the I|ner |5r s% Yonvex
outer surfage_ 72 hi a di ng towards t S The

i ner 30 be%d@x 3&@@&36# ﬁ%fé ‘%&deg'olgﬁg in so doing p g S&) ncave

(°8

exterior surface at 76, as viewed in the same sectional pfane en, the
val | bends GORLI;RYOYEIYihNEPHEN dd rBhEyEa™ (2.9 (a)
after 1 hour { 2.7 {b}
% Axial Strain with load removed, ( 2.1 {a)
Final ( 1.9 {b)

Using such a die, the following results were obtained
performing the method with the die and pipe (a) dry and (b)

lubricated with waters

Original Diameter (mm) ( 160.8 (a)
_ ( 160.7 (b)
Piameter after die (while under mm (. 145.6 (a)
load) measured at 80 " ( 146.4 (b)
Diameter after die with load - ( 153.1 (&)
removed : after 1 hour : " { 153.4 (b)
Diameter after die, Final mm ( 154.9 (&)
- " { 155,2 (b}

Pulling Load : : Tonnes ( 2.9 {a)
" (2,36 (b}

$ Axial Strain while under load { 11,4 (a)
( 10.0 (b}

% Axial Strain with load removed { 4.6 {a)
- after 1 hour _ { 3.8 {b)
% Axia) Strain with load removed, ( 3.2 {a)
Final . ( 2.7 (0}

Al)l of those tests were performed at an ambient temperature
of 18 degrees Centigrade, no heat being applied ta the liner
pipe or d-ie. The liner pipe was made of PE-X grade
polyethylene.



di ameter as it passes the throat 58, the outer surface renaining concave.

- The liner 30 after it |leaves the die again bends away fromthe axis 50

presenting a convex outer surface as it does so. At the point 80 the
_diamet.er, which has been increasing afaﬁr the die, reaches a nmaxi num
value. This is defined as "die swell"” ich enters the pipe 10. After the

poi nt 80 tNgeiall eddpdaified RPIRRITHYSE Vet Iihat] ag RS Ioaddiigmet er some
n

di st ance beyo the region shown in the figure. he exact anmount of die
swel | is thgedubbar peg dybaheceffebe ofli hiltiryatdiond Ot di dame temi mum or

t hroat dianmeter at 58 of the die 36. The die swell has to be taken
account of meashoedialy &heshijer &het dise ghipehdspssddhtundaredoddn. Thus, in
this invention, it is the dianmeter of the liner, including die

9 swell, wiilehthe dirmatien @fb&hpedinenpinehdnalading disr sWedildneter of the

i pe 10. The [ling force is kept preferably at about half the vyield
PIP -incrggseé.g ! Pt p y u y!

It is preferred to nse lubricant while performing the method
according to the invention. However, judgement has to be
exercised in choosing the size of the die in relation to the
diameter of the liner pipe before reduqtiOn to give the
correct clearance between the'linef pipe and the pipe to be
lined during installation, adequate recovery of the liner
pipe diameter, when the load has been removed , must be
achieved so as to produce a final lined pipe in which the

liner pipe is a close fit.

The invention is applicablehto other grades of polyethylene
besides PEX for example to high density (HDPE) and to medium
density (MDPE) grades, as well as to.crass~1inkad
polyethylene. It is also applicable to polypropyleme. The
invention can be applied to line cast iron and steel
pipelines, including buried pipelines and installed
pipelines. In general long 1ength§ df pipéiine can be iiné&.
{eg 200 metres). The invention can be used to line steel
pipe before the pipes are joined up to make an even greater
length and before the pipeline is installed in its final
position. Each pipe to be lined in that case can be 150

metres long, for example.

The standard dimension ratio of the liner pipe may be 33, for



strength of the liner, and the die 36 is dinension to ensure that the die
-swell is just at the correct value. Preferably, the choice is nade to
allowthe liner 30 to be pulled into the pipe 10 with a "wi ndow' to all ow
the pull to be stopped for say, for exagple, 30 mnutes if necessary.

The die acts as a nmeans of reducing the liner dianmeter through its profile
and fricti orestampdsi,soameelover kadmet sech| ase8DRs2Gy iIVaor] ¥1bEodi ng. The
l'iner 30 (Figure_2) apprpoaches the die 36 and bends towards the axis 50.
The ext er nalEXAFE &y ™8y PRcUSether StonAard ginensiens, takde Peatsithatection.

Then, the liner 30 the, ent Ly 54.0f die 36, th bei
he ol & oftHeh GORtaBAECORbR L B Y B T0ERaERE SHfRe, ARARCERE Thithe 55, 11
[ t t | {Js t{.at | t ' . T Kk
| asi o 4 L BIEETREE Phe LI HRICKRBES A7 (hberdirod MR 00, "Ce”

has been dr awicknelsde thaUfmallNeneat F%Pté%f b eretliedohs édifivalleirnal

arcuate surface of the die 36 to the of"the ITne AL The"throat 58 is
at the |inevh aletand-aloiw mifastiie plipse Arhsotler ewordsfOsuch a pipe

would be capable of sustaining the rated pressure of gas, or
water or ather product to be conducted without any reliance
being placed on the original cast iron or steel outer pipe.
On the other hand the liner pipe may be merely a liner
inserted for purposes of corrosion protection, for example,
but not having the ability to withstand the pressure of the
conducted fluid without benefiting from the strength of the

surrounding pipe, eg made of steel.

In this specification, the term "liner pipe" means a liner
used to prodﬁée either a stand alone plastic pipe or a liner
rerely housing anti-corrosion or other properiies not related

to pressure resistance.



At about the region 90 the liner 30 reverses its bendi ng and bends away
fromthe axis 50. In so doing it presents a

10 concave outer surface. ““”Thé di e 36, 13gccordlng to the |nvent|on S
different fr our pat¥ht EP-B- 0343844 st ead of
having a strgmgsté}‘%e“%S%e%nQ entry 54 at this po|Tis SHEEY HH$EEF36 has an
I nwardly convex Blmﬂm Hlﬂmﬁ]e I nwardly convex sur Mhes -as far
.as possible the e surface g@Iﬁﬁe i ner .8 30
contacts the die 36 for the first time® poi nt 100 A line B norna
to the die surface has been drawn on the figure. Conpared with the nethod
described in EP-B-0341941, the liner engages the die continuously up to
the throat 58, Thgredaisd oheisingi & pipd asaerd b&tt?mbbelx.ﬁxéﬁ%om'ﬂi‘ﬂmést he
die 36 is introduced nore gradual 'y over the arc of the surface of the

t hrough aperture Hellhgh theellihaesthr¥owghl 8 die tonpedadevitd dimmeteirhod
described in

and through the pipe and on removal of the pulling load
allowing the liner to revert to at least the minimum
internal diameter of the pipe, the liner having a
maximum diameter before the die and a minimum diameter
in the die and the die baving an aperture which is
symmetrical with respect to a central, longitudinzl axis
and comprising in the direction in which the liner is
passed, an entry, a throat and an exit, the diameter of
the aperture in said direction decre&sing over said
entry to a minimom at said throat and increasing over
said exit, the liner having an intermediate diameter
after the die and before the liner enters the pipe, the

, fufce of pulling being such ag partially Eo restrain die
swell of the liner after its emergence from the throat
and the liner bending towards said axis and in so doing
presenting a convex outer surface (when viewed in a
Secgional plane extending longitudinally of the liner
and containing said axis) and then the 1iper hending

" away from the axis and in so doing presenting a concave
outer surface (when viewed in said plane), the liner
continuously bending through its minimum diameter as it
passes the throat and thereafter undergoing die swell
resulting in said intermediater diameter, which enters
the pipe, characterised in that the entry, when viewed

in said plane, is convex pver an axial length between

U ) O



BP- B- 0341941. The di nensi ons shown in Figure 2 L
160 mllinetres (nom nal) T: 140 mlli 10

mllinetres R : 30 mllinetres A second _ at
.descri-bed but in which T = 144 nm i nst¥ad of 140 to produce the
. following results; Original D aneter . mm . ( 160.8
(a) where the liner first contacts the die @fter bepdipganet er
after die (while,unde 149.4 (a) load) geasured at 80

" ( 150. 4 (b‘}“’“[ﬁﬁé’né’t”é’r sé’ggieﬂ‘ﬁ?étv\/ith load e ( 155.5
(a) renoved : after 1 hour ( 155.6 (b)

D aneter after die, Final nmm ( 156.7 (a)

" 156. 8 | : : s 63
(a) (158.8 ARdetHdd lddUbrB3Y to claim 1 in "wh:ZChl tgg sh?%né/fi\sxelﬁ:é

Strain while undgfidPakngth is defined (iR daid fBdnes and in
6.9 (b) % Axial Strain with | oad renoved: ( 2.9 (a)

corresponding planes, as the shape of a c¢ircular arc.

. A method according to any preceding claim in which said
axial length engages the whole of said convex outer

surface of the liner up to said throat,

4. In combination apparatus for performing the method
according to claim 1 comprising upstream of the pipe a
die having an aperture which is symmetrical with respect
to a central, longitudinal axis and comprising in the
direction in which the liner is passed, an entry, a
throat and an exit, the diasmeter of the aperture in said
direction decreasing over said entry to a minimum at
said throat and increasing over said exit, said die
being secured to the surface of the ground or being
connected to the leading end of the pipe, guide means
for said liner, and downstream of said pipe winch means

for exerting am;‘xﬁll on a rope connecte-dmi;‘;: t.he- ;a;ding -

end of liner and guide means for said rope,
characterised in that the entry of the die is convex

over an axial length between where the liner first

contacts the die after bending inwardly and said throat

of the die. ' |

5. BApparatus according to claim 4 in which the shape of

T



after 1 hour (2.7 (b) %Axial Strain
'with | oad renoved, ( 2.1 (a) Final ——

( 1.9 (b) Using such a die, the foll ow ng resul
performng the nmethod with the die and pipe (a)
wi'th water; Oiginal D aneter (mm i
160.7 (b) Dianeter after die (while undé (a)

| oad) neasured at 89aid axi . (( 146.4 (b) Dianeter after
die with |oad Tl lepath iy defined, igyadsectionsl planar '
B 154.9

! 153: 4 b)exfanatin i .67 1. Fi [ .
" ( (b)ex beloafiQia ) FidPlne Lipes gand cq.g;“inmg(l o

Load said axis, andqimnesoris 1h8) o

( 2.36 (b) %Axial Strain while under op2ndihg) planes, as the ;shepe of)

( 10.0 (b) % Axi a® §iF§Pia%iaxed oad renoved: (4.6 (a) after
1 hour : ' (3.8 (b)) %Axial Strain with.

| oad renoved, ( 3.2 (a) Final -

(2.7 (b) Al g 2665 ¢ were _perforned at an anbi ent tenperature
of 18 degrees Oenti%?gge, nc?%%éifhﬁgi h§ GhPIm 4 fmo whiiehl 5880 axgiape or di e.

The liner pipe waslehgen ¥nddged 8h8UGnoPE! JELIY £0E-

8d1d liner where ig presents
& convex outer surface up to said throat

145. 6

7. A method according to claim 1 éuhstantially is
hereinbefore described with reference to Figures 1 and 2
of the accompanying drawings,

8 D)

Apparatus according to claim 4 substéntially as
herei . .

erelnbefore described with reference to Figures 1 and 2
of the accompanying drawings.

(W



"12 It is to be noted fromthose results that, as the load-is reduced (eg
by the effect of lubrication) the diameter neasured at 80 while the |ine
pipe is still under load (ie the diameter of the liner pipe including die
swell) increases. It is preferred to use lubricant while perform ng the
nmet hod according to the invention. Howgwer, judgenent has to be exercised
I n choosing the size of the dieinrelation-to the dianeter of the |iner

pi pe before reduction to give the correct clearance between the |iner pipe

and the pipe to be lined during installation, adequate recovery of the
| i ner pipe dianmeter, when the | oad hasstrsge renoved , nust be achieved so
as to produce a final lined pipe in which the Iliner pipe is a close fit.

The invention is applicable to other grades of polyethylene besides PEX

for exanple to high.densit EDPE) and to nedium densit VDPE rades, as
vel | as n?o WI’A&'&US FOR LINING A FIPE WITH A POLYMER )),n?mg

A liner 30 of polyethylene is pulled through a die 36 and
through the pipe 10 and allowed to revert to the internal
diameter of the pipe. The force of pulling is half the yield
strength of the liner or less. The die has an entry; a
throat and an.exit, the entry decreasing in diameter towards
the throat and the exit increasing in diameter away from the
throat. The liner has a maximum diameter before the die, a
minimum diameter ip the die and intermediate diameter after
the die. The liner bending inwards before first contacting
the die at the entry, then continuocusly beﬁding through its
minimum diameter as it passes the throat and then undergoing
die swell resulting in said interwediate diameter. The
throat is defiﬁed by the merger in a continucus curve of a
radive joining the entry and a radius joining the exit. the
entry is convex between where the liner 30 first contacts the

die after bending inwardly and said throat.



pol yethylene. It is also applicable to polypropylene. The invention can be
~applied to line cast iron and steel pipelines, .including buried pipelines
and installed pipelines. In general long | engths of pipeline can be |ined
(eg 200 netres). The invention can be used to line steel pipe before the
pi pes are joined up to nake an even greater |ength and before the pipeline
isinstalled inits final position, C ipe to be lined in that case can
be 150 netres long, for exanple. TEZ/gﬁgndard di mension ratio of the

i ner pipe may be 33, for 13 exanpl e,
or a |lower value such as SDR 26, 17 or 11 fqr exanple, may be used.
Standard di nensions ratio neans that thg glyoti ent obtai ned by dividing the
outer dianeter of the liner pipe L bxxr |1 thickness W Dependi ng on
wal | thickness, the final |ined pipsgna regarded as equivalent to a
stand-al one plastic pipe. In other wds, |sych a pipe would be capable of
sustaining the rated pressure of gas, or

FIG.1.




water or other product to be conducted w thout any reliance being placed
<on the original cast iron or steel outer pipe. On the other hand the liner
pi pe may be nerely a liner inserted for purposes of corrosion protection,
for exanple, but not having the ability to withstand the pressure of the
conducted fluid w thout benefiting fromthe strength of the surrounding

pi pe, eg nmade of steel. In this speey fgeption, the term"liner pipe"”
means a liner wused to produce eitheEZE/éZﬁnd al one plastic pipe or a liner
nmerely housing anti-corrosion or other properties not related to pressure

resi stance. 14 1.
Apparatus for |ing | pe with a polyner |iner conpri si ng
upstream of the i 1 4, e hahd : ﬁk?ture which is

symmetrical with respect to
conprising in the
entry, a thrclaog (

throat and increasing over sa

the surface of the,30) §4_

ongi tudi nal axis and
|l neR s passed, an
aperture in

%?4? ni num at said
[ ei ng secured to
60

rv =




ground or being connected to,the |eadjng end of the pi pe, guide
means for said |liner, and do%tbr}é?ﬁ}of}a @ZLW Fctrimeans f or
exerting a pull on a rope connected to the’l ' q§%ﬂ§- f liner
and gui de means for said rope, the entfry]l of the die bgingg

convex over an axial |ength between where the |ijndr 27 MAY 1999 filr $t
contacts the die after bending i nwardly aad said throat|of the
die characterised in that the axi al | ¢ngth deTTmes—r aj secti ona
pl ane extendi ng | ongi tudinally of theldner and in corrgspondi ng

pl anes bejween the gﬁ%5¥aeﬂg féftlgﬁiﬁggagéggﬁdwith a g?ﬁ?ﬁ%%rgﬁngge shape

of a circular arc. .. Apgarat Ing to ¢ 1 aracterised
in that sEPBPEXFANT| BREEHeaRgafeshenpinforedbe Bavingi asr

where it presents aapepv@xeOWheehsysl a¢gRmEprigasavidth respect tBraat. 3.
Apparatus as cl ai ned | characterised in that

im1l | 2, .
the di aneters of thgeﬁﬁf$§?g anggﬁu§1§£f1a§%? 6?dtﬁ3mﬂréséﬂgr%ﬂrgﬁﬁre

substantial |y equal direction in which the liner is passed, an entry, a
throat and an exit, the diameter of the aperture in
gaid direction decreasing over said entry to a
minimum at said throat and incfeasing over said
exit, said die being secured to the surface of the
ground or being connected to the leading end of the
pipe, guide means for said liner, and downstream of
said pipe winch means for exerting a pull on a rope
connected to the leading end of liner and guide
means for said rope, the entry of the die being
convex over an axial length between where the liner
first contacts the die after bending inwardly and
said throat of the die characterised in that the
axial length defines.in a sectional plane extending
longitudinally of the liner and in corresponding
planes between the entry and exit of the die
aperture, the shape of a circular arc.

2. Apparatus according to claim 1 characterised in that
said axial length engages the whole of said liner
where it presents a convex outer surface up to said
throat.

3. "Apparatus as claimed in claim 1 or claim 2,
characterised in that the diameters of the entry and

exit of the die aperture are substantially equal.
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